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Electrochemical microdisk arrays provide great analytical improvement essentially by increasing the 

signal-to-noise (S/N) ratio of electrochemical experiments. Indeed, in electrochemistry the minimum 

current noise of electrochemical origin mostly stems from the electrode capacitance so that the S/N value is 

drastically increased upon minimizing the electrode surface area[1]. In an electrochemical array performing 

under conditions when diffusion occurs over the whole array surface area Aarray the Faradaic current is 

proportional to Aarray while the capacitance of the array is proportional to the surface area of its Ndisk disk 

micro- or nanoelectrodes of radius r0, so that the S/N value increases upon increasing the area of inactive 

sections relative to that of the active ones: S/N  Aarray/(Ndiskπr0
2
)[1]. 

However, present theories allowing the precise prediction/rationalization of electrochemical responses of 

electrode arrays rely on a model we developed ca thirty years ago based on hypothetical arrays consisting 

of cylindrical unit cells[2]. Indeed, at the time numerical capabilities could not allow developing theory 

covering realistic arrays, so it was intuitively accepted that the “cylindrical unit cell” model was 

representing an ideal framework describing the behavior of electrochemical arrays despite that it is 

impossible to pave regularly a plane with unit cells having a circular section. Doing so involves significant 

overlap between the unit cells and leaves uncovered a non-negligible fraction of the array surface. This is 

easily evident from basic geometry for the squared and hexagonal arrays (Figure 1) but is even worse for 

irregular or random arrays (Figure 1). 

 

Fig. 1 Schematic representation of three different arrays of disk electrodes (small black circles) distributed on an 

insulating plane in a ordered or random fashion: Left: hexagonal array; Center: squared array; Right: random array. 

In each case the outcome of a tentative paving by a series of uniform (Left, Center) or non-uniform cylindrical unit 

cells is shown. 

Since this seminal work was published, many interesting other ones have followed with the aim of 

establishing effective conversions between real arrays and their “cylindrical equivalents” but none has been 

able to proceed beyond reasonable intuition to validate the conversion processes proposed[3]. In the present 

lecture we will establish quantitatively, based on analytical theory and on the outcome of 3-dimension 

Brownian simulations that “cylindrical equivalents” models can be developed to account for the behavior 

of regular arrays[4] as well as of irregular ones[5]. Indeed, these two works establish that in all cases, 

predictions based on “cylindrical equivalents” are correct within a maximum 10% error on 

chronoamperometric currents when the time-dependent currents are measured on the plateau of a redox 

wave and in absence of any ohmic drop. This remains true for any electrochemical method (e.g., 

voltammetry) even in the presence of ohmic drop but only for regular arrays (hexagonal or squared). Indeed 

in both arrays, the “cylindrical unit cells equivalents” cross-section surface area are identical so as at any 

time or potential all disk electrodes experience the same current density which ensures that the events in 

each unit cell are identical. 

Conversely, in the case of random arrays (Figure 1, Right) each unit cell is specific. This is evident upon 

considering the outcome of Voronoi construction of unit elements around each disk electrode (Figure 2). 



15th ISEAC 

- 2 - 

 

Each one has a cross-section surface area which depends on the proximity between the disk electrode it 

includes and its neighboring ones. As such, when the disk electrodes potential is not extremely rapid (viz., 

the analyte concentration is not governed by Nernst’s law) and there is possibly ohmic drop the analyte 

surface concentration depends on the current density in the unit cell, viz., on its cross-section surface area. 

Conversely, when the disk electrodes potential is poised onto the plateau of the investigated redox wave, 

the analyte concentration at its surface is nihil which eliminates the influence of the current density. Under 

such conditions, the dimensionless chronoamperometric response, IArray(), of the whole array is predicted 

within a relative accuracy better than a few percent by a simple weighted summation of the responses, 

Icell(), of each of its independent equivalent cylindrical unit cells (see Figure 2 for the definitions of  and 

f();  = Dt/r0
2
): 

 
This allows an easy and quick prediction of IArray() since Icell() functions are obtained under simple 

analytical form as a function of . to afford the real array current value, iArray(). Indeed, IArray() is directly 

related to this latter one through a simple normalization involving its short-time, iarray
0
(), and long-time 

current limits, iarray

(), which are achievable experimentally or can be predicted analytically: 

 

 

Fig. 2 Random array of disk electrodes (small black circles) distributed according to a macroscopically uniform (A) 

or Gaussian (B) density showing the limits of Voronoi unit cells automatically constructed around each electrode so 

that the polygons edges are equidistant from the centers of two adjacent disk electrodes. Typical examples of each 

type of array are shown in (a) in panels A or B. The corresponding distributions f() of the individual unit cell 

surface areas,  = Acell/(πr0
2), relative to the common one of the disk electrodes are shown in (b) in A or B (averaging 

of 1000 arrays configurations for each type). (C) Principle of the construction of diffusional unit cells based on 

Voronoi construction (surface) being extended into the solution (boundaries are formed by planar section 

perpendicular to the array surface and equidistant of the centers of two adjacent disk electrodes). 
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Surface molecular nanostructures: assembly and reaction 

Li-Jun WAN 

Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190 

wanlijun@iccas.ac.cn
 

The formation of nanostructures with concomitant patterns and functions is of utmost importance in the field 

of surface molecular engineering and nanotechnology. With the carefully designed peripheral functional 

groups to facility intermolecular interactions, the sophisticated nanoporous structures with ordered pattern on 

solid supports can be tailored, which could serve as template to regulate surface orientation and distribution 

of functional molecules and nano-objects. In this presentation, recent advances toward molecular engineering 

of molecular nanoporous networks with defined size and periodicity on solid supports will be discussed.  
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DNA circuitry for point-of-care diagnostics 

Andrew ELLINGTON 

Department of Chemistry, The University of Texas at Austin 

Nucleic acid nanotechnology has allowed scientists and engineers to manipulate structure and circuitry with 

atomic precision. However, practical applications for nucleic acid nanotechnology are still being developed. 

We have developed simple nucleic acid strand exchange circuitry that can be directly interfaced with 

molecular diagnostics, and that greatly improve the performance of these diagnostics. In particular, we have 

reduced the background inherent in loop-mediated isothermal amplification (LAMP) using strand exchange 

circuitry, and have adapted the circuits to a variety of readouts, including fluorescence and electrochemical 

detection. These circuits can generate signals in both end-point and real-time modes. In addition, we have 

begun to adapt isothermal amplification reactions coupled with nucleic acid circuitry to point-of-care 

detection modalities, by interfacing with simple, off-the-shelf devices, such as glucometers and pregnancy 

test kits.  We have used these integrated reactions and devices for the detection of pathogens that impact 

public health, such as Ebola, MERS, and Tb. 
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DNA nanostructures and networks 

Weihong TAN 

Molecular Science and Biomedicine Laboratory, State Key Laboratory of Chemo/Biosensing and 

Chemometrics and College of Chemistry and Chemical Engineering, College of Biology, Hunan University, 
Changsha, 410082 

Email: tan@chem.ufl.edu 

Biological systems use complex ‘information processing cores’ composed of molecular networks to 

coordinate their external environment and internal states. An example of this is the acquired, or adaptive, 

immune system (AIS), which is composed of both humoral and cell-mediated components. Here we report 

the step-by-step construction of a prototype mimic of the AIS which we call Adaptive Immune Response 

Simulator (AIRS).  DNA and enzymes are used as simple artificial analogues of the components of the AIS 

to create a system which responds to specific molecular stimuli in vitro. We show that this network of 

reactions can function in a manner which is superficially similar to the most basic responses of the vertebrate 

acquired immune system, including reaction sequences that mimic both humoral and cellular responses. As 

such, AIRS provides guidelines for the design and engineering of artificial reaction networks and molecular 

devices. We will also discuss other DNA nanostructures for molecular medicine.  

Keywords: logic circuit, DNA networks, cells, information process 
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Enzyme-free nucleic acid based diagnostics exploiting kinetically controlled 

self-assembly 

I-Ming HSING 

Division of Biomedical Engineering and Department of Chemical and Biomolecular Engineering, The 

Hong Kong University of Science and Technology, Clear Water Bay, Kowloon, Hong Kong SAR, China 

 E-mail: kehsing@ust.hk  

In the previous ISEAC conferences, several PCR-based and enzyme-required electrochemistry-based 

strategies for nucleic acid sensing were introduced. In this plenary presentation at the 15
th
 ISEAC, I shall 

describe a new direction in nucleic acid nanotechnology field. By exploiting kinetically controlled 

self-assembly and hybridization of DNAs, nucleic acid based bioengineering could find very interesting 

applications in fields of diagnostics and therapeutics. In this talk, I will introduce a few enzyme-free and 

ultrasensitive DNA sensing strategies recently developed in my laboratory [1-2] and highlight new areas and 

interesting directions that this approach may lead to. 
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Au/Cu2MSnS4 (M=Zn, Fe) core-shell nanostructures for plasmon-enhanced 

photocatalytic hydrogen generation 

Kwok-Yin WONG, Enna HA, and Lawrence Yoonsuk LEE 

Department of Applied Biology and Chemical Technology and the State Key Laboratory of Chirosciences, 

The Hong Kong Polytechnic University, Hunghom, Kowloon, Hong Kong SAR, China 

Email: kwok-yin.wong@polyu.edu.hk 

Copper-based chalcogenides of earth-abundant elements have recently arisen as alternate materials for solar 

energy conversion. Cu2MSnS4 (M=Zn, Fe), a class of quaternary chalcogenides that has received much 

attention recently, has the potential to be developed into low cost and environment friendly materials for 

photovoltaics and photocatalysis.  In this presentation, the synthesis, characterization, and growth 

mechanism of novel Au/Cu2MSnS4 core-shell nanostructures with controllable morphology will be 

discussed. Precise manipulations in the core-shell dimensions lead to various heterostructures with different 

photocatalytic hydrogen generation activities.  The presence of Au cores inside the Cu2MSnS4 shell resulted 

in higher hydrogen generation rates, which can be attributed to the surface plasmon resonance (SPR) effect.  

 

Figure 1. Diagram showing different Au/Cu2FeSnS4 core-shell heterostructures and the possible mechanism 

 for photocatalytic hydrogen generation. 
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Light enhanced biofuel cells 

Shaojun DONG 

State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry, Chinese 

Academy of Sciences, Changchun, Jilin 130022 China 

Biofuel cells (BFCs), as a kind of green energy conversion technology, have attracted more interest, mainly 

due to the moderate operation conditions required. Despite great progress in BFCs that has been achieved in 

the past decades, there is still a big space for improvement in some aspects. 

By utilizing both light and chemical energy for electricity generation, the light enhanced BFCs (LBFCs) open 

a new way to get energy sources with high efficiency. Recently, we have successfully designed and 

constructed several LBFCs with significantly improved performance. 

The hybrid LBFCs fabricated in our laboratory including a UV-Light enhanced glucose-air BFC with TiO2 

nanotubes (TNTs) photoanode and a biocathode; a visible-light enhanced glucose/air BFC with 

photo-responsive conducting polymer, polyterthiophene(pTTh), as cathode and a bioanode; a visible-light 

enhanced ethanol/air BFC by light illuminating on both bioanode and cathode, etc. All the BFCs constructed 

were in a membraneless style, especially beneficial to miniaturization, and exhibited high efficiency of 

harvesting energy. 

The LBFCs fabricated possess fast and stable light-response ability, providing an extending insight beyond 

the conventional and typical biofuel cells. 

Acknowledgment 

This work was supported by the National Natural Science Foundation of China (No. 21375123), the 973 Project (No. 

2011CB911002) and the Ministry of Science and Technology of China (No. 2013YQ170585). 



15th ISEAC 

- 9 - 

 

Controlling growth of nanocarbons: from graphene to graphdiyne 

Zhongfan LIU 

Center for Nanochemistry, Beijing Science and Engineering Center for Nanocarbons, College of Chemistry 

and Molecular Engineering, Peking University, Beijing 100871, China 

zfliu@pku.edu.cn 

Nanocarbons are the star materials over last 30 years, covering fullerenes, carbon nanotubes, graphene and 

graphyne. We have been working on the controlled growth of carbon nanotubes and graphene for many 

years. Recently, we started our adventure to graphdiyne, a sp-hybridized 2-D carbon allotrope and a 

representative member of graphyne family. The focus of this talk will be laid onto the growth aspect of 2-D 

graphene and graphdiyne. For graphene, we have been working on the chemical vapor deposition growth of 

high-quality graphene via transition metal catalyst designs and process engineering. Recently, we are also 

working on the direct synthesis of graphene on insulating substrates, which enable the transfer-free 

fabrication of graphene-based electronic and optoelectronic devices. We have successfully synthesized 

monolayer graphene on high-k SrTiO3 and the on-site field effect transistors showed excellent electronic 

performances. Particular focus was laid on the controlled growth on hexagonal boron nitride (h-BN), a 

perfect dielectric substrate demonstrating the extremely high carrier mobility of graphene. We developed a 

temperature-triggered chemical switching technique and a co-segregation technique and realized a 

wafer-scale epitaxial growth of high quality graphene on h-BN monolayers. Direct growth of graphene on 

glass is of great challenge and importance. We have made a breakthrough along this direction. These super 

graphene glasses inherited the wonderful performances of both graphene and glass, demonstrating their 

great potentials in various daily-life applications. Synthesizing graphdiyne with a well-defined structure is 

of great challenge. With a modified Glaser-Hay coupling reaction pathway, we succeeded in the direct 

synthesis of graphdiyne Nanowalls on copper foils. Due to the highly-conjugated electronic structure, these 

graphdiyne nanowalls exhibited excellent and stable field emission properties. 
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Controlling functions and properties of interfaces by electrochemically 

active electrodes 

Itamar WILLNER 

Institute of Chemistry, The Hebrew University of Jerusalem, Jerusalem 91904, Israel 

The modification of surfaces with electroactive molecular or biomolecular nanostructures provides versatile 

means to control catalytic functions and surface properties and to apply the modified surfaces for amplified 

electrochemical sensing, control of interfacial wettability and to design new photoelectrochemical systems. 

Different nucleic acid nanostructures exhibit catalytic properties, e.g., the hemin/G- quadruplex or 

metal-ion-dependent DNAzymes. Immobilization of the hemin/G-quadruplex on electrode surfaces yields an 

electrocatalyst for the reduction of H2O2. This function is implemented to develop different electrochemical 

DNA sensors and aptasensors [1], and for designing DNA switching devices [2]. 

Also, the deposition of metal reservoirs on electrode surfaces allows the programmed, potential- induced, 

activation of different DNAzymes [3]. These will be exemplified with the potential-induced programmed 

activation of the Pb
2+

-dependent DNAzyme and the Ag
+
-stimulated activation of the hemin/G-quadruplex. 

The use of these systems for the electrochemically triggered switching of DNAzymes and the activation of 

catalytic cascades will be described. 

DNA-based hydrogels attract substantial recent interest as matrices for controlled release [4], shape-memory 

materials [5], and functional catalytic materials [6].
 
The deposition of the hydrogels on surfaces is, however, 

a challenge. We describe a method to immobilize DNA-based hydrogels on conducting supports using the 

hybridization chain reaction (HCR).  The formation of hydrogels was followed by impedance spectroscopy 

and switchable interfacial electron transfer properties, and electrocatalytic functions are demonstrated by 

G-quadruplex and hemin/G-quadruplex-crosslinked hydrogels [7]. 

Also, conductive supports are functionalized with a patterned block copolymer consisting of segregated 

hydrophilic/hydrophobic nanostructured domains. The hydrophilic domains are functionalized with 

electroactive nanostructures consisting of Au or Pt nanoparticles or of Prussian Blue. Potential-induced 

control of the wettability of these surfaces is demonstrated. 

The assembly of conducting nanoparticles (e.g. C or Au NPs) on electrodes provides new means for the 

application of these nanostructures for sensing and photoelectrochemical applications. These will be 

exemplified with the following systems. 

Mesoporous Carbon (C) NPs are deposited on electrodes. The pores of the C-NPs are loaded with 

redox-active relays [8] or with metallic nanoclusters [9] and capped with enzymes. The loaded 

carbon-enzyme matrices act as electrically wired enzyme electrodes, and the systems were successfully 

applied for amperometric biosensing or the assembly of biofuel cells. 

Electropolymerization of thioaniline-modified Au NPs on electrodes yields electropolymerized 

bis-aniline-bridged Au NPs films. These systems were used to assemble different highly sensitive sensor 

devices [10]. We implement now this principle to construct new photoelectrochemical electrodes. The 

electropolymerization of thioaniline-functionalized Au NPs in the presence of Zn(II)-protoporphyrin IX 

yields imprinted Au NPs matrices that bind Zn(II)-protoporphyrin IX to generate photoelectrochemically 

active electrode. The imprint of Zn(II)-protoporphyrin IX-bipyridinium diads in the Au NPs matrix yield 

functionalized electrodes revealing enhanced photocurrent generation. This is due to the effective charge 

separation proceeding in the nanostructured assemblies [11]. 
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Label-free optical detection and imaging of biological molecules and 

phenomena 

Nongjian TAO 

Center for Biosensors and Bioelectronics, Biodesign Institute, and Electrical Engineering, Arizona State 

University 

High-throughput detection of molecular interactions is critical for understanding many biological processes, 

for detecting disease biomarkers, and for screening drug candidates. To date the most widely used detection 

technique uses fluorescence dyes. While useful, the approach can be problematic when applied to the 

detection of small molecules, because the dye molecules may significantly alter the binding activities of the 

small molecules. Label-free optical detection techniques have been developed, but they largely rely on the 

detection of the mass of a molecule, which are difficult for small molecules. Small molecules are the most 

popular form of drugs, and play important roles in many biological processes, including post-translational 

modification of proteins, metabolic and cellular signaling processes. A capability to detect small molecules 

will have large impacts on the understanding of these processes, detecting of diseases, and discovery of drugs. 

In this talk, label-free optical detection and imaging methods will be described for detecting both large and 

small molecules, and for measuring fast processes, such as action potential propagation in neurons. 
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Novel methods for qualitative and quantitative proteome analysis 

Yukui ZHANG 

Key Laboratory of Separation Science for Analytical Chemistry, Dalian Institute of Chemical Physics, 

Chinese Academy of Sciences, Dalian 116023, China 

E-mail: ykzhang@dicp.ac.cn 

With the advance in the separation power of LC and scanning speed of MS, the identification of thousands of 

proteins in proteomic samples become possible. However, the identified protein number in human proteome 

is still less than expected.  

In our recent work, we developed a new protocol to improve the coverage of proteome qualification. For 

sample preparation, both urea and ionic liquid were applied to disolve hydrophilic and hydorphobic proteins. 

By a in-filter sample treatment method, with protein denaturation, reduction, alkylation and digestion 

performed in a centrifuge tube. For hydrophilic protein fraction, 2D-RPLC-ESI-MS/MS analysis under 

different pH values was performed with C18 columns, and for hydrophobic protein fraction, for the second 

dimensional separaiton, C8 column was used to improve the recovery of hydrophobici peptides, Compared to 

the published data, not only the identified protein number was increased with wider dynamic range, but also 

the analysis throughput was improved obviously.  

Besides the deep coverage and high throughput qualitative analysis of proteomes, the accurate and precise 

quantification is another spotlight in proteome research. Recently, we proposed a pseudo-isobaric dimethyl 

labeling (pIDL) method, with the fragment ions in the low mass range for quantification. We established a 

pIDL based method system, which demonstrated the advantages of high accuracy, precision and wide 

dynamic range. Not only b, y ions but also a1 ions could be used for quantification. Also such a strategy was 

applied to improve the SILAC method, and the comparative quantification for up to six cell lines could be 

achieved.  
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Analytical challenge towards metallomics and metalloproteomics 

Zhifang CHAI 

Multidisciplinary Research Center, Institute of High Energy Physics, CAS 

School of Radiation Medicine and Multidisciplinary Research, Soochow University 

chaizf@ihep.ac.cn; zfchai@suda.edu.cn 

No life, if no metals. Almost 30 % of proteins in organism bind metals, which possess important 

physiological and pathologic significance. In recent years, a new field called “metallomics” is emerging, 

which refers to a discipline focusing on  the integral study of the location, distribution, identity, species, and 

quantity of free and binding metals in biological systems, especially within a given cell type.  

For metallomics and metalloprotecomics study, conventional analytical methods are often not capable, 

because of their low sensitivity, poor space and time resolution, and/or unsatisfactory accuracy, etc. Thus, 

sophisticated techniques with the capability to analyze metals and metal-binding proteins in biological 

samples are highly desirable, including various advanced nuclear and non-nuclear spectroscopic techniques, 

which constitute new modality methods for study of chemical species, quantification, distribution and 

functions of metals and metal-proteins in hierarchical biological samples. 

In this presentation, recent progress on analytical methodology for metallomics and metalloproteomics made 

in author’s laboratory will be selectively highlighted with some practical examples to elucidate their 

analytical features. 
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Chemical sensing based on selective molecular recognition 

Hasuck KIM
a,b

, Yang-Rae KIM
a
, Donghoon HAN
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a
Department of Chemistry, Seoul National University, Seoul 151-747, Korea 

b
Department of Energy Systems Engineering, DGIST, Daegu 711-873, Korea 

The ability to detect trace amount of heavy metal ions is important because of their toxic effects on many 

living organisms, especially to human. In this study, we have demonstrated simple, easy and reusable 

methods respectively for Hg
2+

 Fe
 3+

 and Cu
2+

.  

Hg
2+

 detection is based on electrochemical signal by conformational change due to the formation of 

T–Hg
2+

–T complex formation [1,2]. The “signal-on” upon Hg
2+

 binding is attributed to the conformation 

change from open structure to hairpin structure. Among the various metal ions studied, Hg
2+

 shows the 

highest signal gain compare to the other metal ions. This sensor was reusable by unfolding the 

ferrocene-labeled DNA in 10 uM cysteine at 80 °C to denature hairpin structure [3] and then immersed in 1 

M NaClO4 electrolyte at room temperature to unfold the conformation of the probe DNA. This sensor 

almost retained original performance after three regeneration cycles. This sensor achieves sensitivity and 

selectivity and negligible response to other metal ions. 

Fe
3+

 is based on ECL quenching from pyrene based organic luminophore. When 1.0 eq. Fe
3+

 was added to 

the luminophore, only 2.9% of the ECL obtained with free luminophore was observed. This indicates that 

the electrochemically generated radical ions of luminophore boost Fe
3+

-luminophore complex formation, 

resulting in severe depletion of free luminophore near the electrode surface, causing lower ECL signals 

than expected. [4] 

Also, in this presentation, we report on a novel self-assembled monolayer of rhodamine derivatives as a 

turn-on and intrinsic fluorescent switch for Cu
2+

 detection on ultrathin and transparent platinum films [5]. 

Sincde this method is based on a specific reaction between Cu
2+

 and rhodamine binding, a good selectivity 

towards Cu
2+ 

is achieved compared with other metal ions. Details of experiment and results on molecular 

switches will be discussed. 

 

Schematic representation of Hg2+ detection based on thymine-Hg2+-thymine complexation. 
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Light activated electrochemistry: a strategy for performing voltammetry on 

a monolithic surface where you want, when you want with micron scale 

spatial resolution 

Moinul CHOUDHURY, Simone CIAMPI, Stephen G. PARKER, Ying YANG, Roya 
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Light and electrodes have a long history with spectroelectrochemistry, electrochemiluminescence and 

photovoltaics.  Here we exploit light shined on an electrode to locally activate the electrode surface to allow 

Faradaic electrochemistry to occur on the illuminated spot only. To achieve this, first an oxide free silicon 

electrode is modified with a self-assembled monolayer of 1,8-nonadiyne which protects the surface against 

oxidation. Subsequently a redox species is attached to the surface, either a ferrocene derivative for n-type 

silicon or an anthraquinone derivative for p-type silicon. Provided the silicon is in the depletion at the 

potential at which the oxidation/reduction of the redox species occurs, then no electrochemistry is observed 

in the dark.  Upon illumination distinct Faradaic electrochemistry is observed.  We show this 

electrochemistry can be confined to 50 µm with backside illumination and 30 µm with frontside illumination. 

Subsequently, using SECM we show that the surface bound redox species can be used as a mediator to detect 

redox species in solution.  We next show that we can detect DNA hybridization and form DNA electrode 

arrays (an example of reading electrochemical information from the electrode surface) and show that we can 

write conducting polymers to the surface.  Finally we demonstrate an application for the capture and 

localized release of cells from the surface. 

Acknowledgements 

We thank the Australian Research Council for funding of this research. 

 



15th ISEAC 

- 17 - 

 

Analyses of biological interactions of nanoparticles in vivo & in vitro 

Yuliang ZHAO
a,
* 

CAS Key Laboratory for Biomedical Effects of Nanomaterials and Nanosafety, National Center for 

Nanosciences and Technology, China, and Institute of High Energy Physics, Chinese Academy of Sciences 
(CAS), Beijing, China 

Email: zhaoyuliang@ihep.ac.cn, or zhaoyl@nanoctr.cn 

Most of categories of biomedical processes still remain as less understanding because of lacking of analytical 

approaches for characterization of the numerous types of different interactions among the endogeneous 

matter or exogeneous substance in vivo. In the biological and medical nanotechnology, one of the most 

difficult things is the rational characterization of nanomaterials interaction in biological systems, because the 

current approaches developed for biomedical sciences are mostly not adequate for the need of the proper 

analyses of nanomaterials when in such complex systems as cells and living body. In the talk, we will present 

the current analytical approaches for quantifying and imaging nanomaterial interactions with different 

biological levels like cell, tissues and living body. To be concise and concentrative, we will mostly focus on 

the scientific approaches for analyses of nanomaterials interactions in biomedical applications, including the 

quantification approaches of nanomaterials in biological systems, the characterization of nano/bio 

weak-interactions which play key roles in determining biomedical behaviors (function or toxicity) of 

nanomaterials in vivo, such as the new approaches recently developed for analyses of nano/bio interactions 

like the protein-nanosurface interaction, etc. We will show how these approaches help us to understand the 

medical/toxicological effects of nanomaterials at the molecular, cellular, organ/tissue and systemic nano/bio 

interfaces in vivo, and future discuss major challenges in analysis methodology at nano/bio interface. 

 

Figure 1. The cellular uptake processes of nanoparticles analyzed by  SRXF scanning imaging with 

biochemical analyses uncovered their quantitative behaviors during their interactions inside a single cell. 
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With the aim to improve the performance of biomaterials, 3D structures were designed to create an oriented 

biomolecule monolayer or a high density of biological entity at the transducer surface.
 
Owing to their high 

conductivity, inertness and electroactive surface area, graphene and carbon nanotube are widely used for the 

design of biosensors and biofuel cells [1,2].  

In this context, we report the functionalization of a single graphene layer on a thin gold film by copper 

coordinated nitrilotriacetic acid attached to graphene via π−π interactions with pyrene derivatives and the 

subsequent immobilization of biotinylated cholera toxin antigen. With the amplification of the SPR signal by 

graphene, a detection limit of 4 pg mL
-1

 was obtained for the antibody anticholera toxin [3]. Carbon nanotube 

coatings were also functionalized with 4-aminonaphtoic acid. These carboxylated nanotubes exhibited an 

efficient direct wiring of hydrogenase allowing H2 oxidation and hence the elaboration of a hydrogen/oxygen 

biofuel cell [4]. 

Increased attention has been also given to the functionalization of electrode and SPR surfaces by the 

combination of carbon nanotube coating with graphene, polypyrrole, polyacrylonitrile or polynorbornene 

films. For instance, deposition on carbon nanotube electrodes of reduced graphene oxide nanosheets 

functionalized by anthraquinone groups allows excellent electron transfer properties. Laccases were 

immobilized on the nanostructured electrode by the interaction between the anthraquinone moiety and the 

laccase hydrophobic pocket leading to efficient bioelectrocatalytic oxygen reduction [5]. The combination of 

carbon nanotube coating and an electropolymerized polypyrrole film of a protein: concanavalin A is also an 

original strategy for the non-covalent immobilization of glycoproteins via specific interactions with 

polymerized concanavalin A [6,7]. The electrochemical characterization of a novel electropolymerizable 

Ru(II) complex containing two phenanthrolinequinone ligands and its use for the physical entrapment of 

dehydrogenases via adsorption and  electropolymerization in its adsorbed state will be described [8]. Finally, 

another approach concerns the fabrication of fiber tissue electrode from nanosized fibers containing carbon 

nanotubes. The latter were produced by electrospinning from a solution containing nanotubes and 

polyacrilonitrile. The biofunctionalization of the nanofiber electrodes was exemplified by chemical grafting 

of an enzyme model, polyphenol oxidase, onto the nanofiber tissue [9]. 
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In proton exchange membrane fuel cells (PEMFCs), small molecule fuels are oxidized at the anode, and 

concurrently oxygen is reduced at the cathode. Of these, the sluggish kinetics of oxygen reduction reaction 

(ORR) at the cathode greatly limits the energy conversion efficiency of fuel cells. For practical applications, 

a sufficiently high current density is generally needed. Thus, noble metals (e.g., Pt, Pd, Ru, etc.) and their 

alloy nanoparticles have been used extensively as effective catalysts for both anodic and cathodic reactions. 

However, the high costs, poor durability, and low poison resistance of these noble metals-based catalysts 

have been the main bottlenecks that hamper the widespread commercialization of PEMFCs. Extensive 

research efforts have therefore been devoted to the development of cost-effective alternatives, in particular, 

nonprecious-metal catalysts (NPMCs) for ORR. In this presentation we will highlight a couple of examples 

where functiomnal nanomaterials based on structural engineering can serve as effective non-metal catalysts 

for ORR. In the first example, thermally removable nanoparticle templates were used for the fabrication of 

self-supported N-doped mesoporous carbons with a trace amount of Fe (Fe-N/C). Experimentally Fe-N/C 

was prepared by pyrolysis of poly(2- fluoroaniline) (P2FANI) containing a number of FeO(OH) nanorods 

that were prepared by a one-pot hydrothermal synthesis and homogeneously distributed within the polymer 

matrix. The FeO(OH) nanocrystals acted as rigid templates to prevent the collapse of P2FANI during the 

carbonization process, where a mesoporous skeleton was formed with a medium surface area of about 400 

m2 /g. Subsequent thermal treatments at elevated temperatures led to the decomposition and evaporation of 

the FeO(OH) nanocrystals and the formation of mesoporous carbons with the surface area markedly 

enhanced to 934.8 m
2
/g. Electrochemical measurements revealed that the resulting mesoporous carbons 

exhibited apparent electrocatalytic activity for oxygen reduction reactions (ORR), and the one prepared at 

800 °C (FeN/C-800) was the best among the series, with a more positive onset potential (+0.98 V vs RHE), 

higher diffusion-limited current, higher selectivity (number of electron transfer n > 3.95 at +0.75 V vs RHE), 

much higher stability, and stronger tolerance against methanol crossover than commercial Pt/C catalysts in a 

0.1 M KOH solution. The remarkable ORR performance was attributed to the high surface area and sufficient 

exposure of electrocatalytically active sites that arose primarily from N-doped carbons with minor 

contributions from Fe-containing species. 

In the second example, biomass-derived nitrogen self-doped porous carbon was synthesized by a facile 

procedure based on simple pyrolysis of water hyacinth (eichhornia crassipes) at controlled temperatures 

(600–800 °C) with ZnCl2 as an activation reagent. The obtained porous carbon exhibited a BET surface area 

up to 950.6 m2 g
−1

, and various forms of nitrogen (pyridinic, pyrrolic and graphitic) were found to be 

incorporated into the carbon molecular skeleton. Electrochemical measurements showed that the nitrogen 

self-doped carbons possessed a high electrocatalytic activity for ORR in alkaline media that was highly 

comparable to that of commercial 20% Pt/C catalysts. Experimentally, the best performance was identified 

with the sample prepared at 700 °C, with the onset potential at ca. +0.98 V vs. RHE, that possessed the 

highest concentrations of pyridinic and graphitic nitrogens among the series. Moreover, the porous carbon 

catalysts showed excellent long-term stability and much enhanced methanol tolerance, as compared to 

commercial Pt/C. The performance was also markedly better than or at least comparable to the leading results 

in the literature based on biomass-derived carbon catalysts for ORR. The results suggested a promising route 

based on economical and sustainable biomass towards the development and engineering of value-added 

carbon materials as effective metal-free cathode catalysts for alkaline fuel cells. 
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Engineered nanoparticles have found wide-spread application in technology and medicine, e.g., for targeted 

delivery of pharmaceuticals to particular cells. In recent years, however, concerns have been voiced that 

nanoparticles could be hazardous to human health because they are of similar size as the elementary building 

blocks of cells and may interfere with key cellular processes. To fully exploit the benefits of nanotechnology 

while avoiding potential health hazards, we aim for an in-depth understanding of the interactions between 

nanoparticles and biomatter at the molecular level. To this end, nanoparticle modification, processing and 

degradation upon contact with cells, tissues and organisms need to be studied, and biological responses to 

nanoparticle exposure have to be assessed thoroughly over wide ranges in time after exposure.   

Such investigations require highly sensitive and quantitative experimental methods. Fluorescence 

microscopy is a powerful technique that provides quantitative information on spatial and temporal aspects of 

nanoparticle-cell interactions with only minimal interference with the cells’ normal processes. We have 

studied the interaction of nanoparticles (10 – 20 nm diameter) with a variety of plasma proteins by using 

fluorescence correlation spectroscopy (FCS) [1-4]. With this technique, we can determine the protein binding 

affinity and the thickness of the protein corona in situ with sub-nanometer precision. In our studies, proteins 

have always been observed to adsorb as monolayers on the nanoparticles, assuming specific orientations that 

are governed by electrostatic interactions between functional groups on the nanoparticles and specific protein 

surface charge distributions. We have also studied the uptake of nanoparticles by live-cell fluorescence 

imaging [5,6], examining the relevance of particular endocytosis pathways by blocking pathways with 

specific inhibitors. Most recently, we have managed to visualize clathrin-mediated endocytosis of individual 

nanoparticles by using super-resolution localization microscopy [7]. 
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pH is one of the most frequently measured properties of matters, usually in the liquid state. However, the 

definition, measurements, and its interpretation of pH are far from straightforward, as reflected by the fact 

that, since it was first proposed in 1909 [1] and modified in 1924 [2], it took almost 100 years before the 

IUPAC released the recommendation, “Measurement of pH. Definition, standard, and procedures” in 2002 

[3]. The notional definition of pH employed in the IUPAC2002 is    

pH = -log aH+                                       (1) 

where aH+ is the single ion activity of hydrogen ion, which is thermodynamically immeasurable. Actually, 

several pH standard buffer solutions were chosen for calibration in pH measurements with a glass electrode 

in combination with a reference electrode equipped with a KCl-salt bridge, for example,   

Ag|AgCl|satd. KCl|sample solution or pH standard buffer | glass electrode        (2) 

The pH values of pH standard buffers are determined from experimentally accessible quantity, log(aH+ 

γCl-
0
), through the emf measurement of a cell, 

Pt| H2(g), pH buffer, KCl|AgCl|Ag                                (3) 

with concomitant use of the Base-Guggenheim convention [3] for estimating nonthermodynamic single ion 

activity of Cl
-
 at the zero concentration limit of Cl

-
 in a given buffer solution, γCl-

0
. This protocol of pH 

determination is expected to give a fairly accurate pH value of an aqueous sample solution, provided that 

the ionic strength of the solution is not far from that of the pH buffer standards.  

Very recently, de Levie harshly criticized IUPAC2002 recommendations for their basic framework, that is, 

the notional definition of pH (1), the conversion of thermodynamic log(aH+ γCl-
0
) to pH by the 

Bates-Guggenehim convention, and actual pH measurements by (2) [4].  

As a matter of fact, both IUPAC2002 [3] and de Levie’s essay* [4] are based on the same view that an 

electrochemical cell of the type shown in (3) without liquid junction provides thermodynamic quantities, 

such as log(aH+ γCl-
0
), or the mean activity of HCl. This standpoint unfortunately masks the very nature of 

electrochemical cell, that is, the redox reaction of the cell,  

Rd1 + Ox2 = Ox1 + Rd2                                          (4) 

is necessarily separated into two half-cell reactions, Ox1 + e = Rd1 and Ox2 + e = Rd2 in the cell, and, hence, 

any electrochemical cell is by nature nonequilibrium. Once we accept this simple fact and properly handle 

the liquid junction potential that is inevitably existent between the two half-cell reactions in the cell, it is 

possible to estimate the magnitude of a single ion activity by use of the Nernst equation for the half-cell 

reaction, that is to say, the single ion activity is non-thermodynamically measurable. Only necessity for this 

“regime change” in pH measurements, and, in general, electroanalytical chemistry as well as 

electrochemistry, is to have a reliable salt bridge that can satisfactorily eliminate the liquid junction 

potential. The ionic liquid salt bridge [5-7] enables us to invert the Bates-Guggenheim-de Levie framework 

on determination of single ion activity based on electrochemistry, and simplifies pH measurements as well 

as our understanding of pH according to eq (1) and, in general, the nature of electrochemistry [7,8].   
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8. T. Kakiuchi, Rev. Polarogr., 60, 99-109 (2014), (in Japanese); English translation is available upon request. 

*) Here I categorize his meticulous article as an essay, because it is subjective, certainly not a critical review nor is an “article 

history” because of the lack of objectivity, consistency, and comprehensiveness on the subject. 
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Biotic substances are precious natural wealth. They are also natural treasure-house of nanostructures. The 

study of carbon nanomaterial attracts special attention in electrochemistry and electroanalytical chemistry. 

The investigation of carbon nanomaterial based on biotic substances is a promising interdisciplinary 

research area. In principle, biotic substances can be applied as an efficient and low-cost raw material for 

large-scale fabrication of carbon nanomaterial. We systematically demonstrated the potential of 

microorganisms, funguses, biomolecules for the fabrications and applications of carbon nanomaterial in 

analytical chemistry, environmental monitor, photoelectrocatalysis, supercapacitor and so on.  
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Tip-enhanced Raman Scattering (TERS) spectroscopy utilizes near-field enhancement from a metallic 

nanotip to obtain Raman spectra with spatial resolution less than 100 nm. To achieve a good enhancement, 

the size, shape, and material of the tips must be carefully chosen to ensure plasmon resonance with the 

excitation laser light. The evanescent field from this resonance is confined to a small area around the tip, 

resulting in the improvement of spatial resolution. This characteristic of TERS is very useful in grapheme 

studies. For epitaxial graphene, which is a desirable type of graphene for graphene-based electronic 

nanodevices due to its large sheet area and low defect, the characterizations are not only required in the 

circuit scale, but also in the nanoscale. The necessity comes from the variations in each local domain of 

graphene. Even though the number of layers and doping level can be precisely controlled with high 

homogeneity, there are still strain differences in nanoscale, which can significantly affect both physical and 

electronic attributes of graphene. 

This strain difference is suspected to originate from nanostructures on graphene sheet since there is a 

correlation between the strain variation in Raman studies and nanostructures occurrence in AFM/STM 

studies. However, since the spatial resolution of normal Raman spectroscopy, which is the conventional 

method for graphene characterization, is not good enough to resolve each individual single nanostructure of 

epitaxial graphene, the effect of an individual nanostructure on the strain in local domain is never measured 

spectroscopically. To overcome this limitation, we employed TERS.
1,2 

 

Figure 1. (a) AFM topology of graphene nanoridge with line profile showing ∼6 nm ridge height. (b) G′ band in far-field 

Raman and TERS spectra from each point in (a). (c) Plot of G′ band position in far-field Raman and TERS spectra against 

distance in the line profile. (d), (e) Calculated relative strain using band position in (c) in uniaxial and biaxial model, 

respectively. 

We studied TERS on step, ridge, and cracks sub-micro/ nanostructures of epitaxial graphene (Figure 1). It 

was found that the step nanostructure did not significantly affect TERS spectra. On the ridge nanostructure, 

8.7 cm
-1

 downshift of G′ band was observed and then calculated into a strain difference of 1.6 × 10
-3

. This 
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indicates a weaker compressive strain compared to neighbor areas, which confirms a speculation of previous 

studies that nanoridges form as compressive strain relief during the cool down after the high-temperature 

synthesis. On the crack sub-microstructure, the reduced intensity ratio between graphene and SiC peak was 

found, suggesting lower graphene content in the crack. 

The TERS results in every studied local domain indicate that there is high homogeneity of strain among flat 

area. The only places where significant strain variations occur are on the nanostructures themselves. 

Therefore, we can conclude that the origin of strain variations in local domains is the nanostructures. 

All of these results cannot be observed in far-field Raman spectra due to the limit in spatial resolution, thus 

demonstrating the powerfulness of TERS in nanoscale study of epitaxial graphene. 
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Silicon nanowires have been the object of intensive research activities in recent years owing to their 

considerable potential in nano-electronics, energy conversion [1] and biodiagnostic applications [2][3]. Of 

special interest has been the large-scale fabrication of ultra-thin SiNWs and their application to advanced 

molecular biosensing schemes due to their excellent sensitivity and suitability for the fabrication of high 

density integrated nanowire based devices. Top-down fabrication methods of SiNWs have been described 

elsewhere. However, the fabrication of ultra-thin SiNWs with sub-40 nm in thickness and aspect ratio of 

~10:1 or higher still remains challenging although their excellent physicochemical properties have been 

reported in a few recent studies [4][5]. Considering their tremendous potential, simple, reliable, and 

cost-effective methods to fabricate such silicon nanostructures and their integration into functional devices 

are highly desirable for biosensing applications.  

In this study, we present such a robust top-down wafer scale fabrication process of locally ultra-thin silicon 

nanowires. Here, silicon nanowire (Si NW) sensors have been fabricated by using top-down methods that 

are CMOS compatible and usually involves electron beam lithography and dry or wet etching technologies 

[6]. A strong coupling between the liquid gate and back gate (the substrate) has been revealed [7] and used 

for optimization of signal-to-noise ratio. Increasing the sensitivity of Si NW FET sensors above the 

detection limit has been predicted and proven by direct experimental measurements [8]. In addition, we will 

demonstrate increased sensitivity by utilizing trapping - detrapping processes in the nanowires. Finally, we 

will discuss the detection of important biomarkers related to diseases including cancer [9] and cardiovascular 

diseases. SiNW biosensors hold great promise to realize point-of-care (POC) devices for disease diagnostics 

with potential for miniaturization and integration. 
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Fig.2 Simultaneously obtained (a) 

current and (b) frequency change and 

corresponding mass change at the 

gold electrode as a function of 

potential in DMSO solutions when 

potential was swept by 20 mV/s. (_ _ 

_): Oxygen saturated 100 mM 

TBAPF6/DMSO solution, (----): Ar 

saturated 100 mM LiPF6/DMSO 

solution, and (ooo): oxygen saturated 

100 mM LiPF6/DMSO solution. 
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Oxygen reduction reaction (ORR) is one of the most important chemical reactions not only in the life 

support system of many living organisms but also of electrochemical energy conversion devices such fuel 

cell and air battery. We have been studying mechanism of [1-5] and electrocatalyst for [6-12] ORR in 

aqueous solutions for long time and have recently started studies on ORR in non-aqueous solutions in 

relation to Li-air battery [13-17].  

 

Here I first briefly describe the mechanistic studies on ORR in 

aqueous solutions and introduce our recent combined efforts of 

theory and experiment for the development electrocatalyst for ORR 

in aqueous solutions. I also present the results of ORR in 

non-aqueous solutions. 

As for mechanistic studies on ORR in aqueous solutions, we 

employed various in situ techniques [18] such as quartz crystal 

microbalance and x-ray absorption fine structure (XAFS) in addition 

to electrochemical methods such as rotating disk electrode. For 

example, we have directly proved the potential dependent adsorption 

of oxygen on a gold electrode surface by electrochemical quartz 

crystal microbalance [7] and have also shown that the origin of 

enhancement of electrocatalytic activity of Pt by cerium oxide 

support is the inhibition of Pt oxide formation by sacrificial 

oxidation of Ce
3+

 to Ce
4+

 [5] by XAFS. 

As for the development of electrocatalyst for ORR in aqueous 

solutions, recently we theoretically proposed [8-10] and 

experimentally proved [10, 11] that BN, an insulator, on Au, an inert 

substrate, acts as an efficient electrocatalyst for ORR. Theoretical 

calculation showed that the free h-BN monolayer has a wide band 

gap of 4.6 eV (Fig. 1. left, top), which is within the highly dispersed 

experimental values, and the calculated partial DOS (PDOS) of h-BN 

on Au(111) is slightly modified with a slight protrusion of the 

unoccupied BN states toward the Fermi level due to the interaction 

with Au (Fig. 1. left, bottom). Free energy diagrams calculated for ORR via four-electron process to water 

Fig.1 Left: Spin-polarized DOS calculated for the defect-free h-BN monolayer (top) and PDOS projected on B 

and N atoms for the h-BN/Au(111) (bottom). Right: Current – potential relations of bare Au, bare GC, 

BNNS/Au, and BNNS/GC in O2 saturated 0.5M H2SO4 (Rotation rate: 1500 rpm. Scan rate: 10 mV/s) and free 

energy diagram for ORR on the h-BN/Au(111) (inset). 
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and two-electron process to H2O2 at BN/Au(111) showed that while the four-electron process is not 

energetically favorable, the ORR to H2O2 is possible. Based on the above-mentioned theoretical suggestion, 

electrocatalytic activities of various types of h-BN, i.e., spin coated BN nanotubes (BNNTs) and BN 

nanosheets (BNNSs) and sputter deposited BN, on Au electrodes as well as those of BNNS modified glassy 

carbon (GC) and Pt electrodes for ORR were examined in O2 saturated 0.5 M H2SO4 solution. Although all 

BNs acted as ORR electrocatalysts, the highest activity was obtained by BNNS modification (Fig. 1. right) 

and the reason for the enhanced catalytic activity of BNNS on Au was attributed to the presence of B- 

and/or N-edge structures. While BNNS modification was very effective in improving the ORR activity at 

the Au electrode, it has no and a negative effect at the GC and Pt electrodes, respectively, confirming the 

important role of the interaction between BN and Au for ORR activity enhancement. Currently, we are 

trying to improve the electrocatalytic activity by maximizing the edge effect.  

ORR in non-aqueous solutions proceeds quite differently from that in aqueous solutions. First step is a one 

electron process producing super oxide anion, O2
-
, which may remain as is or react with other species, 

depending on solvent and electrolytes. Although ORR in non-aqueous solutions has been studied for long 

time [19], it recently attracts many research groups in relation to the Li-air battery, which is considered to 

be one of the next generation batteries because of very high theoretical energy density [20]. Final product 

of ORR in non-aqueous solution containing Li
+
 is well known to be Li2O2, an insulating solid, but reaction 

mechanism is still not clear.  

We have investigated the mechanism by using EQCM. Figure 2 shows simultaneously recorded (a) current 

and (b) frequency and corresponding mass changes as a function of potential of the gold electrode obtained 

in oxygen and Ar saturated DMSO solution containing 0.1 M TBAPF6 and 0.1 M LiPF6. No obvious 

current and mass change were observed in O2 free solution, a symmetric redox wave and no mass change 

were observed in O2 saturated Li+ free solution, and irreversible cathodic current peak and mass increase 

were observed in O2 saturated LiPF6 solution. Detailed analysis of these results revealed that the deposition 

of lithium superoxide (LiO2) takes place with the reaction of O2 + e
-
 + Li

+
 → LiO2 at relatively positive 

potential and the formation of O2
·-
, some of which were diffused away, as the potential became more 

negative. The diffusion of free O2
·-
 into solution bulk was confirmed recently by UV/vis absorption 

spectroscopy [21]. More detailed studies on the mechanism by using Raman and rotating ring disk 

electrode [16] will be also presented.  
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Proton exchange membrane fuel cell (PEMFC) powered cars are expected to be commercialized this year.  

These cars still face the risk of a lower performance induced by the presence of contaminants in the ambient 

air [1] because the passive air intake filter has a finite adsorption capacity [2]. Contaminants may adsorb on 

the catalyst surface and permeate the ionomer and membrane respectively decreasing the active area and 

ionic conductivity of the membrane/electrode assembly. Other effects may include modifications to the 

oxygen reduction reaction mechanism (higher Tafel slope and hydrogen peroxide production) [3]. Hydrogen 

peroxide is decomposed by cation impurities (Fe, Cu) present in the ionomer and the membrane to radicals 

that in turn degrade the polymer structure [4,5]. This degradation manifests itself by membrane thinning, 

poorer ionic conductivity (loss of sulfonate sites), F  ions in the exhaust water and a smaller catalyst surface 

area with loss in ionomer and catalyst nanoparticles contact (Figure 1). However, ionomer degradation 

induced by hydrogen peroxide has seldom been studied in situ in the presence of contaminants. PEMFCs 

contaminated with Fe [6] and SO2 [7] have shown elevated levels of F  in the exhaust water. These 

measurements were not corroborated with complete membrane/electrode assembly characterizations 

including membrane thickness and conductivity, and catalyst active surface. 

Ionomer

Carbon support
Pt nano-particles

Ionomer

Carbon support
Pt nano-particles

 
Figure 1. Ionomer degradation may result in a loss in Pt active surface area.  

Initial (full line) and degraded (dotted line) ionomer boundaries. 

The present work focuses on the long term effect of a low 5 ppm concentration of acetonitrile in air on 

PEMFC degradation. Acetonitrile was chosen because it demonstrated a larger impact than other airborne 

contaminants based on empirically derived quantitative parameters [8]. Acetonitrile was also selected 

because it impacted a larger number of processes as measured by impedance spectroscopy [9]. 

Results will emphasize the role of both electroanalytical and other methods for the understanding of the 

degradation mechanism associated with contaminants. More specifically, rotating ring/disc electrode 

experiments indicated a large increase in hydrogen peroxide production at 30 C [3] that justified its 

verification in an in situ environment. The fuel cell temperature (80 C) provided another incentive for the 

long duration test because hydrogen peroxide decomposes at high temperatures [10,11]. Impedance 

spectroscopy was intermittently used before, during and after the contaminant exposure to assess changes to 

the different contributors to cell performance including membrane conductivity. The method is particularly 

useful in this context because the long duration test does not have to be interrupted. By contrast, the active 

catalyst surface area is determined by cyclic voltammetry, but the test needs to be interrupted. As a result, 

cyclic voltammograms are only available after cell conditioning and at the end of the test. These 

electroanalytical results are supplemented by physical and chemical characterization methods (scanning 

electron microscopy, energy dispersive x-ray spectroscopy, transmission electron microscopy, inductively 

coupled plasma mass spectroscopy, ion chromatography).   

It will be shown that acetonitrile acts as a scavenger for the hydrogen peroxide and radicals because during 

the contamination period the fluoride emission rate is smaller than before and after the contamination period. 

This hypothesis requires verification as the observation is indirect. Furthermore, the impedance spectrum did 

not return to its original state. This was partly attributed to the lower cathode platinum loading of 0.1 in 

comparison to 0.4 mg cm
2
 for the prior shorter term tests [9] and is indicative of a permanent degradation 

contribution. Finally, whereas the fluoride emission rate decreased during the acetonitrile injection period, 

SO2 has shown the opposite trend [7]. 
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Gels and aerogels manufactured from a variety of nanoparticles available in colloidal solutions have recently 

proven to provide an opportunity to marry the nanoscale world with that of materials of macro dimensions 

which can be easily manipulated and processed, whilst maintaining most of the nanoscale properties [1]. The 

materials carry an enormous potential for applications. This is largely related to their extremely low density 

and high porosity providing access to the capacious inner surface of the interconnected nanoobjects they 

consist of. The aerogel materials may be further processed in order to achieve improvements in their 

properties relevant to applications in optical sensing and catalysis.  

The commercialization of polymer electrolyte fuel cells (PEFC) is still hindered by the cathode 

electrocatalyst for the oxygen reduction reaction (ORR) not fulfilling the criteria of low cost, high 

performance, and high durability. We recently developed a facile strategy for the controllable synthesis of 

nanoparticle-based bimetallic PtxPdy aerogels with high surface area and large porosity, which act as highly 

active and stable catalysts for the ORR in PEFC cathodes. In addition to excellent durability the PtxPdy 

aerogels show superior electrocatalytic activity towards the ORR with the Pt80Pd20 aerogel exhibiting a five 

times mass activity enhancement compared to commercial Pt/C catalysts [2]. Latest work is related to 

bi-metallic systems of PdNi porous structures and to Ni-Co-O oxide hollow nanosponges [3]. 
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Cellulose and hemicelluloses are expected to have a key role in the sustainable society in the future. These 

natural polysaccharides can be used as alternative raw material to petrochemical products. Functional 

materials based on these polysaccharides can be made to desired applications by changing their 

physicochemical properties. Chemical and/or biochemical reactions have so far been used to modify the 

chemical groups on cellulose and hemicellulose molecules. It has been assumed that it is difficult to treat the 

polysaccharides by other than chemical or biochemical method because they are basically insoluble in water 

and electrochemically inactive. However, dissolution of the polysaccharides in a suitable solvent, which 

function as an electrolyte would open new research fields such as “electrochemistry of polysaccharides”, as a 

new horizon to utilization of polysaccharides. 

In this presentation, the fundamental electrochemical properties of cellulose
1
 and hemicelluloses

2
 dissolved 

in sodium hydroxide solution at Au surface were investigated by cyclic voltammetry (CV), in situ Fourier 

transform infrared attenuated total reflectance spectroscopy (FTIR-ATR), electrochemical quartz crystal 

microbalance (EQCM) and electrochemical impedance spectroscopy (EIS). The reaction products were 

characterized by scanning electron microscopy (SEM), transmission electron microscopy (TEM), and FTIR 

spectroscopy and nuclear magnetic resonance (NMR). The results imply that cellulose and some 

hemicelluloses at Au electrode surface in sodium hydroxide solution undergo irreversible oxidation. It is 

suggested that adsorption and desorption of hydroxide anions at the Au surface during a potential cycle have 

an important catalytic role in the electrochemical reaction of these polysaccharides at Au electrode (e.g. 

approach to the electrode surface, electron transfer, adsorption and desorption of the reaction species at the 

electrode surface). Moreover, it was found that two types of derivatives were obtained as products of the 

electrochemical oxidation reaction. One is a water soluble derivative where some hydroxyl groups are 

partially oxidized to carboxylic groups. The other derivative is a water insoluble hybrid material composed of 

the studied polysaccharides and Au nanoparticles (approx. 4 nm diameter). Furthermore, a reaction scheme 

of the electro-catalytic oxidation of cellulose and hemicelluloses at gold electrode in basic medium is 

proposed. 
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The electrochemical performances of carbon film electrodes including surface electron transfer rate and 

electrocatalytic properties can be widely controlled depended upon surface termination wih other atoms 

including oxygen, nitrogen and fluorine or incorporating other atoms during carbon film formation. We 

have been studying nanocarbon film electrodes formed by electron cyclotron resonance (ECR) sputtering and 

unbalanced magnetron (UBM) sputtering methods
1-3

. The structure of carbon films such as sp
2
/sp

3
 ratio can 

be widely controlled by these sputtering methods with maintaining extremely flat surface. The potential 

windows of both ECR and UBM nanocarbon films show much wider than that of conventional GC 

electrodes.  

For preparing fluorinated carbon film electrode, the surface of the sputtered carbon films was treated with 

CF4 plasma. The contact angle of the film surface increased from 72 to 93 degree after surface fluorination
4
. 

The electron transfer rates at an F-ECR film electrode are as high as those of pure ECR carbon films for 

Ru(NH3)6
2+/3+

, whereas they are much slower than those of pure carbon films for Fe
2+/3+

 and Fe(CN) 6
3-/4-

. We 

used this film for electrochemical amplification using water soluble ferrocene derivatives (Fc) and Fe
2+/3+

 . 

On the pure carbon film, both Fc and Fe
2+/3+ 

can be electrochemically oxidized and so Fe
2+/3+ 

shows the 

current without Fc. In contrast, only Fc shows oxidation current because electron transfer of Fe
2+/3+ 

is 

completely suppressed. By applying fluorinated carbon film after modified with poly- -lysine with a high 

affinity lipopolyscharide (LPS), LPS molecules adsorbed on the surface of poly- -lysine was captured by 

ferrocene labeled polymyxin B (FcPMB) and oxidized current was enhanced by adding Fe
2+/3+

. We 

achieved low detection limit for LPS using electrochemical amplication with Fc and Fe
2+/3+

and suppressing 

background current caused by direct oxidation of Fe
2+/3+ 

at the F-UBM carbon film. We also employed the 

F-UBM film electrode to selectively detect hydrophobic antioxidants in foods and drinks. The film electrode 

shows fast electron transfer for hydrophobic α-tocopherol. In contrast, electrochemical responses for 

hydrophilic antioxidants such as ascorbic acid were effectively suppressed at the F-carbon film electrode as 

shown in Fig.1
5
. These properties allowed us to achieve selective and quantitative measurements of 

hydrophobic antioxidants with maintaining the suppression for the responses of hydrophilic antioxidants in 

the analyte solution.  

Nitrogen-doped nanocarbon film electrodes with mixed sp
2
 and sp

3
 bonds were formed by using ECR and 

UBM sputtering equipments. The N-ECR and N-UBM carbon films shows similar structure and 

electrochemical properties when nitrogen concentrations in both films were almost similar. The films have 

very smooth surfaces with an average roughness of 0.1 to 0.2 nm, which is almost independent of nitrogen 

concentration
6-7

. The structure and electrochemical properties of N-ECR and N-UBM carbon film electrodes 

depended upon nitrogen concentration and shows some differences compared with those of carbon nitride 

deposited by RF sputtering
8
 and nitrogen containing carbon films (ta-C:N) deposited pulsed laser-arc 

deposition (PLD)
9
. The oxygen reduction potentials at N-ECR (or N-UBM) carbon film electrodes shifted 

positively when the nitrogen concentration increases up to around 10 %, but they started to decrease when 

the nitrogen concentration is further increased as shown in Fig. 2. At the optimum conditions, the oxygen 

and hydrogen peroxide (H2O2) reduction potentials at N-ECR carbon film electrode shifted about 0.3 and 

0.15 V (vs. Ag/AgCl), respectively, and the peak height of H2O2 is greatly increased compared with that at 

the pure carbon film. 

We also prepared nitrogen terminated carbon (NS-UBM) film by ammonia gas treatment after depositing the 

film by UBM sputtering and compared its electrochemical performances with those of a nitrogen doped 

carbon (N-UBM) film also deposited by UBM sputtering. The concentrations of both films are almost 

identical, which is confirmed by XPS measurement. The oxygen reduction at NS-UBM film shifts more 

positive compared with N-UBM film electrode, suggesting that surface groups are very important to reduce 

overotential for oxygen reduction.  
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Fig. 2. Nitrogen concentration dependence of 

ORR at nitrogen containing ECR and UBM 

carbon film electrodes. 

Fig. 1. Voltammograms of a mixed bicontinuous 

microemulsion solution in the presence of 1 mM 

L-ascorbic acid and α-tocophenol at F-ECR 

carbon film electrode at 100 mV/s. 
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The effect on the electrogenerated chemiluminescence (ECL) of the Ru(bpy)32+/TPrA (bpy = 

2,2’-bipyridine; TPra = tri-n-propylamine) system when melatonin (N-acetyl-5- methoxytryptamine; MLT) 

and structurally related compounds (e.g., D- and L-Tryptophan (TRY), 7-Azatryptophan (7-AZA) and 

Serotonin (SER)) are present in aqueous buffered solution will be presented. MLT, D- and L-TRY, SER and 

7-AZA display weak intrinsic ECL when TPrA is used as an oxidative-reductive coreactant. However, 

micromolar concentrations of melatonin result in up to 2.5-fold enhancement of Ru(bpy)32+/TPrA ECL 

while the other analytes attenuate ECL between 2- and 1000-fold. Photoluminescence (PL) emission 

efficiencies do not change in the presence of melatonin unless the melatonin solution has undergone 

electrochemical bulk oxidation, at which point PL and ECL are nearly indistinguishable. Spectroscopic, 

electrochemical and spectroelectrochemical studies indicate that the mechanism involves oxygen 

scavenging by melatonin oxidation products. This scavenging prevents the quenching of the *Ru(bpy)32+ 

excited states by dissolved oxygen in solution. Melatonin can be coupled with 30% by volume 

2,2,2-trifluorethanol (TFE) or with the nonionic surfactant Triton X-100 (polyethylene glycol 

tert-octylphenyl ether) for even greater enhancement of Ru(bpy)32+/TPrA ECL. The enhancement of 

(bpy)2Ru(DC-bpy)2+/TPrA, (bpy)2Ru(DM-bpy)2+/TPrA and Ir(ppy)3/TPrA (DC-bpy = 

4,4’-dicarboxy-2,2’-bipyridine; DM-bpy = 4,4’-dimethyl-2,2’- bipyridine; ppy = 2-phenylpyridine) ECL 

will also be presented. 

 

Figure 1. ECL Intensity Versus Potential plots of 1 x 10 -5M Ru(bpy)3
2+ and 0.05M TPrA  

in aqueous 0.18M KH2PO4 (pH = 8.0) with (A) [MLT] = 0 and (B) [MLT] = 1 x 10 -5M. 
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Chiral sensing has received increasing recent attention since the development of pharmaceutical industry 

requires high-throughput-screening of the asymmetric reaction products for drug discovery and reaction 

condition optimization. Despite tremendous developments in chiral sensing, effective and environmentally 

benigh methods remain highly desired. CD spectroscopy can be an ideal method for chiral sensing, if the 

compound contains a chromophore next to the chiral center or contains a reactive group next to the chiral 

center so that it can be derived into a chromophore via a reaction. For many chiral compounds however 

they may not contain a chromophore or do contain a chromophore yet it is distant from the chiral center 

that the CD spectroscopy does not apply. 

Meanwhile, supramolecular chemistry has created a scenario that chiral aggregates from achiral building 

blocks could be induced in the presence of a chiral species. It is hence proposed that if the building block is 

equipped with a chromophore and a binding site for chiral species, CD signals might be observed from the 

chiral aggregates that allow for chiral sensing of the chiral species. We have recently explored this 

possibility in several systems using perylene derivatives bearing boronic acid or aldehyde binding sites, for 

chiral sensing in their aggregate forms.
1
 We did observe CD signals from the absorprion window of the 

chromophore despite the achiral character of the building blocks and both ee and/or concentration of the 

chiral species can be measured. Because of the complexity of chiral amplification and the incapability of 

understanding the origin of this amplification, difficulties remain in optimizing the sensing systems. In this 

presentation we will show the ways the building blocks were designed and the performance in chiral 

sensing for chiral species such as sugar, carboxylate, and dopa, using CD spectroscopy. 
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The RLSCS is a novel single particle method, and the principle and setup of RLSCS is similar to 

fluorescence correlation spectroscopy (FCS) system. When single nanoparticles diffuses into or out of the 

highly focused illumination volume due to Brownian motion, the scattering light fluctuations in this 

detection system can be real-time monitored by an avalanche photodiode. Like FCS, the scattering light 

intensity of nanoparticles such as gold nanoparticles (GNPs) in a tiny detection volume is correlated to 

obtain certain information about the processes that generate fluctuations in the scattering light intensity of 

nanoparticles.. Due to the differences in size, shape and optical property between the GNPs and 

fluorescence dyes, the diffusion process of GNPs was influenced by the intensity of laser and anisotropic 

property of GNPs. The theoretical model of FCS was not suitable for the RLSCS system.  

 In this paper, we established the RLSCS theoretical model according to the optical and motional feature of 

anisotropic metal nanoparticles. This new model can provide certain hydrodynamic parameters of 

nanoparticles such as concentration, translational diffusion coefficients, translational diffusion coefficients, 

aspect ratio and etc. We systematically studied the impacts of the wavelength of illumination light and the 

viscosity of the solution on RLSCS of GNPs and gold nanorods (GNRs). We have found that the 

translational motional information and the aspect ratio of GNPs can be obtained by RLSCS only if the 

wavelength of illumination light is at the maximum resonance area (610 nm ~ 650 nm). The dynamic 

parameters of GNPs obtained by the RLSCS are in line with these by transmission electron microscope 

(TEM) and hydrodynamic theory model.  

We developed a new method for characterizing the size distribution of GNPs by combining the maximum 

entropy method (MEM) with the RLSCS, which was called MEM-RLSCS method. Based on the Mie 

theory, we eliminated the effects of the single-particles brightness of GNPs on the MEM fitting process. 

The reliability and adaptability of MEM-RLSCS model were tested by simulated results and experimental 

data. MEM-RLSCS was successfully used to characterize the size distribution of GNPs, and the results 

were in good agreement with TEM.  

We developed homogenous immunoassay and analysis of DNA hybridization by RLSCS. In homogenous 

immunoassay, we used a sandwich strategy and conjugated two different antibodies with GNPs respectively. 

When two different GNPs labeled with antibodies are mixed in a sample containing antigen targets, the 

binding of targets will cause GNPs to form dimers (or oligomers), which leads to the significant increase in 

the characteristic diffusion time of GNPs in the detection volume. RLSCS method can sensitively detect the 

change in the characteristic diffusion time of GNPs before and after immune reactions. We used this 

method to homogenous immunoassays for liver cancer biomarker alpha-fetoprotein (AFP). In the optimal 

conditions, the linear range of this assay is from1 pM to1 nM and the detection limit is 1 pM for AFP. This 

new method was successfully applied for direct determination of AFP levels in sera from healthy subjects 

and cancer patients. Our results were in good agreement with ELISA assays.  
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Terahertz (THz = 10
12

 Hz) time-domain spectroscopy (THz-TDS) enables the selective detection of 

non-covalent weak inter- and intramolecular vibrational modes such as hydrogen bonds, and is useful for 

studying various molecular crystals [1]. Studying different crystal structures stabilized by these weak 

molecular interactions has attracted considerable interest especially in the pharmaceutical field, because the 

chemical properties of the crystals, such as bioavailability, are manipulated by altering the crystal structure 

of an active pharmaceutical ingredient (API) through methods such as co-crystalization and the 

stabilization of polymorphic forms. 

THz chemical imaging (TCI) is a THz imaging technique that obtains two-dimensional spectroscopic 

information at each measured position. Thus, TCI is very informative and allows us to detect and identify 

chemicals and also determine the distribution and concentration of the chemicals in targeted materials 

In this work, we describe the use of TCI to analyze the chemical distribution of caffeine−oxalic acid 

cocrystals and polymorphic forms of famotidine in a tablet. TCI allows the quantitative chemical mapping 

of an API and offers researchers and developers in the medical field a new analytical tool. 

1) Chemical mapping of caffeine-oxalic acid cocrystal distribusions 

An advantage of cocrystallization is that it provides functions and properties that cannot be obtained with 

single-compound crystals. In particular, because improved solubility can lead to relaxed constraints on dose 

absorbability and formulation selection, it is very important in exploratory research related to drug 

development. TCI analysis has been attracting attention as an effective method for distinguishing cocrystals 

and their component pharmaceutical molecules and additives with high clarity, when analyzing 

pharmaceutical cocrystals whose structures are stabilized by hydrogen bonds, and other interactions 

between and within molecules 

We created a tablet model with an uneven distribution in which we used readily soluble oxalic acid as an 

additive for cocrystallization with insoluble caffeine, which is a stimulant. Prior to the TCI measurement, 

we investigated the THz-TDS spectra of caffeine−oxalic acid cocrystals, single compound caffeine, and 

oxalic acid crystals. The single compound caffeine and oxalic acid crystals exhibited almost no absorption, 

but the caffeine and oxalic acid cocrystals exhibited a particularly strong absorption peak at low 

temperature. Then, we performed TCI of the cocrystal distribution in test tablets and analyzed its chemical 

distribution (Fig. 1 [2]). The image shows that we can distinguish a cocrystal and its constituent API and 

filler. We also studied cocrystal identification by using ultra-low frequency Raman spectroscopy, which 

enabled us to obtain vibrational modes down to 12 cm
-1

. Various new fingerprint peaks were clearly 

observed with the cocrystals and their components. The large difference in the spectral feature facilitates 

the identification of the cocrystals from the components. 

 

Fig.1 Distribution analysis of caffeine-oxialic acid cocrystals by TCI. 
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2) Identification of famotidine polymorphs 

Crystal polymorphs consist of the same molecules but differ in terms of how the molecules are linked. They 

thus can exhibit large differences in solubility and other chemical properties that affect drug efficacy. Also, 

fillers such as cellulose and/or sugars, which themselves have no drug efficacy, are used when pressing 

pharmaceutical crystals into pills or tablets. Those fillers also often have strong absorption modes in the 

THz region, making identification difficult. Famotidine, a component of stomach medicines, has two 

crystalline forms, type A, which has low solubility, and type B, which has high solubility. Only the highly 

soluble famotidine B has drug efficacy. These two crystal polymorphs exhibit entirely different THz spectra 

and are therefore easily distinguished, however it is often difficult to distinguish the drug from the filler.  

Fig. 2 shows a TCI analysis that distinguishes between the two polymorphs of famotidine and D-mannitol 

as filler [3]. In a test tablet, the peaks for D-mannitol and famotidine B are very close and cannot be 

distinguished in an image acquired at 298K. However, if a low temperature of 220K is maintained within 

the environmental control chamber, we can see a clear separation of famotidine A, famotidine B, and 

D-mannitol. TCI measurement at low temperature sharpens spectral peaks and/or shifts peak frequencies, 

enabling us to determine the distribution of several kinds of pharmaceuticals in a tablet. This is due to the 

differences in structural changes such as the distances between the molecules in the crystals at different 

temperatures. 

 

Fig.2 Distribution analysis of two polymorphic forms of famotidine and D-mannnitol. 

We introduce pioneering studies on TCI to show its noteworthy aspects and to reveal its potential. Currently, 

a shortcoming of TCI is that it requires a long time to measure a large image. Thus, a high-speed imaging 

system for TCI has been investigated. Another problem with overall THz imaging is its poor spatial 

resolution, which is estimated in terms of the diffraction limit, namely it is sub-millimeter at best. Advances 

in optical design, brighter light sources and more sensitive detectors will make THz chemical spectroscopy 

a more powerful tool for the detection, identification, and analysis of many different substances. 
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Upconverting nanoparticles (UCNPs) present a new technology for optical imaging/detection which is a 

growing field with both diagnostic and drug discovery uses. Currently, fluorophores including fluorescent 

dyes/proteins and quantum dots (QDs) are used for fluorescence-based imaging and detection. These are 

based on ‘downconversion fluorescence’, emitting low energy fluorescence when excited by high energy 

light (such as UV or short wavelength visible light). Fluorophores in current use have several drawbacks: 

photobleaching, autofluorescence, short tissue penetration depth and tissue photo-damage. UCNPs emit 

detectable photons of higher energy in the visible range upon irradiation with near-infrared (NIR) light 

based on a process termed ‘upconversion’. UCNPs show absolute photostability, negligible 

autofluorescence, high penetration depth and minimum photodamage to biological tissues. They can be 

used for ultrasensitive interference-free biodetection because most biomolecules do not have upconversion 

properties.  
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Surface enhanced Raman spectroscopy (SERS), which could provide the enhanced Raman spectra of target 

molecules with the enhancement factors with the order of million magnitudes, has been developed into a 

reliable platform for rapid and sensitive analysis. Persistent Toxic Substances (PTS) been considered as a 

promising target analytes for SERS detection for their symmetric structures. The distance from analytes to 

substrates is crucial for SERS detection because SERS could only strongly enhance the Raman signal of 

molecules close to the substrates. However, PTS show weak affinity to the surfaces of traditional SERS 

substrates for their chemical inertness. The modification of the SERS substrates, which could enrich PTS 

onto the substrate surface, could greatly improve the SERS performance for PTS sensing [1, 2, 3]. 

Due to the low concentration of analytes and the complexity of the sample matrix, efficient sample 

preparation is essential for reliable and accurate analysis. Coupled with membrane extraction, SERS could 

overcome these shortages as an integrated novel analytical technique. The membrane extraction media, 

such as SERS active filter paper, disordered silver nano-wire filter membrane, have been fabricated for the 

combination of sample preparation and SERS detection, which realize the qualitative and quantitative 

detection of various water contaminants [4, 5, 6]. To reduce the occurrence of analytic error and shorten the 

overall analysis time, solid phase extraction (SPE) has been combined with SERS to develop a SPE-SERS 

device. Silver nanodendrites, which have a relatively large surface area and porous structure, were modified 

by alkanethiols to fabricate SERS-active SPE column. The time of extraction process can be accomplished 

in 10 seconds and the total analysis time for one sample including extraction, spectral acquisition, elution 

and intermediate process will be less than 1 minutes. This will greatly benefit the in-field and in-situ 

analysis of environmental contaminants. To realize the rapid analysis of PTS, especially on-site detection 

after the emergent environmental accidents, the integrated hyphenated technique combining solid phase 

micro-extraction (SPME) and SERS for the rapid analysis of PTS has been established. The 

micro-extraction fiber, such as sliver nanoparticles aggregates/Ag-Cu fiber, silver nanoplate-decorated 

copper wire, have been realized the detection of the environmental pollutants on site [7, 8]. The integrated 

hyphenated fiber could be further confirmed by GC-MS. 
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Fluorescent carbon dots (C-dots) have attracted much attention because of their unique properties, and 

show a wide variety of promising applications in biology and enviornment.
[1] 

We have prepared a series of 

C-dots by using different precursor molecules, such as melamine/trisodium citrate dehydrateand 

polythiophene derivatives. These C-dots have been applied for biosensing (Fig. 1), bioimaging (Fig. 2a), 

and photodynamic therapy.
[2-4]

 Recently, we also prepared a red-emissive C-dots which showed strong 

photoacoustic response and high photothermal conversion efficiency (η~38.5%) upon NIR laser irradiation. 

These unique properties enable the as-prepared C-dots to act as novel fluorescent (FL), photoacoustic (PA) 

and thermal theranostics for simultaneous diagnosis and therapy of cancer in vivo. As shown in Fig. 2b, 

after intravenous injections of C-dots, significant FL of the C-dots is observed in the tumor area of HeLa 

tumor-bearing nude mice. Fig. 2c shows the PA images of HeLa tumor bearing mice intravenously injected 

with C-dots, indicated that C-dots could abundantly accumulate in the tumor and afford enhanced and clear 

PA imaging of tumors in living mice. These multi-functional C-dots provide an excellent nanomaterial 

candidate for efficient bioimaging applications. 
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Fig. 1 Multi-functional carbon dots 

for biosensing applications. 
Fig. 2 Multi-functional carbon dots 

for bioimaging applications. 
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Methods to monitor the metabolic transformations of pharmaceuticals in a real-time and rapid fashion are 

required to develop safe and effective drugs. Lactone hydrolysis is one of the most important metabolic 

transformations; it occurs readily in pharmaceuticals containing lactones by both enzymatic and 

non-enzymatic processes. Hydrolysis affects both the bioavailability and efficacy of lactone-containing 

drugs and pro-drugs. In this study, a novel strategy that combines three-way excitation-emission-kinetic 

(EEM-kinetic) fluorescence data with second-order calibration method based on alternating 

normalization-weighted error (ANWE) algorithm was developed to monitor the lactone hydrolysis of 

irinotecan (CPT-11). Accurate real-time concentrations together with reasonable resolutions of the 

excitation and emission profiles can be estimated for both the lactone form (CPT-11-L) and carboxylate 

form (CPT-11-C) of CPT-11 during its hydrolysis, even when the fluorescence spectra of CPT-11-L and 

CPT-11-C seriously overlapped with each other and unknown fluorescent components coexisted in the 

plasma. Satisfactory results were obtained for static validation samples, spiked plasma samples, and kinetic 

samples. The average recoveries of CPT-11-L and CPT-11-C in three types of samples mentioned above 

ranged from 83.7%–116.7%. The lactone hydrolysis of CPT-11 follows 1st-order degradation kinetics with 

rate constants of 0.0318±0.0031 min
−1

 and 0.0323±0.0008 min
−1

, and half-lives of 21.9±2.0 min and 

21.5±0.5 min in PBS and plasma samples, respectively. The strategy described herein minimizes or 

eliminates traditionally time-consuming sample pre-treatments and facilitates the quantification of the 

target drug in its native environment. This has proved to be a simple, real-time, fast, low-cost, and highly 

efficient method, and this method can be potentially applied to other types of dynamic systems. 

Acknowledgement 

This work was financially supported by the National Natural Science Foundation of China (Grant No. 

21175041), the National Basic Research Program of China (Grant No. 2012CB910602), and the 

Foundation for Innovative Research Groups of NSFC (Grant No. 21221003). 

References: 
1. Z. Mi and T. G. Burke, Differential interactions of camptothecin lactone and carboxylate forms with human blood 

components. Biochemistry (Mosc). 33, 10325 (1994). 

2. L. Yi, M. L. Bandu, H. Desaire, Identifying lactone hydrolysis in pharmaceuticals. A tool for metabolite structural 

characterization. Anal. Chem. 77, 6655 (2005). 

3. S. Kunadharaju, M. Savva, Kinetic and thermodynamic analysis of 10-hydroxy-camptothecin hydrolysis at 

physiological pH. J. Chem. Thermodyn. 40, 1439 (2008). 

4. A. L. Xia, H. L. Wu, S. H. Zhu, Q. J. Han, Y. Zhang, R. Q. Yu, Determination of psoralen in human plasma using 

excitation-emission matrix fluorescence coupled to second-order calibration. Anal. Sci. 24, 1171 (2008). 

5. A. C. Olivieri, J. A. Arancibia, A. M. de la Pena, I. Duran-Meras and A. E. Mansilla, Second-order advantage achieved 

with four-way fluorescence excitation-emission-kinetic data processed by parallel factor analysis and trilinear 

least-squares. Determination of methotrexate and leucovorin in human urine. Anal. Chem. 76, 5657 (2004). 

6. X. D. Qing, H. L. Wu, X. F. Yan, Y. Li, L. Q. Ouyang, C. C. Nie, R. Q. Yu, Development of a novel alternating 

quadrilinear decomposition algorithm for the kinetic analysis of four-way room-temperature phosphorescence data. 

Chemom. Intell. Lab. Syst. 132, 8 (2014). 



15th ISEAC 

                                                 - 44 - 

 

Control of enzyme-like nanocomposites for selective detection of lead, 

mercury and sulfide ions 

Chia-Wen LIEN,
a
 Kuang-I HSU,

b
 Huan-Tsung CHANG,

a
 Chih-Ching HUANG

b
 

a
Department of Chemistry, National Taiwan University, Taipei, Taiwan; 

b
Department of Bioscience and Biotechnology, National Taiwan Ocean University, Keelung, Taiwan 

Functional logic gates based on lead ions (Pb
2+

) and mercury ions (Hg
2+

) that induce peroxidase-like 

activities in gold nanoparticles (Au NPs) in the presence of platinum (Pt
4+

) and bismuth ions (Bi
3+

) are 

presented. The “AND” logic gate is constructed using Pt
4+

/Pb
2+

 as the input and the peroxidase-like activity 

of the Au NPs as the output; this logic gate is denoted as “Pt
4+

/Pb
2+

(AND)Au NPPOX.” When Pt
4+

 and Pb
2+

 

co-exist, strong metallophilic interactions (between Pt and Pb atoms/ions) and aurophilic interactions 

(between Au and Pb/Pt atoms/ions) result in significant increases in the deposition of Pt and Pb atoms/ions 

onto the Au NPs, leading to enhanced peroxidase-like activity. The “INHIBIT” logic gate is fabricated by 

using Bi
3+

 and Hg
2+

 as the input and the peroxidase-like activity of the Au NPs as the output; this logic gate 

is denoted as “Bi
3+

/Hg
2+

(INHIBIT)Au NPPOX.” High peroxidase-like activity of Au NPs in the presence of 

Bi
3+

 is a result of the various valence (oxidation) states of Bi
3+

 and Au (Au
+
/Au

0
) atoms on the 

nanoparticle’s surface. When Bi
3+

 and Hg
2+

 co-exist, strong Hg–Au amalgamation results in a large 

decrease in the peroxidase-like activity of the Au NPs. These two probes, (Pt
4+

/Pb
2+

(AND)Au NPPOX and 

Bi
3+

/Hg
2+

(INHIBIT)Au NPPOX), allow selective detection of Pb
2+

 and Hg
2+

 down to nanomolar quantities. 

In addition, we prepared nanocomposites of amorphous iron hydroxide/oxide immobilized on reduced 

graphene oxide (FeOxH-rGO) with peroxidase-like activity for the detection of sulfide (S
2

) ions based on 

analyte induced decrease in the catalytic activity of FeOxH-rGO. The catalytic FeOxH-rGO probe provided 

a limit of detection (signal-to-noise ratio = 3) of 50 nM for S
2

 with high selectivity (>100-fold) with 

respect to other anions. Taking advantage of their high stability and selectivity, we employed our catalytic 

FeOxH-rGO probe for the detection of S
2

 in hot spring samples (75.1–619.5 μM) and the results showed 

good correlation (r = 0.98) with results from inductively coupled plasma mass spectrometry.  

Keywords: peroxidase; gold nanoparticles; graphene oxides; lead ions; mercury ions; sulfide ions 
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Thiolated DNA self assembled monolayers (SAMs) on gold substrates are a common platform for studies 

in biosensors. One of such bioanalysis strategies takes advantage of the fact that the position of the DNA in 

respect to the surface (i.e. its conformation) can be controlled by modifying the potential of the substrate 

due to the negatively charged phosphate backbone of the nucleic acid. If the distal end of the DNA is 

labeled with a fluorophore, the distance dependent fluorescence quenching can inform on changes in the 

conformation of the molecule [1]. 

The presented project consists on the evaluation of the effects of (i) the substrate crystallinity on the 

structure of the DNA SAM and (ii) the electrochemical time constant on the apparent maximum 

conformation switching rate. 

In order to study the effect of surface crystallography, a spherical single crystal electrode is employed, 

which simultaneously exposes surfaces that are respresentative of the whole range of crystallographic 

orientations. To create low density DNA layers the electrode is first covered with a passivating 

mercaptohexanol (MCH) layer. This electrode is then exposed to a thiolated DNA solution which partially 

displaces some of the MCH molecules. The resulting fluorescence images show a distinct variation of the 

intensity with respect with surface crystallography. The highest and lowest intensities are observed in 

regions close to the 311 and 210 orientations, respectively [2]. 

Conformational switching experiments are performed in which an alternating (ac) sinusoidal potential 

perturbation produces a sinusoidal fluorescence response. By increasing the frequency of the applied 

potential the kinetics of the system can be characterized, since at high frequencies the DNA is not able to 

switch conformation fast enough to follow the potential perturbation, therefore reducing the amplitude of 

the fluorescence output [3]. This ac data can be analyzed by using frequency response analysis (FRA) 

analogously to the procedure commonly employed in electrochemical impedance spectroscopy (EIS), 

resulting in a transfer function 

 
 (1) 

where  and  represent the ac fluorescence and potential signals. It is important to notice that these 

are complex quantities and therefore are fully described by their magnitude and phase. With this system, 

the obtained cut-off frequency (defined as the frequency at which the signal amplitude is reduced by half) is 

in the range of a few kHz for solutions of 20 mM ionic strength. 

However, the movement of the DNA is the result of the electrode charging which is not an instantaneous 

process. Therefore, the observed transfer function is a convolution of both electrode charging and DNA 

conformational switching. In order to separate these two effects we measure EIS independently and use the 

obtained data to calculate the value of the potential dropped across the interface for every frequency used. 

Once this effective potential ( ) is known, it can be used to further calculate a corrected transfer 

function  

 

 (2) 

This function is expected to be independent of the electrochemical time constant of the cell (τ). To prove it, 

the value of τ was changed by increasing the concentration of electrolyte or adding a resistor to the working 

electrode connector. The uncorrected H values (filled symbols) show a good agreement with the fraction of 

potential dropped across the interface (solid lines) demonstrating that the charging time determines the 

maximum DNA switching rate. The corrected response appears similar in magnitude (Fig. 1a) and phase 
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(Fig 1b) between the different conditions (electrolyte concentrations / presence of extra resistor) except at 

very high frequencies where the small  value causes a significant increase in noise (Fig. 1). 

 

The application of this correction method to a published data set will be presented, demonstrating an 

increase in the separation of signals with and without analyte present, therefore improving the sensitivity of 

sensors employing this type of analysis strategy [4]. 
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Fig.1 Comparison of uncorrected (filled symbols) and corrected (empty symbols) H magnitude (a) and phase (b) values 

for systems with different electrochemical time constants. Solid lines represent the magnitude (a) and phase (b) of the 

fraction of the potential dropped at the electrode interface. 
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Preparation of carbon dots with high photoluminescent quantum yields 

and their applications in biochemical analysis 
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In recent years, carbon dots (CDs) have attracted tremendous attention because of their stable 

photoluminescence (PL), low cytotoxicity and excellent biocompatibility. However, the intrinsic 

emission efficiency of the previous reported CDs is low, which is not benefit for their use in 

sensitive biosensing and bioimaging applications. To improve the PL properties of CDs, our group 

have synthesized a series of CDs with high quantum yields (QYs) and applied them in biosensing 

and bioimaging. Firstly, we employed Bombyx mori silk, which has high nitrogen content, as a 

raw material to prepare photoluminescent nitrogen-doped carbon dots through one-pot 

hydrothermal synthesis, and foundthat the as-prepared CDs have a photoluminescence (PL) 

quantum yield of 13.9%, and display amphoteric properties depending on the pH, are highly 

photostable, have low toxicity and are suitable for bioimaging (Scheme 1).
[1]

 Secondly, a general 

quantitative pH sensor for environmental and intracellular applications was developed by the  

facile hydrothermal preparation of dicyandiamide (DCD) N-doped high quantum yield (QY) of 

36.5% graphene quantum dots (GQDs) using citric acid (CA) as the carbon source. The obtained 

N-doped GQDs have low toxicity, and are photostable and pH-sensitive between 1.81 to 8.96, 

giving a general pH sensor with a wide range of applications from real water to intracellular  

contents (Scheme 2). 
[2]

 Then, the CDs with the QYs of 66%  14% were successfully prepared 

from C60 by introducing CTAB and H2O2 in aqueous NaOH under hydrothermal conditions, which 

displayed a nanoparticle aggregation-induced emission enhancement (NP-AIEE) propertites.
[3]

 We 

also have found that this CDs could be used as excellent catalysts to dramatically enhance the 

chemiluminescence intensity of the luminol−H2O2 system in NaOH medium owing to their unique 

surface property.
[4]

 Different from the traditional reports, this CL enhancement takes place mainly 

through the intermediate of 
1
O2. In addition, carboxylate modified CDs prepared by condensation 

reaction between citric acid and 11-aminoundecanoic acid were used as off–on fluorescence 

probes for the phosphate (Pi) detection by utilizing the competition between Pi and CDs for Eu
3+

 

ions. 
[5]

 

 

Scheme 1 Illustration of the formation process of CDs from Bombyx mori silk by hydrothermal treatment. 
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Scheme 2 Illustration of the formation process of GQDs from citric acid and dicyandiamide by hydrothermal 

treatment. 
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Element-tagging strategy for molecular biomarkers and cells 
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Quantitative information regarding molecular biomarkers and cells in a biological system is significant for 

understanding biological process and diagnosis as well as prognosis of a disease. We developed chemical 

selective and biospecific specific element-tagging strategies for quantifying molecular biomarkers and their 

host cells using inductively coupled plasma mass spectrometry (ICP-MS) (Fig.1).
1
 Moreover, a chemical 

hub was designed and synthesized to orthogonally integrate ICP-MS and ESI-MS in order to know what 

molecular biomarker was quantified by ICP-MS (Fig.2).
2
 Element-tagging strategy enables ICP-MS, which 

is one of the best tools for element analysis, to accurately quantify biomolecules and cells.  

Fig. 1 Absolute quantification of targeted proteins using ICP-MS via activity-based element-tagging strategy. 

Fig. 2 A chemical hub for orthogonally integrating ICP-MS and ESI-MS. 
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Biosensing and bioanalysis play vital roles in many areas of basic biochemical and biomedical research, 

disease diagnosis and treatment, and environmental monitoring. Recently, we integrated the theories of 

small molecular probes and bioanalysis, and design novel bioanalytical methods based on the controlled 

aggregation of the small molecular probes. The main research objectives include the study of the controlled 

aggregation of the small molecular probes; the reveal of the nature, the rules, and the patterns of regulation 

of various biomolecular recognition; and the selective detection of human physiological function closely 

related bioactive substances (such as nucleic acids, proteins, enzyme activities, heavy metal ions and small 

biomolecules, etc.) based on the changes of structures, properties, and the corresponding response signals 

of the probe molecules as a result of the aggregation. 
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Intracellular pH Measurements  
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Understanding of the pH profile in the ensosom lysosome pathway is highly important is related to design 

of pH-sensitive drug delivery systems. A number of nanoparticle-based pH-sensitive drug delivery systems 

are being reported every year where various surface ligands, e.g., folate and antibodies, are attached to the 

surface of nanoparticles for targeting overexpressed receptors.
[1.2.3]

 However, there is very limited 

knowledge on the intracellular trafficking of these systems, particularly regarding the pH that the particles 

are experiencing after internalization. At present, it is just assumed that the pHsensitive drug delivery 

system ends up in acidic compartments, but this has not been tested, and it is reasonable to hypothesize that 

the targeting ligands used could have an effect on trafficking. Thus, nanoparticle pH sensors could play an 

important role in in enhancing our knowledge on how different targeting ligands affect trafficking of 

nanoparticles in cells. Thus, nanoparticle pH sensors could play an important role in enhancing our 

knowledge on how different targeting ligands affect trafficking of nanoparticles in cells, which could 

further improve our understanding of how to design better drug delivery systems that release their cargo in 

a controlled manner as a response to acidification in the surroundings.Unfortunately, the methodologies for 

conducting measurements of pH in the endosomes and lysosomes using nanoparticle-based pH sensors are 

not well developed.   

Nanoparticle pH sensors are particularly suited for measuring the pH in the endosome–lysosome pathway, 

where the pH ranges from pH4.0 to Ph7.4, as nanoparticles are efficiently internalized by cells through 

endocytosis if they are designed correctly.
[4-6]

 As most commercially available fluorophores only have a 

sensitive range of up to 2 pH units (pKa±1, as a rule of thumb) they are not very suited for kinetic 

measurements in the endosome–lysosome pathway. A few pH sensitive fluorophores cover a broader pH 

range, such as pHrodo, but the fluorescence intensity of pHrodo does not change linearly with pH in the 

sensitivity range, which is problematic for microscopy based measurements. We and others have earlier 

synthesized nanoparticle pH sensors that have the advantage of reducing fluorophore cytotoxicity and 

protein binding and interference, by coupling a pH sensitive fluorophore (e.g. fluorescein) and a pH 

insensitive dye (e.g. rhodamine B) to a polymeric nanoparticle allowing ratiometric measurement of pH in 

living mammalian cells. When plotting the fluorescence intensity ratio (R=fluorescein/ rhodamine) against 

pH, we obtain a standard pH titration curve from which we can quantify the pH in an intracellular 

measurement without knowing the sensor concentration inside the cell. A sensor based on fluorescein can 

measure pH from pH5.5 to pH7.3 (fluorescein pKa = 6.4) and by changing the sensor fluorophore to 

Oregon Green 488 (Oregon) having a pKa = 4.8, we can change the measurement range to 3.9–5.7. 

However, when utilizing these sensors in cellular measurements in the endosome–lysosome pathway we 

have recently learned that the rather limited measurement range creates fundamental problems. The sensors 

will often encounter a pH that is at the limit of the detection range, which results in erroneous 

quantification of pH leaving such sensors practically unusable for measurements in living cells. Fluorescein 

and Oregon have different pH sensitivity ranges, but have the same emission maximum (520 nm), which 

was envisaged to provide a possibility for expanding the measurement range of nanosensors by combining 

two or more pH sensitive fluorophores in the right ratio into a nanoparticle. The necessary ratio will depend 

on the quantum yield of the fluorophores at a specific pH. We have investigated this possibility with the 

aim of developing a nanoparticle sensor that can measure pH in the entire range of the endosome–lysosome 

pathway and have utilized a versatile synthetic strategy where multiple fluorophores are easily conjugated 

to the nanoparticles (NPs). Two different dyes Rhb and Alex633 were used as reference dyes. 

The synthesized nanosensor NP–Oregon–fluorescein–RhB with a pH measurement range of pH 3.9 to pH 

7.3 successfully serves the purpose of providing a sensor that can measure the pH in the 

endosome–lysosome pathway, with a minor limitation in the upper pH if one wants to measure e.g. the pH 

in the cytosol where the pH is expected to be 7.2–7.4. We have investigated how to enhance the pH 

measurement range further. One possibility is to add an additional sensor fluorophore with a high pKa, but 

it would be more ideal if we could get away with only using two sensor fluorophores (and one reference). 
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2’,7’-Bis-(2-carboxyethyl)-5-(and -6)-carboxyfluorescein (BCECF)with pKa7.0 has been used to measure 

neutral pH in cells. We combined BCECF and Oregen using Alexa 633 as reference give an expanded 

measuring range pH3.9-8.0. 

In conclusion, by labelling polyacrylamide nanoparticles with two pH sensitive fluorophores Oregon (pKa 

= 4.8) and fluorescein (pKa= 6.4), and the pH inert fluorophore RhB, the nanosensor is capable of 

measuring a pH range from 3.9 to 7.3.To further expand the pH measurement range of the pH nanosensor, 

we developed another nanosensor containing two pH sensitive fluorophores Oregon and BCECF and the 

pH inert fluorophore Alexa 633. The new sensor with pH measurement range 3.9 to 7.9 could have great 

potential for measuring pH in almost all mammalian cellular environments. This method of labelling 

nanoparticles with two pH sensitive fluorophores can successfully expand the pH measurement range, to a 

range that is impossible to reach by using single fluorophores. This strategy offers a simple procedure for 

labeling nanoparticles with dual or multiple pH sensitive fluorophores to expand the pH measurement 

range and the method can be used in development of sensor technology for other metabolites. 
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Fig.1 Legend Scheme 1 Synthetic route for preparing 

pH nanosensors: NP–Oregon–fluorescein–RhB and 

NP–Oregon–BCECF–Alexa 633. 

Fig.2 pH calibration curves of three free pH sensitive 

fluorophores Oregon/RhB, fluorescein (FS)/RhB, 

BCECF/Alexa 633, and two new pH sensing NPs, 

NP–Oregon–fluorescein (FS)–RhB, NP–Oregon– 

BCECF–Alexa 633. The fluorescence intensity ratio 

between pH sensitive fluorophores Oregon, fluorescein (FS), 

BCECF at 520 nm (excited at 488 nm) and reference 

fluorophores RhB at 580 nm (excited at 545 nm), Alexa 633 

at 644 nm (excited 620 nm) was plotted against pH. 
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Polymeric hydrogels are cross-linked hydrophilic three-dimensional networks filled withan aqueous 

solution. The major properties of these materials are determined by the monomers used for the hydrogel 

synthesis. Hydrogels are often called smart materials because of their ability to undergo reversible, volume 

phase-transition in response to changes in the environmental conditions. A strong effort is given to the 

functionalization and derivatization of the gels to get desired properties of these materials[1,2]. 

The sensitivity of the hydrogels to the presence of specific ions makes the hydrogels interesting materials 

for the preparation of sensors, swing absorbers and molecular recognizers. The ability to complex heavy 

metal ions makes them also very attractive as metal sorbents. We have prepared a hydrogel based on 

N-isopropylacrylamide and N,N’-methylenebisacrylamide (crosslinker) and functionalized with modified 

cysteine and found its ability to complex/absorb the Cd and Pb ions very promising. Also a new ampholytic 

microgel based on N-isopropylacrylamide (NIPA) and amino acid L-ornithine was synthesized. To attach 

the amino acid group to the polymer chain, ornithine was modified to N-δ-acryloyl ornithine. Acryloyl 

ornithine copolymerized with N-isopropylacrylamide and N,N’-methylenebisacrylamide as the crosslinking 

agents. It was found that the presence of copper ions that form stable complexes with α-amino acid strongly 

influenced the swelling behavior of the investigated microgel. 

An important trend in gel area is formation of particles of colloidal size. Microgels and nanogels should 

respond much more rapidly to external stimuli in comparison to macrogels. High surface area, quick 

response to external stimuli, easy functionalization, easy size control and the possibility of storage of 

biomolecules make them attractive for applications in e.g. medicine as drug carriers. We have loaded 

doxorubicine (DOX) in environmentally sensitive, degradable microgel based on 

poly(N-isopropylacrylamide) (pNIPA) cross-linked with diacryloyl derivative of cystine (BISS). DOX was 

bound by the electrostatic interactions between its amine group and the ionized carboxyl group from BISS. 

A significant increase in cumulative release was observed due to a change in pH from that characteristic for 

blood (7.4) to that corresponding to the affected cells (5.0) and due to the presence of glutathione 

(CGSH10 mM). GSH was responsible for the reduction-induced degradation of these microgels. 

A conducting microcomposite composed of cross-linked poly(N-isopropylacrylamide) (pNIPA) and 

polyaniline (PANI) was synthesized. First, pNIPA gel microcapsules were prepared via surfactant-free 

emulsion polymerization (SFEP). Then by soaking the gel with a solution of an oxidizing agent (sodium 

persulfate) and placing it in a solution of aniline in nitrobenzene the conducting polymer was formed in 

pNIPA. The new microcomposite consisted of micro spheres, underwent rapid volume phase transition and 

was electroactive. A result of the transition from the swollen to the collapsed state was a strong 

enhancement of the voltammetric peaks of polyaniline. 

Another aim of our studies was to synthesize and characterize multifunctional microgels built of a core and 

a shell, called core-shell (CS) microgels. By examining the core-shell materials consisting of NIPA and 

sodium acrylate cross-linked with BIS an unusual, very interesting pH and temperature dependence of size 

and hydrodynamic diameter was found. 

The application of electrochemically induced free radical polymerization allowed us to form and anchor the 

polymer nets to the electrode surface. Particularly challenging was electrochemical attachment of thermo- 

and pH sensitive interpenetrating-polymers-network hydrogel to a conducting surface. The network 

consisted of two independent, differently environmentally-sensitive and interpenetrating polymers networks 

(IPN). One constituent of the IPN network was the pH-sensitive poly(acrylic acid) and the other one the 

temperature sensitive poly(N-isopropylacrylamide). The obtained layer was very stable and exhibited 

strong reversible response to a change in both: temperature and pH. 
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anti-bacterial applications 
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It is known that gold nanorods (Au NRs) are generally capsules with anisotropic structure. Au NRs and 

their composites have been demonstrated to exhibit superb anti-bacterial effects. Thus, we report herein the 

development of gold nanorods or gold-silver nanocomposites for anti-bacterial applications and controlled 

durg release. These include the following three parts. 

We constructed a hybrid bactericidal material, i.e., gold nanorods covered kanamycin-loaded hollow-SiO2 

(HSKAurod) nanocapsules. The hybrid combines  the features of chemical drug and photo-thermal 

physical sterilization. Hollow-SiO2 nanocapsules are used as carrier for drug delivery. The nanocapsules 

load kanamycin and are covered with gold nanorods to avoid drug leakage and realize photo-thermal 

treatment. The sterilizing effect to bacterial strain is investigated with E. coli BL21 under irradiation of 

near-infrared light (NIR) for 20 min. A sterilizing rate of 53.47% is achieved for the HSKAurod 

nanocapsules with respect to a net sum sterilizing rate of 34.49% for the individual components in the 

HSKAurod nanocapsules, e.g., carrier nanocapsules, chemical sterilization of kanamycin and physical 

sterilization due to the gold nanorods under NIR irradiation. 

A novel bactericidal material, e.g., rod-shaped core-shell-shell Au-Ag-Au nanorods, is constructed as a 

nanoheater in the NIR region. The outer Au shell melts under laser irradiation and results in exposure of the 

inner Ag shell facilitating controlled release of the antibacterial Ag shell/layer. This offers the Au-Ag-Au 

nanorods a favorable bactericidal ability by combining the features of physical photothermal ablation 

sterilization of the outer Au shell and the antibacterial effect of the inner Ag  shell to the surrounding 

bacteria. The sterilizing ability of Au-Ag-Au nanorods is investigated with  E. coli O157:H7. Under 

low-power NIR laser irradiation (785 nm, 50 mW cm-2), the Au-Ag-Au nanoheater exhibits higher 

photothermal conversion efficiency with respect  to that for the Au-Ag nanorods. Meanwhile, a much 

improved stability with respect to Au-Ag nanorods is observed, i.e., a 16 days successive monitoring 

reveals virtually no change for the UV-vis spectrum of Au-Ag-Au nanorods. At a dosage of 10 μg mL-1, a 

killing rate of 100% is reached for the E. coli O157:H7 cells under a 20-min irradiation. The bimetallic 

core-shell-shell nanorods provide a favorable nanoheater for in vivo biomedical applications. 

The Au-Ag-Au nanorods have been further used for bacteria capture, separation and sterilization (killing). 

For this purpose, positively charged magnetic reduced graphene oxide with modification by PEI 

(rGO-Fe3O4-PEI) is prepared and then loaded with core-shell-shell Au-Ag-Au nanorods to construct a 

nanohybrid rGO-Fe3O4-Au-Ag-Au. NIR laser irradiation melts the outer Au shell and exposes the inner Ag 

shell facilitating controlled release of the silver shell. The nanohybrids combine physical photothermal 

sterilization due to the outer Au shell and antibacterial effect of the inner Ag shell. In addition, the 

nanohybrid exhibits high heat-conductivity due to rGO and rapid magnetic separation capability attributed 

to Fe3O4. It provides a significant improvement on bactericidal efficiency with respect to bare Au-Ag-Au 

nanorods and facilitates the isolation of bacteria from sample matrixes. 25 μg mL-1 of nanohybird causes a 

100% capture and separation of  E. coli O157:H7 (1×108 cfu mL-1) from aqueous medium in 10 min. 

Meanwhile it causes a 22oC temperature rise for the surrounding solution under NIR irradiation (785 

nm/50 mW cm-2) for 10 min. With magnetic separation, 30 μg mL-1 of nanohybrid results in 100% killing 

rate for E. coli O157:H7 cells. The facile bacteria separation and photothermal sterilization is potentially 

feasible for environmental and/or clinical treatment.  
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stwang@mail.ipc.ac.cn  

Circulating tumor cells (CTCs) have become an emerging “biomarker” for monitoring cancer metastasis 

and prognosis.  Although there are existing technologies available for isolating/counting CTCs, the most 

common of which using immunomagnetic beads, they are limited by their low capture efficiencies and low 

specificities.  By introducing a three-dimensional (3D) nanostructured substrate – specifically, a 

silicon-nanowire (SiNW) array coated with anti-EpCAM – we can capture CTCs with much higher 

efficiency and specificity.  The conventional methods of isolating CTCs depend on biomolecular 

recognitions, such as antigen-antibody interaction.  Unlikely, we here proposed that nanoscaled local 

topographic interactions besides biomolecular recognitions inspired by natural immuno-recognizing system.  

This cooperative effect of physical and chemical issues between CTCs and substrate leads to increased 

binding of CTCs, which significantly enhance capture efficiency.  Recently, we have also developed a 3D 

cell capture/release system triggered by aptamer enzyme, electrical potential and Temperature, which is 

effective and of “free damage" to capture and release cancer cells.  The bio-inspired interfaces of cell 

capture and release open up a light to rare-cell based diagnostics, such as CTCs, fetal cells, stem cell and so 

on. 
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Soft plasmonic superlattice nanosheets and wearable E-skin biomedical 

sensors 

Wenlong CHENG
12*

 
1 
Department of Chemical Engineering, Monash University, Clayton VIC 3800, Australia 

2
Melbourne Centre for Nanofabrication, Clayton VIC 3168, Australia 

Email wenlong.cheng@monash.edu.au  

In this talk, I will discuss our recent research activities in interfacing hard metallic nanoparticles with soft 

ligands, particularly on organically-capped metal nanoparticles using DNA, polymer and alkyl molecules as 

capping ligands. We have successfully applied such soft ‘meta-atoms’ to three major directions: (1) 

assembling soft plasmonic nanoparticle superlattice sheets; (2) fabricating soft elastic conductors 

(electronic skins); (3) DNA aptamer-targeted and light-controlled drug delivery. 

Firstly, I will describe synthesis of soft ‘meta-atoms’ using nanospheres, nanorods, nanocages, nanocubes, 

and nanowires)
1
. Secondly, I will discuss how we manipulate the notoriously-difficult-to-manipulate 

‘meta-atoms’ to form free-standing thinnest possible superlattice nanosheets
2-3

, which could be used for 

chemical sensing. Thirdly, I will discuss our recent success in fabricating wearable e-Skin sensors using 

ultrathin gold nanowires
4-5

.  

Wenlong Cheng is a full professor in the Department of Chemical Engineering at Monash University, 

Australia. He earned his PhD from Chinese Academy of Sciences in 2005 and his BS from Jilin University, 

China in 1999. He held positions in the Max Planck Institute of Microstructure Physics and the Department 

of Biological and Environmental Engineering of Cornell University before joining the Monash University 

in 2010. His research interest lies at the Nano-Bio Interface, particularly addressing plasmonic 

nanomaterials, DNA nanotechnology, nanoparticle anticancer theranostics and electronic skins. He has 

published >60 papers including 3 in Nature Nanotech, 1 in Nature Mater and 1 in Nature Comm. 
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Fig.1 Giant unilamellar vesicles formed using 

interdigitated electrodes. 

Electric field induced lipid molecule assembly 

Xiaojun HAN* 

State Key Laboratory of Urban Water Resource and Environment, School of Chemical 

Engineering and Technology, Harbin Institute of Technology, Harbin 150001, China. 

Lipid vesicles/nanotubes have great potential in biology and nanotechnology. Here wereport a novel 

method to form lipid vesicles/nanotubes using AC electric fields above coplanar interdigitated electrodes.
1,2 

The formation of lipid vesicles/nanotubes was investigated in details with various parameters, including 

solution height, electrode width, the amplitude and frequency of AC fields, and temperature.The diameter 

of lipid vesicles decreases with increasing frequency at constant amplitude, while increases with increasing 

amplitude from 1 to 5 V and then decreases from 5 to 10 V at 10 Hz. A phase diagram based on varied AC 

frequency and amplitude was obtained experimentally, which can be used to predict the electroformation of 

vesicles. In terms of lipid nanotubes, the forces exerted on the lipid nanotube during its formation were 

analyzed in details, and an equation was obtained to describe the relationship among nanotube length and 

field frequency, amplitude and time. We believe that the presented approach opens a way to design and 

prepare nanoscale materials with unique structural and functional properties using electric fields. 
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Electrochemical control of cell migration on microfluidics 

Yong LI, Zhenlin CHEN, Yunyan XIE, Wenfu ZHENG, Xingyu JIANG* 

National Center for NanoScience and Technology, 11 ZhongGuanCun BeiYiTiao, Beijing, 100190, China  

Email: xingyujiang@nanoctr.cn 

Cell migration and cell-cell interaction are essential for many biological processes such as tissue 

development, tissue repair, tissue regeneration, and pathological processes such as inflammation, cancer 

metastasis, and immune disorders. We used electrochemically constrained microchannels and 

self-assembled monolayers to pattern multiple types of cells on gold surface and release them by desorption 

of self-assembled monolayers under the cells. This method can precisely controll distances between the cell 

groups while allowing the free exchange of soluble molecules.
1
 Thus, we can control the migration of 

different types of cells with influence of each other during all the confine and release processes. The 

manipulation and microfabrication utilized in this approach are straightforward, and we therefore believe 

that it can be extensively applicable for studying fundamental biomedical problems based on cell-cell 

interactions. Electrochemistry allows the temporal conversion between “no release” and “complete release”, 

but the ability to sequentially release several types of cells (i.e., releasing one type of cell at one time) while 

keeping other types of cells confined, remains a challenge. Herein,
 2 

we present a new method that achieves 

simulating all three types of cell–cell interactions on a substrate: “no release” (the confinement and 

segregation of multiple types of cells, type I), “partial release” (the selective release of one cell type for free 

motility while keeping the other cell type confined, type II), and“complete release” (the complete release of 

all types of cells, type III) of multiple types of cells (Fig. 1). The simplification in implementation is likely 

to make co-culturing of different types of cells dramatically more accessible to biologists.  

Cell polarity plays key roles in tissue development, regeneration, and pathological processes. However, 

microfluidics, and electrochemical desorption techniques, we explored the influence of geometrical 

confinement and chemical gradient on the cell polarity (Fig. 2). We found that teardrop shape-induced 

anterior/posterior polarization of cells displayed homogeneous distribution of epidermal growth factor 

receptor, and the polarity of the cells could be maintained in a uniform epidermal growth factor (EGF) 

solution, but be broken by a reverse gradient of EGF generated by microfluidics, implying different 

mechanism of geometrical and chemical cue-induced cell polarity.
3
 Our study provides the evidence 

regarding the difference between geometrical and chemical cue-induced cell polarity and would be useful 

for understanding relationship between polarity and directional migration of cells. 
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Color difference amplification in colorimetric analysis with actively 

controlled illumination 

Yan HE*, Xiaodong CHENG, Xuan CAO, Bin XIONG 

State Key Laboratory of Chemo/Biosensing and Chemometrics, College of Chemistry and Chemical 

Engineering, College of Biology, Hunan University, Changsha, 410082, China. 

Spectral chemical sensing with digital color analysis by using consumer imaging devices could potentially 

revolutionize personalized healthcare. However, samples with small spectral variations often cannot be 

differentiated in color due to the nonlinearity of color appearance. In this study, we address this problem by 

exploiting the color image formation mechanism in digital photography. A close examination of the color 

image processing pipeline stresses that although the color can be represented digitally, it is still a 

reproducible subjective perception rather than a measurable physical property. That makes it possible to 

physically manage the color appearance of a non-radiative specimen through engineered illumination. By 

using scattering imaging of gold nanoparticles (GNPs) as a model system, we demonstrated via simulation 

that enlarged color difference between spectrally close samples could be achieved with carefully designed 

illumination. With low-cost narrow-band light sources widely available nowadays, this actively-controlled 

illumination strategy could be utilized to replace the spectrometer in many spectral sensing applications. 
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Fig.1 (A) Schematic diagram of the color image processing pipeline of digital color cameras. (B) Schematic 

illustration of the process of color matching by using 3 monochromatic primaries at wavelengths of red, green and 

blue. (C) The CIE 1931 RGB Color matching functions. 
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Construction of multifunctional electrochemical sensors for monitoring of 

cells in real time 

Wei-Hua HUANG 

Key Laboratory of Analytical Chemistry for Biology and Medicine (Ministry of Education), College of 

Chemistry and Molecular Sciences, Wuhan University, Wuhan 430072, China 

Cells are the fundamental unit of life, and efficiently, accurately and quantitatively acquire the information 

of biomolecules at the single cell levels are of great significance to deep insight into the life process. 

Electrochemical methods based on the microelectrode have played important roles in real-time monitoring 

of single cells and showed excellent prospects in biomedical research.
[1]

 However, further application of 

this method is hampered by their limited sensitivity in detection of molecules with low concentration, 

easily contaminated electrode surface and poor cell compatibility in cell mobilization and culture. In this 

regard, we aim to develop some multifunctional (e.g. highly sensitive, highly selective, reusable, flexible 

and cell compatible) electrochemical sensor by combination the latest progress in nanomaterials, 

nanocomposites and cell adhesion molecules. 

Pt nanoparticles were modified onto the surface of carbon fiber
[2]

 and nanoporous gold
[3]

 microelectrode to 

construct sensitive H2O2 sensor with the detection limits of 5 nM and 0.3 nM for real-time monitor 

oxidative burst from single cells; Based on the excellent characteristics of TiC@C, a microelectrode 

comprising TiC@C nanowire arrays was fabricated to detect nitric oxide (NO) with sub-nM (0.6 nM) 

detection limit, and NO generation from the cultured endothelial cells was monitored in real time;
[4]

 

Furthermore, a TiC@C/Pt-QANFA micro-electrochemical sensor was developed with high sensitivity in 

detection of IAA (detection limit: 1 nM), and it allows real-time monitoring and quantification of the 

quantal release of auxin from single plant protoplast by exocytosis for the first time;
[5]

To construct a high 

sensitive, reusable and cell compatible microsensor, we reported a novel NO sensing-interface based on 

metalloporphyrin and 3-aminophenylboronic acid (APBA) co-functionalized reduced graphene oxide 

(rGO), the microsensor showed extremely low detection limit (55 pM) and was successfully used to 

sensitively monitor the release of NO molecules from human endothelial cells being cultured directly on 

the sensor;
[6]

 In addition, we are now developing transparent and flexible electrochemical sensors for cell 

detection and potential in-vivo applications. These studies provide new strategies for construction of high 

performance multifunctional electrochemical sensors for monitoring of single cell in real-time. 
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Precision Targeted Chemical Perfusion Based on Microfluidic Chips for 

Tracking Stimulation-activated Cell Dynamics 

Bi-Feng LIU*, Peng CHEN, Wei DU 

Systems Biology Theme, Department of Biomedical Engineering, College of Life Science and Technology, 

Huazhong University of Science and Technology, Wuhan 430074, China 

Cell is the basic unit of the life. It is highly dynamic in complex microenviroment. To reveal the molecular 

mechanism of cell dynamics helps discover the chemical foundation of life phenomemon. Here, we 

proposed a microfluidic platform for tracking the cell dynamics coupling with optical molecular imaging. 

We demonstrated a unique on-chip hydrodynmic gating technique, which could achieve highly precise 

chemical stimulations upon single cells with high tempo resolution. The ATP-activated intra-cellular 

calcium ion signals were then recorded. Those signals could be propogated among cells thru cell-to-cell 

communication mechanism. For further enhancing the spatio resolution, an on-chip pinched hydrodynmic 

gating technique was developed. It paved a new way for cell perfusion and cell dynamics upon chemical 

stimulations with high spatio-temporal resolution in high throughput. Based on this development, we 

established an addressable chemical stimulation approach, in which the stimulation could be guided to the 

target cell without the interferences to other cells in the cultured cell populations. 

 

Fig.1 Adressable cell stimulation with ATP based on microfluidic chip. 
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Detection of 5-Methylcytosine and 5-Hydroxymethylcytosine in DNA via 

Nanopore Sensing 

Haichen WU, Lei LIU, Tao ZENG 

Institute of High Energy Physics, CAS, China 

haichenwu@ihep.ac.cn 

Cytosine methylation and hydroxymethylation are both important epigenetic modifications of DNA in 

mammalian cells. Therefore, profiling DNA (hydroxy)methylation across the genome is vital to 

understanding their roles in gene regulation. Here, we report a nanopore-based approach for quick and 

reliable detection of 5-methylcytosine and 5-hydroxymethylcytosine in DNA at the single-molecule level. 

The single-stranded DNA containing 5-methylcytosine or 5-hydroxymethylcytosine was first selectively 

modified on the epigenetic base to attach a host-guest complex. Threading of the modified DNA molecules 

-hemolysin nanopore causes unbinding of the host-guest complex and generates highly 

characteristic current signature. Statistical analysis of the signature events affords quantitative information 

of 5-methylcytosine and 5-hydroxymethylcytosine in DNA. Our results suggest that other DNA 

modifications could also be detected with the developed method. Furthermore, we anticipate our nanopore 

sensing strategy to be generally useful in biochemical analysis and find applications in early diagnosis of 

diseases. 
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Amplified sensing based on DNAzyme circuits 

Fuan WANG,
a
* Itamar WILLNER

b
 

a
 College of Chemistry & Molecular Sciences, Wuhan University Email: fuanwang@whu.edu.cn 

b 
Institute of Chemistry, Hebrew University of Jerusalem 

The base sequence encoded into nucleic acid structures provides substantial structural and functional 

information. Formation of duplexes or hairpin structures is dictated by the energetics of base pairing and 

supramolecular G-quadruplexes or i-motif structures are controlled by the base composition. Similarly, 

nucleic acid structures with specific binding affinities to molecular or macromolecular substrates (aptamers) 

or catalytic DNA nanostructures (DNAzymes) are dictated by the base sequences constituting nucleic acids. 

The development of amplified detection platforms for nucleic acid or aptamer-substrate complexes 

represents a bioanalytical challenge. Such sensing platforms have substantial impact for the detection of 

viral or bacterial genes, the identification of genetic disorders, tissue matching, environmental and food 

quality control and more. One of the major challenges in DNA analysis includes the development of 

amplification methods, and particularly autocatalytic amplification means that could substitute the 

polymerase chain reaction (PCR).  

We present here several ultrasensitive detection platforms for nulceic acid or aptamer-substrate complexes. 

First, we developed an autocatalytic process for the amplified detection of DNA using appropriate tailored 

nucleic acid nanostructures and the Mg
2+

-dependent DNAzyme as biocatalyst. Second, the Zn
2+

-dependent 

ligation DNAzyme is implemented as a biocatalyst for the amplified detection of a target DNA by the 

autonomous replication of a nucleic acid reporter unit that is generated by the catalyzed ligation process. 

Third, we introduced an enzyme-free DNAzyme-based amplification sensing platform by use of 

hybridization chain reaction and DNAzyme recombinazation assays. Furtheremore, we construct a sensing 

platform that is based on a DNA machinery where a polymerase-dNTPs/nicking enzyme cascade is 

activated by the target leading to the autonomous synthesis of the DNAzyme reporter biocatalyst and to the 

formation of an analog to the target analyte.  
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Four-stranded DNAs as versatile tools for biosensors, logic computing and 

nanodevices 

Tao LI 

School of Chemistry and Materials Science, University of Science and Technology of China, Jinzhai Road 

96, Hefei, Anhui 230026, China. 

E-mail: taoli.gfour@qq.com 

Under proper conditions, guanine-rich and cytosine-rich DNAs can fold into four-stranded DNA structures 

called G-quadruplexes (G4) and i-motif. These four-stranded DNAs have proven versatile tools for many 

applications. For example, G4-DNAs are found to exhibit mediate catalytic peroxidase activity after 

binding hemin, and widely used for DNAzyme-based biosensors and DNA logic devices. For their 

structural robustness, G4-DNA and i-motif are also employed to direct the programmable assembly of DNA 

nanostructures and build some DNA nanomechanical devices. 

One of my main research topics is the secondary structures and DNAzyme properties of G4-DNAs that can 

be rationally tuned by inputs of K
+
 and Pb

2+
. This allows us to construct various colorimetric and 

fluorescent biosensors for metal ion detection
1-3

. It also provides a basis for building DNA logic gates with 

metal ions as the inputs
4
. Another important aspect of my researches is the programmable folding of 

four-stranded structures that triggers DNA structural conversions between duplexes, G4-DNA and i-motif. 

This enables the development of DNA logic and mechanical devices
5-7

, as well as the use for DNA 

nanoarchitectures
8
. 
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Interlocked DNA catenane machines 
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The synthesis of interlocked DNA rings (catenanes or rotaxanes) will be described and their functions and 

applications as DNA machines will be addressed. Specifically, the following examples will be described: 

1. The synthesis of two-ring catenanes acting as DNA machines will be presented and the activity of the 

systems as a directional three-state rotor [1] or as a pH-driven pendulum [2] will be presented (Fig. 1).  

2. The preparation of an interlocked DNA ring on a nucleic acid scaffold/axle stoppered by two Au 

nanoparticles (Au NPs) to yield a rotaxane structure will be described [3] (Fig. 2A). 

• The signal-triggered transition of the ring across two distinct states will be demonstrated. 

• By decorating the ring with Au NP, organized assemblies of different sized Au NPs are constructed. 

• The functionalization of the ring with a fluorophore unit leads to surface enhance fluorescence or 

fluorescence quenching depending on the position of the fluorophore on the ring. Very good correlation 

between the experimental and theoretically-predicted fluorescence intensities of the different systems is 

demonstrated. 

3. A five-ring interlocked DNA catenane will be described, and its signal-triggered transition across four 

different states will be presented [4] (Fig. 2B). 

• One of the states consists of the olympiadane structure. 

• The olympiadane structure was imaged by AFM. 

• By tethering of different sized Au NPs to the five-ring catenane structure, the programmed 

reconfiguration of Au NPs was demonstrated. 

4. A seven-ring interlocked catenane operating as a “molecular robot” was synthesized (Fig. 2C). The 

molecular device undergoes programmed and switchable transitions across sixteen states. Each “robot” 

configuration can be transferred to any of the fifteen other states of the device by the application of 

appropriated triggers. 

 

Fig. 1 A) Reversible signal-triggered translocations of the rotor ring across three states. B) Schematic pH-driven switchable 

DNA pendulum using an interlocked two-ring catenane system. 
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Fig. 2 A) Functionalization of the ring associated with the 10 nm Au NPs stoppered rotaxane nanostructure with a 5/15 nm 

Au NP. B) A five-ring interlocked DNA catenane undergoes programmed and switchable reconfiguration across four states. C) 

A seven-ring interlocked DNA catenane. 
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Electrochemical rectification 

Yuanhua SHAO, Xiaohong YIN, Shudong ZHANG, Xianhao ZHANG, Jing GU, Ye CHEN, 

Xin ZHANG
 

College of Chemistry and Molecular Engineering, Peking University, Beijing 100871, China 

In this presentation, we will discuss some recent progress on investigations of ionic current 

rectification (ICR) based on micro/nanopipettes in our laboratory. It focuses mainly on the 

chemically modification of micro/nanopipettes, the ICR phenomena in aqueous and organic 

solutions, and their applications in study of rectifications and possible single -ion detection.
1-4
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Electric double layer capacitance at platinum electrodes is controlled by oriented length of dipole solvent 

molecules on the electrode rather than that by ionic distribution, being different from at mercury electrodes. 

The controlling step is found by comparing capacitance vs. electrode potential curves in ionic solutions 

with those in deionized latex suspensions. The curves do not involve a valley shape of Gouy-Chapman 

(GC)'s type until ionic concentrations are less than 0.05 mM, because the measured capacitance is 

controlled by the inner layer. The valley shape at the low concentrations can be measured in deionized 

sulfonic latex suspensions, whose conductance is brought about by the ionic latex particles rather than the 

dissociated hydrogen ion. The expression for the capacitance by the ionic latex suspension is derived, 

which is demonstrated to be the same form of the potential dependence as for mono-valence ions. The 

ac-impedance data are obtained at parallel polycrystalline platinum wires without insulating shield. The 

valley shape is found, which is analyzed by the inverse plot of the capacitance against the hyperbolic cosine 

of the dimensionless applied potential. The linearity of the plots seems to support the GC-theory, but the 

capacitance values are much larger than those calculated from the GC-theory. The extra amount can be 

attributed quantitatively to the orientation of solvent molecules by combining Debye's theory with the 

GC-theory. 

 

Equivalent circuit of double layer capacitance composed of the inner layer capacitance and  

the two components of diffuse layer capacitance with considering frequency-dependence. 
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This work is considered to the problem of response time of instrumentation with saving of sensitivity in 

electrochemical measurements. Physical and technical limitations of a potentiostat construction as a 

principal instrumentation for electrochemical applications are analyzed. The classical scheme of 

potentiostat was investigated for a possibility to determine a way to overcome bounds of potentiostat 

perfection. Current sensitivity of the traditional potentiostat scheme is considered, an improving of 

potentiostat technical parameters such as response time, frequency bandwidth, stability and potential range 

are clarified. Investigation of this problem shows a potentiostat construction is a compromise between 

technical parameters, cost, complexity, functionality.  

Increasing of a signal frequency range is equal to a reduction of the measurement time for electrochemical 

experiment. For a current sensitivity saving is needed a reduction of a charge registration limit for a signal 

detection with higher time resolution that is limited by a noise level of electronic components. Utilization 

of novel construction technics and measurement methods can overcome limiting factors. 

Investigations of possibilities to construct a ultrafast potentiostat as well as its utilization were considered 

in different articles [1-3]. The theoretical basis of the electrochemistry in fast polarization modes has been 

studied by C. Amatore and co-workers [4, 5]. We attempt to generalize the experience of the ultrafast 

potentiostat construction as the concept of its building and to evaluate its features for the actual design. 

In this work we try to recognize a practical detection level for fast electrochemical measurements with 

commercial available electronics. The aim of this work is a search of a possibility to construct a potentiostat 

with a megavolt per second range sweep rate ability and with a minimum current detection limit. The 

constructed ultrafast potentiostat (UFP) was simmulated in the electronics engineering software as well as a 

tested in electrochemical experiment. 

A new schema of ultrafast potentiostat is proposed. In a construction of UFP we are proposing to utilize the 

following principles. 

i) Do not use interstage feedback loops. Since the coefficient of transmis-sion for stages closed by one 

feedback loop can change by the magnitude and the sign when a summarize phase shift at a high 

frequencies will be sufficient, respectively, it will lead to a generation in a circuit and its instability. 

ii) Minimize amount of active components. Minimum of components is used for a realization of principal 

units (a potentiostat, a voltage follower and a current-to-voltage convertor). It ensures a fast transmission of 

an electrical signal in a circuit. 

iii) The ohmic voltage drop compensation is necessary to implement in the current-to-voltage converter 

stage. With an increase of scan rate (a processing at high frequencies) a compensation of an ohmic voltage 

drop in a cell solution is important as this factor increases an influence with a rise of a working frequency. 

Since a current measurement is processed in the current-to-voltage converter unit, and an implementation 

of interstage connections is forbidden according to the first principle, so ohmic voltage drop compensation 

is needed to realize in the current measurement stage. 

Examination of the developed ultrafast potentiostat was done in PSpace model simulation software 

Multisim 11.0. It shown the potentiostat can work with varied cells, solutions and electrodes. The 

bandwidth of potentiostate is enough for a realization of a 1MV/s linear sweep rate. 

The excitation signal was produced by an arbitrary form generator DG3121A by Rigol, Co., connected to 

UFP, a data registration (an applied potential to a potentiostat, a current response signal from a potentiostat) 

was by a digital oscilloscope DS1204B by Rigol, Co. A powering of UFP was by a programmable power 

supply DP1308A by Rigol, Co. The laboratory setup schime is shown on fig.1. 

For a testing we the developed potentiostat used an aqueous solution of 0.1 M K4[Fe(CN)6] and 0.1 M 

K3[Fe(CN)6] with 1M KCl supporting electrolyte. Doubly-distilled water and chemicals ACS grade of 

SigmaAldrich were utilized for a solution preparation. An electrochemical cell is a cylindr ical glass of 10 

ml total volume filled with 5 ml the solution. The cell electrode system was mounted through holes in a 
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polytetraflourethelene cap. A counter electrode was a cylindrical Pt-foil with area 400 mm
2
, a reference 

electrode is a miniature Ag/AgCl electrode connected to the cell by the polyethylene capillary. A working 

electrode is a gold disc microelectrode with radius of 21 um. 

Increase of a polarization sweep rate increases a response magnitude as for current peaks as for a capacitive 

current it is observed fig. 2. A shift of peaks for oxidation and reduction processes is shown on fig.3. At a 

higher sweep rate a capacitive current dominates over Faradaic one so the peak’s resolution is difficult in an 

aqueous solution. 

 

The ultrafast electrochemistry advantages realized in the proposed instrumentation open new analytical 

possibilities that are important in many fields of electrochemistry, as example, investigation of new 

nanomaterials, studies of inner stage mechanisms of quick processes like catalytic reactions. Combination 

of a developed potentiostat with new materials for electrode system, a realization of extremely small 

working electrodes as a nanodes is a very attractive aim for a next stage of researchers. 
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Fig.2 CV-diagrams recorded for 0.1 M Fe4-/3-(CN)6 + 1 M KCl 

in aqueous solution at a sweep rate: a) 3.2 V/s; b) 32 V/s; 

c) 320 V/s; d) 3200 V/s; e) 32 000 V/s; f) 320 000 V/s. 

Fig.1 Schema of the laboratory setup 

Fig.3 A potential variation for oxidation 

(square marks) and reduction (circle marks) 

peaks with a potential sweep rate change. 
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Carbon dioxide (CO2) as one of the major byproduct of cellular metabolism mediates many fundamental 

behaviors, whose detection is associated with the activation of protein ion channels expressed on the 

olfactory sensory neurons. Inspired by this biological phenomenon, we developed extraordinary 

gas-sensitive ion channel, reconfigurable ionic diode and bionic ion pump on the basis of growth of 

gas-responsive polymer film, which can be rendered hydrophilic with the CO2 stimulus of and hydrophobic 

with the N2 stimulus. In particular, by alternatively purging CO2/N2 into the solutions which are placed on 

both sides of the channel embedded in the polymer membrane, the smart polymer-coated channel can be 

either closed or opened, which is independent of voltage polarity. 
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The measurements of single-molecule conductance explore the efficiency of electron transport across the 

electrode-molecule-electrode junction[1]. The energy-level alignment between the molecular orbitals (MO) 

and the Fermi level of the electrodes (EFermi) is an important concept to comprehend the obtained molecular 

conductance. With the configuration of single-molecule transistors, the degree of energy alignment can be 

adjusted by the gate potential which affects the MO levels and hence regulates the current through the 

molecule. Electrochemical gating is an alternative. EFermi of the working electrode can be potentiostattedly 

parked or scanned against the chemical potential of the reference electrode. Herein, the molecular junctions 

were prepared by EC-STM BJ (electrochemical scanning tunneling microscope-based break junction). To 

carry out the study under electrochemical environments, the STM tip was insulated to minimize the current 

leakage. In this presentation, the performance a new insulating material will be evaluated. The feature of 

the energy-level alignment will be manifested by a group of electroactive complexes, EMACs (extended 

metal-atom chains, [MnL4(NCS)2], M = metal ions; L = oligo-- pyridylamine, derivatives, or analogue; 

e.g., Fig. 1) which are are strings of metal centers helically supported by four equatorial ligands. EMACs 

are of great research interests due to the development in multiple metal-metal bonding[2] and due to recent 

excitement in molecular electronics involving transition metals[3,4]. The values of neutral and one-electron 

oxidized single-molecule conductance of the EMACs will be reported. Also manifested is that the ON/OFF 

switching events associated with single molecular conductance can be tuned electrochemically. The energy 

alignment of EFermi of the electrode with the frontier orbitals of the examined EMACs will be discussed. 

 
Fig.1 Schematic presentation of the structure of EMACs and the experimental setup for EC-STM BJ. 
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Quinones, which are ubiquitous in nature, constitute an important brunch of natural evolutionary redox 

molecules, and they could fulfill a universal and unique function in electron transfer and energy 

conservation systems. Meanwhile, Ubiquinones are served as central cofactors in the enzymatic reaction of 

the electron-transport system. This system couples the transfer of electrons to generate trans-membrane 

electrochemical proton gradients that drive the production of adenosine triphosphate in photosynthesis and 

respiration. In order to understand the electrochemical properties of the ubiquinone and develop 

ubiquinone-based biomolecular systems, we have constructed biomimetic systems to mimic the functions 

of quinone in photosystem II and respiration in the fields of synthesis, electrochemistry and applications. 

[1,2,3] 
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Fig.1 Chemical structures and electrochemical properties of ubiquinone-based compounds. 

 

 
Fig.2 Electron Transfer Process between Ubiquinone and NADH. 
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Electrochemical measurements involve a vast gamme of phenomena ranging from different types of 

mass-transport to all kinds of surface and bulk reactivity. The coupling of these phenomena creates very 

often multiscale problems, in the sense that multiple and completely different time and length scales 

participate simultaneously in governing an electrochemical response. Accurate treatment of the various and 

simultaneously acting scales is one of the main difficulties in simulations of electrochemical problems. 

KISSA
®
, a software developed in our group, provides a general framework to treat such kind of situations. 

It requires from a user only to set up an electrochemical problem (by providing mechanism, rate constant, 

diffusion coefficients etc.) in a user-friendly environment and returns the simulations results without any 

intervention into numerical part from the user side. The accuracy of the numerical solution is guaranteed in 

KISSA
®
 by employment of a non-uniform and adaptive grid. The latter is constructed on the basis of a 

kinetic criterion (rather than on a gradient-based one as in other programs) and provides a high dynamic 

resolution at the acute reaction fronts which are automatically detected and followed by the program [1-6]. 

The efficiency of this strategy was proved by addressing such sophisticated problems like 

electropolymerization [7], competitive adsorption of the benzyl halides at silver electrodes [8] and 

electrogenerated chemiluminescence (ECL) [9, 10] etc. 

 

 
 

 

In this context ECL systems are representative example of systems possessing extremely sharp reaction 

fronts since some reaction constants are close to the diffusion limit (either cation/anion radicals annihilation 

reactions or luminophor/co-reactant reaction). More precisely, for the ECL co-reactant system, such as 

alkyl amines / transition metal(II) complexes, it was shown via simulations with KISSA
®
 that changes in 

ECL intensities emitted by these systems are much more dependent on the relative diffusivities of the two 

co-reactants than on the range of thermodynamic and kinetic rate constants that are possible to explore and 

vary. In particular, it establishes that decreasing the diffusion coefficients of the metal complexes species 

(e.g., by adequate redox or photochemically inert large substituents or by anchoring them to the electrode 

surface) vs. that of the amine co-reactant leads to a great enhancement of the ECL intensity of the first ECL 

wave (Fig.1), viz., that observed at the level of the amine oxidation peak. Though investigated using 

simulations based on the thermodynamic and kinetic constants of the most common tri-n-propylamine 

Fig.1 Simulated ECL intensities as a function of the diffusion coefficient of all metal complexes: Dmetal = 5·10-6 (black), 

5·10-7 (red), 10-7 (green), 5·10-8 (magenta), 10-8 (cyan), and 10-9 (blue) cm2/s; Damine = 5·10-6 cm2/s, v=0.1 V/s, 

[AH]bulk = 0.1M, [M2+]bulk = 10-3M. 
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(TPrA) / Ru(bpy)3
2+

 system, this work conclusions are more general [10]. 

 

 

 
 

 

 

 

 

Competitive adsorbtion is also involved as an important class of problems covered by KISSA
®
 software [7, 

8, 11]. Thanks to this functionality (as well as previous collaborative SERS and DFT studies [12, 13]) we 

were able to rationalize behaviour of benzyl halides at silver electrodes, i.e. explain a drastic shift of 0.5 V 

to more positive potentials of the reduction wave. Indeed, the cyclic voltammetry (CV) at slow scan rates 

reveal currents behaving as being apparently under diffusion control. However fast scan CVs showed clear 

involvement of a pre-adsorbtion of the benzyl chloride and its reduction intermediates prior to or after the 

first electron transfer (see Fig.2). Simulations with KISSA
®
 allowed a complete and rigorous reconstruction 

of the pathways undergone by benzyl chloride and establishing the exceptional catalytic properties of silver 

cathodes [8]. 
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Fig.2 (Left) Experimental (black) and best-fit simulated current (red) for the reduction of PhCH2Cl at 

Ag electrode (diam. 2 mm), v = 300 V/s. Green curve corresponds to the reduction PhCH2Cl at GCE 

(diam. 1 mm) and scaled to the ratio of electrode surface areas. (Right) Decomposition of the 

simulated current to the Faradaic and adsorbtion components. 
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Graphene is currently a star material in nanotechnology because of its unique two-dimensional (2D) 

structure and intriguing physical and chemical properties, which has promising applications in a wide range 

of fields including electrochemistry and electrochemical sensing (1). Generally, two forms of graphene are 

used in electrochemical sensing, i.e., pristine graphene exfoliated by liquid sonication (2) and graphene 

oxide (GO) synthesized by various Hummers methods (3, 4). To date, graphene usually acts as modifiers in 

electrochemical sensors to improve surface area, promote electron transfer or immobilize functional 

materials (5), and only very few works explore the possibility of graphene as the conductive materials of 

substrate electrodes (6).  

In recent years, we focused on the development of new synthesis methods of both GO and conductive 

graphene materials, and made great efforts to convert these graphene materials into conductive films or 

fibers that may have potential applications in electrochemical sensors. The works includes: 

 
 

 

(i) Developing a new modified Hummers method for the high yield synthesis of single-layer GO hydrogels 

from graphite. The method was established by replacing K2S2O8 (3) with impure MnO2 for the preoxidation 

of graphite, followed by oxidation with KMnO4 into GO. Though only a very small change was made, the 

difference between the final GO products was huge, i.e., our method can produce GO with much higher 

production yield and apparently better solution dispersion/film formation ability but possessing comparable 

conductivity after reduction (Fig. 1 and 2). The possible mechanism for the improved synthesis of GO by 

impure MnO2 was explored, and an intercalated oxidation principle of graphite by Mn
3+

 produced in 

concentrated H2SO4 was proposed. The produced GO hydrogels, without any sonication or condensation 

treatments, can be directly converted into highly conductive reduced GO (rGO) films, coatings or fibers by 

screen printing or injection techniques using a hydroiodic acid (HI) method. 
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Fig.2 Photos of GO films prepared by different Hummers methods. 

Fig.1 Photos of GO hydrogels and aqueous solutions. 
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(ii) Proposing a simple mechanical method for the scalable synthesis of conductive graphene nanosheets. 

This method enables the direct exfoliation of graphene nanosheets from pristine graphite into water 

dispersible and highly conductive inks at a yield of about ~100% by a simple ball milling process. The 

prepared ink, without any post-reduction or heating treatments, can form uniform and compact films on a 

variety of substrates including glass and polymers with sheet resistance as low as 12 Ω/□ (Fig. 3). The 

resulting graphene films possess excellent electrochemical activity and very simple backgrounds, which 

together with special techniques like inkjet printing may create a highly efficient approach to the scalable 

fabrication of reproducible carbon-based electrochemical sensing arrays. 
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Fig.3 Photos of conductive films prepared from water dispersible graphene nanosheets. 
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To date, on fundamental research frond, great progresses have been made in developing nanomaterials, 

nanoscience and nanotechnology. However, in contrast, the progress in relation to practical applications of 

nanomaterials and nanotechnology is relatively slow. This is mainly due to the obstacles of economically 

viable large-scale production and utilization of nanomaterials and nanotechnology. In this regard, the 

development of high value added nanotechnology-based applications requiring the use of small quantities 

of nanomaterials can be a solution to facilitate the practical applications.  

The illuminated nanostructured TiO2 possesses inherent advantages of high photocatalytic activity, strong 

oxidation power, low cost, environmental benignity and excellent stability, ideal for oxidative types of 

sensing applications. The rapid determination of organic pollutants in aquatic environment is one of the 

highly demanded sensing applications. In our work, the advantageous characteristics of the nanostructured 

TiO2 are innovatively utilized to develop economically viable sensing technologies.  

This presentation reviews a sensing principle based on photoelectrocatalysis at nanostructured TiO2 

photoanode with a focus on the commercialized PeCOD
TM

 for determination of aggregative organic 

pollutant parameters such as chemical oxygen demand (COD). PeCOD
TM

 sensing technology utilizes the 

strong oxidation power of the illuminated TiO2 photocatalyst to degrade the organic pollutants and 

simultaneously quantify the transferred electrons originated from the photocatalytic oxidation process to 

determine the total organic pollutants. PeCOD
TM

 is capable of determining as low as 0.2 mgL
-1

 COD, 

requires only 1 to 5 minutes to complete an assay, consumes very limited reagent (NaNO3) and generates 

no secondary pollution. More importantly, PeCOD
TM

 is a direct and absolute method that requires no 

ongoing calibration, can be used for online, real-time monitoring organic pollutants with flow-stop and 

continuous flow operational modes. It can also be used for portable on-site or in situ measurements under 

the diffusion-controlled mode.  
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Porphyrin moleculars have special structures, physical and chemical properties. Recently, we have 

constructed many interfaces and sensing systems based on porphyrin moleculars. Moreover, interface 

electrochemistry and charge transfer process of porphyrin have been investigated. The main contents were 

summarized and presented as follows: (1) A feasible method of fabricating porphyrin sensor was developed 

by 2-mercaptoethanol(2-ME) SAM modified gold electrode then functionalized with phosphate groups, and 

porphyrin combining with phosphorus formed 1:1 cationic SAT type of P(V)–porphyrin complex. Excellent 

detect ability and selectivity achieved demonstrated the possibility of using phosphate-based self-assembled 

monolayer for detection of porphyrin by visual colorimetry and electrochemical methods, as shown in 

Fig.1[1]. In addition, as shown in Fig.2, we developed 5,10,15,20-tetrakis(4-hydroxyphenyl)porphyrin 

functionalized carbon nanotubes film to detect dihydroxybenzene isomers rapidly and simultaneously. The 

mechanism involved in the recognition and isolation of the dihydroxybenzene isomers was explored and 

confirmed by UV spectra and density functional theory[2]. (2) As shown in Fig.3, a novel light “on–off” 

photoelectrochemical sensing for the sensitive determination of hydroquinone was developed based on the 

porphyrin-functionalized Au nanoparticles on graphene (porphyrin/AuNPs/graphene)[3]. (3) We 

investigated charge transfer process based on porphyrin modified interface. As shown in Fig.4, the theory 

for the consecutive ET was proposed. The reasonable agreement between simulations and experiments 

showed that the rates of multistep ET at L/L interfaces can be measured expediently using the TLCV. By 

the method, the bimolecular rate constants for the two-step one-electron transfer process of 

ZnTPP/[Fe(CN)6]
4-

 were obtained[4]. 
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Onto Au surface adsorbed DNA monolayer composed of double stranded of 25 base pairs, and at the gold 

surface and distal part were matched base pairs, while at the middle of DNA monolayer were (TT)n 

mismatched pairs. Methylene blue was attached at the end DNA monolayer via a C6 alkyene linker and 

acted as the electrochemical probe. Upon addition of mercury ions (Hg(II)), thymine-Hg-thymine 

((T-Hg(II)-T)n) was formed through metal coordination between DNA duplexes. The charge transfer (CT) 

properties of the DNA monolayer was studied using Laviron’s theory and it was found that when n  6, the 

kinetics of CT followed the order: matched DNA base pairs  DNA duplexes with (TT)n  DNA duplexes 

with (T-Hg(II)-T)n and the CT kinetics increased with increasing n. The conformation of DNA monolayer 

adsorbed onto Au (111) was investigated using atomic force microscopy (AFM) and it was found that 

duplexes structure was remained when n  6. The formation of (T-Hg(II)-T)n brought a more smooth DNA 

monolayer surface than that composed of match DNA base pairs. However, an interesting phenomenon was 

found when n  12, that is (T-Hg(II)-T)n conformation was formed between different DNA strands and the 

this inter-DNA (T-Hg(II)-T)n structure caused DNA monolayer deformed and CT not occur along the DNA 

base pairs. 

 

  
Scheme 1. CT process of dsDNA with (T-Hg(II)-T) sequench. (a) matched dsDNA, (b) dsDNA with (T-Hg(II)-T)1, 

(c) dsDNA with (T-Hg(II)-T)3, (d) dsDNA with (T-Hg(II)-T)6, (d) dsDNA with (T-Hg(II)-T)12. 

 (T-Hg(II)-T) ;   matched DNA bases;  C6 linker; 

   methylene blue. 
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Nanoporous gold (NPG) [1] is an exciting candidate for catalysts due to its unique bi-continuous 

nanoporous character, single crystalline features and stability in acidic media. NPG has attracted 

tremendous attentions as widely used multifunctional materials in electroanalysis, energy storage, biofuel 

cells and catalysis. NPG can be easily functionalized with transition metal oxides [2], noble metals [3], 

conducting polymers [4] and thiol-conjugates [5] for energy devices and biosensors. It has been 

demonstrated that NPG provides excellent contact between MnO2 and gold ligaments, which greatly 

improves the electrical conductivity of the hybrid materials [2]. In particular, their excellent structural 

integrity and conductivity with nanoscale interconnected ligaments and nano channels provide an ideal 

local environment for immobilization of functional biomolecules, and make them very attractive electrode 

materials for bioelectrochemistry [5, 6]. In this work, we will describe the recent progress in this field, with 

an emphasis on the design strategy for the construction of nanoporous gold based nanohybrids, where a 

unique interfacial structure between NPG and electrochemically bio-molecules (e.g. glucose oxidase (GOx)) 

or catalytic composites allows very high sensitivity or catalytivity with impressive flexibility and stability 

in the applications of electrochemistry [7]. 
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Fig.1 Nanoporous Gold (NPG) 

characterized using atomic force 

microscope (AFM), contact mode.  

Fig.2 Cyclic voltammograms of NPG and planar 

polycrystalline gold in 1 M H2SO4 solution. Scan 

rate: 100 mV s-1. 
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The solar energy-driven photoelectrochemical (PEC) water splitting and artificial photosynthesis have been 

continuing to drive substantial developments in new materials and methods for optimizing the energy 

conversion and utilization efficiency. Meanwhile, these studies have been inspiring research efforts in 

utilizing the PEC conversion platform to investigate the chemical/biological targets in life sciences. Here, 

we would like to present our recent works in designing and fabrication of semiconductor 

nano-heterostructures that are capable of being tailored during synthesis for enhanced solar energy-driven 

PEC energy conversion and utilization, including efficient photoabsorption, charge separation, and charge 

transfer. In addition, attributed to their suitable band alignment and excellent photoactivity, these 

nanowire-based structures are capable of post surface functionalization for molecular recognition and PEC 

catalysis, leading to solar energy-driven, real-time, sensitive detection of a variety of biologically important 

molecules for cellular signaling and enzymatic functions. Moreover, the chemical stability and biological 

benignity of these nanowire arrays further enable direct interfacing with primary neuron networks and 

in-situ photoelectrochemical neuron stimulation for artificial retinas. These hybrid nanowire 

photoelectrodes suggest new structures with enhanced photoactivity and sensitivity, which may allow for 

new exciting studies of interfacing of nanomaterials and biomaterials. 
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Hybrid Li-air batteries, in which a solid electrolyte separates the lithium metal anode in an aprotic 

electrolyte from the air electrode in an aqueous electrolyte, have attracted considerable attention because 

they possess high theoretical energy density and potentially overcome the problems of conventional aprotic 

Li-air batteries.
1
 However, current hybrid systems still suffer from poor cycling stability. The problem 

mainly lies in the sluggish kinetics of oxygen reduction reaction (ORR) and poor durability of the cathode 

catalysts, which actually is also the major limiting factor for other energy conversion and storage 

technologies such as fuel cells and metal-air batteries. As a potential replacement for Pt catalyst, Pd has 

attracted considerable attention because of its high catalytic activity, relatively lower cost, and higher 

abundance. However, most reports have mainly focused on the disordered Pd-based alloy catalysts, which 

have varying surface composition and thus randomly distributed active sites. Structurally ordered Pd-based 

intermetallic compounds as the ORR catalysts have never been reported. In an ordered intermetallic phase, 

every crystallographic site is occupied by only one type of atom; therefore, an ordered phase can provide 

predictable control over structure, geometric, and electronic effects. Further, as the order in intermetallic 

phases arises from the high enthalpy of mixing, a high chemical and structural stability can be expected.
2
 

Herein we report an ordered Pd3Fe intermetallic catalyst synthesized with a KCl matrix method with 

potassium triethylborohydride (KEt3BH) as the reducing agent. There are two reasons for choosing KEt3BH. 

First, it can address the coreduction issure of Pd and Fe due to its fast reducing kenetics. Secondly it 

produces a by-product, KCl. Since KCl is not soluble in THF, it can serves as a matrix that traps the Pd3Fe 

nanoparticles to avoid particle agglomeration and to control the coalescence of nanoparticles during 

thermal annealing process. A schematic preparation procedure is presented in Fig.1. Our results show 

ordered Pd3Fe/C catalysts exhibit much higher activity and durability for the ORR in alkaline media than 

disordered Pd3Fe/C, Pd/C, and Pt/C. As shown in Fig.2, the ordered Pd3Fe/C catalyst enables a long-term 

cycling performance of hybrid Li-air batteries over 880 h with only 0.08 V increase in round-trip 

overpotential. The extraordinarily high performance of ordered Pd3Fe/C catalyst provides a very promising 

alternative to the conventional Pt/C catalyst for air cathode in alkaline electrolyte. 
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Fig.1 Scheme for the synthesis of carbon supported 

structurally ordered Pd3Fe intermetallic catalysts 

 
Fig.2 Cycling performance of hybrid Li–air batteries with 

(b) ordered Pd3Fe/C + NCONF@Ni air electrode and (c) 

the conventional Pt/C + NCONF@Ni air electrode 
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The main requirements of a good electrode material are high surface area, good electrical and thermal 

conductivity, suitable porosity to allow for a good reactant flow, and high stability after prolonged usage. The 

structural properties of porous carbon materials meet most of these characteristics. The porous structure 

results in more efficient mass transport and allows for the efficient mass transport of the reactant and the 

product molecules [1, 2]. Porous carbon materials have many advantages over other carbon materials: (1) 

The high surface area favors the exposure of active sites; (2) The pores of porous carbon materials act as 

confined space to restrict the growth of particles; (3) The porous structure provides fast mass transport for 

reactant and production; (4) The confinement of reactant in the mesopores of porous carbon materials leads to 

a higher possibility of reactant-active sites encounters and consequently a high activity. 

 

 

 

Highly exposed Pt nanoparticles supported on porous graphene for electrochemical detection of hydrogen 

peroxide in living cells (Fig. 1A). Due to the porous structure of porous graphene, the Pt NPs supported on 

porous graphene were not secluded by aggregated graphene layers and were highly exposed to target 

molecules. Au NPs@polyoxometalates/OMCs was prepared by a one-pot, green and rapid synthesis of 

well-defined (Au@POM/OMCs) tri-component nanocomposites. During the synthesis, the POMs not only 

serve as reducing agents for Au
3+

, but also as bridging molecules for Au NPs and OMCs (Fig. 1B). A 

sensitive biosensor for AP, H2O2, and NADH was developed based on the Au@POM/OMCs, which showed 

wide linear range, low detection limit, high sensitivity, and good stability. (C) N/Co/OMCs exhibits the 

four-electron process in electrocatalysis of ORR, excellent tolerance to CH3OH, and long-term stability (Fig. 

1C). N/GR may be further exploited as potentially efficient and inexpensive non-metal ORR catalysts with 

good selectivity and long-term stability in alkaline solution (Fig. 1D). 
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Fig.1 (A) Pt nanoparticles supported on porous graphene for electrochemical detection of hydrogen peroxide. 

(B) Illustration of the preparation of Au@POMs/OMCs tri-component nanohybrids. (C) Electrocatalysis of 

ORR at N/Co/OMCs. (D) Electrocatalysis of ORR at N/GR. 
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In this paper, a novel method for silver nanoparticles (AgNPs) synthesize based on the regulation of 

hydrophobic interface was proposed. Studies showed that in the presence of hydrophobic polyhedral 

oligomeric silsesquioxane (POSS), AgNPs with homogeneous morphology grown on interface between GO 

and silver nitrate (AgNO3) solution under room temperature. Then the obtained AgNPs-POSS/GO 

nanocomposites are used to fabricate electrochemical sensor for nitrobenzene compounds. The results 

indicated that the sensor had good ability to catalyze nitroaromatic compounds. 

1. Introduction 

Among all nanomaterials, silver nanoparticles (AgNPs) are often used to fabricate electrochemical sensors 

because of their catalytic properties and the highest electrical and thermal conductivity.
[1-2]

 Therefore, how to 

synthesize AgNPs with controlled size, orientation and morphology is one of the most challenging issues 

with the-state-of-the-art.
 
In this paper, we reported the preparation of AgNPs under hydrophobic interface 

regulation for the first time. The possible mechanism of synthesis was discussed in article and the obtained 

AgNPs-POSS/GO nanocomposites were used for electrochemical sensing of nitroaromatic compounds.  

2. Experimental Section 

GO was synthesized from graphite powder.
39

 POSS/GO was synthesized by refluxing. AgNPs-POSS/GO 

was synthesized by a simple method: 5 mg POSS/GO were dispersed in 25 mL water solution. Then, 5 mL 

0.1M NaBH4 solutions were kept adding in 30s under stirring condition, and keep reacting for 10 min.  

The glassy carbon electrode (GCE) was prepared by a simple casting method. The modified electrode can be 

expressed as AgNPs-POSS/GO/GCE.  

3. Results and Discussion  

3.1 Structural and Morphological Studies 

The morphology and structure of AgNPs-POSS/GO were characterized by SEM, TEM and FTIR. The results 

indicated that AgNPs with good morphology were attached successfully on surface of GO. 

3.2 Mechanism Analysis 

In presence of POSS, the hydrophobic interface is formed between the solution and POSS/GO. Then the 

double layer will become thicker, the local concentration of Ag
+
 on the surface of POSS/GO will be 

decreased, and the aggregation of AgNPs can be avoided effectively under regulation of the hydrophobic 

interface. 

3.3 Electrochemical Applications 

The electrochemical sensors based on AgNPs-POSS/GO were applied for nitroaromatic compounds sensing 

of nitrobenzene, p-nitroaniline and p-nitrobenzoic acid. The results indicated that AgNPs-POSS/GO 

nanocomposites have good ability to catalyze nitroaromatic compounds with the broad linear ranges of 

0.5-155 ppm, 0.1-77 ppm and 0.05-330 ppm and the low detection limits of 0.1 ppm, 0.05 ppm and 0.02 ppm 

respectively (Figure 1).  

 

Figure 1. The representative DPV current responses of NB, pNA, pNBA on the AgNPs-POSS/GO/GCE 
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4. Conclusion 

In summary, AgNPs have been obtained without aggregation successfully and the obtained 

AgNPs-POSS/GO nanocomposites have perfect ability for nitroaromatic compounds catalyzing. Therefore, 

the hydrophobic interface regulation may opening the new path for material synthesis, and the application of 

nanocomposites that are synthesized based on hydrophobic interface regulation may promote the 

development of high-performance electrochemical sensors. 
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A glucose-starch based protocol - named the saccharide-based approach to metal nanostructure synthesis 

(SAMENS) - has been developed and expanded over the past years for the syntheses of metal [1-4] and 

mineral [5] nanocatalysts. The method enables the use of mild reaction conditions, e.g. < 100 °C, ambient 

atmosphere, aqueous buffer environment, neutral solution, and employs sustainable and renewable reducing 

and capping agents, e.g. glucose and starch.  

Here, we describe the progress from the green syntheses of gold nanoparticles (AuNPs) using plant extracts 

to refined syntheses of anisotropic gold nanostructures, platinum nanoparticles (PtNPs), and gold-platinum 

core-shell nanoparticles (Au@Pt NPs), Fig.1. 

 

Fig. 1. Transmission electron micrographs of monometallic NPs, i.e. (a) AuNPs and (b) PtNPs, and (c) Au@Pt NPs and (d) 

gold-platinum nanoflower (AuPt NFs) bimetallic nanostructures, with inserted structure schemes. Red = Au, yellow = Pt, 

green = starch. 

Extracts from abundant plant material, e.g. potato, carrot and onion, were used to successfully synthesize 

stable AuNP suspensions. Glucose and starch were identified as suitable candidates for reducing and capping 

agents present in the tested plant materials and AuNP synthesis. Acidic environments suppress deprotonation 

of aqua ligands substituted in the [AuCl4]
-
 complexes, a critical step in the reduction of the gold precursor. A 

range of biological and inorganic buffers were tested for the control of pH. Phosphate buffer (PB) and 

2-(N-morpholino)ethanesulfonic acid (MES) were identified as optimal for fast formation of 12 and 8 nm 

AuNPs [1], and 2 nm PtNPs [2]. 

The starch-capped AuNPs were used to efficiently enhance the rate of interfacial electrochemical electron 

transfer of the heme protein cytochrome c (cyt c). In contrast to basal-plane graphite that interacts weakly 

with cyt c and Au(111) electrodes with too strong interaction, the starch-capped AuNPs facilitated close but 

gentle interaction leading to sustained electrochemical activity of the protein. The starch-capped PtNP 

catalytic activity towards dihydrogen oxidation, dioxygen reduction and hydrogen peroxide reduction was 

tested and the PtNPs found to show high activity for the latter similarly to Pt(111) electrodes. Furthermore, 

the PtNPs were loaded onto carbon supports and successfully tested as catalysts in a hydrogen fuel cell 

system. 

By controlling the the metal precursor reduction conditions, two different gold-platinum bimetallic 

nanostructures were synthesized through sequential reduction of [AuCl4]
-
 and [PtCl6]

2-
. The nanostructures 

consisted of a AuNP core with a platinum-based exterior. Allowing the initially formed starch-capped AuNPs 

to “rest” (no stirring/heating) led to growth of the starch coating and incorporation of glucose. Subsequent 

addition and reduction of the platinum precursor caused formation of a few nm PtNPs trapped in the starch 

matrix around the AuNPs. This structure was denoted “nanoflowers” (AuPt NFs). Reducing the platinum 

precursor immediately after AuNP formation at 95 °C instead enabled the formation of atomically thin Pt 

shells on the AuNP surface. The NPs were thoroughly characterized by cyclic voltammetry (CV), 

ultraviolet-visible light spectroscopy (UV-vis), transmission electron microscopy (TEM), energy dispersive 
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X-ray spectroscopy mapping with scanning TEM (STEM-EDX), X-ray photoelectron spectroscopy (XPS), 

and thermogravimetric analysis (TGA).  

 

Fig. 2. Cyclic voltammetry of as-prepared Au@Pt NPs (red), Au@Pt NPs without starch (blue) and commercial PtNPs (black) 

in (a) pure electrolyte and electrolyte with (b) formic acid (FA), (c) methanol (MeOH) and (d) ethanol (EtOH). All catalysts 

are loaded on graphitized carbon black (G-CB). T.T. represents thermal treatment. Currents are normalized to Pt mass and 

scan rate 50 mV/s. 

The intimate electronic interaction between the Pt shell and the Au sublayers led to a synergetic effect and 

altered catalytic reactivity of the platinum. The Au-Pt core-shell NPs (Au@Pt NPs) were loaded onto a 

graphitized carbon black (G-CB) support material and tested as fuel cell anode catalysts for the 

electrochemical oxidation of formic acid (FA), methanol (MeOH) and ethanol (EtOH), Fig. 2. The starch 

capping was successfully removed by a simple thermal treatment (1 h at 300 °C in air). This treatment 

resulted in restructuring and presumably contraction of the Pt shell, changing its catalytic activity. The 

specific electrochemical surface area (ECSA) of Pt was as high as 45-53 m
2
/g .The electrocatalytic results 

showed a greatly increased performance over the commercial catalyst, comparable with recent results in 

literature. The core-shell structure provided better utilization of Pt, increased Pt activity through synergy 

between shell and core, and expected increased stability due to the larger particle size. 

Acknowledgements 

Support from the Danish Council for Independent Research Technology and Production Sciences 

(DFF-1335-00330) and Lundbeckfonden (R141-2013-13273) are acknowledged. 

References  
1. C. Engelbrekt, K. H. Sørensen, J. Zhang, A. C. Welinder, P. S. Jensen, J. Ulstrup, J. Mater. Chem., 19, 7839-7847 (2009) 

2. C. Engelbrekt, K. H. Sørensen, T. Lübcke, J. Zhang, Q. Li, C. Pan, N. J. Bjerrum, J. Ulstrup, ChemPhysChem, 11, 

2844-2853 (2010) 

3. C. Engelbrekt, Palle S. Jensen, K. H. Sørensen, J. Ulstrup, J. Zhang, J. Phys. Chem. C, 117, 11818-11828 (2013) 

4. C. Engelbrekt, N. Seselj, R. Poreddy, A. Riisager, J. Ulstrup, J. Zhang, (in preparation) 

5. C. Engelbrekt, P. Malcho, J. Andersen, L. Zhang, K. Ståhl, B. Li, J. Hu, J. Zhang, J. Nanopart. Res., 16, 2562 (2014) 



15th ISEAC 

 
- 90 - 

Electronalytical monitoring of biomarkers of exposure, treatment and illness 

Jiri BAREK
a
 and Josino C. MOREIRA

b
 

a
Charles University in Prague, Faculty of Science, Department of Analytical Chemistry,  

UNESCO Laboratory of Environmental Electrochemistry, 
Albertov 6, CZ 128 43 Prague 2, Czech Republic 

E-mail: barek@natur.cuni.cz 

b
National School of Public Health, FIOCRUZ, Rua Leopoldo Bulhoes, 1480 - Manguinhos, Rio de Janeiro, 

RF, Brazil 

E-mail: josinocm@fiocruz.br 

There is an ever increasing demand for fast, sensitive, inexpensive and reliable methods for the determination 

of submicromolar concentrations of biomarkers of exposure (i.e. substances the presence of which in 

biological fluids indicates exposure to dangerous compounds (typically metabolites of those compounds), 

biomarkers of treatment (typically drugs or their metabolites), and biomarkers of illness (compounds the 

presence of which indicates starting illness (e.g. tumor biomarkers signaling the onset of cancer). Because of 

practical reasons, the attention is now focused on monitoring of these biomarkers in urine the sample of 

which can be obtained much more easily than the sample of blood. The aim of this presentation is to show on 

several examples that modern electroanalytical methods (namely differential pulse voltammetry and high 

performance liquid chromatography with electrochemical detection) can be successfully used for these 

purposes and can in selected cases successfully compete with financially and instrumentally much more 

demanding spectrometric and separation techniques. Other advantages of electroanalytical methods are easy 

miniaturization and portability enabling their application in point-of-care (or bedside) testing systems. 

The biggest problem with the application of modern electroanalytical methods in complex biological 

matrices is the passivation of the working electrode by some constituents of biological matrices and/or by 

products of electrochemical reaction. Therefore, we frequently apply new, non-traditional electrode materials 

with easily renewable surface or resistant to electrode passivation. 

For electrochemically reducible biomarkers, the most suitable electrode material is of course mercury with 

easily renewable surface [1]. However, some legal obstacles complicate its application because of somewhat 

unreasonable fears of its toxicity. Therefore, we use non-toxic silver solid amalgam electrodes [2] for these 

purposes. Another possibility is to use boron doped diamond film electrodes [3] with extremely broad 

potential window enabling their application both for cathodic reduction and anodic oxidation. Another 

possibility is to use carbon paste electrodes [4] the surface of which can be easily renewed and/or 

screen-printed electrodes which are disposable in the case of strong passivation. Above mentioned 

approaches will be demonstrated on voltammetric determination of Flutamide (see Fig.1A) and its 

metabolites 2-hydroxyflutamide and 4-nitro-3-trifluoromethylaniline (see Fig. 1B) representing biomarkers 

of cancer treatment using mercury meniscus modified silver solid amalgam electrode. Another example is the 

determination of 1-hydroxypyrene and 1-aminopyrene in urine as biomarkers of exposure to polycyclic 

aromatic hydrocarbons and their nitro derivatives using either differential pulse voltammetry at boron doped 

diamond film electrode or high performance liquid chromatography on the same working electrode. For 

vanillylmandelic acid (Fig.1C) and homovanilic acid (Fig.1D) representing tumor biomarkers we have 

developed differential pulse voltammetric methods either at a glassy carbon screen printed electrodes or at 

carbon paste electrodes. 

In some cases the necessary sensitivity and/or selectivity can be achieved by combination with a preliminary 

separation or preconcentration using liquid-liquid or solid pahase extraction. 
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Fig. 1 Flutamide (A), 4-nitro-3-trifluormethylaniline (B), vanillylmandelic acid (C) and homovanillic acid 

(D), 
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In this paper, working electrode electrolytic cell (WEEC) and auxiliary electrode electrolytic cell (AEEC) 

were separated from each other by porous ceramics diaphragm at the bottom of "U" shape electrolytic cell. 

By changing the acidity of solution in the AEEC or WREEC, the electrochemical behaviors of the 

epinephrine(EP) in the WREEC was investigated by cyclic voltammetry. The results showed that the size of 

peak current for oxidation of EP was not only closely related to the acidity of solution in the WREEC, but 

also with the acidity in the AEEC. In addition, it was discussed in detail about how was the size of oxidation 

peak current of EP affected by the degree of reduction reaction at the auxiliary electrode, distribution for 

different species of EP, hydrogen bond catalysis. And the electrode reaction mechanism of cathode and anode 

was made a reasonable explanation, too. This investigation was valuable for the selection of pH value in 

theory.  
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Bile acids are derivatives of cholesterol synthesized in hepatocytes[1]. The investigation that elevated 

concentration of total bile acids in serum is usually occured in hepatobiliary diseases makes it a potential 

prognostic and diagnostic marker[2]. As the method used in clinical determination for bile acids is expensive 

and time consuming, we established an indirect electrochemical method for it which is simple, sensitive and 

low-cost. The disposable screen-printed carbon electrode was used in the experiment.The principle was 

illustrated in Figure 1. After the optimization of the experimental conditions, 35 human serum samples were 

detected by both the established method and the traditional method which is performed in clinics and called 

enzymatic cycling method, and the results were shown in Figure 2. It showed an acceptable correlation for 

the determination of total bile acids in human serum. 
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Mesoporous silica materials have attracted considerable attention because of its robust nanostructure and 

many extraordinary properties including exceptional long-range order, controlled pore size and high surface 

area [1-4]. They are attractive as adsorbents allowing molecular diffusion. In the typical synthesis process, 

mesoporous silica retains surfactant micelles inside their pore channels. The hydrocarbon tail of surfactants 

resides in the interior of the micelle and sets up a hydrophobic core. Previous studies have shown that, in 

comparison with electrochemistry in organic solvents, electrochemistry in micelles is a low cost and low 

toxic approach, with other advantages including the solubilization of organics and biomolecules, 

stabilization or destabilization of reactive intermediates, control of reaction pathways and enhancement of 

rates of mediated reactions.[5] 

In this work, we demonstrated that the electrode modified with a highly ordered and highly aligned binary 

assembly of silica mesochannels and micelles (BASMM) could be facilely prepared and utilized for 

extraction /preconcentration and sensitive detection of trace nitroaromatic compounds, such as explosives, 

oganophosphate pesticides, antibotics, and pollutants. As shown in Fig 1, silica mesochannels vertically 

aligned on the indium tin oxide (ITO) electrode function as the hard and robust supports to confine the soft 

cylindrical micelles formed by the organized assembly of surfactant molecules, namely 

cetyltrimethylammonium bromide. The ensemble of highly ordered cylindrical surfactant micelles can then 

act as adsorbents to rapidly extract and concentrate trace nitroaromatic compounds from water via the 

hydrophobic effect. Furthermore, the mass transport of extracted compounds to the underlying ITO 

electrode and the subsequent reduction at the electrode surface were effective, allowing the quantitative 

determination by means of voltammetric current. 

 
Fig.1 Illustration of the extraction and electrochemical analysis of nitroaromatic compounds at the BASMM/ITO electrode. 
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Electrochemistry has been employed for the quantification of functionalized gold nanoparticles in nanoscale 

domain. Ferrocene being a potential anti-cancer agent, is active by causing oxidational damage to DNA. 

Unfortunately, it is practically insoluble in water, which makes its delivery to the site of activity very difficult 

within a biological environment. Here we demonstrate that thiol-modified ferrocene (Fc-SH) is readily 

solubilised when attached to highly water-soluble mercaptoalkyl-oligoethylenegylcol (PEG) gold 

nanoparticles (AuNPs). Importantly, it retains its redox activity under these conditions as observed by 

electrochemical studies. The functionalized gold nanoparticles have been successfully quantified by 

employing electrochemical techniques. Cyclic voltammetry has extensively been used for monitoring the 

adsorptive and diffusion studies of functionalized gold nanoparticles.  
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Ionic liquids (ILs) are known as environmentally friendly organic reagent because of their unique 

properties such as negligible vapor pressure, high electrochemical and thermal stability, high ionic 

conductivity, and wide potential window [1]. Poly (3, 4-ethylenedioxythiophene) (PEDOT) is one of the 

most promising conducting polymers, which has been widely used in various electrochemical devices due 

to its unique properties including high inherent conductivity, narrow electronic bandgap, and 

biocompatibility [2, 3]. To combine the excellent properties of these two types of materials, we prepared 

PEDOT nanocomposite doped with ionic liquid. The composite material exhibits a nanoporous structure 

and it is electrochemically highly stable – there is no significant change after 10,000 cycles’ electrical 

stimulation. Through a special design of the three-electrode system, the consumption of the expensive 

insoluble ionic liquid can be greatly reduced (save more than 98% of the ionic liquid used by conventional 

experiments). The prepared PEDOT/IL composite was found to be highly conductive, and it exhibited 

excellent electrocatalytic activity toward the oxidation of dopamine (DA). Moreover, owing to its unique 

surface structure and property, the PEDOT/IL composite shows excellent antifouling ability, and it may be 

used for the development of promising antifouling sensors and biosensors.  
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Fig.1 SEM images of the PEDOT/IL 

nanocomposite with a lower (A) and 

higher magnification (B). 

Fig.2 The charge storage capacity of the PEDOT/IL 

modified GCE after different CV cycles measured in 

PBS (0.2 M, pH 7.4) between -0.2 V and 0.5 V at a 

scan rate of 100mVs-1 (B). Inset A, CV responses of 

the PEDOT/IL/GCE in PBS (0.2 M, pH 7.4) at 

different CV cycles between -0.2 V and 0.5 V at a 

scan rate of 100mV s-1. 
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Graphene’s unique structural elements, including being a single-atom thick, two-dimensional and 

extensively conjugated, endow graphene with advantageous high surface area, good biocompatibility, 

strong mechanical strength, excellent thermal conductivity and fast electron transportation thermal 

properties, which enhance its potential for application in fabrication of electronic devices, sensors, energy 

storage devices, heat dissipation materials and drug delivery. In this presentation, we will report on the 

preparation, application and commercialization of graphene in our group. Reduction of graphite oxide, 

ball-milling of graphite, chemical vapor deposition (CVD) method and matrix-assisted exfoliation of 

graphite are utilized by us and we also obtain graphene nanodots via ion beam sputtering deposition (IBSD) 

[1, 2]. For example, uniform three-dimensional (3-D) graphene nanodots-encaged porous gold electrode 

can be prepared via IBSD technique and mild corrosion chemistry for efficient enzyme electrode 

fabrication. Enzymes, like glucose oxidase and catalase, were modified with pyrene functionalities and then 

loaded into the graphene nanodots encaged porous gold electrode via non-covalent π-π stacking interaction 

between pyrene and graphene (Fig. 1a). As shown in Fig.1b, the highly oriented pyrolytic graphite (HOPG) 

electrodes was modified with pyrene-functionalized biotin (PFB), via π–π stacking, and ethylene glycol 

antifouling molecules, via covalent bonding, for detection of streptavidin. However, there are still many 

challenges in graphene production and commercialization. The difficulty to overcome is its irreversible 

aggregation. However, via self-developed special oxidation-deduction process the large-scale production of 

graphene was realized in Huagao Energy Technology Co. Ltd. A number of commercial graphene products 

such as graphene powder, graphene dispersion, graphene quantum dots, graphene/polymer composites, 

graphene papers and graphene composites apparatus are on sale. 
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Fig. 1 (a) Schematic of fabricated graphene nanodots-encaged porous gold electrode for enzyme fabrication via π-π 

stacking interaction between graphene and the pyrene surface groups modified on the enzyme. (b) Schematic diagram of 

the modification of biotin with pyrene (PFB) and the subsequent immobilization on HOPG electrode for streptavidin 

detection via reversible π-π stacking process. 
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In last two years, we continued to bring nanotechnology and molecular biological technology into the design 

of electrochemical biosensing strategies, which led to a series of amplified methods for sensitive detection of 

DNA and protein.  

Two porphyrin-encapsulated metal-organic frameworks were used as electrochemical catalytic probes to 

couple with the designed molecular switches for electrochemical DNA sensing.
1a,b

 With gold nanoparticle 

catalyzed silver deposition and surface circular strand-replacement polymerization, a DNA detection method 

was proposed.
1c

 Two electrochemiluminescent DNA sensors were designed by using carbon nitride 

nanosheet as emitter for loading of hemin labeled single-stranded DNA and hybridization with a molecular 

beacon to form hemin/G-quadruplex architecture for signal inhibition.
1d,e

 The photoelectrochemical 

platforms with quantum dot-functionalized porous ZnO nanosheets and catalytic hairpin 

assembly-programmed porphyrin-DNA complex were also developed for DNA detection.
1f,g

 A highly 

selective detection method for microRNA was presented based on distance-dependent 

electrochemiluminescence resonance energy transfer between CdTe nanocrystals and Au nanoclusters.
2
 

Four electrochemical immunoassay methods for detection small molecules and tumor markers were 

developed by nanostructure assembly of host-guest linked gold nanorod superstructure,
3a

 

β-cyclodextrin-functionalized AuPd bimetallic nanoprobe,
3b

 platinum nanodendrite functionalized graphene 

nanosheets,
3c

 and nanogold/mesoporous carbon foam-mediated silver.
3d

 Three ultrasensitive immunoassay 

based on electrochemiluminescent quenching of quantum dots along with new quenching mechanisms were 

designed.
4
 More recently, three ratiometric electrochemical proximity assay methods for sensitive one-step 

protein detection was proposed.
5a,b,c

 And an amplified electrochemical immunosensing method for protein 

biomarker was developed through target-driven triple-binding formation of MNAzyme.
5d
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Today more than several hundred million people suffer from diabetes and for them a routine determination of 

glucose levels in blood, often several times a day, is an important task. This has been made possible due to the 

glucose biosensor, introduced more than 50 years ago by Clark and others. Biosensors have seen rapid 

progress since then, although the glucose biosensor remains the most prominent. Today there are several 

journals that are specifically devoted to this area and the number of publications in this area have grown 

exponentially. 

Today there are hundreds of metabolites that can be detected and quantified using biosensors and new 

biosensors for new metabolites are being reported on a regular basis. Some are based on classical 

amperometric technology but many innovative technologies are routinely seen. One technique that appears 

very promising in the author's opinion is the impedimetric technique that is slowly gaining ground. Although 

the instrumentation is more complex (compared to simple amperometric setup), the information obtained is 

more comprehensive. However, analysis and interpretation of the results is not straightforward and a model 

(even as simple as the classical Randles cell model) is often useful. 

Impedance measurements depend on the simple principle that as the ligand binds to the electrode surface (to 

the relevant biorecognition molecule present on the electrode) the double layer capacitance and the parallel 

resistance (the electrode characteristics) gets modified. Therefore all the processes taking place close to the 

double layer (but not in the bulk) are good candidates for monitoring. In impedance studies, we often apply a 

bias potential and this too affects the thickness of the double layer and the sensitivity of the measurements. In 

addition, we use a variable frequency alternating potential (small amplitude excitation signal) and the 

frequency of this modulation signal is another parameter that need to be optimized. 

We see a great deal of potential for future biosensors in disease management- both in diagnostics and early 

detection. Biologists are routinely coming up with new marker molecules (many of them are proteins) that 

appear during the onset of a particular disease. Most of these markers (proteins) are often present in so low 

concentrations that detection and quantification is difficult, if not impossible. Many conventional kits use 

ELISA (Enzyme-Linked-Immune-Sorbent-Assay) and that is one area that can be adapted for impedance 

based biosensors (with considerable simplification and cost reduction). 

Miniaturization of biosensors is going to be another interesting area in future research. Faster response and 

better signal to noise (contrary to expectation) are going to be the key benefits of size reduction. To improve 

the protein to ligand ratio, one need to adopt a flow system in which a rather large sample (say 500 μl) is 

slowly moved across the biorecognition element of the biosensor thereby improving the signal strength. 

Although many reports today are based on nanoparticle (or nanorods or nanofibres) based biosensors, the 

physical reduction in size of the overall electrode is not widely reported. Biosensors based on the microarray 

philosopy are not yet common. 

We shall also see a large number of biosensors being marketed as an array of 2/3/4 sensors, each with a 

distinct recognition pattern. Such an array will be very useful in early detection of diseases in which 2/3/4 

different marker molecules are assayed together. Such sensor arrays will be also useful in coinfection studies- 

both in research and diagnostics. 

We shall detail each of these aspects in the presentation. 
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DNA-based signal amplification methods [1], particularly those using multiple cycles of catalyzed DNA 

strand displacement and elongation [2], have been well developed for the sensitive detection of biomarker 

proteins [3]. However, such methods have not yet been extensively applied in the analysis of complicated 

bio-samples. One main reason is due to the fact that each of the many DNA cycling steps requires a different 

set of enzymes or even different buffer systems, so that the interference of the bio-sample can influence each 

step and the total interference is enough to negate the designed effect of amplification. To eliminate the 

interference while retaining the original effect of amplification, the multiple cycles should be coupled 

together, thereby making it possible to catalyze all DNA cycles by the same set of enzymes in a single 

amplification step. So, in this work, we have proposed a novel strategy for the detection of proteins based on 

the integration of three signal amplification reactions via sharing a specially designed DNA sequence. In this 

strategy (Scheme 1), the shared-sequence is firstly designed to be enclosed in a hairpin probe named as HP1. 

In the presence of the target protein, it will interact with the target, since the probe is also designed to have the 

aptamer sequence of the target protein, thus the shared-DNA is exposed. Then, the HP1 probe binds with 

another hairpin probe named as HP2, and subsequently the conformation of HP2 is rearranged to initiate a 

strand displacement reaction. Consequently, the shared-sequence is replaced and released to trigger more 

amplification cycles. In the meantime, more and more copies of the shared-sequence are generated as the 

successive triggers for the similar amplification reactions. As a result, three signal amplification reactions are 

integrated and performed simultaneously by using the same set of nicking enzyme and polymerase, all of 

which are due to the presence of the target protein. Meanwhile, a great number of signaling strands can be 

generated, thus lots of silver nanoclusters can be obtained based on the previous reports [4]. Therefore, 

remarkable signal readout can be achieved for the detection of the target protein by using electrochemical and 

fluorescent measurements. 

 

 
Scheme 1. Principle of the proposed TNF-α assay. Not drawn to scale. 
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The greatly simplified one-step amplification can not only enable the detection of trace concentrations of 

target analytes, but also effectively reduce the chance of interference from the serum sample. In this study, 

our strategy is exemplified by human tumor necrosis factor-alpha (TNF-α), high serum level of which is often 

correlated with more advanced tumor stage and shorter survival time as well as poor prognosis [5]. 

Experimental results reveal that our method may enable highly sensitive (limit of detection: 1 pg/ml) and 

specific analysis of TNF-α. Moreover, the developed method has been employed to analyze the TNF-α from 

the serum samples of ovarian cancer patients, which is closely parallel with the progress of the disease, 

indicating potential clinical application of this approach as a reference for the diagnosis and prognosis of 

ovarian cancer patients [6,7]. 

Acknowledgement 

This work is supported by the National Natural Science Foundation of China (Grant No. 21235003). 

References 
1. X. Liu, R. Aizen, R. Freeman, O. Yehezkeli and I. Willner, ACS nano, 6, 3553-3563 (2012). 

2. R. Deng, L. Tang, Q. Tian, Y. Wang, L. Lin and J. Li, Angew.Chem. Int. Edit., 53, 2389-2393.(2014) 

3. E. Stern, A. Vacic, N. K. Rajan, J. M. Criscione, J. Park, B. R. Ilic, D. J. Mooney, M. A. Reed and T. M. Fahmy, Nat. 

Nanotechnol., 5, 138-142 (2010). 

4. L. Zhang, J. Zhu, S. Guo, T. Li, J. Li and E. Wang, J. Am. Chem. Soc., 135, 2403-2406 (2013). 

5. S. I. Grivennikov, F. R. Greten and M. Karin, Cell, 140, 883-899 (2010). 

6. G. Li and P. Miao, “Electrochemical Analysis of Proteins and Cells”, Springer, Berlin, Germany (2013). 

7. Y. Cao and G. Li, “Engineering Aptamers for Biomedical Applications: Part I”, in “Engineering in Translational 

Medicine”, Edited by Weibo Cai, pp. 397-426, Springer-Verlag London (2014). 

 



15th ISEAC 

 
- 102 - 

Specific recognition of target proteins by artificial antibodies 

Senwu LI, Kaiguang YANG, Yuanbo CHEN, Lihua ZHANG*, Yukui ZHANG 

Key Laboratory of Separation Science for Analytical Chemistry, Dalian Institute of 

Chemical Physics, Chinese Academy of Sciences, Dalian 116023, China 
*E-mail: lihuazhang@dicp.ac.cn 

The specific recognition of target proteins have attracted much attention in various fields, such as clinical 

diagnosis, environmental monitoring, and food safety. Although immunoassay has been widely used, the 

stability, robustness and cost is still challenged by the nature of antibodies. Furthermore, it is impossible to 

obtain any antibody we need, especially for proteins with weak immunogenicity or biotoxicity. Therefore, in 

our recently work, based on the aptamer and molecular imprinting technique, two categories of artificial 

antibodies have been developed to achieve the specific recognition of target proteins.  

Thrombin aptamers were immobilized on different matrix materials, including GO-Au nanocomposites, 

organic-inorganic hybrid silica monolithic capillary column, and polymer monolithic capillary column, 

which were further applied in the capture of histone and thrombin in cell lines and human plasma. With 

advantages of high apatemer immobilization density and decreased non-specific adsorption, these artificial 

antibody materials displayed not only good selectivity, but also high binding capacity and recovery toward 

the target protein.  

Furthermore, three generations of protein imprinted materials were developed as the artificial antibodies for 

protein capture, including 3-D imprinting of proteins, 2-D impriting of proteins with the combination of 

metal-coordination, and the imprinting of various epitope simutaneously, which were successfully applied in 

the recognition of target proteins in human plasma.  

In conclusion, the above mentioned studies indicate that artificial antibody materials might have great 

promising in the specific recognition of target proteins. 
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Immunosensor, based on the binding event between antibody and antigen, have been obtained tremendous 

attaintions in the past decades because it is one of the important analytical tools for the analysis of disease 

related substances, especially for tumor marker determination
1
. For the construction of immunosensors, 

labels including enzymes, probes, and et al. are usually used to improve the assay performances. The 

label-type immunosensors have some advantages such as high sensitivity and cost-effective, however, they 

usually involve relatively complex procedures, for example, the washing and separation steps. In contrast, the 

label-free immunosensors can be prepared via direct detection of antibody-antigen interaction. This 

immunosensor has become a remarkable analytical tool as a result of its simple preparation, fast detection, 

relatively high sensitivity, and low cost
2-3

. Organic electrochemical transistors (OECTs), as an interesting 

class of organic thin film transistors, have been extensively studied for the applications in sensors, especially 

in the biosensors, due to their low operating voltages, simplified structure, the ability to operate in aqueous 

environments, the intrinsic property of singal amplification, and good biocompatibility
4-5

. In this work, we 

reported a simple and highly sensitive label-free immunosensor (carcinoembryonic antigen, CEA, as a model 

case) based on OECTs. The patterned carbon source and drain electrodes were prepared on the surface of 

polyethylene terephthalate (PET) substrates by screen-printing method using conductive carbon ink. A 

PEDOT:PSS layer was then spin coated on top of PET substrate and patterned source and drain electrodes, 

followed by thermal annealing at 150 
o
C for one hour in N2 atmosphere. The BSA/CEA 

antibody/4-carboxyphenyldiazonium (COOH-PD)/GC electrodes were used as the gate electrodes of the 

PEDOT:PSS-based OECTs. The CEA antibody was covalently immobilized onto the COOH-PD/GC 

electrodes by amidation reaction using EDC and NHS as coupling reagents. The prepared OECTs showed 

good output characteristics. The determination of CEA was based on the direct reaction between the CEA 

antibody and antigen, which resulted in decrease of source-drain current (Ids). Under the optimized conditions, 

the OECTs-based CEA immunosensor exhibited good sensitivity and selectivity for CEA detection. The 

observed limit of detection was 1 ng L
-1

. Many other label-free immunosensors can be developed based on 

the same principle and therefore, found broader applications in sensitive detection of proteins or other 

substances. 

 

Fig.1 Scheme demonstrating the principle of OECTs-based CEA immunosensor. 
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Ochratoxin A (OTA) is a major mycotoxin produced mainly by these two genera Aspergillus and Penicillium 

[1] which occurs in a wide variety of food commodities such as cocoa, coffee leaves, wheat, ground nuts etc 

[2]. The increasing awareness about OTA contamination in various food and food product demands suitable 

high-performing detection techniques for quality check. Herein, we propose various biosensing 

methodologies for OTA detection in different matrices such as cocoa, wine and beer samples. In this work, 

we propose a sensitive OTA detection in cocoa beans using competitive aptasensor using differential pulse 

voltammetry (DPV). In the proposed method, free OTA competed with biotin labeled OTA for the binding to 

DNA aptamer immobilized onto the surface of a screen printed carbon electrode (SPCE), and binding 

percentage was calculated. The electrochemical detection was performed through a suitable substrate 

1-naphthyl phosphate (1-NP), for the enzyme alkaline phosphatase (ALP). The cocoa samples were extracted 

and purified using molecular imprinted polymer (MIP) columns specifically designed for OTA. The 

developed aptasensor showed a good linear response in the range 0.15-5 ng/mL with the low limit of 

detection (LOD) 0.05 ng/ml with 3% relative standard deviation (RSD). In another approach, we have 

developed an impedimetric aptasensor using amino modified aptamers. The results were significant and cross 

validated using conventional technique HPLC. We have also developed a click chemistry based fast detection 

method for OTA in beer samples using azido modified aptamers with LOD of 0.25 ng/ml. The developed 

work can be extended to real matrix at field level with possible miniaturization. 
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Surface-enhanced Raman scattering (SERS) has become one of the most valuable tools in chemistry, 

biology, and materials science, mainly because of the ultrahigh sensitivity, rich molecular structural 

information, and tremendous multiplexing capabilities of Raman spectroscopy.
1
 In particular, by 

integrating the extremely strong Raman enhancement of metallic substrates and the highly specific 

recognition ability of biomolecules, SERS has been used to create many novel bioanalytical tools, such as 

DNA sequence detection,
 
protein assay, and bacterial or pathogen identification.

2-3
 In the recent years, we 

aim to develop SERS amplification assays of nucleic acids and proteins with triplex-molecular switch, 

which include:1) Combing with DNA nanomchine to construct reversible and regenerable SERS-active 

substrate, and ultrasensitive biomolecules sensing can be attained.
4
 2) Combing with DNA assembly, such 

as DNA hybrid chain reaction, to quantify multiple target analytes, including microRNA, thrombin, 

adenosine and even cancer cells.
5-6 

2) Combing with nanomaterials, such as single-walled carbon nanotube, 

to achieve microRNA and ATP detection.
7
 3) Combing with ions-mediated cascade amplification, such as 

using Ag
+
 as linkage agent to control the gaps between neighboring 4-aminobenzenethiol (4-ABT) encoded 

gold nanoparticles (AuNPs@4-ABT) to form “hot-spot”, thus realize single nucleotide polymorphism and 

telomerase detection.
8
 These new SERS amplification assays might open up new opportunities in the 

application of functional nucleic acid in biosensing. The generality of these approaches could be 

demonstrated with different types of targets, such as metal ions, organic molecules, DNA, proteins, and 

cells. 
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Aptamers are single-stranded oligonucleotides that can bind different types of targets, such as small 

molecules, proteins, cells, and even tissues, with high affinity and specificity. Their robustness, ease of 

synthesis and modification, high stability, as well as low immunogenesis are some of the defining properties 

that make aptamers desirable diagnostic and biosensing tools. Therefore, the aptamer probes have found their 

wide applications in bioanalysis and biomedicine, including biosensing, biomarker discovery, drug screening, 

targeted delivery, gene regulation and disease diagnosis. In this talk, I will present some recent progress from 

our group on nucleic acid aptamer selection, optimization, structure modification and their applications in 

bioanalysis and biomedicine  

 
Fig. 1. Selection, optimization, structure modification of functional nucleic acids and their applications in biomedicine. 
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The development of highly sensitive and specific biosensor for biomolecules (nucleic acids, proteins, 

enzymes, cancer cells, small molecules, metal ions, and so on) recognition and detection plays important 

roles in clinical diagnostics, therapy and biomedical development. The two essential components required for 

biosensor technology are target recognition and signal transduction. For target recognition, high affinity (low 

detection limit), high specificity (negligible interference), broad linearity range, fast response time and 

excellent universality are requied. For signal transduction, it needs convert target recogniton events into 

detectable signals, such as fluorescence, colorimetry, and electrochemical signal. DNA as genetic marker 

participates in many biological functions, including but not limit to storing and decoding genetic information. 

Moreover, functional DNA with different modifications is good candidate material for biosenors due to its 

excellent target recognition and signal transduction capability. Our group developed various fluorecnent 

biosensors with high sensitivity and selectivity for nucleic acids, proteins, enzymes activity, cancer cells, 

small molecules, metal ions detection based on functional DNA, which was desighed with specific 

recognition elements (nucleic acid aptamers, specific reactions between enzymes and DNA, 

toehold-mediated strand displacement reactions) and effitient signal transduction modes 

(strand-displacement amplification, rolling circle amplification, catalytic hairpin assembly and DNA 

machines). These new methods and strategies provide potential sensitive quantification tools for clinical 

diagnostics, therapy and biomedical development. 
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Stem-loop folded deoxyribonucleic acids, or simply “hairpin DNA,”exhibit versatility when used to 

determine significant genetic sequences by virtue of their high thermodynamic stability and specifcity for 

recognizing characteristic sequences of DNA/RNA fragments. We thus intended to utilize hairpin DNA to 

develop a novel strategy coupling DNA structural switches with an enzymatic cascade reaction for the 

specific and sensitive identification of dual target nucleic acid sequences. This sensing platform has been 

subsequently employed for the subtyping of influenza viruses through simultaneous identification of 

hemagglutinin (HA) and neuraminidase (NA). Combining hairpin DNA with enzymatic processing, this 

bioelectrochemical genosensor is capable of rapid and decisive identification without potential personal 

errors made in data interpretation. Our results reveal the feasibility of using the proposed scheme as a 

high-fidelity screening platform for the specific subtyping of influenza viruses [(e.g., 

A/duck/Taiwan/DV30-2/2005 (H5N2)]. Moreover, this genosensor features accurate and reliable 

functionality for the analysis of unpurified amplicons generated from the genuine viral genome. This 

platform holds great promise for use as a sophisticated molecular diagnostics tool against variable influenza 

viruses. 
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Fig.1 Construction of a structure-controllable, enzyme-processed 

bioelectrochemical genosensor for influenza virus subtyping. (A) 

Schematic representation of the design, leveraging an individual 

hairpin DNA for concurrent analysis of a HA-specific gene 

(gHA) and NA-specific gene (gNA), yielding a digital 

interpretation after cooperative biocatalytic processing. (B) 

Envisioned configurations for the scenarios in which hairpin 

DNA is treated with (a) both gHA and gNA, (b) gNA alone, (c) 

gHA alone, and (d) neither gHA nor gNA. 
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Synthetic nanopores have gained considerable attention of scientific community because of their potential 

applications such as biosensing platforms, DNA sequencing, drug delivery, and mimicry of biological ion 

channels [1]. Among various artifical nanopore materials, glass conical nanopore possessed advantages 

including facile and inexpensive preparation, compactness, and mechanical robustness .  

We have integrated various functional materials, such as polymers [2] and natural macromolecules [3], into 

glass conical nanopore systems, tuning the ionic transport properties according to the external stimulus. We 

covalently modified a smart homopolymer Poly [2-(dimethylamino) ethyl methacrylate] (PDMAEMA) into 

a glass conical nanopore channel, achieving a dual-stimuli-actuated highly efficient ion gating. In addition, a 

copolymer PDMAEMA-co-[4-vinylphenylboronic acid], which can undergo pH, temperature, and sugar 

induced conformational transitions, was introduced into a single glass conical nanopore, realizing smart 

tri-stimuli responsive ion transport. 

In this presentation, we will emphasis nanobiosensing platforms based on single glass conical nanopore via 

introducing different recognized sites, such as phenylboronic acid [4] and DNA aptamers [5]. Previously, we 

demonstrated a smart robust nanodevice that rectifies the ion current in response to sugar stimulation by 

immobilizing 4-carboxyphenylboronic acid onto the single glass conical nanopore surface [3]. This smart 

robust nanodevice showed excellent sugar responsive capacity with the swich between the non-rectifing and 

rectifing states of the ion transport properties. Just recently, we have reported a nanopore-based aptasensor 

for protein detection using single glass conical nanopore [4]. This sensing strategy was realized by 

performing aptamer-protein conjugation inside a nanoscale pore, which induced surface charge 

neutralization and thus led to the change of ion current rectification. Furthermore, we achieved the 

conformation and surface charge co-modulated ion transport inside a synthetic nanopore by integrating an 

ATP binding aptamer (ABA), which underwent ATP-induced both conformational and surface charge 

transition, into a single glass conical nanopore channel to imitate the ATP activating function of biological 

ion channels and create an ultrasensitive biosensing platform for the detection of ATP. These biomimetic ion 

channels not only help us understand better how mass transport works inside biological ion channels but also 

provide tools for real-world applications in the development of sensitive and precise nanobiosensors. 
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Nanopore technology as a label-free and amplification-free single molecules detection technique is being 

intensively developed. Nanopore is used to identify and characterize analyte according to the ionic current 

modulations induced by a molecule passing through nanopore at an applied transmembrane voltage
1
. The 

nanopore-based single-molecule technology has been employed in various analytical detections including 

DNA/RNA
2
, metal ions

3
, small organic molecules

4
, peptides

5
, protein

6
 and biomarkers

7
. The ultrafast 

ssDNA translocation speed (1~20 µs/base) is one of utmost importance difficulties for DNA sequencing, 

which requires a commercial instrucment at extremely high bandwidth. Here, we used 

tetramethylammonium chloride (TMA-Cl), instead of KCl, as a novel electrolyte for nanopore DNA 

analysis (Figure 1). The result showed that TMA-Cl could be used as a DNA brake pad for DNA detection 

and discrimination: (1) Mean dwell time (τoff) for poly (dA)25 and poly (dT)25 DNA in TMA-Cl is nearly 

three times compared with KCl (Figure 2); (2) The translocation time of ssDNA in nanopore increased with 

increasing TMA-Cl concentration. Mean dwell time of poly(dA)25 was about 1:1.5:2.8:5.3 for 0.5 M/1 M/2 

M/4 M TMA-Cl (Figure 3), which was much longer than that in KCl; (3) In high concentration (4 M) of 

TMA-Cl, we could discriminate between poly(dA)25, poly(dC)25, poly(dT)25 without any complex method 

at +60 mV (Figure 4). TMA-Cl as a new electrolyte for single molecule detection, provided a high time 

resolution detection system and would become a potential electrolyte in DNA sequencing. 
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Fig.1 ssDNA translocation through α-HL (wild-type) protein nanopore in TMA-Cl. 

Fig.2 Single channel current traces of poly(dA)25 in 1M KCl and 1 M TMA-Cl (left) and their corresponding scatter 

plot (right) of I/I0 vs dwell time. 
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Fig.3 Example current recordings for poly(dA)25 in 1M 

KCl and 0.5 M, 1 M, 2 M, 4 M TMA-Cl. 
Fig.4 The histogram of the logarithmically binned dwell 

time for poly(dA)25, poly(dC)25, and poly(dT)25 in 4 M 

TMA-Cl at +60 mV. 
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Vibrational circular dichroism (VCD) is a powerful tool for the determination of absolute configuration and 

conformation of a (chiral) molecule. However, the differences in absorption are extremely low, typically 10
-5

 

of the parent absorption. We have shown that different redox states of the same compound can exhibit 

enhancement of the VCD signal by an order of magnitude. This intensity-enhancement in VCD signal arising 

from electrochemically generated low-lying electronic states should be a general phenomenon in organic 

compounds. As such, electrochemical VCD can be a valuable tool for amplifying signals in molecules that 

have small VCD amplitudes, or that can be studied only at low concentrations. Furthermore, extension of this 

idea to the addition of a redox centre at specific part of a molecule allows a VCD probe of local environment. 

This electrochemically switchable VCD amplification is an amazing addition to the chemist’s arsenal of 

techniques for the determination of chiral geometry. To conduct these extraordinary measurements, a new 

spectroelectrochemical cell has been introduced that contains a locally extended optical path to enhance the 

IR absorption. 

In other recent novel applications, we have employed more conventional transmission cells with an 

epifluorescence microscope to probe redox switching of fluorescence and explore charge transfer quenching 

processes. An air-tight low-temperature thin-layer optically transparent electrochemical (OTTLE) cell of a 

new design based on an affordable commercial cryostat was utilized together with ultra-fast IR spectroscopy 

to explore the photochemical and electrochemical mechanisms of dinitrogen release from the high-energy 

material arylpentazole. We have also explored functional hydrogenase mimics using combination of 

spectro-electrochemistry and ultrafast UV and IR spectroscopy. The realm of spectro-electrochemistry has 

recently been extended with OTTLE cells adapted for aggressive compounds and the far-IR region and with 

novel OTTLE cells equipped with semiconductor working electrodes suited for chemisorbed redox active 

compounds and spectroelectrochemistry at interphases.  
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Photoelectrochemical biosensing is a new kind of biosensor technique, which is developed on the 

combination of photoelectrochemical process and specific biorecognition. As it has exciting features of 

simple equipments, low cost, easy miniaturization, low background signal and excellent sensitivity, 

photoelectrochemical biosensing has attracted growing research interests and obtained a rapid development 

in recent years. To date, many different kinds of photoelectrochemical biosensors such as immunosensor, 

enzyme biosensor, DNA biosensor and cells biosensor were successfully developed. Among them, DNA 

biosensor is most popular and has been widely studied. Herein, we have constructed two types of enhanced 

photoelectrochemical DNA biosensors by employing semiconductor quantum dots as the main photoactive 

materials. And the descriptions are as follows. 

TiO2/CdS:Mn hybrid structure was prepared by successive adsorption and reaction of Cd
2+

/Mn
2+

 and S
2−

 ions 

on the surface of TiO2 film and then was employed as photoelectrochemical matrix for immobilization of 

hairpin DNA probe, whereas large-sized CdTe-COOH QDs and small-sized CdTe-NH2 QDs as signal 

amplification elements were successively labeled on the terminal of hairpin DNA probe. In the absence of 

target DNA, the immobilized DNA probe was in hairpin form and the anchored different sizes of 

CdTe-COOH and CdTe-NH2 QDs were close to the TiO2/CdS:Mn electrode surface, which lead to a very 

strong photocurrent intensity because of the formation of the cosensitized structure. However, in the presence 

of target DNA, the hairpin DNA probe hybridized with target DNA and changed into a rod-like double helix, 

which forced the multi-anchored CdTe QDs away from the TiO2/CdS:Mn electrode surface, resulting in 

significantly decreased photocurrent intensity because of the vanished cosensitization effect. By using this 

cosensitization signal amplification strategy, the designed DNA bioassay exhibited ultrahigh sensitivity and 

good selectivity, and it also opened up a new promising platform to detect various DNA targets at ultralow 

levels for early diagnoses of different diseases. 

TiO2 nanotubes (TiO2-NTs) was prepared by anodic oxidation of a pure titanium sheet, and then was doped 

with N element to form N-doped TiO2-NTs (TiO2:N-NTs). CdSeTe alloy quantum dots (AQDs) as energy 

donors were assembled onto the TiO2:N-NTs by layer-by-layer method to form TiO2:N-NTs/CdSeTe 

electrode and was employed as photoelectrochemical matrix for immobilization of NH2-DNA. SiO2@Au 

nanocomposites (NCs) as energy acceptors were labeled on the terminal of SH-DNA and were immobilized 

on the electrode via DNA hybridization reaction between NH2-DNA and thrombin aptamer as well as 

thrombin aptamer and SH-DNA. In the absence of thrombin, high-efficient exciton energy transfer between 

CdSeTe AQDs and SiO2@Au NCs occurred, resulting in significantly decreased photocurrent intensity. 

While in the presence of thrombin, thrombin aptamer specifically bound with thrombin and the meanwhile 

the SiO2@Au/SH-DNA was released from the electrode surface, leading to destroyed exciton energy transfer 

and evidently recovered photocurrent intensity. On the basis of the proposed aptasensing platform, the 

aptasensor exhibited high sensitivity and good selectivity for thrombin detection. As different aptamers could 

specific recognize different biomolecules, the well-established photoelectrochemical aptasensing platform 

has a universal and promising application in various bioanalysis. 
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We realized an on-chip graphene oxide (GO) aptasensor by building an original protein detection system (Fig. 

1). Here, GO behaves as an efficient acceptor for fluorescence resonance energy transfer (FRET) over the 

entire visible wavelength region. GO works simultaneously as a strong adsorbate for single-stranded DNAs 

(ssDNA) such as aptamers via a π-π interaction in the sp2domain. In our system, the GO surface is modified 

with a pyrene-aptamer-dye probe. The segments work as a linker to the GO surface, a protein recognition part, 

and a fluorescence detection tag [1]. The system allows us to perform molecular detection on a solid surface, 

which constitutes a powerful tool for realizing an on-chip sensor. In this paper, we review our recent 

achievements using the on-chip graphene aptasensor for protein detection, which include  

1) the simultaneous detection of multiple target molecules on a single chip [2] and 2) the molecular design of 

a probe for enhancing the sensitivity of the GO aptasensor [3, 4]. We also demonstrate 3) protein detection by 

replacing GO with graphene, which enables us to obtain 100% surface coverage with a continuous sp2 

carbon single layer, on the same platform.1) Multichannel linear-array for multiple protein detection A merit 

of using an on-chip sensor is that it enables us to realize a parallel analysis system such as array sensors. This 

allows us to undertake a quantitative comparison of different samples by forming a multichannel 

configuration and/or a micropattern with the probes.  We fabricated a 2×3 linear-array GO aptasensor by 

using two different aptamers for different targets, namely thrombin and prostate specific antigen (PSA), 

which were labeled with red fluorescent TAMRA and green fluorescent FAM, respectively (Fig. 2). Before 

making the array sensor, we confirmed the versatility of the on-chip GO aptasensor by the detection of three 

different proteins, namely, thrombin, PSA, and hemagglutinin, simply by changing the aptamers but retaining 

the same sensor composition. We used a confocal laser scanning microscope to measure the fluorescence 

image of this sensor after injecting thrombin and PSA solutions into the top and bottom microchannels, 

respectively. Bright fluorescence was only observed in the areas where we assumed that the correct 

aptamer-target pair had been formed. The simultaneous detection of multiple target molecules on a single 

chip was successfully demonstrated [2]. 

 2) Molecular design for enhanced sensitivity The most interesting feature of aptasensors is that we can 

design and construct various kinds of biomolecular probes by incorporating additional functions with an 

aptamer. We can improve the sensitivity of an on-chip GO aptasensor by modifying an aptamer with an 

ssDNA spacer (Fig. 3). The strategy was to increase the distance between the fluorescence dye and the GO 

surface, which is crucial for FRET-based sensors, when forming a complex with the target protein.  We 

fabricated a 2×3 linear-array GO aptasensor by using three different probes and introducing ssDNA spacers 

with 0, 10, and 20 thymine segments between the aptamer and the dye. The fluorescence intensity increased 

significantly with increases in the spacer length [3]. The limit for thrombin detection was less 

3) Aptasensor built on continuous single-layer graphene surface In our GO aptasensor, we used a pyrene 

linker that shows a strong affinity with the sp2 domain to immobilize the aptamer. However, the surface area 

of the sp2 domain reached at most 50% that of a GO flake. By changing the platform from GO to graphene, 

we can realize a solid surface with a 100% sp2 domain.  

We prepared a PSA aptasensor on a commercially available CVD graphene surface (CVD-G). We confirmed 

that the substrate was almost fully covered with a single layer of graphene by observing optical and 2D 

Raman images before measuring the sensing performance. The fluorescence intensity was initially small (Fig. 

4A), increased steeply after PSA was added (B), and then decreased rapidly as water was added to dilute the 

sample solution (C - E). It is noteworthy that the fluorescence intensity was almost homogeneous in the 

observed area of more than 100 µm ×100 µm. The maximum fluorescence intensity was larger than that of a 

GO aptasensor prepared in the same manner. Thus, we can improve the sensitivity by changing the sensing 

platform from GO to grapheme 
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Photoelectrochemical biosensor based on photonic crystal materials 
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To elucidate the chemical and biological information of life processes and activities, highly sensitive and 

selective determination of molecules of life information is necessary.
1
 In this paper, the photoelectrochemical 

(PEC) biosensors based on photonic crystal would be fabricated, and the new device would increase the 

sensitivity by means of improving the photo-to-electricity conversion efficiency. In addition, to realize the 

PEC determination under visible light, the plasmonic Au nanoparticles would be arched in the photonic 

crystal layer.
2
 The new PEC device would be modified by glucose oxidase and molecular imprinted polymer 

for determining glucose and dopamine respectively. Furthermore, the PEC biosensor would be expanded to 

determine other important molecules of life information, such as protein, nucleic acid and polypeptide. 

 
Fig. 1. Schematic diagram of photonic crystals based photoelectrochemical biosensors. 
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Quantitative single-cell analysis enables the characterization of cellular systems with a level of detail that 

cannot be achieved with ensemble measurement. Nonlinear optical microscopy exploits light−matter inter- 

actions that are intrinsic to, and often specific to, the unique optical properties of chemical compounds and 

structures. I will explore quantitative cellular imaging applications with nonlinear microscopy techniques, 

majorly the coherent Raman scattering and transient absorption. These techniques have demonstrated 

powerful applications in tissue imaging and in vivo diagnostics in which many cells and cell types must be 

interrogated in unison.  

One strategy to achieve high specificity while avoiding large fluorescent molecule labels is to label proteins 

or cellular components of interest with small tags which have distinct vibrational signatures. Deuterium, 

alkyne, and azide, for example, all display a Raman peak in the “silent region” of the spectrum, a spectral 

region in which cells typically do not have any significant Raman peaks. With the use of small chemical tags, 

coherent Raman scattering offers enhanced chemical specificity with minimal perturbation of the system, 

which is important in many current biological research endeavors. 

We also applied the transient absorption microscopy to image nanodiamonds and gold nanorods in live cells. 

The transient absorption signals were monitored through lock-in amplification. This provides a new way of 

observing nanomaterials with no need of fluorescent modification, and with no interference from background 

autofluorescence. 
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Post-translational modification (PTM) is a fundamental mechanism for modulating protein function by 

numerous enzymatic processes. Protein acetylation of histone is an essential PTM mechanism in epigenetic 

modulation of transcription and chromatin structure, and its status is reversibly controlled by histone 

acetyltransferases (HATs) and histone deacetylases (HDACs). Traditional assays generally rely on the 

acetylation-specific antibodies, which are effective but suffer from the cross reactivity, high-cost, and 

batch-to-batch variability of the antibodies. So we have developed a series of antibody-free detection 

methods for acetylation-related enzymes: (1) We have firstly validated the effective suppression of 

carboxylpeptidase Y (CPY) digestion by peptide acetylation and an antibody-free fluorescent nanosensor 

was developed for facile detection of HAT activity based on acetylation protection against CPY cleavage and 

super-quenching ability of core-shell magnetic graphitic nanocapsules (MGN) (Fig. 1); (2) Time-resolved 

luminescence biosensor was established by using guanine-rich DNA-sensitized Tb
3+

 probe for continuous 

detection of acetylation-related enzymes, HATs and HDACs (Fig. 2); (3) We demonstrated for the first time 

that CoA can serves as a special synthesis ligand to prepare biologically functionalized coordination polymer 

(CP) and then a novel fluorescence assay for detection of HAT activity has been proposed via in situ 

generation of nucleic acid-mimicking CoA-Au(I) CP (Fig. 3); (4) Besides CoA-Au(I) CPN, CoA-Ag(I) CP 

was also synthesized and further applied to ultrasensitive electrochemical biosensor for HAT activity 

detection (Fig. 4). 

  
Fig.1 Illustration of the fluorescent biosensor based on 

acetylation protection and nano-quenchers 
Fig.2 Illustration of the luminescent biosensor based 

on guanine-rich ssDNA-sensitized Tb3+ probes 

 
 

Fig.3 Illustration of the fluorescent biosensor based on 

CoA-Au(I) CP stained by SGII 
Fig.4 Illustration of the electrochemical biosensor 

based on CoA-Ag(I) CP and GO 
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In recent years, artificial nanopore-based analytics have emerged as powerful and ultrasensitive platforms for 

single molecule sensing and DNA sequencing [1-2]. Among other artificial nanopores (such as the nanopores 

fabricated on the Si3N4, PI, PET membrane, etc.), glass nanopores have drawn enormous attention because of 

their properties of simplicity of preparation, (orifice) size tunability, repeatability, stability, and their unique 

conical shape [3-4]. To circumvent the shortcoming of glass nanopores in surface modification and to expand 

their realm for biosensing, the introduction of gold film inside the glass nanopipette is therefore attractive and 

is one of the most promising shortcuts to expand the application of glass nanopores due to the 

functionalization and the rich thiol-Au chemistry. Although ultrathin Au-decorated functional single glass 

nanopores with sizes down to a few or tens of nanometers were envisioned to be promising in the nanopore’s 

ultimate usage for single molecule detection and DNA sequencing, attempts so far to deposit a thin and 

smooth Au layer on the inner wall of glass capillary nanopore have not been reported since the glass 

nanopipette has a taper between the orifice and the main shaft, diffusion of the Au plating bath from inside the 

main shaft to the orifice is hindered there. Therefore, new preparation approaches and tactics toward 

high-quality and ultrathin Au films are highly desired and crucial to the field. 

Very recently, we have developed three wet-chemical methods to prepare ultrathin Au-decorated glass 

nanopores via (1) a mild surface-confined enzymatic reaction [5], (2) a simple chemical reduction method [6], 

and a one-step photochemical method [7]. The morphology and components of single glass nanopore before 

and after Au deposition were characterized by transmission electron microscopy (TEM) and 

energy-dispersive X-ray (EDX) analysis, respectively. In particular, electrochemical characterization (ionic 

current rectification, ICR) and the quenching of the quantum dots fluorescence in the nanopore tip zone 

further illustrated that the gold nanofilm was successfully deposited on the inner wall of the single glass 

nanopore. For sensing applications, we used single conical glass nanopores as a model platform to 

systematically investigate the translocation dynamics of SUVs (~ 50−60 nm in diameter) through small 

nanopores with orifice diameters ranging from ~ 14 to 72 nm [8]. We also exploited the Au-decorated glass 

nanopores for the selective nonenzymatic detection of uric acid and especially for serum sample detection 

[6]. 
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Fig.1 Schematic preparation of ultrathin gold-decorated single 

conical glass nanopore by the GOx-catalyzed reduction of 

HAuCl4, and corresponding TEM and elemental mappings of a 

gold-decorated single conical glass nanopore at the tip orifice. 

Fig.2 Schematic illustration of the translocation of the 

SUVs through a single conical glass nanopore and 

corresponding I-t recordings of the SUVs translocation. 
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Ion mobility spectrometry (IMS) and tandem mass spectrometry (tandem MS) are two widely used analytical 

techniques to acquire the structure information of an ion, which is critically important in identifying a 

molecule and understanding its chemical and biological functions. Working at different principles, IMS and 

tandem MS methods could provide complementary ion structure information. While these techniques have 

produced wealthy results, IMS and MS analysis are performed at very different pressure conditions and 

separated devices. With an IMS drift cell typically placed before an MS mass analyzer, it is not easy to use 

IMS to probe structure variations of an ion within the mass analyzer. Furthermore, an IMS operates at a 

relatively high pressure region (>Torr). Ions might experience structural changes when injected into the drift 

region with a medium kinetic energy. With the rapid development of proteomics, there have been increasing 

demands of versatile and/or complementary ion structure analysis techniques. 

Herein, a proof-of-concept study has been conducted to perform ion mobility measurements within a FTICR 

cell [1, 2] and quadrupole ion traps [3] for biomolecules using an efficient time domain data analysis 

technique. Key features of this method also include: maintaining the high resolution nature of FTICR; 

collision cross section and MS measurements can be performed at the same time; minimum or no 

modification of the FTICR instrument. The collision cross section measurements of protein and peptide ions 

have been demonstrated and discussed in this study. The same idea/method also applies to any FT based ion 

trap, quadrupole ion trap and Orbitrap for example. 
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Carbon materials have been widely used as supporting materials in electroanalysis and electrochemistry due 

to their high electronic conductivity and stability. Among the carbon materials, graphene has a unique 

two-dimensional and single-atom thick structure with sp
2
-bonded carbon atoms densely arranged in a 

honeycomb crystal lattice. The structure and properties of graphene well meet the requirements of supports 

and substrates for electrocatalysts and electrochemical sensors [1-3]. First, graphene possesses large specific 

surface area, which is twice of single walled CNTs. Second, graphene has a fully conjugated sp
2
 hybridized 

planar structure, giving rise to ultrahigh electrical conductivity, excellent mechanical properties and high 

thermo-conductivity. Third, graphene with interlayer structure contains lattice defects and functional groups 

which can anchor and immobilize metal nanoparticles on its surface. On the other hand, the properties of 

nanomaterials are strongly dependent on their morphology, especially their exposed surface structure. 

Therefore, graphene-metal (oxides) nanostructured hybrids have attracted much attention in electrocatalysis 

and electroanalysis. This presentation will cover the recent studies conducted in our group regarding the 

design of morphology-controlled metal (oxides) nanomaterials supported on various carbon supports and 

their applications as sensing platforms in gas sensing and electroanalysis. We found that carbon 

nanostructures can serve as a unique template for synthesizing metal (oxides) nanocrystals with well-defined 

structures and excellent properties. [4-7] 
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The fundamental understanding of electrocatalytic process, the core of fuel cell and electrolysis, will be 

greatly beneficial to the fabrication of novel catalyst with high efficiency. However, the process of surface 

electrooxidation is complicated, and conventional characterization techniques for the key intermediates 

identification, adsorbed oxygen species or hydroxyl ions, are still limited by the real-time performance and 

sensitivity.  

Surface-enhanced Raman spectroscopy (SERS) can provide non-destructive and ultra-sensitive 

characterization down to single molecular level. However, it is in principle extremely difficult to directly 

study atomically flat single crystal surfaces that cannot effectively support the strong surface plasmon 

resonance (SPR). Particularly, single crystal surfaces are commonly preferred and used in surface science, 

because of its well-defined surface state and optic field.  

 In 2010, we invented a method called “shell-isolated nanoparticle-enhanced Raman spectroscopy” 

(SHINERS) to open up new avenues in electrochemical interfaces. In SHINERS, Au@SiO2 core-shell 

nanoparticles were rationally designed. The gold core acts as plasmonic antenna and encapsulated by an 

ultra-thin, uniform and pinhole-free silica shell, can provide the high electromagnetic field to enhance the 

Raman signal of molecules at single-crystal surface. The inert silica shell acts as tunnelling barrier prevents 

the core from interacting with the electrochemical environment. 

This method has been applied very recently to several electrochemical systems, such as pyridine adsorbed on 

Au(hkl) and Pt(hkl), hydrogen on Pt(111) and Rh(111), CO on Pt(hkl) electrodes. SHINERS is also employed 

to in-situ monitor the surface oxidation processes at low-index Au(hkl) single crystal electrodes, and to 

systematically evaluate the influence of crystallographic orientation, anion, and pH during electrooxidation. 

Thus, the formation of hydroxide film is clearly elucidated. Therefore, SHINERS bears a great potential in 

exploring correlations between structure and reactivity, and offers a unique way for real-time investigation of 

electrocatalytic reaction pathway at various well-defined noble metal surfaces. 
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With the booming development of nanotechnology in the past decades, many kinds of the engineered 

nanoparticles have rapidly expanded and shown tremendous advantages in different areas of industry, 

technology, and medicine. The nano size not only gives materials unique physicochemical properties that 

behave very differently from bulk forms of the same material, but also makes their potential health and 

environmental effects maddeningly difficult to predict. Therefore, a recent trend in nanotechnology has 

been to investigate the interactions of nanomaterials with biological systems to reveal whether and how the 

nanomaterials pose potential toxicity to the biological systems. 

Biomembrane is the first barrier nanomaterials may encounter when it is presented in a biological 

environment. Therefore, understanding of how nanomaterials interacts with lipid membrane is the first 

important step towards gaining an insight into the underlying molecular mechanism of how nanoparticles 

induce toxicity.
1
 Surface-enhanced infrared absorption (SEIRA) spectroscopy takes advantage of near-field 

effect of nanostructure metal film resulting an enhancement factor of 10–1000 for molecules adsorbed to 

the metal film,
2
 and thus it is an exquisitely surface sensitive technique that could detect even minute 

absorption change (as small as 10
-5

) of interfacial molecule induced by external stimuli.
3
 

We have systematically prepared different types of supported phospholipid membranes on Au electrode 

with single or multi lipid compositions, and studied their interactions with graphene derivatives with 

SEIRA spectroscopy. The results suggest that the adsorption of graphene oxide (GO) on phospholipid 

membranes with hydrophobic microenvironment will destruct the integrity of membrane by extracting the 

lipid bilayer, while nitrogen-doped graphene quantum dots just disturb the structure and conformation of 

lipid. Adsorption of GO on lipid membrane and its extractive effect is a complex process resulted from 

balance of various interaction forces. At least four kinds of interaction forces exist: elec-trostatic attraction, 

electrostatic repulsion, hydrogen bonding and hydrophobic interaction.     
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Among various nanomaterials, nano-carbon has attracted many attentions due to their unique properties. By 

using chemical doping and surface functionalization, nano-carbon shows promising applications in the 

fields of analytical chemistry. One example is that by replacing carbon in graphite with nitrogen in a 

regular manner, the obtained graphitic carbon nitride (g-C3N4) exhibited distinct semiconducting behavior 

compared with graphite. For this, it can be utilized in photoelectric conversion, which further expands the 

potential applications of carbon-based materials [1]. Recently, we have investigated the preparation and 

structural manipulation of the emerging g-C3N4 materials, and explored their potential applications in the 

photo-/electric-signal conversion-based sensing. For example, the ionic [2], covalent [3] and non-covalent 

doping [4] of g-C3N4, the green route of preparing nanoporous g-C3N4 [5, 6], and dissolving and 

assembling of g-C3N4 [7] were studied to control the electronic and interfacial structures towards 

electrochemiluminescent and photoluminescent analysis. 
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The early efficient diagnosis and therapy of some important disease like cancers is still a hot topic in the 

relative areas involving in patient care and treatments. The multidrug resistance (MDR) is often one of the 

major obstacles in relevant therapies due to disease-causing organisms to withstand a wide variety of 

structurally and functionally distinct drugs or chemicals. Diagnosis and therapy in combination with 

nanotechnology may offer an alternative promising and overcome the difficulty. And the early diagnosis 

based on nano-biotechnology could be crucial for a successful treatment of cancers.  

In this study, we have explored the possibility of the application of new electrochemically active 

supramolecular probes combining with nano-scaled materials in relevant biomolecular recognition and 

high-sensitive detection of disease like cancers. Especially, we have developed a new strategy for the fast and 

high sensitive recognition of the target biomolecules and cancer cells by combining the molecular probe and 

functionalized nano-interface with the spectro-electrochemical study. Our observations demonstrate that the 

modified electrodes based on specific nanocomposites with the new molecular probes could provide a 

multifunctional interface for the rapid and high selective identification of cancer cells, with a broad detection 

range and low detection limit. It is evident that different types of cancer cells or bacteria could be readily 

distinguished on the relevant nanocomposites modified electrodes, which have the promising application to 

be adopted as a significant way to detect and identify various kinds of mutant cells and advance the clinic 

diagnosis and monitoring of target disease like cancers. Moreover, some ultrasensitive and intelligently 

multi-functional nanoprobes for multi-mode imaging techniques has been also explored for real-time 

dynamic analysis of biomolecules/ cells/tissues.  

 

 

 



15th ISEAC 

 
- 128 - 

Atomistic studies of biomolecular adsorption on inorganic materials 

surfaces: simulations and experiments 

Lucio COLOMBI CIACCHI* 

Hybrid Materials Interfaces Group, Faculty of Production Engineering, Bremen Center for Computational 

Materials Science (BCCMS), Center for Environmental Reseach and Sustainable Technology (UFT), and 
MAPEX Center for Materials and Processes, University of Bremen, 28359 Bremen, Germany 

colombi@hmi.uni-bremen.de 

Biomolecular adsorption from water solutions onto inorganic materials surfaces has been the subject of a 

large number of recent investigations, given its importance in application fields ranging from medicine and 

pharmaceutics to nanomaterial synthesis [1] and biosensorics [2]. In this talk, I will present results of 

combined molecular dynamics (MD) modelling and experiments into the atomistic details of interactions 

between biomolecules, in particular short polypeptides, and solid inorganic materials, in particular oxides. 

Quantitative predictions of the adsorption free energies, of the adhesion forces and of the structural changes 

of peptides upon adsorption can be obtained by means of advanced-sampling MD techniques such as 

Replica Exchange with Solute Tempering and Metadynamics. We have successfully applied these methods 

to rationalize the binding strength of the RKLPDA peptide to oxidized Ti and Si surfaces [3], and to 

reproduce the partial helicity loss of the 4DAR5 peptide after adsorption on SiO2 [4]. 

Comparison of the simulation results with experiments is in principle possible, since Force Spectroscopy 

based on Atomic Force Microscopy (AFM-FS) and Circular Dichroism (CD) spectroscopy can provide 

information about the adhesion forces and the secondary structure of single peptides interacting with solid 

surfaces, respectively. In the case of adhesion forces, the interpretation of the results relies on the 

application of polymer-surface interaction models that predict the measured dependence of the forces on 

the loading rates. These, however, are five orders of magnitude larger in the simulations than in the 

experiments. In the case of structure determination, correct prediction of theoretical CD spectra is limited 

by both a very accurate phase-space sampling and by the application of semi-empirical models to compute 

CD ellipticity spectra of single biomolecular structures. This makes a direct comparison of simulations and 

experiments non trivial in both cases.  

I will highlight the progress made in our group in interpreting on an equal footing the results from CD, 

AFM-FS and advanced MD techniques, in particular applied to the case of peptides that bind selectively to 

SiO2 and ZnO surfaces. 

  
Fig.1 Snapshot from a MD simulation of the RKLPDA 

peptide adsorbed on oxidised Ti, with a map of the 

unperturbed water density displayed within a vertical 

plane, which includes the R and K end groups. Blue and 

red represents region of density higher and lower than the 

bulk (yellow), respectively. From ref. [3] 

Fig.2 Theoretically calculated CD spectra of the 4DAR5 

peptide in water solution (green) and adsorbed on SiO2 

(blue), in comparison with experimental ellipticity data at 

a wavelength of 222 nm. From ref. [4]. 
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The mass production of micro & nano-devices is the cutting-edge of modern high-tech manufacture, such 

as microelectromechanical systems (MEMS), ultralarge-scale integration circuit (ULSI), precision optics 

and miniaturized total analysis systems (m-TAS). Confined ethant layer technique (CELT), proposed by 

Prof. Zhao-Wu Tian at Xiamen University, is a micro & nano-fabrication method which owns proprietary 

intellectual property rights of China. The confined chemical etching system is composed by an 

electrochemical reaction and two subsequent, parallel but competitive chemical reactions (E(C1//C2)). One 

is the confining reaction (C1) and the other is the etching reaction (C1). However, due to the lack knowledge 

of the kinetics, the electrochemical micro & nano-fabrication based on CELT has been developed slowly. 

Scanning electrochemical microscopy (SECM) has been proved a powerful methodology to investigate the 

complex charge transfer reactions at solid/liquid interface. However, modeling the complex charge transfer 

reactions is pretty difficult, which hindering the acquisition of kintitc information. Here, we would like to 

share our efforts in the mathematical modeling on the complex electrode processes, especially on the 

confined chemical etching system. In these investigations, Comsol Multiphysics has been employed to 

solve the partial differential equation involving mass and charge transfer processes. 

(1) We established the model on the confined chemical ething system on the Br2/GaAs system. First, 

the EC1 and EC2 were investigated separately by SECM, and k1 and k2 were obtained. Then, the 

comppitition of C1 and C2 was studied through a dynamic mode. From the obtained kinetic 

parameters, the etching acuuracy is well controlled, which is crucial for the electrochemical micro 

& nano-fabrications. 

(2) We also investigated the confined chemical ething system which is induced by photochemistry. 

Actually, the etchant Br2 is generated through the oxidation of bromide on the illuminated TiO2 

nanoparticles. The charge transfer kinetics across the photocatalyst TiO2/electrolyte was studied 

by the generation/collection mode of SECM. Moreover, we design an “autocatalytic” reaction 

system to accelerate the production of Br2. We quantfied these interfacial charge transfer processes 

by solving the mass transfer equation with Comsol. 

We wish our presentation, as examples, would arouse the young researchers’ enthusiasm to deal with their 

experiments more quantitatively.  
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Fig.1 The confined chemical etching system of Br2/GaAs and the well-expection of kinetics on the experimental results. 
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Molecular recognition is the basis to fabricate high-performance label-free biosensor architectures and the 

label-free sensing of DNA, proteins, enzymes, drugs, and metallic ions is very important to many areas of 

health-care, environmental monitoring, and life sciences [1,2]. Atomic force microscopy (AFM) is a 

powerful tool to probe molecular interactions at the single-molecule level due to its high resolution and 

ability to work in different environments, including the liquid phase [3]. AFM-based single-molecule force 

spectroscopy (SMFS) has been widely used for probing force-based functionalities and properties of 

biomolecules, and in particular for measuring the interactions between biomolecules and solid substrates 

[4]. 

In our work, we utilized AFM-based SMFS technique to fabricate a few biosensor architectures for highly 

sensitive and selective sensing of DNA, protein, enzymes, cocaine, adenosine, and metallic ions [5,6]. An 

ssDNA aptamer was firstly bound onto the AFM probe and the adsorption forces between aptamer and 

different substrates were then measured by SMFS. After adding the target analytes into the sensor system, 

the molecular recognition will cause the conformation transition of ssDNA molecules and then affect the 

adsorption force. Figure 1a shows the schematic presentation for the biosensing of mercury ions with 

AFM-based SMFS technique. A detection limit of 0.1 nM for mercury ions was achieved with this 

technique. Figure 1b gives the ideas for sensing cocaine and adenosine with SMFS force mapping. This 

technique can provide a simple colorimetric determination of analytes with detection limit of approximately 

0.1- 1 nM. This new label-free biosensing technique will have wider applications in the future. 

 

 
Figure 1. Schematic presentations for the biosensing of a) mercury ions with SMFS, and b) cocaine and adenosine with 

SMFS force mapping. 
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Due to the pN force sensitivity and nanometer positional accuracy, atomic force microscopy (AFM) has 

emerged as a powerful tool for imaging the surface of biological samples and exploring the forces between 

receptors and ligands at single molecule level on isolated molecules as well as on cellular surfaces under 

physiological conditions. The biomolecules such as epithelial cell adhesion molecule, human 

gonadotropin-releasing hormone receptor and epidermal growth factor receptor, which are overexpressed on 

cancer cell, are investigated by AFM. The binding abilities of these biomolecues with their ligands or 

aptamers were studied with AFM based molecule recognition force spectroscopy. Meanwhile, the 

distrubition of human gonadotropin-releasing hormone receptor on the cancer cell surface were obtained at 

nanometer scale. The results enrich our understanding of binding kinetics of cancer marker with their ligand 

or aptamer and offer the potential for the optimal application of target drug therapies. 
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As one of the first elements discovered in nature by humans, gold has played key roles in currency,jewellery 

and wealth for hundreds of years. Gold has been used widely in chemistry, electrochemistry, nanoscience and 

nanotechnology due to its unique properties such as stability, biocompatibility, weak toxicity, electronic 

conductivivity, and high purity with well-defined crystalline states. This report presents recent work on 

single-crystal electrochemical gold surfaces, self-assembled molecular monolayers (SAMs), and gold 

nanomaterials.  

SAMs have been developed into a powerful tool for surface chemistry and nanotechnology based on 

formation of strong covalent gold-sulfur bonds. Surface properties such as hydrophility and electrostatic 

charge are tuned by functional end groups. Metalloproteins can therefore be immobilized non-covalently on 

gold surfaces via SAM formation, where the interfacial long-range electron transfer distance from the redox 

center is controlled by the length of the thiol molecules. Single-crystal electrochemistry and in situ scanning 

tunnelling microscopy (in situ STM) offer an excellent combination for investigation of SAMs at the atomic 

level. Recent developments in the investigations of electronic structures and assembly dynamics of 

electrochemically controlled SAMs on gold surfaces will be presented. In addition, application of SAMs for 

promoting electron transfer of monolayers or sub-monolayers of metalloproteins and metalloenzymes will be 

demonstrated.   

Bulk gold is expensive, but gold nanomaterials are cheap. Nanoporous gold provides a large surface area with 

unique properties that draw from both gold and nanomaterials, and gold nanomaterials such as gold 

nanoparticles and nanoporous gold films can be expected to play key roles in new energy technologies.  
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The ability to detect biomarker in the unprocessed blood is important for the development of future 

diagnostics and for biomedical research. Presently, the assay methods require sample preparation, making 

them time-consuming, costly, less accurate, and unsuitable for point-of-care diagnostics. They are not fit for 

detecting biomarker directly in whole blood, which is the main subject of strong background absorption in 

UV-vis region, autofluorescence and light scattering from the whole blood components. 

In our work, we develop a new strategy of SERS nano-tag integrated fiber-optic biosensor to in situ detect 

biomarker in the unprocessed blood. The SERS nano-tags can be excited by using the NIR laser-785 nm, 

which clears up the background noise from the whole blood. The optic-fiber possesses the flexibility, 

compactness, reliability and in situ sensing capability, which eliminates the influence of light scattering from 

the blood components and even brings the other functions such as in situ and in vivo. The reliability and 

sensitivity of this method rely, in a large extent, on the quality and properties of the SERS nano-tags. The 

constructed high-quality silica-coated Ag SERS nano-tags as labels are used in a rapid and specific in situ 

FOB immune sensor to detect alpha fetoprotein (AFP) in whole blood samples. The results demonstrate the 

constructed FOB in whole blood hold sensitive and reproducible response to the AFP concentration in the 

range from 50 to 300 ng/mL. Preliminary results of in vivo and in situ dynamic observation of AFP of whole 

blood in wistar rat highlight the power of this new method. 
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Fig.1 Illustration of displacement 

assay using FOB. 
Fig.2 The difference values of SERS signal as varying 

concentration of AFP in PBS and whole blood solutions. 
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Film formation and conversion plays a main role in the corrosion process, the performance of fuel cell/battery, 

which has been characterized with electrochemical techniques and ex-situ surface analysis techniques for 

several decades. Even though the electrochemistry phenomenon is well understood from a point of 

electrochemistry,   there are still more arguments in the composition and structure of film/corrosion 

products on metal. Spectroscopy (e.g., Raman, FTIR) and electron microscopy (e.g. TEM) techniques are 

powerful for the characterization of film/corrosion products. In this presentation, the development and 

application of the latest in-situ TEM-electrochemistry techniques are introduced and reviewed on their 

application in the film formation and conversion based on the literature report. 
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Abstract-Scanning Electrochemical Microscopy (SECM) is a powerful noninvasive analytical methodology 

to investigate live cell membrane permeability. Depth scan SECM imaging allows for the generation of 2D 

current maps of live cells relative to electrode position in the x-z plane. Depending on resolution, one depth 

scan image can contain hundreds of probe approach curves (PACs). Individual PACs were obtained by 

simply extracting vertical cross-section lines from the 2D image. These experimental PACs were further 

compared with simulated PACs using 3D models to determine the cell membrane permeability coefficients. 

Common in the literature, theoretical PACs are generated using a 2D Axially Symmetric geometry. This 

saves on both compute time and memory utilization. However, due to symmetry limitations of the model only 

one experimental PAC right above the cell can be matched with simulated PACs data. Full 3D models were 

developed for the SECM system, allowing all experimental PACs from the entire cell membrane to become 

usable. Cd-induced membrane permeability changes of single human bladder (T24) cells were investigated at 

numerous positions above the cell, displaced from the central axis. The experimental T24 cells under study 

were incubated with Cd
2+

 in varying concentrations. It is experimentally observed that 25 and 75 μM Cd
2+

 

caused a decrease in membrane permeability, which are uniform across all cell locations for each respective 

concentration. The Cd
2+

 was found to activate cell apoptosis, with cells shrinking in size and volume, and the 

membrane permeability decreasing. 

In our previous study of membrane permeability changes induced by cadmium cytotoxicity in T24 cells, a 2D 

axial simulation model was used.  2D axial simulations are effective in the production of theoretical PACs, 

however the experimental PAC can only be extracted from the direct center of cell. This limits the advantages 

of the depth scan mode, where multiple PACs are obtained as a part of a single 2D image.  Herein, for the 

first time, we report the 3D modeling that proves useful in conjunction with SECM depth scan imaging. 3D 

PAC simulation can generate multiple PACs at any location over the sample to match any experimental PACs. 

The 3D COMSOL modeling approach developed has been used towards the studying of biological systems, 

such as the mapping of membrane permeability across a single live cell.  

Using the 3D model, we proceed to demonstrate the potential for use in biological SECM studies. 

Specifically, a series of theoretical PACs were simulated using various membrane permeability coefficients at 

different positions above the elliptical cell. Morphology of single T24 cells was watched under an inverted 

optical microscope (Figure 1A). SECM depth images were then taken (Figure 1B). PACs were extracted from 

the depth image at the cell center, ½ cell radius, and the edge of the cell for comparison to theoretical PACs by 

simply drawing the vertical cross-section lines (Figure 1C). A PAC was also extracted at 2x cell radius, 

adjacent to the cell. This was performed to determine if there was a strong influence from the nearby adjacent 

cell (Figure 1C). 

For control (no Cd
2+

 administered) T24 cells, it was found that at all three locations over the cell have a 

consistent permeability coefficient of 5.0x10
-4

 m/s, Figure 2A, B and C (red circles).  

The Cd
2+

 concentrations of 25 and 75 μM in the incubation medium are found to decrease the cell membrane 

permeability (green circles in Figure 2A, B and C). The higher the concentration of Cd
2+

 used, the lower the 

membrane permeability became within the same 1h exposure duration.  The Cd
2+

 containing concentrations, 

25 µM Cd
2+

, had caused a membrane permeability coefficient decrease to 2.0x10-4 m/s, whereas, the cells 

incubated with 75 µM Cd
2+

 sample had reached a membrane permeability coefficient of 1.0x10
-4

 m/s. Using 

higher concentrations of cadmium, led to faster detection in changes in membrane permeability. This 

decrease in permeability suggests that the cell membrane is contracting, preventing the flux of FcMeOH 

across the membrane. This results in the decrease in faradic current. A more partial negative feedback or PAC 

was observed with respect to the control T24 cell.  However, once a high enough concentration of Cd
2+

 is 

used (250 uM, data not shown), the cell membrane no longer contracts and begins to relax. This results in a 

higher flux of FcMeOH to cross the cell membrane, suggesting that too much cadmium results in the 

relaxation of the cell membrane.  Increasing the flux of FcMeOH across the membrane, will allow for an 

increased in faradiac current to be detected. As a result, the PACs will become more partially positive in 

feedback.  This observation is consistent to our previously published study of high cadmium concentration 

injection studies using SECM. 
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The observed uniform membrane permeability across the entire surface of the cell was determined using a 10 

µm electrode. This electrode size provides good cell definition and strong current signal for SECM. However 

the electrode size is large relative to the average cell diameter of 30 µm. This could be providing an average 

membrane permeability of smaller domains of varying permeability. Through the use of SECM with smaller 

diameter electrodes, coupled with 3D modeling, further analysis into the membrane permeability 

characteristics of single live cells can be explored. 

    

 

 

 

 

 

The development of a 3D simulation model for SECM analysis along with the SECM depth imaging allows 

for mapping membrane permeability of single live cells. Here for the first time we were able to extract 

permeability coefficients at any positions over the cell. It is anticipated that adjacent cells with a distance 

more than 2x cell radius will not interfere the determination of cell membrane permeability coefficients. The 

entered Cd
2+

 might activate cell apoptosis, with cells shrinking in size and volume, and the membrane 

permeability decreasing. While the membrane permeability of FcMeOH with a 10 µm electrode was 

consistent across the T24 cells, this scenario is not necessary the case for all cellular studies. Smaller SECM 

probes will enhance the image resolution and reveal membrane characteristics above organelles or smaller 

cell structures. 3D simulation models are robust and can become greatly advantageous in single live cell 

studies. 
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Fig.1 (A) Optical image of a T24 cell under study. 

(B) A typical SECM depth mode image of a Cell 

with cross sections labelled. (C) Graphical 

representation of 4 cross section locations and 

normalized measurements of an average cell. 

Fig.2 (A) Extracted experimental PACs along with the 

symmetrical axis to single live cells incubated with 0, 25 and 75 

mM Cd2+, with which a set of simulated PACs are overlayed.  

(B) Simulated and extracted experimental PACs to single live 

cells at half Cell radius, which were incubated with 0, 25 and 75 

mM Cd2+, respectively. (C) Simulated and extracted 

experimental PACs to single live cells at full cell radius, which 

were incubated with 0, 25 and 75 mM Cd2+, respectively. (D) 

Simulated and Experimental PACs to petri dish at 2x cell radius 

and the neariest cells were incubated with 0, 25 and 75 mM 

Cd2+, respectively. 
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Bioimaging and biosensing of reactive oxygen species and related biological 

species 

Yang TIAN 

Department of Chemistry, East China Normal University, North Zhongshan Road 3663, Shanghai 200062, P. 

R. China 

Determination of Reactive oxygen species (ROS) is of great physiological and pathological importance since 

ROS is considered to be involved in the etiology of aging, cancer, and progressive neurodegenerative 

diseases such as Parkinson’s disease. The quantitative analysis of the local concentration of ROS has been a 

relatively challenging analytical problem because of the low concentration, high reactivity and short lifetime 

in biological systems. One of the research interests of our group is focusing on real-time and in vivo 

bioimaging and biosensing of ROS and biomolecules related to oxidative stress in live cells, tissues, and 

animals. Firstly, we have systematically designed and synthesized the inorganic-organic nanohybrid 

materials, and investigated the optical and electrochemical properties of the functional hybrid systems. Next, 

we have developed the ratiometric fluorescent probes for bioimaging and quantitatively biosensing ROS, 

metal ions, pH, and so on in live cells and tissues by one-photon and multi-photon spectroscopy, and then 

studied the relationship between ROS and other biomolecules. Thirdly, we have established highly selective 

and accurate strategies for determination of ROS, pH, metal ions, proteins, and so on, and successfully 

applied in investigating the relationship between ROS and other biomolecules under oxidative stress model 

in rat brains [1-6]. 
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Amphiphilic reduced graphene oxide with an enhanced charge injection 

capacity for electrical stimulation of neural cells 

Jian LIU*, Qi ZHANG, Kunyang LI 

Institue of Functional Nano & Soft Materials (FUNSOM), Soochow University 

199 RenAi Road, Suzhou Industrial Park, Jiangsu Province 

Advanced neural research demands new electrode materials with high performance. Here my talk will focuse 

on our recent development of a facile approach to synthesize amphiphilic reduced graphene oxide (rGO) and 

demonstrated its performance in electrically stimulating neural cells with high charge injection capacity. 

Synthesis of the amphiphilic rGO features covalent functionalization and simultaneous thermal reduction in a 

one step manner. The covalent functionalization of methoxy poly(ethylene glycol) (mPEG) chains on the 

rGO surface not only provides a high dispersibility in various solvents, enabling convenient post-treatment 

processes, but also allows for an enhancement in double-layer charging capacitance. Calcium imaging of 

PC12 neural cells on the amphiphilic mPEG–rGO films has revealed a predominant increase in the 

percentage of cells with higher action potentials, derived from double-layer capacitance enhancement in 

charge injection. These results suggest that the new amphiphilic mPEG–rGO material is capable of providing 

a much safer and efficacious solution for neural prostheses applications. Other applications will be discussed 

in my talk using the nanomaterials based on graphene or graphene oxide. 
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Fig.1 Preparation of the mPEG–rGO film for electrical stimulation of the PC12 neural cells.  

Step 1: thermal reduction and functionalization of GO in the presence of A-mPEG 5k.  

Step 2: electrical stimulation of the PC12 cells on amphiphilic mPEG–rGO films. 
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Preserving chemical equilibrium during ionization:old problems andnew 

solutions 

Konstantin CHINGIN*, Hua ZHANG, Jiang WANG and Huanwen CHEN 
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Mass spectrometry (MS) allows molecular characterization of complex chemical and biological 

samples.However, the true molecular composition of a sample can be greatly distorted in the mass 

spectrum as a result of chemical processes occurring during ionization [1]. According to the conventional 

dogma, slow and gradual transition of analyte molecules from the condensed phase to the gas phase is a 

major requisite to preserve the original molecular equilibrium in MS. 

Here we used electrospray ionization mass spectrometry (ESI-MS) and related approaches to analyzenative 

solutions of various non-covalent protein-ligand complexes under a set of different experimental 

parameters. Our results revealed that, in contrast to the common belief, the slow and gradual phase 

transition of solute analytesusing low ion currentsis associated with the notable shifts of chemical 

equilibrium and chemical partitioning effects occurring in ESI droplets. 

Overall, our data highlight the high speed of ionization process as the most important factor to preserve 

solution-phase molecular equilibrium in the gas phase. Interestingly, factors that commonly destabilize 

native equilibrium in bulk solution, e.g., solute additives, heating, extra-charging, etc., canpose stabilizing 

effect on the chemical equilibrium during ionization by accelerating the process of analyte transition into 

the gas phase. 

With regard to our results, we bring particular attention to the emerging field of molecular ionization using 

charged microdropletsas an effective and universal approach to accelerate the speed of ionization process 

while obviating electrochemical effects commonly occurring inside the spraying capillary. We present our 

data showing that microdroplet approaches, such as desorption electrospray ionization (DESI) [2] and 

extractive electrospray ionization (EESI) [3], may allowbetter preservationof native biomolecular 

functionpost ionization as compared to the classical ESI approach. 
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  Electrochemiluminescence Ratiometry for Bioanalysis 
Jing-JUAN XU* 

State Key Lab of Analytical Chemistry for Life Science, Department of Chemistry, Nanjing University, 

Nanjing 210093 China 

e-mail: xujj@nju.edu.cn 

Generally, electrochemiluminescence (ECL) signal is generated by one light-emitting substance, and one 

ECL signal at its emission potential could be observed. A practical “off−on” or “on−off” ECL agent must 

produce a strong luminescent response upon binding of the analyte. False positive or negative errors may 

occur during the detection of trace level analytes due to some environmental changes, such as the 

concentration of coreactant, pH, etc. Inspired by the dual-wavelength ratiometry, one can create ECL 

ratiometry to make the detection more convincing. The major challenge to carrying out ratiometric ECL 

measurement is to create ECL report units with two emitting states that have the potential-dependent 

properties or wavelength-dependent properties upon the substrate concentration. Here, I will report some 

examples based on ECL ratiometry. 
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Direct electrochemiluminescent detection of tetraphenylboron anion – an 

example of self coreactant ecl reaction 

Yuriy ZHOLUDOV
*a

, MykolaROZHYTSKII
a
 

a
Kharkiv National University of Radio Electronics, 14 Lenin Ave., 61166, Kharkiv, Ukraine  

Sodium tetraphenylborate (NaTPB) can be used as an analytical reagent for detection of potassium, NH4
+
, 

certain heavy metal and organic cations in water. These analytes are precipitated in the form of insoluble 

complexes with TPB. The chemical properties of TPB are rather well known but only a few works are 

devoted to its electrochemistry. At the same time the electrogeneratedchemiluminescence(ECL) of certain 

luminophors during their oxidation in aprotic solutions in the presence of NaTPB was first reported in 1978 

[1]. Some later works were aimed at clarifying the mechanism of the observed ECL [2].  

The discovery of aqueous ECL with the coreactants has opened a broad prospect for the ECL assay in 

numerous areas. Currently there exist a number of ECL coreactants that are used either as analytes or for 

the excitation of luminescent labels. Their properties often determine the assay procedure and its 

application area. Thus the study of new efficient coreactants especially, those having analytical importance, 

is of great interest for the development of new ECL assay methods. 

As it was reported earlier tetraphenylborate anion can serve as a strong ECL coreactant in both aqueous and 

nonaqueous media operating according to oxidative reduction mechanism [3]. Presence of TPB in solution 

gives rise to the ECL emission during luminophor’s oxidation. TPB works efficiently as an ECL coreactant 

both in aqueous and nonaqueousaprotic solutions. The mechanism of ECL reaction with TPB ion involves 

its homogeneous oxidation by luminophor’s radical cation leading to formation of products containing 

strong reducer. The later can react with other oxidized molecule of luminophor leading to its excitation and 

emission of photons. Comparing to popular tripropylamine coreactant the TPB salts are nonvolatile and 

much safer for application. In certain conditions the efficiency of ECL in systems with TPB is comparable 

to that with tripropylamine.  

It is also known that TPB oxidation is irreversible and causes electrode fouling by insoluble products 

[4].This process is especially strong in aqueous medium. It was also found that the deposited film is 

conductive and fluorescent and thus can further be oxidized and participate in ECL reaction with TPB 

coreactant in solution. This behavior is observed as a background ECL emission when the electrode 

potential is sufficiently high[3]. Thus in certain conditions TPB anion can serve as both a coreactant and a 

precursor of luminophor giving rise to “self coreactant” ECL emission. 

This effect can be used for direct ECL detection of TPB ion concentration in aqueous solutions without 

adding any luminophors and thus for indirect determination of content of certain cations considering their 

tendency to be precipitated by TPB. 

In this work we have conducted comprehensive study of formation conditions and ECL behavior of films 

deposited during TPB oxidation in aqueous media. The films were deposited at the rotating glassy carbon 

disk electrode using linear sweep of applied potential at a rate of 20 mV/s. It was found that essential 

electrode fouling occurs when the electrode potential is raised above 0.8 V vs. Ag/AgCl reference whereas 

TPB oxidation begins at about 0.4 V (see Fig. 1). The potential at which self coreactant ECL starts is 

always above 1 V and depends both on TPB concentration in solution and potential sweep rate. This is 

explained by different conditions of fluorescent electro active film formation at the electrode. 

The dependence of maximum ECL intensity versus TPB concentration in the solution is shown in Fig.2. As 

it is seen from figure, the detection limit of TPB in water using its self coreactant ECL emission is about 

3∙10
-4

 M and response is linear in the range of 3∙10
-4

 M - 3∙10
-3

 M. For comparison in case of reaction with 

Ru(bpy)3
2+

 the detection limit of TPB was found to be 2∙10
-6

 M using cyclic voltammetry at a scan rate of 

100 mV/s and 10
-6

 M using rotating disk electrode at a scan rate of 20 mV/s. The response was proportional 

to TPB concentration in the range of 10
-6

 M - 3∙10
-5

 M for stationary electrode and 10
-6

 M - 10
-5

 M for 

rotating disk electrode [3]. In the case of ECL with luminophor further growth of TPB concentration was 

leading to fouling of electrode surface and blocking of ECL reaction leadinbg to its decay. In contrast at 

higher concentrations the self coreactant ECL without Ru(bpy)3
2+

 allows for TPB detection thus extending 

the total range of concentrations where ECL assay method is applicable. 
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It should be concluded that TPB anion is a representative of ECL coreactants that in certain conditions can 

give fluorescent species capable for ECL reaction with itself as a coreactant, i.e. “self coreactant” ECL. 

Since TPB finds its application for detection of certain cationic species by forming water insoluble 

precipitating complexes with the later its direct ECL detection could provide raise of new electro analytical 

detection methods for different areas of science and technology. 

 

 

Fig.1 Electrochemistry and ECL of 1 mM sodium TPB 

solution at rotating glassy carbon disk electrode 

 

 

Fig.2 ECL of TPB solution at rotating glassy carbon disk 

electrode versus TPB concentration. Open square – 

background signal level 
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Mercaptoethylamine functionalized CdTe quantum dots for 

electrochemiluminescent detection of 2,4,6-trinitrotoluene 

 

Miao YANG, Haiyan WANG* 
 

Anhui Key Laboratory of Chemo-biosensing, College of Chemistry and Materials Science, Anhui Normal 

University, Wuhu 241000, P. R. China                                                                                     

 

2,4,6-trinitrotoluene (TNT), the notorious explosive chemicals, has been included in the Environmental 

Protection Agency List of Priority Pollutants because TNT enters the environment from military and terrorist 

activities, resulting in extensive contamination of soil and groundwater [1,2]. The current detecting methods 

for TNT residues are commonly involved complex instrumentation. Therefore, the development of simple 

and sensitive TNT detection method is of great concern as to public security and human health problems 

Electrochemiluminescence (ECL) has received particular attention due to its sensitivity, simplified setup, 

and good control. Quantum dots (QDs), as a new ECL emitter, have attracted considerable attention 

because the ECL properties of QDs are closely related to the surface state and proper modification of the 

QDs surface could realize sensitive and selective detection of various analytes [3]. 

In this work, CdTe quantum dots (QDs) functionalized with mercaptoethylamine (MEA) were synthesized 

with MEA and mercaptopropionic acid (MPA) as the co-stabilizers (denoted as MEA-MPA-CdTe). The 

MEA-MPA-CdTe QDs not only showed high ECL intensity due to the effective removal of the nonradiative 

surface state of the QDs, but also exhibited selective response toward 2,4,6-trinitrotoluene (TNT) as a result 

of specific interaction between the amine group of MEA and TNT, leading to decreased ECL of the QDs 

(Fig. 1). Based on the quenching effect of TNT on the ECL of MEA-MPA-CdTe QDs, a sensitive and 

selective method for the determination of TNT was proposed. The ECL intensity decreased linearly with 

the TNT concentration in range from 5.9 pM to 780 pM (Fig. 2) and a detection limit of 2 pM (S/N=3) was 

obtained. 
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Fig.1 ECL-potential curves of MEA-MPA-CdTe 

QDs in 0.1 M PBS (pH 8.0) (a) without and (b) 

with 0.78 nM TNT. 

Fig.2 ECL response of MEA-MPA-CdTe QDs to 
various TNT concentrations (a-f): (a) 5.9 pM, (b) 

59 pM, (c) 140 pM, (d) 290 pM, and (e) 450 pM, 

and (f) 780 pM. 



15th ISEAC 

 
- 146 - 

Development of solid-state electrochemiluminescence sensors on 

paper-based chips assisted by graphene nanomaterials 
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Due to the oxidation-reduction reaction mechanism of Ru(bpy)3
2+

 electrochemiluminescence (ECL), it 

could be regenerated in situ at the electrode surface during the ECL process [1]. Therefore, regenerable 

solid-state ECL sensors have been extensively studied by immobilizing the Ru(bpy)3
2+

 on the electrode 

surface. Compared with the solution-phase ECL procedure, the immobilization approaches reduced the 

consumption of expensive reagent, enhanced the ECL signal, and simplified the experimental design [1]. 

Various ways could be applied for developing the solid-state ECL sensors. For example, Ru(bpy)3
2+

 could 

be immobilized on the electrode surface by a layer-by-layer method or be incorporated to the 

ion-exchangers Nafion or chitosan or their composite films, etc. [1]. To enhance the capabilities of the 

sensors such as electronic conduction, adsorption amount of Ru(bpy)3
2+

 ions, sensitivity, stability, etc., 

quite a lot of new materials have been introduced into the construction of the sensors, such as nanoparticles, 

carbon nanotubes, poly(sodium 4-styrenesulfonate), etc. In addition, microfluidic chips provide a powerful 

platform for analysis in many disciplines with the features of analyzing small sample volumes, minimizing 

reagent consumption, automating sample preparation and reducing processing time. The good compatibility 

between the solid-state ECL sensors and the microfluidic systems has been confirmed by investigating 

solid-state ECL sensors as powerful detectors in a microchip electrophoreis [2]. Since Whitesides and 

coworkers raised the concept of using patterned paper substrate as microfluidic platform for analyte assays 

[3], paper-based chips (PCs) have been attracting more and more attention in recent years due to their 

advantages of simplicity, portability, disposability and low cost, etc. It is supposed that PCs should have 

much better compatibility with solid-state ECL sensors. In our present work, many advanced materials such 

as functionalized graphenes, highly porous magnetite/graphene nanocomposites (Fig. 1a) and carbon 

nanodots were synthsized, characterized and used for developing efficient solid-state ECL sensors on the 

PCs. Methods such as ion-exchanging, electrostatic adsorption and one-step doping, etc. were applied. The 

developed sensors were confirmed with the advantages of highly sensitivity, long-term stability, simplicity, 

low cost, disposability, high efficiency. The potential applicability of the develpoed sensors was verified by 

the sensitive detection of tripropylamine (TPA), tetracycline hydrochloride (TCH) (Fig. 1b) and 

discrimination of single-nucleotide mismatch in human urine matrix. 

   
 
Fig. 1. (a) Transmission electron microscope images of the highly porous magnetite/graphene nanocomposites and (b) 

schematic illustration of one-step process for fabricating the solid-state (A) Ru(bpy)3
2+ and (B) coreactant ECL sensors and 

corresponding applications. 
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Enhanced cathodic preconcentration of As(0) at Au and Pt electrodes for 

anodic stripping voltammetry analysis of As(III) and As(V) 
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We report that the cathodic preconcentration of 

electron-insulating As(0) on Au and Pt electrodes can be 

enhanced by chemical reduction of As(III) and As(V) by 

electrogenerated H2, as studied by cyclic voltammetry. 

This finding is used for sensitive anodic stripping 

voltammetry (ASV) analysis of As(III) and/or As(V) at the 

Au electrode. About three As(0) monolayers were 

cathodically preconcentrated on the Pt electrode at -0.3 V 

(vs. SCE) in 0.5 M aqueous H2SO4, as a result of both the 

chemical reduction of the solution-state As(III) near the 

electrode surface by the electrogenerated H2 and the direct 

electroreduction of As(III) on the highly catalytic surface 

Pt sites. Only one As(0) monolayer was electrodeposited at -0.2 V (vs. SCE) on the Au electrode in 0.5 M 

aqueous H2SO4, but about two As(0) monolayers were deposited on the Au electrode at a more negative 

potential at which the mild evolution of H2 occurred, as shown in Scheme 1. The electrogenerated H2 could 

also chemically reduce As(V), though the direct electroreduction of As(V) was sluggish on the Au electrode. 

Linear sweep ASV (LSASV) oxidation of the preconcentrated As(0) to As(III) and then to As(V) at a fast 

scan rate gave two sharper and higher anodic peaks on the Au electrode than on the Pt electrode. On the 

basis of these observations, sensitive dual-signal LSASV analysis of As(III) and/or As(V) was achieved on 

the Au electrode, with limits of detection of 1.0 nM for As(III) and 5.4 nM for As(V) under optimized 

experimental conditions. Our method was successfully applied for analysis of As(III) and/or As(V) in real 

water samples. The insights into cathodic As(0) deposition provided here may help the better understanding 

of electrochemical deposition of many other electron-insulating thin films, especially those obeying the 

electrode material-dependent inner-sphere mechanism, for electrochemical and surface-coating 

applications. 

  

Keywords: As(III) and As(V) electrochemistry at Au and Pt electrodes; chemical reduction of As(III) and As(V) 

by electrogenerated H2; enhanced cathodic preconcentration of As(0); dual-signal fast-scan-rate linear sweep 

anodic stripping voltammetry on Au electrode; electroanalysis of As(III) and/or As(V) 
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Abstract 

Phage exhibits many excellent features including multivalency, stability, and high structural 

homogeneity, by which specific probes against targets can be screened from f8/8 displaying 

random octapeptides on the pVIII coat protein of the phage fd-tet. In this talk, we will present 

our recent progress in developing novel spedific probes from f8/8 phage library and their 

applications in sandwich enzyme linked immunosorbent assay (ELISA) array for antigen, 

symmetrical phage carrier to construct peptide microarray for the detection of cellulase, and 

label-free electrochemical impedance cytosensor. Thus, stable, efficient and cost-effective 

biomolecular probes can be prepared for bioanalyses.  
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Potentiometric sulfite biosensor based on quorum sensing principle of 

Photosynthetic bacteria modified on copper electrode surface 
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Quorum sensing principle refers to the groups of bacteria exhibit cooperative behavioral patterns[1], 

quorum number is estimated that between 6% to 10% of the whole genome is affected by this 

mechanism[2]. If the cells or bacteria are immobilized on a surface in a short distance pattern, then the 

quorum sensing behavior of the cells or bacteria will be greatly amplify the response to the target, and 

increase the sensitivity of the analytical method. In the present report, the copper electrode was 

electrochemically roughened in basic ammonium solution, and modified with sulfide, then put into 

photosynthetic bacteria suspension solution, and let the sulfide recognized bacteria adsorbed on the sulfide 

modified copper electrode surface as an electrochemical biosensor. 

In the copper electrode pretreatment process, the open circuit potential curve changes with time, and gives 

a large and sharp potential drop down as shown in Fig1. A. After about 100 s, the electrode surface was 

completely changes into sulfide modified surface. When the sulfide modified copper electrode was put into 

photosynthetic bacteria suspension solution, the sulfide sensitive bacteria adsorbed on the surface,and the 

open circuit potential oscillated unregularly with time until about 30000s, it reaches a stable stage with 

potential sharply down to a smooth curve as shown in Fig1.B, which means the adsorbed bacteria forms a 

regular and stable layer. 

 

  

 

 

 

 

 

The biosnsor was used to determine concentration of sodium sulfide in aqueous solution, the open circuit 

potential curves as shown in Fig.2 A. The shape of the curve not very regular, but potential difference 

between potential at the first peak point and average potential in the blank solution line in time range from 

200s to 600s was a linear with logarithm of sulfide concentration in the range of 1.0×10
-15

mol/L～

1.0×10
-10

mol/L. The regression equation was obtained as E /mV = 221.2 + 10.73 log C(Na2S, mol/L),R = 

0.9944, as shown in Fig2.B. This sulfide biosensor was used to determine the concentration of sulfide in 

river water, the sulfide concentration in the water was about 3.45×10
-13

 M with recovery of  93.52%～

Fig.1 Opencircuit potential changes with time. A, in the 0.15 M KCl electrolyte solution 

with 1.0 mL 0.01M of Na2S added into the electrolyte solution at 120 s; B, in 0.15 M KCl 

electrolyte solution with photosynthetic bacteria.   

A B 
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97.28%，and RSD of 4.09%.   

As a conclusion, the quorum sensing principle can be used to build up a biosensor with very high 

sensitivity and selectivity due to the bio-amplification and bioselectivity. Open circuit potential method 

used for potential biosensor with wide detection range and without introducing an affection from 

electrochemical operation and chemical reagent on the biosystem.  
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Fig.2 A, Open circuit potential curve of sulfite biosensor changes with time in 0.15 M 

KCL electrolyte solution with different concentrations of sulfite, C/mol/L:1,blank；2，10-16；3，

10-15；4，10-14；5，10-13；6，10-12；7，10-11；8,10-10 

B, the linear relation of difference of open circuit potential at peak points with and 

without sulfide solution with logarithm of sulfite concentration. 
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Potentiometric aptasensing of pollutants using polymeric membrane 

ion-selective electrodes 
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In the past two decades, modern potentiometry with ion-selective electrodes (ISEs) has gained considerable 

attention owing to the large improvement in the detection limit and selectivity coefficients.
1
With the 

introduction of novel sensing concepts, ISEs have evolved to be a promising technique for ion sensing. 

However, most of the successful applications of ISEs are still limited to detection of a number of ionic 

species, and low levels of electrolyte backgrounds are usually required for the low detection limit 

measurements.
2
 It thus remains a challenge to apply potentiometric sensors to detect a broad range of 

different molecular targets with high sensitivity, especially in complex media(e.g. environmental samples). 

DNA or RNA aptamers have been emerged as an alternative bioreceptor for biosensing in lieu of antibodies. 

Up to now, aptamers for a variety of analytes ranging from small ions to large proteins or even whole cells 

are available.
3
Combining the advantages of polymeric membrane ISE as a transducer with unique 

properties of aptamer such as high affinity and specificity towards a wide range of target molecules, it is 

possible to develop highly sensitive and selective potentiometric aptasensors for various targets. 

A label-free potentiometric aptasensor for rapid, sensitive and selective detection of Listeria 

monocytogenes (LM), a pathogen widely distributed in the environment was developed.
4
Anaptamer binds 

specifically to internalin A, a surface protein present in LM cells. The target-binding event prevents the 

aptamer from electrostatically interacting with protamine, which can be sensitively detected using a 

polycation-sensitive membrane electrode. Coupled to an online filtration system, the bioassay has been 

evaluated with spiked coastal seawater samples and shows good recovery and high accuracy. 

A general and highly sensitive potentiometric aptasensing strategy is proposed based on incorporation of a 

DNA aptamer into the hybridization chain reactions event. Magnetic beads, which can be adopted as a 

multifunctional assay platform, are conjugated to the aptamer to eliminate the interfering effect from the 

sample matrix. The analyte binding induced disassembly of the DNA nanostructures results in a dramatic 

change in the surface charge of magnetic beads, which can be measured by the polycation membrane 

electrode (see Fig. 1).With an endocrine disruptor bisphenol A as a model, the proposed potentiometric 

method shows a wide linear range from 0.1 to 100 nM with a low detection limit of 80 pM (3σ). 

 

Fig.1Schematic illustration of the DNA nanostructure-based magnetic beads for potentiometric aptasensing 
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1. Electrochemical behavior of iron-porphyrin-DMF film-modified GCE 

Fig. 1 shows the cyclic voltammograms recorded in 0.1M HClO4 at DMF modified GCE (curve a) and 

iron-porphyrin-DMF modified GCE (curve b). It was observed that in the absence of iron-porphyrin, no 

redox peaks were observed for DMF modified GCE in the potential range from –0.6 V to 1.6 V. By 

contrast, a couple of redox peaks and an irreversible anodic peak (curve b) was clearly seen when the 

iron-porphyrin was present on the electrode surface. The pair peaks was attributed to the Fe(III)/Fe(II) 

redox couple coordinated in the porphyrinic ring [16]. At the scan rate of 100 mV s
-1

 the oxidation peak 

and reduction peak were located at 0.30 V and 0.55 V, respectively. And the irreversible oxidation peak 

observed at 0.95 V corresponded to the formation of an iron (IV) species [17]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1.  

Cyclic voltammograms of DMF modified GCE (a) and ironporphyrin-DMF film-modified GCE (b) in 0.1  

M HClO4. Scan rate = 100 mV s-1. 

 

2. Electrocatalytic oxidation of methyl jasmonate at iron-porphyrin-DMF modified GCE 

The electrocatalytic property of iron-porphyrin-DMF modified GCE towards the oxidation of methyl 

jasmonate in 0.1M HClO4 was demonstrated in Fig. 2. Fig. 2a and 2c was the cyclic voltammogram of 5.0 

×10
-5

 M of methyl jasmonate on the DMF modified GCE and iron-porphyrin-DMF modified GCE, 

respectively. It could be seen from Fig. 2a that methyl jasmonate gave no any oxidation peak on the DMF 

modified GCE in the potential range from –0.6 V to 1.6 V. However, at iron-porphyrin- DMF modified 

GCE a well-defined anodic current peak was obtained for the oxidation of methyl jasmonate at 1.0 V. 

Compared with Fig. 1b, the methyl jasmonate oxidation reaction occurs in the potential region of the 

iron-porphyrin irreversible anodic peak, indicating that the methyl jasmonate oxidation is mediated by 

iron-porphyrin. Owing methyl jasmonate dissolved in methanol, to investigate whether the oxidation peak 
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at 1.0 V attributes to oxidation of methanol, the same volume of methanol (50 µL) was injected into the 0.1 

M HClO4. It appeared a broad oxidation peak at 0.6 V and had no oxidation peak at 1.0 V (Fig. 2b). 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Cyclic voltammograms of iron-porphyrin-DMF modified GCE in 0.1 M HClO4 in absence of methyl 

jasmonate (a) and presence of 50 µL 100% methanol (b); and presence of 5.0×10-5 M methyl jasmonate (c) Scan rate 

= 100 mV s-1. Inset: successive cyclic voltammograms of 5.0×10-5M methyl jasmonate on iron-porphyrin-DMF 

modified GCE in 0.1 M HClO4. Scan rate = 100 mV s-1. 

3. Conclusions 

Iron-porphyrin (5,10,15,20-tetraphenyl-21H, 23H-porphine iron(III) chloride) in N,N-dimethylformamide 

(DMF) dispersion was used to modify a glassy carbon electrode (GCE). The electrochemical behavior of 

methyl jasmonate was studied by the cyclic voltammetry and square wave voltammetry. In 0.1M HClO4, 

methyl jasmonate showed a sensitive catalytic oxidation peak at 1.0 V on the iron-porphyrin-DMF 

modified GCE. Using square wave voltammetry, the linear relationship of methyl jasmonate is 2.5×10
-7

 to 

3.75 ×10
-6

 M with the detection limit 5 × 10
-8 

M. And the iron-porphyrin-DMF modified GCE was applied 

successfully in the determination of methyl jasmonate in rice floret. 
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Abstract:  The last decades have witnessed a steady increase of the social and 

political awareness for the need of monitoring and controlling environmental 

and industrial processes. In the case of nitrite ion, due to its potential toxicity for 

human health, the European Union has recently implemented a number of rules 

to restrict its level.
1
 Nitrite is widely used as an antimicrobial agent. It  is  also 

present  in  vegetables  and  is  a  potential  hazard  to  human  

health. A portion of the  nitrate  in  the  fertilizers,  human  waste  and  

animal  waste  are converted to nitrite  by itself. It is also used in different 

kinds of soups.
2
 Epidemiologic studies have associated nitrate and nitrite ion 

exposure in drinking water to a number of medical issues.
3
 The passage of nitrite 

into the bloodstream results “blue baby” syndrome. Moreover, under acidic 

conditions of the stomach, it is easily converted into carcinogenic nitrosoamines 

after reaction with amines, which may lead to gastric cancer.
4
 Most methods 

proposed in the literature for the determination of nitrite involve 

spectrophotometry, organic chromophores or fluorophores and ion 

chromatography, the use of these methods requires complicated and expensive 

instrumentation and time-consuming. However, characterization of nitrite by 

electrochemical methods can provide a rapid way of determination.
3, 5

 

Consequently in this study we prepared electrode by mixing 

aminophenol-formaldehyde polymer with phosphomolybdic acid for detection 

of Nitrite. This Integration of polymer matrix to form materials is an effective 

way to harness the electrochemical activity; it shows high electrocatalytic 

activity of nitrite oxidation. The results proved that this sensor is highly sensitive 

and stable for Nitrite. Also it did not show any interference with others potential 

interfering species.   
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Figure 1 (a) The cyclic voltammograms of Polymer- POM electrode in H2SO4 at different scan rates. (b) Cyclic 

voltammograms for Polymer- POM electrode in H2SO4 solution with different pH, (c) cyclic voltammograms of 

Polymer- POM electrode in H2SO4 with different concentrations of Nitrite. 
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Wastewater-based  epidemiology  (WBE) has been  shown  to  be  an  innovative  approach  for 

monitoring of drug use in communities by quantifying drug biomarkers such as drug residues and 

metabolites in sewage. The approach can also be employed for the analysis of health and disease 

biomarkers from faeces and urine. Faeces and urine from either humans or animals carry many biomarkers 

and pathogens, which could enter the  sewage  system  from  a  carrier  of  the  disease  in  the  

community,  e.g.  patients  at  hospitals.  Those pathogens such as bacteria, viruses and parasites in 

wastewater can be hazardous to humans and can lead to pathogen epidemic. Infectious diseases require 

rapid or even real-time detection to assess whether there is a need  for  the  containment  of  the  

disease  carriers  to  certain  areas  and  prevent  the  development  of  an epidemic. To this end, 

there is a great need to develop novel analytical tools that are able to accurately and rapidly  monitor  

low  levels  of  biomarkers/pathogens  with  minimal  sample  processing  by  unskilled 

personnel at the site of sample collection.  We propose for the first time to employ a range of community 

sewage sensors (arrays) to detect urinary and faecal  biomarkers/pathogens  for  monitoring  of  

public  health  within  WBE  [1].  It  is  hypothesised  that emerging biosensing technologies will 

play a key role in the in situ quantitative analysis of biomarkers and pathogens  in sewage, due  to  rapid  

response  times,  low cost and minimal sample processing.  In particular electrochemical sensors have 

great promise for the detection of biomarkers and pathogens because of being easy  to  be miniaturized 

with  other  devices,  having  high  data  resolution  and  ability  to  operate  remotely. Here, 

we present a range of electrochemical community sensors developed to analyse various biomarkers, such as 

mitochondrial DNA, proteins  (e.g. prostatic  specific antigen), and drugs  (e.g. cocaine)  in  sewage 

for monitoring of public health. As an example, a new label-free electrochemical DNA (E-DNA) biosensor  

was  developed  (Fig.  1).  It  utilises  a  custom  synthesized  ferrocenyl  intercalator  as  a  

transducer,  which  allows the detection of human-specific mitochondrial DNA in sewage [2]. This novel 

community biosensorcould be used to identify potential population biomarkers for the monitoring of public 

health using WBE. Moreover, a novel impedimetric aptamer sensor based on DNA-directed immobilization 

for rapid detection of cocaine was developed and applied to wastewater for evaluation of illicit drug use 

trends, coupled with a simple  sample  pre-concentration  step.  The  analysis  of  cocaine  in  

wastewater  from  weekly  sampling  in treatment plant shows similar cocaine use trends from that 

analysed with mass spectrometry [3], indicating that the developed cocaine sensors have the potential to 

evaluate illicit drug use trends with rapid responsetimes and low cost. There is even a potential for in-filed 

monitoring utilizing a portable pre-concentration device. Finally, we will discuss electrochemical 

community sensors  for  the detection of a prostate cancer  biomarker (PSA) in sewage based on a 

DNA-directed immobilization aptamer sensors[4], which could be potentially  used  to  evaluate  the  

cancer  prevalence  at  the  local  population  level.  To  sum  up,  we demonstrated  that  

electrochemical  community  sensors  have  the  clear  potential  for  the  assessment  of 

community-wide health at a population level by assessment of biomarkers using WBE.     
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Fig.1  Illustration  of  Synthesis  of  Fc  intercalator  and  Detection  of  Human  Mitochondrial  DNA  from  

Wastewater  with  Electrochemical  Biosensor  Based  on  Fc  Intercalator  
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Lithium-ion-containing fullerene Li
+
@C60 has very high electron affinity and low-lying LUMO level at 

–4.3 eV due to encapsulated positive charged lithium ion in the fullerene cage. Because of this property, 

reactivity of Li
+
@C60 on organic functionalization is very different from empty fullerene. In this 

presentation we will show the synthesis of lithium-ion-containing PCBM ([6,6]-phenyl-C61-butyric acid 

methyl ester) (Li
+
@PCBM). The [5,6]- and [6,6]-isomers of [Li

+
@PCBM]PF6

–
 were successfully prepared, 

and the structure of [6,6]-[Li
+
@PCBM]PF6

–
 was elucidated by X-ray crystallography. In addition, we will 

discuss reactivity of the Diels-Alder (DA) reaction on Li
+
@C60. The DA reaction of fullerene is one of the 

most important reaction in the fullerene chemistry. We studied the reaction of Li
+
@C60 with 

cyclopentadiene, which were chosen as an diene, and found that this reaction was highly efficient, with an 

equilibrium constant that was more than 1000-fold that for the reaction with empty C60. The DA reaction of 

[Li+@C60](PF6
–
) with 1,3-cyclohexadiene was also kinetically and computationally investigated to 

precisely determine the kinetic parameters. Compared with empty C60, Li
+
@C60 reacted 2400-fold faster at 

303 K. The result was well explained by DFT calculation at the M06-2X/6-31G(d) level of theory 

considering the reactant complex with dispersion corrections as well as by the frontier molecular orbital 

theory. 
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Inorganic nanoparticles possess unique optical, electrical, magnetic, mechanical and catalytic properties 

owing to high specific surface area and strong quantum confinement effect, which offer broad research and 

application prospects in many fields such as physics, biology, chemistry and materials science. However, it 

is well known that free inorganic nanoparticles have high surface energies and tend to aggregate and fuse, 

and thus the intriguing properties registered in the nanoparticles are degraded or even disappeared, leading 

to difficulty in long-term storage, processing and applications. So, it is imperative to develop novel 

strategies to stabilize inorganic nanoparticles. Recently, we demonstrate that the metal-organic frameworks 

could be selected as a coating layer to stabilize inorganic nanoparticles. Inorganic 

nanoparticle@metal-organic framework core-shell nanostructures, in which a single inorganic nanoparticle 

core is coated with a uniform metal-organic framework shell, have been fabricated through self-assembly 

method. Furthermore, the functionality of the core-shell nanostructures has been regulated by adjusting the 

size, morphology, structure, composition, etc. of the inorganic nanoparticle core and the metal-organic 

framework shell. The corresponding applications of these novel composite nanomaterials in the fields of 

sensing, catalysis, bioimaging and drug delivery have been explored. 
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In an electrolytic water splitting cell, the production of H2 at the cathode is severely constrained by the 

sluggish kinetics of the oxygen evolution reaction (OER) on the anode. As a consequence, highly efficient 

OER catalysts are required to lower the energy barrier to improve the overall energy efficiency. So far, IrO2 

and RuO2 are the benchmark OER catalysts, owing to their high catalytic activity. Nevertheless, these 

precious metals are costly and their supply is not sustainable, therefore are not suitable for large-scale 

applications. Hence, enormous research efforts have been devoted to the development of low cost OER 

electrocatalysts based on first-row transition metals and their oxides, which exhibit good OER activity with 

significantly lowered fabrication costs.
1,2

 Among these catalysts, nickel and cobalt based composites have 

shown promise as active catalyst materials for OER, which usually require overpotentials around 350 ~ 450 

mV to deliver a current density (j) of 10 mA cm
-2

. Nevertheless, effective strategies are desired to further 

enhance the OER activity of the transition metal based catalysts to a level that is comparable to the 

benchmark IrO2 and RuO2. Furthermore,to be used for industrial applications, OER catalysts also need to 

meet more strict criteria such as delivery of very high current densities (≥ 500 mA cm
-2

) at low 

overpotentials (≤ 300 mV), and mechanical robustness and prolonged durability during strong gas 

evolution.  

 

The presentation concerns our strategies and progress in enhancing the OER activity of non-precious metal 

based OER catalysts, including downscaling, and/or making mesoporous structures Co3O4 based OER 

catalysts,
3,4

 using carbon nanomaterials as substrates to immobilize nanoparticle catalysts,
5,6

and making 

multi-metallic catalysts by taking advantage of synergistic metal-metal interactions.
3,4

 Finally,we show a 

hierarchically structured three-dimensional nickel-iron electrodes fabricated by electrodeposition,
7
 which 

only requires an overpotential of 200 mV to initiate the reaction, and is capable of delivering current 

densities of 500 and 1000 mA cm
-2

 at overpotentials of 240 and 270 mV, respectively. To the best of our 

knowledge, this is the most efficient oxygen evolution electrode in alkaline electrolytes reported so far. 
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Perovskite solar cells have attracted considerable attentions in the photovoltaic field for their high 

efficiency achieved in a short period of time. Despite the undisputable impressive progresses in conversion 

efficiencies for laboratory scale devices, several issues including long-term thermal and photonic stability, 

the toxicity of the lead halides remain yet to be solved. In this study, we communicate an investigation on 

efficient CH3NH3PbI3-based solar cells with carbon electrode using mesoporous TiO2 and NiO layers as 

electron and hole selective contacts. The device possesses an appreciated power conversion efficiency of 

14.9% under AM 1.5G illumination. The detailed information can be disclosed with impedance 

spectroscopy via tuning the interfaces between CH3NH3PbI3 and different charge selective contacts. The 

results clearly show charge accumulation at the interface of CH3NH3PbI3/hole selective contact layer 

(mesoporous NiO). The NiO is believed to efficiently accelerate charge extraction to the external circuit. 

The extracted charge could improve photovoltaic performance by shifting hole Fermi level down, achieving 

a high device photovoltage. A fast interfacial recombination at the interface of CH3NH3PbI3/electron 

selective contact layer (mesoporous TiO2), occurring in milliseconds domains, is the critical issue for 

charge carrier recombination loss. 

Figure 1. The impedance spectroscopy results on perovskite solar cells. Nyquist and Bode plots of TiO2/Al2O3/NiO/carbon 

(MAPbI3) device in the dark, and the scheme of devices. 
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The Applications of the Doped Carbon Nanocomposites in Oxygen 

Reduction Reaction 
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It is very important to explore the catalysts for oxygen reduction reaction (ORR). However, most of the 

catalysts are based on noble metals such as Pt and Pd which suffer from very limited supply and high cost. 

Recently, significant advances have begun to move to design and synthesize non-platinum group-metal 

electrocatalysts as alternatives, and the N, Fe doped carbon nanocomposites have exhibited excellent 

catalytic activity for ORR [1]. We hope the codoped carbon nanocomposites can be synthesized by 

different methods with different raw materials which are cost-effective and environment-friendly. The 

mechanisms of ORR were studied by analysis of the contrast test and selection of suitable probe [2-5]. For 

example, we demonstrate a one-pot, large-scale protocol for the controlled synthesis of new 

one-dimensional (1D) bamboo-like carbon nanotube/Fe3C nanoparticle (NP) hybrid nanoelectrocatalysts, 

which are directly prepared through annealing the mixture of PEG-PPG-PEG Pluronic® P123, melamine 

and Fe(NO3)3 at 800 
o
C in N2, as shown in 

Fig. 1 [4]. The resulting hybrid 

electrocatalysts show very high ORR activity 

with the half-wave potential of 0.861 V (vs. 

reversible hydrogen electrode (RHE)) in 0.10 

M KOH solution, 49 mV more positive than 

that of 20 wt % Pt/C catalyst. Furthermore, 

they exhibit good ORR activity in acidic 

media with the comparable onset potential to 

that of the Pt/C catalyst. Most importantly, 

they show much higher stability and better 

methanol tolerance with almost no ORR 

polarization curve shift and no change on 

oxygen reduction peak in cyclic 

voltammogram in the presence of 1.0 M 

methanol, than those of the commercial Pt/C 

catalyst in both alkaline and acidic solutions. 

They become one of the best non-noble metal 

catalysts ever reported for ORR in both alkaline and acidic solutions. Furthermore, porous BCNFNHs-800 

exhibits much higher ORR activity, better stability for ORR than un-treated PMF catalyst, especially in the 

acidic solution, making it one of the best-performing non-precious-metal catalysts. Our work paves the way 

to the development of an economical and cheap protocol to construct novel catalysts in sensor, fuel cell, 

metal corrosion, etc.  
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Fig. 1 Illustration of the formation of the BCNFNHs, TEM 

image and voltammograms of the prepared PMF-800 and Pt/C 

in O2-saturated 0.10 M KOH (up) and 0.50 M H2SO4 

(PMF-800) or 0.10 M HClO4 (Pt/C) (bottom) at a scan rate of 

5 mV/s, rotation rate = 1600 rpm. 
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Atomically precise gold nanoclusters containing a few to hundreds of core atoms, for example, , Au25(SR)18, 

Au38(SR)24, Au67(SR)35 and Au144(SR)60, where SR is organothiol,  have received much attention in recent 

years because of their importance in both fundamental science and technological applications. These 

redox-active nanoclusters display unique properties, such as quantized single-electron charging and 

molecule-like HOMO−LUMO energy gaps, that differ substantially from those of the corresponding atoms 

and bulk materials. This presentation reports electrochemical and optical properties of these nanoclusters 

and their use in electrochemical sensing. Voltammetry of these nanoclusters exhibited well-resolved, 

reversible redox peaks and size-dependent electrochemical HOMO-LUMO gaps that could be correlated to 

optical and calculated energy gaps. These nanoclusters also showed excellent electrocatalytic activity 

toward oxidation of biologically relevant analytes. The modified electrode film prepared with Au25 

nanoclusters exhibited excellent mediated electrocatalytic activity that was utilized for amperometric 

sensing of dopamine and glucose. The electron transfer dynamics in the Au25 film was examined as a 

function of Au25 concentration, which manifested the dual role of Au25 as an electronic conductor as well as 

a redox mediator. The electron transfer study has further revealed the correlation between the electronic 

conductivity of the Au25 film and the sensing sensitivity.  
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In very recent years, ultrasmall metal nanoclusters with core sizes below 2 nm have emerged as a new 

class of functional nanoparticles due to their discrete and size dependent electronic structures and 

molecular-like properties, such as HOMO-LUMO transitions in optical absorption, quantized charging, 

and strong luminescence. Synthesis of high quality metal nanoclusters in sufficiently large quantities is 

necessary for establishing reliable size-property relationships and exploring their potential applications. 

This presentation will summarize our recent progress in the development of novel synthetic strategies 

for the production of atomically precise metal nanoclusters. The preparation of atomically precise 

metal nanoclusters is viewed as engineerable process where both the precursors (input) and their 

conversion chemistry (processing) may be rationally designed to achieve the desired outcome – 

atomically precise metal nanoclusters (output). We will demonstrate several efficient strategies for 

tailoring the precursor and the conversion process, and present our understanding of the processes 

involved. We will also highlight some application developments of metal nanoclusters in important 

sustainability topics including sensors for the environment and human health, and other biomedical 

applications. 
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A Ag/Ag3PO4nanoparticle-sensitized BiPO4 (Ag/Ag3PO4/BiPO4) photocatalyst was synthesized using 

hydrothermal and impregnation processes. Powder X-ray diffraction, UV–Vis diffuse reflectance 

spectroscopy, Raman spectroscopy, X-ray photoelectron spectroscopy, transmission electron microscopy, 

and scanning electron microscopy were used to characterize the as-prepared products. The optical 

properties and morphologyof BiPO4 exhibited drastic changes and were dependent on the AgNO3 

concentration. Regarding methylene blue (MB), rhodamine B, and methyl orange degradation under solar 

irradiation (95% degradation within 5 min), 15%Ag/Ag3PO4/BiPO4 exhibited considerably higher 

photocatalytic activity than did BiPO4and P25. After five cycles, Ag/Ag3PO4/BiPO4 exhibited no apparent 

loss of activity, confirming its stability despite recycling.The practicality of thisAg/Ag3PO4/BiPO4 was 

validated according to its ability to degrade MB in seawater, pond water, and industrialwastewater samples, 

which also demonstrated the advantages of its high photocatalytic activity.Moreover, 

15%Ag/Ag3PO4/BiPO4 also showedsunlight-induced photocatalytic disinfection activity toward E. coli 
cells. The enhanced photocatalytic activity and improved stability of Ag/Ag3PO4/BiPO4 could be attributed 

to the strong visible light absorption by Ag/Ag3PO4 nanoparticles, a low electron–hole recombination rate, 

and the highly efficient separation of photogenerated electron–hole pairs throughout Ag3PO4/BiPO4 and 

Ag/Ag3PO4heterostructures. Moreover, holes and hydroxyl radicals were the main reactive species. 
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Fig.1Sunlight-Induced PhotocatalyticActivity using 

Ag/Ag3PO4/BiPO4. Temporal evolution of the 

spectral change upon MB degradation over 

15%Ag/Ag3PO4/BiPO4 

 

 
Fig.2(a) Photocatalytic disinfection activity of the control 

and 15%Ag/Ag3PO4/BiPO4 forE. coli cells with and without 

solar irradiation. Each data point and error bar represents 

the mean and the standard errors (n = 3). Images of E. coli 

colonies on an agar plate under different conditions: (b) the 

control and (c) 15%Ag/Ag3PO4/BiPO4 in the dark, (d) the 

control and (e) 15%Ag/Ag3PO4/BiPO4 with solar irradiation 

for 30 min. 
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As an important research area of analytical chemistry, electrochemical biosensors remain particularly 

attraction due to their excellent properties including high sensitivity, fast response, simple operation and 

low cost [1]. To improve the sensitivity of electrochemical biosensors for rapid detection targets at 

tracelevel, many efforts have been focused on amplifying the signal by using various stratagies in our group. 

The main contents including the following three aspects: (i) nanomaterials induced signal amplification 

strategies (carbon nanotubes, graphene, C60, metal nanoparticles) [2-5]. Since the performance of the 

electrochemical biosensors depends intimately on the properties of adopted materials, a variety of 

nanomaterials with unique electronic and catalytic properties as well as high specific surface area are 

increasingly employed as effective signal enhancers. (ii) Signal amplification strategies through enzyme 

catalysis (such as bienzyme or triple-enzyme cascade electrocatalytic amplification, in situ generation of 

redox mediator by using the catalytic reaction of enzymes) [6-9]. The enzyme not only entails the 

enzymatic reaction taking place in the close vicinity of the biosensor but also allows its amplification 

according to the catalytic activity of the enzyme, leading to the possibility of developing highly sensitive 

biosensors. (iii) enzyme-assisted signal amplification strategy (exonuclease-catalyzed target recycling, 

enzyme assisted isothermal exponential amplification of DNA) [10-15]. Signal amplification approaches 

based on DNA machines and enzyme such as rolling circle amplification (RCA), loop-mediated isothermal 

amplification (LAMP), nicking endonuclease signal amplification, strand displacement amplification 

(SDA), hybridization chain reaction (HCR) and the isothermal exponential amplification reaction (EXPAR) 

have been demonstrated as an interesting and effective signal amplification route in bioassays. With these 

ingenious designs, in recent years we have carried out a series researches in electrochemical biosensor and 

achieved the simultaneous quantitative detection of multiple targets. The following schematic diagram 

illustrates the stepwise assembly process and detection principle of the electrochemical immunosensor for 

doping detection by using C60-based nanomaterial as a new type of redox nano-probe. 

 

Scheme. Schematic Illustration of the Immunosensor Preparation Process and Possible  

Mechanism of Electrochemical Reaction 
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Abstract: Porphyrins are recognized as important biomaterial has received much attention 

due to their attractive optical properties.
1
 It is often used as photosensitizer conversion of 

ground state molecular oxygen (
3
O2) to singlet oxygen (

1
O2) when excited with visible light, 

and this energy transfer process is very efficient. The highly reactive 
1
O2 generated can lead to 

photodynamic inactivation of microorganisms and lethal damage to cancer cells. Moreover, 

the organic molecules of porphyrin exhibited ultrafast electron injection and higher absorption 

coefficient to light harvesting, which could be used to improve the photocurrent conversion 

efficiency and applied in photoelectrochemical devices. Meanwhile, graphene as a monolayer 

2D material and another allotrope of carbon, has elicited much attention for its potential 

applications in electronics, batteries, and catalysis that originate from its exceptional 

properties, which makes graphene an ideal platform for growing or anchoring functional 

nanomaterials.
2
  

In this work, a rapid and simple hydrothermal process was applied for the fabrication of 

porphyrin-modified graphene material with highly porous structure, in which the GO aqueous 

dispersion as precursor, and hemin as dopant and reductant. SEM images confirmed that the 

as-prepared Por/Gr material have a well defined and cross-linked 3D network structure, and 

the pore sizes ranged from submicrometer to several micrometers. The higher solar-energy 

conversion efficiency and photodegradation has been confirmed regarding the as-prepared 

Por/Gr material. Moreover, due to the fact that singlet oxygen (
1
O2) photoinduced by 

porphyrins under visible light effectively result in the photocatalytic inactivation of bacteria, 

the antibacterial activity assays were conducted with the bacillus subtilis, indicating that this 

Por/Gr material have efficient antibacterial activities. porphyrin-modified graphene (Por/Gr) 

material has been successfully synthesized via a facile solvothermal reaction. It was found 

that the Por/Gr material has a higher photoelectrochemical response, photodegradation, and 

antibacterial activity. Such enhanced performance of porphyrin-modified graphene material 

opened a new way for potential applications in various fields. 

 

     

 

 

 

 

 

Figure 1. (a) SEM of the as-prepared Por/Gr material. (b) UV-vis absorption spectra of MB solution after the absorption 

treatment. (c) The pictures of the antibacterial activity changes over time. 
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          DNA-directed assembly of gold nanohalo for quantitative 

plasmonic imaging of single-particle catalysis 
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Plasmonic imaging under a dark-field microscope (DFM) holds great promise for single-particle analysis in 

bioimaging, nanophotonics, and nanocatalysis. However, owing to the limit of CCD sensitivity, DFM could 

only capture the scatter light from large AuNPs (L-AuNPs) with diameters over 50 nm (d > 50 nm), which 

is often catalytically less active than small AuNPs(S-AuNPs, d < 15 nm). Here, we designed a 

DNA-directed programmable assembly strategy to fabricate a halo-like Au nanostructure (nanohalo) that 

couples plasmonic L-AuNPs with catalytically active S-AuNPs in a single nanoarchitecture(Fig. 1). The 

close proximity of large and small NPs in the Au nanohalo results in a confinement and enhancement of 

local electromagnetic field(Fig. 1). Catalytic reactions occurring on S-AuNPs changes its permittivity，
which leads to significant changes of the plasmonic resonance of the Au nanohalo. Hence, we can indirectly 

monitor catalytic reactions on a single nanohalo under DFM(Fig. 2), on the basis of which we have 

obtained quantitative information on both nanocatalysis and catalyst poisoning. Our study thus not only 

provides a cost-effective means to quantitatively study metal NP-based catalysis at single-particle level in 

homogeneous solution.

 

 

 

Fig.1(A) Synthetic scheme for the preparation of Au 

nanohalothrough the self-assembly of AuNPs of different 

diameters modifiedwith complementary oligonucleotides. 

(B) Schematic demonstrationof the distance between L- 

and S-AuNPs. (C) Number ofoligonucleotides per particle 

of different kinds of L- and S-AuNPs.Inset shows the 

colored product that is catalyzed by L- and S-AuNPsthat 

loaded different amounts of oligonucleotides, respectively, 

astested by a HRP-cascaded colorimetric reaction. (D) 

Electromagneticfinite-difference time-domain (FDTD) 

simulation of the local electricfields enhancement (Log |E|) 

of the Au nanohalo (left) and L-AuNPs(right) at the X−Y 

plane.  

Fig.2(A) LSPR spectra and (B) the corresponding 

plasmonicband peak shifts of one Au nanohalo during the 

catalytic reaction. (C)LSPR spectra and (D) the 

corresponding plasmon band peak shifts ofone L-NPs along 

the catalytic process under same experimentalcondition. 

LSPR spectra were collected by DFM with a time interval 

of1 min and then fitted by Lorentz curve to determine the 

peak position.Error bars in panels B and D represented the 

deviations coming fromthe Lorentzian fitting procedure 
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Polyaniline (PANI) is one of the most widely investigated materials because of its straightforward 

polymerization process, relatively high conductivity, good electrochemical stability, and interesting 

electrochemical properties [1]. Furthermore, PANI is compatible to most enzymes and provides a suitable 

matrix for enzyme immobilization [2]. In biosensor applications, PANI can act as a mediator for electron 

transfer in enzymatic reaction owing to its excellent electroactivity and conductivity. Recently, metal 

nanoparticles especially gold nanoparticles (AuNPs) have been employed to dope with polyaniline because 

of their excellent biological compatibility, high effective surface area, and good conducting capability [3]. 

In this work, the fabrication and performance of a glucose biosensor based on the electrodeposited 

gold nanoparticles/polyvinylpyrrolidone/polyaniline (AuNPs/PVP/PANI) composites have been 

demonstrated. Electrodeposition of the composites on a glassy carbon electrode (GCE) was carried out in a 

homogeneous three-component solution consisting of aniline, PVP and AuNPs. Glucose oxidase (GOx) 

was subsequently immobilized on the as-prepared AuNPs/PVP/PANI composites using Nafion preventing 

the leakage of GOx. The electrochemical and electrocatalytic properties of the 

Nafion/GOx/AuNPs/PVP/PANI modified electrode were studied. The results showed that the prepared 

glucose biosensor exhibited excellent electrocatalytic performances with a large linear range from 0.05mM 

to 2.25 mM, a low detection limit of 1.0 × 10
-5

 M (S/N = 3), and a high sensitivity A mM
-1

 cm
-2

 

for the amperometric detection of glucose. This sensor with excellent sensitivity and reproducibility was 

also allowed for the detection of glucose in human serum samples with satisfactory results. 
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Electron transfer between redox enzyme and electrode is a key element for bioelectrocatalytic reactions. 

Direct electron transfer (DET) reaction, which is a mediator-less coupling between electrode and enzymatic 

reactions, has attracted increasing attentions due to its advantages such as simple construction, free from 

loss of the energy due to mediators, independent of the stability of mediators. However, most of redox 

enzymes have been found difficult or limited to communicate with electrode directly because the enzymatic 

active centers are often embedded deeply in proteins or polypeptides. According to Marcus theory, the 

electron transfer rate is governed by the potential difference, the reorganization energy, and most 

importantly the distance between the enzymatic active center and the electrode surface. Therefore, it is 

important to control the orientation of enzyme on electrode surface for shortening the distance and 

improving the DET of enzyme. For this purpose, increasing number of papers has been published [1-4]. 

Due to its large surface area and excellent electronic conductivity, nano-materials have been widely applied 

to enhancing DET of enzymes [1]. Recently, ‘substrate-like linker’ with structures similar to natural 

substrate of the enzyme has been modified on the electrode surface to improve the DET performance [2]. 

The linker is expected to be inserted into the enzymatic active center ‘pocket’ and to improve the coverage, 

orientation, and stability of the enzyme on the electrode. However, the accurate information about the 

interaction of the enzyme and the linker remains unclear [2]. Recently, Sugimoto et al. have proposed that 

adsorption and orientation of enzyme are affected by the electric double layer of electrode surface due to 

the electrostatic interaction [3]. The characteristics of electrode surface, such as hydrophilicity or 

hydrophobicity, also is considered to affect the orientation of enzymes [4]. 

As one of multi-copper oxidases (MCOs), bilirubin oxidase (BOD) couples the oxidation of bilirubin to the 

four electron reduction of dioxygen to water. It is well known that BOD contains four copper atoms which 

can be divided into three types according to their spectroscopic and magnetic properties: type I (T1), type II 

(T2) and type III (T3) coppers. T1 copper atom is considered as the primary electron receptor which 

receives electrons from reductants and sends them to T2/T3, where dioxygen is reduced. BOD as a 

bioelectrocatalyst for reducing dioxygen to water at neutral pH first reported by Tsujimura used 

2,2′-azinobis(3-ethylbenzothiazolin-6-sulfonate) as an electron transfer mediator [5]. Increased attentions 

have been paid to use as a biocathode catalyst for constructing DET-type biofuel cell [6].  

In this study, we focused on negatively charged aromatic compound as a platform of BOD. As shown in Fig. 

1, negatively charged aromatic compound was linked to kenjet black (KB) through an electrochemically 

generated nitrogen-carbon bond, then BOD was physically adsorbed on it. The DET-type electrocatalytic 

behavior of BOD was investigated by rotating disk 

voltammetry in air-saturated phosphate buffer (pH 7) with a 

rotating disc electrode (RDE, diameter 3 mm) as the working 

electrode, a platinum wire and Ag|AgCl|sat. KCl as counter 

electrode and reference electrode, respectively. The RDE was 

modified with KB, 4-aminobrenzoic acid (4-ABA), and BOD 

in turn. As shown in Fig. 2, DET-type electrocatalytic current 

density at BOD/4-ABA/KB-modified electrode reached 1.2  

0.1 mA cm
–2 

(at 0 V), which was much higher than that on 

pristine KB modified electrode (0.4  0.1 mA cm
–2

). The 

onset potential was observed as shifted from 0.52 V to 0.58 V 

(vs. Ag|AgCl|sat. KCl) when BOD was immobilized on 

4-ABA/KB modified electrode. These results indicated that 
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Fig. 1 The proposed scheme of the orientation 

of BOD on negatively charged aromatic 

compound modified electrode surface  
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4-ABA can improve the electron transfer kinetics between BOD and the electrode. The voltammograms 

were analyzed by a simple DET-type catalytic model [6] with the following equation: 

 

fbfcat

cat

//1 kkkk

λΓnFk
j


              (1) 

where, j is the catalytic current density, n, F and 

kcat are the number of electron of enzyme (here, n = 

1 for T1 copper in BOD), Faraday constant, and 

catalytic constant (here, kcat was set as 250 s
–1 

according to a previous study).  is the total 

amount of enzyme immobilized on the electrode 

and  is the ratio of electrochemically active 

enzyme to the total one, that  can be treated as 

the amount of effectively immobilized BOD on the 

electrode. kf and kb are the electron transfer rate 

constants expressed by Butler-Volumer-equations. 

According to the fitting of Eq. 1, the standard 

electron transfer rate constant k was estimated as 

770  60 s
–1

 on BOD/4-ABA/KB-modified 

electrode, while it was 180  20 s
–1

 on 

BOD/KB-modified electrode. Amount of 

effectively immobilized BOD on 4-ABA/KB-modified electrode also was calculated as (3.7  0.2)  10
–10

 

mol cm
–2

, which is higher than that on KB-modified electrode ((1.3  0.1)  10
–10

 mol cm
–2

). The 

4-ABA/KB-modified electrode surface seems to induce favorable orientation, which results in an increase 

in the amount of the effectively immobilized BOD. In addition, as shown in the inset of Fig. 2, the great 

stability of the electrocatalytic response of BOD was realized at 4-ABA/KB-modified electrode. 

In contrast, compounds without aromatic structure (for example, 6-aminohexanioc acid) or lack of 

negatively charged group (for example, aniline and p-phenylenediamine) were turned out to be ineffective 

for improving the electrocatalytic activity of BOD towards the oxygen reduction reaction. As a control, 

another MCO, copper efflux oxidase (CueO), was also immobilized on the 4-ABA/KB-modified electrode. 

However, such improvement for BOD was not observed. The difference seems to be ascribed to the 

difference in the surface property of the enzymes.   

In summary, in this paper we reported a negatively charged aromatic compound-modified electrode for 

enhancing the DET-type bioelectrocatalytic activity of BOD towards oxygen reduction reaction. Here we 

consider that the aromatic structure is essential for effective orientation of BOD on the electrode surface 

with - interaction and that weak negative charge provides the favorable orientation of BOD by 

electrostatic interaction to improve electron communication with electrode (Fig. 1). Accurate information 

about the interaction between 4-ABA and BOD is now in the progress. 
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Fig. 1 Rotating disk voltammogram of O2-reduction at (A) 

BOD/KB-modified GCE and (B) BOD/4-ABA/KB-modified 

GCE at a rotating rate of 2000 rpm in air-saturated 

phosphate buffer (25 C, pH 7). Inset: the long-term 

stability of (●) BOD/4-ABA/KB-modified GCE and (○) 

BOD/KB-modified GCE. The current was measured from 

the steady-state catalytic current on chronoamperometry at 

0 V. 
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Polybrominated diphenyl ethers (PBDEs), a new kind of POPs, are used widely as additive flame retardants 

in a wide range of materials. They can be released into the external environment through volatilization and 

exudation, etc., resulting in air, water, soil and biosphere pollution during the process of use. 4, 

4'-Dibromodiphenyl ether (DBDPE), as a lower brominated PBDE with features of high fat-solubility, 

easy-deposition and accumulation in the adipose tissue of the organism, is found to be the predominant 

congener present in aquatic organism, i.e. freshwater fishes, and has been extensively detected in 

environment due to the degradation of commercial products containing PBDEs. Molecularly imprinted 

technique has become a well established analytical tool with many advantages such as easy preparation, 

selective recognition, superior stability and low cost. In this study, we have developed a novel, 

fast-response, inexpensive analyte-sensor based on molecularly imprinted hybrid (MIH) modified carbon 

paste electrode for DBDPE determination via a sacrifice spacer strategy
[1]

. 

The MIH precursor was prepared by two steps. 1, 1-Bis(4-bromophenyl)-3-[(3-triethoxysilyl)propyl]- urea 

was synthesized from 4, 4’-dibromodiphenyl carbamic chloride and 3-aminepropyltriethoxysilane (APTS), 

following by reacting with tetraethoxysilane (TEOS) by sol-gel technique
[2]

. The resultant MIH precursor 

was treated by heating and hydrolyzing to form MIH. The MIH modified carbon paste electrode (MIH-CPE) 

was fabricated by thoroughly mixing MIH (Scheme 1), graphite powder and paraffin liquid, and then 

packing the resulting complex mixture firmly into the electrode cavity of a Teflon sleeve. As control, 

non-molecularly imprinted silica modified CPE (NIS-CPE) and non-covalent molecularly imprinted hybrid 

modified CPE (NMIH-CPE) were also constructed separately. 

The electrochemical measurements were achieved in 0.2 M KCl solutions containing 5 mM K3Fe(CN)6 in 

the presence and absence of DBDPE, and the cyclic voltammogram was recorded in the form of redox peak 

current of [K3Fe(CN)6] at a scan rate of 100 mV·s
−1

. Fig.1 showed cyclic voltammograms of the bare CPE, 

MIH-CPE, NIS-CPE and NMIH-CPE recorded in different test solutions. It was found that from Fig.1 A 

almost no current change (Δi) was observed. There was evident current change (Δi) in the cyclic 

voltammogram of MIH-CPE (Fig.1B) compared with those of NIS-CPE (Fig.1C) and NMIH-CPE (Fig.1D). 

Herein, Δi=i0−ic, where i0 and ic are the current when the amounts of 4, 4'-dibromodiphenyl ether are 0 and 

1×10
-6

 M, respectively. The MIH had much higher template recognition ability than the control NIS and 

NMIH. On the other hand, it was concluded that the sacrificial spacer methodology was be superior to the 

conventional non-covalent method for adsorbing 4, 4'-dibromodiphenyl ether. MIH had higher recognition 

ability. The DBDPE-imprinted sensor exhibited good stability, high sensitivity, and user-friendly reusability 

for 4, 4'-dibromodiphenyl ether determination.  
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Scheme 1 Schematic for synthesis of MIH to 4, 4'-dibromodiphenyl ether 
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Fig.1 Cyclic voltammograms at (A) bare CPE, (B) MIH-CPE, (C) NIS-CPE and (D) NMIH-CPE  

Red line: in the absence of 4,4'-dibromodiphenyl ether and blue line: in the presence of 1×10-6 M 4,4'-dibromodiphenyl ether. 

Incubation time: 10 min. 
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Selective and sensitive molecularly imprinted electrochemical sensor for the 

determination of dicyandiamide in infant formula 
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Dicyandiamide (DCD) or cyanoguanidine is widely used as a nitrification inhibitor for inhibiting the 

activity of nitrifying bacteria in agriculture to slow down the rate of nitrification and reduce nitrogen loss in 

soil [1]. However, the widespread use of DCD can lead to DCD residues on pastures, which cause a human 

health threat especially in baby formulas. Studies have reported that DCD was detected in infant formula 

[2]. Unfortunately, the methods of measuring DCD, although mostly are sensitive and accurate, are difficult 

to apply because they always require advanced and sophisticated equipment, and all equipment need to be 

operated by specially trained workers. In addition, in many cases, they also require a complex matrix and 

extensive sample preparation, including extraction, pre-concentration, or derivatization [3]. 

A novel molecularly imprinted electrochemical sensor was developed for the sensitive and selective 

determination of dicyandiamide (DCD). The sensitive layer was electropolymerized on a gold electrode 

with o-aminophenol as monomer, DCD as template molecule, and ethylene glycol maleic rosinate acrylate 

as crosslinker. Several important parameters controlling the performance of the sensor were investigated 

and optimized. The recognition performance of the imprinted sensor was investigated using cyclic 

voltammetry and differential pulse voltammetry with potassium ferricyanide as probe. Results showed that 

the imprinted film displayed a fast and sensitive response to DCD. The concentration of DCD in the range 

of 1 to 40 nmol/L can be determined with a detection limit of 0.10 nmol/L (S/N = 3) under the optimum 

conditions. Therefore, the performed sensor might provide a selectivity and sensitivity method for DCD 

determination in infant formulaand relate foods. 

 

 

a.Bareelectrode; b.after electropolymerization; 

Fig.3. the formation process of DCDMIP                                 c.after removing template 

Fig.4. Cyclic voltammograms of different electrodes  
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Abstract:According to the enzymatic catalysis, the activity and stability of bioinspired 

catalysts can be tuned by adjusting the energy level of active sites. In this talk, we will use 

graphene as the matrix due to its large surface area and good electroconductivity to support 

catalysts for oxygen reduction. At first, we used melamine as the nitrogen source, annealing 

of this material with graphene oxide results in the formation of nitrogen doped graphene 

which shows great activity towards the oxygen reduction as compared to pristine graphene. If 

ice is used as the template, nitrogen doped graphene with large surface area can be obtained 

and the resultant nitrogen doped graphene shows better electrocatalytic activity toward ORR. 

In addition, we tried to doped metal ions in nitrogen doped graphene as active sites for the 

ORR inspired by the steric coordination environments of catalytic sites in natural enzyme. 

The synthesized active Cu nanocomposite (CPG-900) catalyzes oxygen reduction/evolution at 

potentials closely approaching to the standard potential. Such excellent performances are 

related to the imperfect coordination configuration of Cu
2+

 active site whose electron density 

is tuned by neighboring surface Cu
0
 of Cu nanoparticles and N ligands incorporated in 

graphene. The electron transfer number of ORR is estimated by monitoring the H2O2 redox 

which is strongly determined by the overpotential and electrolyte pH. An in situ fluorescence 

spectroelectrochemistry reveals that HO• radical is the common intermediate for the 

electrochemical conversion between H2O and O2. It shows that modulation of the electronic 

energy level of the active sites using suitable ligands can alter the activity of the resultant 

materials towards the ORR. 
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Abstract 

Learning from nature and based on lotus leaves and fish scale, we developed super-wettability system: 

superhydrophobic, superoleophobic, superhydrophilic, superoleophilic surfaces in air and superoleophobic, 

superareophobic, superoleophilic, superareophilic surfaces under water to meet the increasing needs of the 

advanced community and also to better understand how to imitate biology.
[1-3]

 Further, we fabricated 

artificial materials with smart switchable super-wettability,
[4]

 i.e., nature-inspired binary cooperative 

complementary nanomaterials (BCCNMs) that consisting of two components with entirely opposite 

physiochemical properties at the nanoscale, are presented as a novel concept for the building of promising 

materials.
[5]

 

The concept of BCCNMs was further extended in to one dimensional system. As one of biomimetic 

nanodevices, nanochannels or nanopores aroused particular interest because of their potential applications 

in nanofluidic devices, biosensing, filtration, and energy conversions.
[6-7]

 Here, inspiration from biological 

ion channels in nature, we developed some biomimetic smart nanochanels and then applied those smart 

nanochannels in practical applications such as photoelectric conversion systems, Chiral recognition and 

metal ions detection systems.
[8-10]

 Such applications with biomimetic nanochannels can not only help 

people to know and understand the living processes in nature, but can also inspire scientists to study and 

develop novel nanodevices with better performance for the mankind. 
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 Possibility of metal nanoparticle-modified nickel electrodes 

Munetaka OYAMA* and Takahiro UEMOTO  
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Nishikyo-ku, Kyoto, 615-8520, Japans 

Metal nanoparticles (NPs) have been attracting active attention as functional units for electroanalysis.  In 

this area, focusing on the attachment of gold nanoparticles (AuNPs), which has biocompatibility and 

electrocatalytic functions, on the surfaces of transparent and conducting indium tin oxide (ITO), our group 

has reported a seed-mediated growth approach for preparing AuNPs attached ITO (AuNP/ITO) electrodes 

and their electrocatalytic properties [1-5].  As an advantage of the AuNP/ITO electrode, the charge 

transfer resistance is significantly decreased compared with that of a bare ITO electrode [3,4].  Thus, it 

could be mentioned that AuNPs provided their unique electron transfer properties to the ITO and improved 

the electrochemical properties effectively for electroanalysis.   

However, to achieve enough improvements, i.e., to manifest significant changes in electrochemical 

responses, the attachment of Au nanoseed particles of ca. 3.5 nm (which can easily attached by just 

immersing a piece of ITO in the seed solution [2]) was not enough, but need to promote some structural 

growth from the nanoseed particles using a growth solution [2-5].  This means that a certain loaded 

amount of Au would be necessary for constructing functional AuNP/ITO electrodes, while the dependence 

of the improved electrochemical properties on the amount of Au was not so simple [5]. 

Compared with the cases of ITO, the combination of AuNPs with metal electrodes may change the 

electrochemical responses.  As the results of this kind of trial, at first, we confirmed that the modification 

of Au nanoseed particles (AuNSPs) of ca. 3.5 nm on conventional Au or Pt disk electrodes did not show 

remarkable changes in the electrochemical responses of Fe(CN)6
4-/3-

 couple.  This result would indicate 

that almost ideal, i.e., reversible, responses are difficult to be improved or altered by further modification of 

AuNSPs.  

However, as an interesting example, we found that a new electrocatalytic oxidation of water occurs on an 

AuNSP-attached palladium (AuNSP/Pd) electrode [6].  Because the oxidation potential was negative 

enough to that of a well-known normal oxidation of water to form O2, the direct use of water as a fuel 

might be possible instead of alcohols using the AuNSP/Pd electrodes.   

As another example of the combination of 3.5 nm AuNSPs with a metal base electrode, we observed some 

electrochemical properties of an AuNSP-attached Ni (AuNSP/Ni) electrode.  Normally, the Ni electrode is 

not suitable for the cyclic voltammometric measurements of redox couples such as Fe(CN)6
4-/3-

.  However, 

the AuNSP/Ni electrode has shown an impressive improvement of the electrochemical responses of 

Fe(CN)6
4-/3-

 in comparison with those with a Ni electrode.  Together with other electrochemical results, the 

possibilities and applicability of the AuNSP/Ni electrodes for electroanalysis will be presented in the 

meeting. 
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Hydrothermal synthesis and electrochemical properties of MnFe2O4 

nanoplates 
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As one of the most important magnetic materials, MnFe2O4 has been widely used in many applications 

such as magnetic separation, magnetic resonance imaging (MRI) and catalysis due to its high magnetic 

permeability and high electrical resistance [1-5]. Considerable efforts have been devoted to the synthesis of 

MnFe2O4 nanomaterials with controlled morphology aim to enhance their performances in the existing 

applications since the properties of nanomaterials are believed to be largely dependent on their shape and 

size. To date, MnFe2O4 nanostructures with well-defined shapes, such as nanoparticles, nanorods, 

nanowires, nanofibers and octahedrons have been successfully synthesized. As a major limitation, almost 

the reported structures are one-dimensional (1D) or three-dimensional (3D). And the fabrication of 

two-dimensional (2D) MnFe2O4 nanostructures has rarely been reported. 

In this study, MnFe2O4 nanoplates have been synthesized by a simple hydrothermal method. X-ray 

diffraction, Fourier transform infrared spectroscopy, transmission electron microscopy, and selected area 

electron diffraction have been employed to characterize the structure and morphology of the as-prepared 

sample. The results showed that the products are plate-like morphology with 100~500 nm in length and 

100~200 nm in thickness. Contrast experiments indicated that formation of the plate-like nanostructure 

could be ascribed to the effect of citrate complexation. Magnetic measurements at 300 K gave the 

saturation magnetization and the coercive field of nanoplates 39.2 emu g
-1

 and 91.5 Oe, respectively. The 

electrochemical performance as anode material for lithium-ion batteries was further evaluated by cyclic 

voltammetry (CV) and by electrochemical impedance and charge-discharge measurements. It was 

demonstrated that the material could provide an initial reversible capacity of 759 mAh g
-1

 at a current 

density of 0.1 mA cm
-2

 over the voltage range from 0.5 to 3.0 V, which makes the MnFe2O4 nanoplates a 

promising anode material for high-performance lithium-ion batteries. 
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Abstract: 

4,4’-dihydroxydiphenyl sulfone, commonly known as bisphenol S (BPS), in light of its high thermal 

stability, reduced biodegradability and low toxicity in contrast to bisphenol A (BPA), has been considered 

as the most ideal candidates for the partial replacement of BPA in common applications such as 

polycarbonate plastics, food can linings and thermal papers.For instance, BPS has been used in most of 

plastic products labeled “BPA-free” and thermal papers. However, regretfully, an increasing number of 

researches have indicated that BPS also has toxicity, even very low dose of whichhas potential demage on 

humans health
[1-3]

.Withal, a science report at 2012 done by the research group of Kurunthachalam Kannan 

presented that BPS exsits widely in urine from the United States and Seven Asian Countries
[4]

and the 

residues of BPS in humans undoubtedlymainly migrated from food can liningsand thermal receipt papers, 

which comes into close contact with our food safety.To date, the detection methods developed towards BPS 

mainly haveSPE-UPLC-MS/MS
[5]

,UHPLC-MS/MS
[6]

,LC-ESI-MS
[7]

and other methods of chromatographic 

analysis.However, in spite of highly accurate and widely used for estrogenic bisphenol determination, these 

techniques involve either complex sample preparation or toxic organic solvents. Also, aside from requiring 

trained technicians, these means are time-consuming and expensive, making their widespread use quite 

challenging. 

Hence, there is a need to develop a sensitive, rapid and inexpensive method to meet the trace determination 

of BPS. What is noteworthy is that,BPS has two phenolic hydroxyl groups at both sides of its structure, 

which means BPS might have electrochemical activity.Electroanalysis, emerged as an alternative and viable 

method to cater to trace determination, has attracted much attention for its high sensitivity, low-cost, 

portability and rapid analysis time
[8,9]

. To our knowledge,there are no reportsabout electrochemical 

determination of BPS. Therefore, we proposed to fabricate a novel electrochemical sensor to determine 

BPS in thermal papers and canned soft drinks like milk.  

Xia et al. proposed a green method of electrochemical reduction of GO to GN in 2009
[10]

, which opens up a 

novel way to synthesize GN-based hybrids. In the past several years, various electrochemically reduced GO 

(named as rGO)-based electrochemical sensors on account of this principle have been fabricated,which 

have been applied in rapid and sensitive detection of contaminants in food and environment
[8,11]

. At the 

same time, electrochemically reduced C60(named as rC60), which in fact is electrochemically induced 

K
+
intercalating into the gaps among C60 to form K3C60“nano-superconductor”, has been widely used in 

establishing novel electrochemical sensors with good conductivity and excellent electrocatalytic 

activity
[12,13]

.  

Considering the advantages of rGO and rC60, electrochemicalinduced co-reduced GO-C60 nanoassembly 

was for the first time attempted by simple grinding and electrochemical techniques. The as-synthesized 

rGO-rC60“nano-superconductor” was used to fabricate the novel rGO-rC60/GCE, which exhibits marvellous 

electrocatalytic activity towards BPSwith the detection linear intervalfrom 1–100 μM and the limit of 

detection about 0.5 μM. Further, this novel sensor was ultilized to determine BPS in thermal papers and 

milk, displaying satisfactory anti-interference ability and acceptable recovery. 
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Oxygen reduction reaction on graphite: the edge is more active than the 

basal plane 

Shuangyin WANG（王双印）*
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The oxygen reduction reaction (ORR) is a key process in the fuel cells and metal-air batteries. However, the 

poor reaction kinetics of ORR has significantly limited the commercialization of fuel cell and metal-air 

batteries. With different electrocatalysts, the ORR process could proceed either through an efficient 

four-electron pathway or a less efficient two-step, two-electron pathway. A direct and four-electron pathway 

of ORR would lead to high performance of fuel cells and metal-air batteries.  Commercially, the most 

commonly used electrocatalysts for ORR are precious Pt-based nanomaterials.  However, Pt-based 

electrocatalysts are of limited precious metal resources in nature with extreme high cost, in addition to a 

sluggish kinetic for ORR, susceptibility to fuel crossover and poor stability, which have tremendously 

limited the development and application of fuel cells and metal-air batteries. Alternatively, numerous 

studies have been performed to design and prepare metal-free or precious metal-free electrocatalysts with 

comparable electrocatalytic activity towards ORR.  

100 μm

100 μm

a)

c)

b)

d)

 

Fig.1 a) a schematic demonstration of the micro apparatus for the ORR electrochemical experiment; b) the optical 

photograph of HOPG as the working electrode with the air-saturated droplet deposited on the edge part of the HOPG; c) the 

air-saturated droplet was deposited on the basal plane part of the HOPG electrode; d) linear sweep voltammetry curves of 

oxygen reduction reaction tested when the droplet was on the edge (as shown in Figure 1b) and the basal plane (as shown in 

Figure 1c) of the HOPG. 

 

In this work, we tried to identify the active sites of graphite as an ideal carbon model and, for the first time, 

provided direct evidence that the edge of graphite is more active than the basal plane. In the present work, a 

micro apparatus for the electrochemical studies on the oxygen reduction reaction with highly oriented 

pyrolytic graphite (HOPG) as the working electrode and electrocatalysts is presented. An air-saturated 

droplet of around 15 μm was deposited using a microinjection system onto the specified location of the 

surface of HOPG. The oxygen reduction reaction characterizations were performed with the beneath HOPG 

as the working electrode, the air-saturated droplet as the electrolyte, the Pt wire and Ag/AgCl wire in a 
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capillary tube connected with the droplet as the counter and reference electrodes, respectively. With this 

technique, we might deposit the air-saturated droplet onto any specified locations of the HOPG surface to 

investigate the ORR activity at different locations. Particularly, we compared the ORR activities of the edge 

and the basal plane of HOPG and found that the edge is much more active than the basal plane. The 

conclusion that the edge is much more active than the basal plane of graphite leads us to design bulk 

graphite powder with enriched edges as efficient metal-free electrocatalysts for ORR. The as-prepared 

graphite powder by the ball-milling indeed showed significantly enhanced electrocatalytic activity for 

ORR. The density functional theory (DFT) calculation was also performed to investigate the effect of the 

edge carbon, confirming the charge delocalization on the edge contributed to the improved catalytic activity 

for ORR. This work shows a clear image on where the active sites are on graphite and provides a general 

design principle to the efficient carbon-based metal-free electrocatalysts for ORR, which will significantly 

contribute to this research area.  
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As a class of energy storage devices with high power density and long lifespan, supercapacitors are of 
interest to a wide range of application from commercialized pocket electronics, hybrid vehicles to military 
devices.

1
 However, the low energy density of traditional electrochemical capacitors has limited their 

applications.
2
 New nanostructured electrode materials should be developed to improve the specific 

capacitance and increase the operating voltage.
3
 The storage of electrostatic energy is based on the 

formation of an electric double layer of electrolyte ions on the surface of conductive electrodes,
4
 and the 

porous carbon has been paid much attention to its highly reversible ion adsorption on the surface of 
high-surface-area electrodes.

5
 

As a famous star of carbon family, graphene has been actively investigated for supercapacitor applications 
for its high theoretical surface area (2630 m

2 
g

-1
), excellent electrical conductivity and chemical stability,

6
 

and various types of graphene based materials have been reported for their application as supercapacitor 
electrodes. However, the surface areas of graphene derived from graphene oxide (GO) were low and far 
below the theoretical value due to the stacking of GO/rGO nanosheets, and it is necessary to develop new 
method to fabricate graphene electrodes having a high surface area with higher pore volume. 

The ion diffusion and adsorption in carbon materials are highly sensitive to pore size, surface wettability, 
and the pore interconnectivity.

7
 So the packing density of graphene materials is a key factor needed to be 

controlled.
8
 Generally, graphite is highly compact conductive carbon materials with a packing density of 

about 2.2 g cm
-3

 in the ambient condition, and most ions cannot access the interplanar space, result in poor 
energy storage capacitity.

9
 GO nanosheets has been used to prepare graphene electrodes by reduction and 

controlling its structures.
10, 11

 However, the reduction or drying of GO nanosheets maybe result in serious 
stacking, which makes it very difficult to obtain a higher specific surface area and pore volume.

12
 

Therefore, it is very important to make non-stacked graphene materials as electrodes for supercapactiors. 
Recently. Lee et al. reported using an anti-solvent method to fabricate non-stacked reduced graphene oxide 
for supercapacitors. They utilized hydrophobic hexane as an anti-solvent for the fabrication of hydrophilic 
GO materials to give highly crumpled non-stacked GO nanosheest with a high surface area of 1435 cm

3
 g

-1
 

and simultaneously ultrahigh pore volume of 4.11 cm
3
 g

-1
, providing a high capacitance. Li et al. reported 

the fabrication of a chemically converted graphene (CCG) hydrogel film by filtration of CCG dispersion 
that were exchanged with a miscible mixture of volatile and nonvolatile liquids and were then subjected to 
removal of the volatile liquid by vacuum evaporation.

9
 The ions channel was remained by the nonvolatile 

liquid during the whole process, which makes it a controllable packing density from 0.13 to 1.33 g cm
-1

. In 
their study, they found that the effect of packing density on the capacitance is limit when the hydrogel film 
remained its wet state, and the capacitance changed just from 203.2 to 191.7 F g

-1 
when the packing density 

increased from 0.13 to 1.33 g cm
-3

. However, if the CCG film was completed dried, the capacitance was 
only 155.2 F g

-1
, indicating the importantace of the remaining of the wet state of the material. Similarly 

result has been also found by our previous studies on the 3D hydrogel with interconnected pores as 
potential electrode materials for supercapactors.

13
 So it is still necessary to develop a simple method to 

prepare graphene electrode using GO as feedstock for supercapacitors. 

As stated above, one key point for the nano-stacked graphene preparation is preventing the collapse of the 

GO architecture during reduction due to the increasing of hydrophobicity of the as-fromed rGO nanosheets. 

In addition, the homogeneous reduction is also important to preserve a highly electrical conductivity. In situ 

reduction in the wet state under mild condition will be best. Here, a hydrogel film of GO were prepared at 

first by filtration of the GO aqueous suspension, and the hydrogel film was then directly reduced by 

electrochemical method to remain its ions channels and highly specific surface area, and the as-formed 

electrochemical reduced GO film (ERGO) was directly used in wet state as the electrodes for 

mailto:lfyan@ustc.edu.cn


15th ISEAC 

 
- 187 - 

supercapacitors. A high performance of supercapacitor was achieved. 

 

 
Sch 1. Schematic diagram showing in situ electrochemical reduction of the as-formed GO hydrogel film and the fabrication of a 

supercapactior using the obtained ERGO hydrogel film in 1M KOH aqueous solution. 

 
 

Fig 1. a) multiple cyclic voltammetry (CV) curves during the electrochemical reduction of GO hydrogel film where GO 

hydrogel film as working electrode in a three-electrodes system: 10 mV s-1, from 20-300 cycles. b) Galvanostatic 

charge/discharge curves of both the wet and dried ERGO films at current density of 0.5A g-1. c) CV curves of ERGO film at 

both the wet and dried states at a scan rate of 10 mV s-1. d) Cycle performance of the supercapacitor using the ERGO 

hydrogel film as electrode in 5M KOH over 5000 cycles of charge/discharge at a current density of 10A g-1. 
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           Supercapacitors Based on Bacterial Cellulose 

            Yan SHEN*, Shaohui LI, Dekang HUANG, Mingkui WANG 
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Supercapacitors are considered to be the most promising approach to meet the pressing requirement of 

nergy storage devices due to their  combinative advantages as both rechargeable batteries and dielectric 

apacitors. 
[1,2]

 As a biopolymer-bacterial cellulose (BC) is an abundant and renewable material, which can e 

produced on industrial scales via the microbial fermentation process. BC nanofiber content is structured n a 

web-like network, consisting of continuous nanofiber about 10 nm thick and 50 nm wide and their Young’s 

modulus is 138 GPa and tensile strength is estimated to be at least 2 GPa.
 [3 ]

 Due to these excellent hysical 

properties, the flexible paper electrodes was fabricated by using BC, multiwalled carbon anotubes and 

polyaniline 
[4]

, the paper electrodes and devices are highly promising for flexible nergy-storage (Fig.1). We 

also in situ polymerization the polypyrrole (PPy) on the surface of BC nanofiber o get the BC-PPy nanfiber 
[5]

, and fabricated the freestanding BC-PPy nanofibers/MWCNTs hybride lectrodes, the electrodes with 

high mass loading in the range of 7-12 mg/cm
2
, and the highest capacitance f 2.43 F/cm

2
 was obtained at 

the mass loading of 11.23 mg/cm
2
 (Figure 2).   
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Regulation of DNA self-assembly and DNA hybridization by chiral 

molecules with corresponding biosensor applications 
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Chirality is one of the fundamental biochemical properties in a living system, and a lot of biological and 

physiological processes are greatly influenced by the chirality of molecules. Inspired by this phenomenon, 

we study the covalent assembly of DNA on chiral molecule modified surfaces and further discuss the 

hybridization of DNA on chiral surfaces with nucleic acids. Take methylene blue (MB) modified DNA as a 

model molecule, we show that the peak current of the LNIBC (NIBC, N-isobutyryl-L(D)-cysteine) 

modified gold surface (L-surface) is larger than the D-surface because of a stronger interaction between 

short-chain DNA and the Lsurface; however, the D-surface has a higher hybridization efficiency than the 

L-surface. Moreover, we apply this result to actual application by choosing an electrochemical DNA 

(EDNA) sensor as a potential platform. Furthermore, we further amplify the difference of hybridization 

efficiency using the supersandwich assay. More importantly, our findings are successfully employed to 

program the sensitivity and limit of detection.  

 

 

 

 

            

 

 

 

 

 

Acknowledgements 

This work was supported by National Basic Research Program of China (973 program, 2015CB932600, 

2013CB933000), National Natural Science Foundation of China (21375042, 21405054) and 1000 Young 

Talent (to F.X.). 

References  

1. Sun, T.; Qing, G.; Su, B.; Jiang, L. Chem. Soc. Rev. 2011, 40, 2909−2921. 

2. Zerrouki, D.; Baudry, J.; Pine, D.; Chaikin, P.; Bibette, J. Nature 2008, 455, 380−382. 

3. Castilla, A. M.; Ramsay, W. J.; Nitschke, J. R. Acc. Chem. Res. 2014, 47, 2063−2073. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig.1 Schematic representation of covalent assembly of 

DNA and hybridization on the L/D-surface. 
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Mass spectrometry and imaging of particles 

 

Zongxiu Nie*, Suming Chen, and Caiqiao Xiong 

Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190, China 
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Particle is a major topic in life, environmental and material science. Mass spectrometry plays an 

irreplaceable role in the analysis and identification of substances. To aiming at the key scientific and 

technological problem of commercial mass spectrometer, ion trap particle mass spectrometer platform was 

constructed, which achieved multi-parameters characterization of intact micro-nano meter particles. By our 

efforts, the mass range of particle mass spectrometry has been extended to 10e14 Da, which is about 10e8 

times higher than that of conventional mass spectrometry (10e6 Da). The mass spectrometry imaging of 

nanoparticles in biological tissues was achieved, and the distribution of nanoparticles in sub-organ was 

quantitatively analyzed by MALDI-TOF MS.  
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A ratiometric sensor for monitoring cerebral species  

Hui WEI* 

College of Engineering and Applied Sciences, Nanjing University, Email: weihui@nju.edu.cn 

Monitoring biologically important species in living brains will not only provide us critical information 

about spatial and temporal distribution of neural chemicals but also help us understanding the brain 

functions and malfunctions. Many methods have been developed for such a purpose. Among them, 

electrochemical methods have received particular attentions due to their high sensitivity, low cost, easy of 

miniaturization.[1] However, most of the developed methods suffered from great variations due to the 

extremely complicated brain environments. Here take lactate as a model target, we reported a ratiometric 

electrochemical sensor for real time monitoring lactate level in living rat brains. Using thionin 

functionalized microelectrode, the lactate level was successfully detected (Fig. 1). More important, the 

developed sensor can be used to monitor lactate level change associated with diseases.  
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Fig.1 CV responses consecutively recorded in vivo at Ratiometric electrochemical sensor 

implanted in the cortex of anesthetized rats. Scan rate was 10 mV·s−1. 
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Studying electrochemical processes of single nanoparticles  

with optical microscopy 

Wei WANG* 
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Electrochemical activities of nanomaterials are important for creating novel catalysts, for developing 

ultrasensitive sensors and for understanding the fundamental nanoelectrochemistry. However, traditional 

electrochemical methods measure a large number of nanoparticles, which wash out the properties of 

individual nanoparticles.We report here a study of transient electrochemical oxidation of single Ag 

nanoparticles during collision with an electrode, and voltammetry of single nanoparticles immobilized on 

the electrode using a plasmonic-based electrochemical current microscopy. This technique images both 

electrochemical reaction and size of the same individual nanoparticle, enabling the precise examinations on 

size-dependent electrochemical activities at single nanoparticle level. The imaging capability further allows 

detection of the reaction kinetics of each individual nanoparticle and analysis of the average behaviors of 

multiple nanoparticles. In addition to measuring transient current, we performed voltammetry of single 

nanoparticles immobilized on the electrode, and extracted the oxidation peak potentials of individual 

nanoparticles. The average electrochemical oxidation kinetics and its dependence on the nanoparticle size 

could be quantitatively described with the Tafel Equation, but there was a large nanoparticle to nanoparticle 

variation for a given size, which was attributed to the variation in the surface condition of different 

nanoparticles. We believe that the P-ECM capabilities demonstrated here can be applied to study basic 

electrochemical processes and develop electrochemical applications of nanoscale materials. 
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Fig.1Oxidation-n-dissolution of single silver 

nanoparticles under constant potential was 

monitored with optical microscopy. [1] 

Fig.2Charged single gold nanoparticle was driven to vertically 

oscillate under sine-wave modulated electrical field,revealing the 

surface charge of single nanoparticles. [2] 
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Nanoparticles have attracted significant attention because of their size- and shape-dependent physical, chemical, 

optical and electronic properties, but assembling them into desired architecture is the key to construct active 

components of most nanodevices. Therefore,  self-assembly of nanoparticles has became an emerging research 

field in nanotechnology for its capability of fabricating new materials with tunable and synergistic properties as 

well as attractive applications in a broad field. A comprehensive understanding of the involved interaction forces 

is a pre-requisite for easy manipulating the self-assembly process. In this review, we would like to give an 

overview of interparticle forces that drives the  by since actual active components of most devices are not 

individual nanoparticles but their macroscopic assemblies. Placing the right building blocks together to assemble 

them into desired architecture can create advanced tunable materials. Therefore, the developments of 

nanoparticle assemblies are suitable for a wide variety of applications. Complicated assembly structures are 

manipulated by interparticle or external forces. Here，we have attempted to make a critical analytical assessment 

of interparticle forces that driven by minimization of Gibbs free energy in thermodynamics respect. A conceptual 

framewrok for these new building blocks based on anisotropy attributes and discuss the prognosis for future 

progress in exploiting anisotropy for materials design and assembly. Recent progresses in nanoparticle 

self-assemblies are classified and discussed in the basis of variety of interparticle forces.. 
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Direct Detection of Superoxide Anion as a Stable Intermediate in The 

Electro-reduction of Oxygen in a Non-aqueous Electrolyte Containing 

Phenol as a Proton Source 
Zhangquan PENG


 

StateKey Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied 

Chemistry,Chinese Academy of Sciences, Changchun,130022, Jilin, P. R. China 

Owing to its high theoretical energy density, the rechargeable non-aqueous Li-air (O2) battery has attracted 

a great deal of attention.[1-3] However, present Li-air (O2) batteries suffer from the parasitic reactions, 

some of which are caused by impurities such as residual protons or protic compounds existing almost all 

non-aqueous electrolytes. As a result, it is critical to understand the conditions under which the reactive 

oxygen species are generated in non-aqueous electrolytes, in order to eliminate or alleviate the parasitic 

reactions.  

In this work, in situ surface-enhanced Raman spectroscopy (SERS) has been utilized to study the oxygen 

reduction reactions (ORRs) on gold in a dimethyl sulfoxide (DMSO) electrolyte containing phenol as a 

proton source.[4] The preliminary results demonstrate that O2
-
,not HO2, is the first reduction intermediate 

in DMSO electrolytes. Moreover, O2
-
 and H2O2 can simultaneously appear in the same ORR system, 

meaning that the ORR can begin with 1 e
-
 transfer to O2 without coupled proton transfer even in the 

presence of a proton source. In addition, the feasible reaction pathway and the stability of O2
- 
are also 

investigated by density functional theory (DFT) calculations. 
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Figure 1.In situ SERS of ORR on a polycrystalline 

Auelectrodein O2
-saturated DMSO containing 100 mM 

TBAClO4and 20 mM phenol. 

Figure 2. The snapshots of DFT-optimizedmodels for O2
-, HO2 

and H2O2 on Au(111). 
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Liang WANG,
a,
* Kamel EID,

a,b
 Litai SUN,

a,b
 Changting WEI,

a,b
 

Qingqing LU,
a,b

 Liang HUANG
 a,b

 
a
 State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry,  

Chinese Academy of Sciences, Changchun, Jilin 130022, P.R. China, wangliang@ciac.ac.cn 

b
 University of Chinese Academy of Sciences, Beijing 100039, P.R. China 

 

The precise control over the composition and the structure is highly important for designing highly active 

nanostructured electrocatalysts.
1-4

 Pt-based trimetallic nanocrystals (NCs) can provide new insights into the 

catalytic applications, which have been rarely reported in comparison with Pt-based mono- and bi-metallic 

catalysts. Up to now, only very limited Pt-based trimetallic NCs have been synthesized by seed mediated 

growth, thermal decomposition and galvanic replacement in few pioneer studies. The development of a 

simple and effective route for scalable synthesis of Pt-based trimetallic NCs with designed composition and 

structure and desired catalytic activities is a quite challenging issue. To address this challenging issue, we 

have successfully developed a one-step and effective approach to direct synthesis of PtPdRu nanodendrites 

with permeable surface in an aqueous reaction solution at room temperature without the need for any of 

seed, template, organic solvent and heating treatment. The newly designed PtPdRu nanodendrites exhibit 

superior electrocatalytic performance for both methanol oxidation reaction and oxygen reduction reaction. 
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Nucleic acid modified semiconductor quantum dots: from sensing to device 
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Nucleic acid modified quantum dots (QDs) were extensively used for different bioanalytical applications. 

The size- or component-controlled properties of QDs provide opportunity to develop multiplexed analysis,
1
 

and various application systems were developed using the DNA-QDs hybrid nanostructures. 

Different DNA modified semiconductor QDs nanostructures are introduced for multiplexed and amplified 

sensing or device designing: 

(1) Prepare sensing platforms for multiplexed and amplified detection by coupling exonuclease 

activity to QDs modified DNA to recycle analyte.
2,3

 

(2) Implement chemiluminescence resonance energy transfer (CRET) process as an optical 

readout signal by conjugating hemin/G-quadruplex, the horseradish peroxidase-mimicking 

DNAzyme, with QDs.
4,5

 

(3) Construct stimuli-responsive QD-DNA hybrid nanostructures and switchable CRET-induced 

luminescence by aggregation and deaggregation of QDs using K
+
-ion-stimulated formation of 

G-quadruplex.
6
 

(4) Immobilize molecular DNA devices on electrode or semiconductor QDs, and switch 

photonic and photoelectrochemical functions of DNAzyme by DNA “walkers” triggered by 

fuel/antifuel strands.
7
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Electrochemical and optical analysis on compact disk-type microchip 
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A flow-based analysis on a compact disc (CD)-type microchip has been paid much attention as an excellent 

analytical tool for the simultaneous determination of multi components by rotating the microchip, which 

induces flow due to centrifugal forces.  In this method, a pumping system for delivery of fluid and valves 

for changing flow direction are not necessary and, in addition, flow sequences can be controlled by 

changing rotation speed, because the critical rotation speed, at which a solution in a reservoir is started to 

flow, are dependent of the poison the reservoir in the CD the microchip.  In our previous work [1,2], we 

tried to use the CD-type microchip for the determination of nonionic surfactant, alkylphenol 

polyethoxylates (APE) by using an immunoassay method, where the microbeads immobilized with an 

anti-APE antibody on their surface and they were placed in the detection area of the CD type microchip.  

The chemiluminescence detection was used for this assay.  A surface plasmon resonance (SPR) sensor is 

also a promising detector for the immunoassay on the CD type microchip.  Indeed we have tried to 

fabricate the SPR sensor for application of the CD type microchip [3].  Recently, we fabricated an 

electrochemical detector on a CD type microchip by using a carbon paste electrode for the determination of 

glucose based on an enzyme reaction with glucose oxidase [4].   

In this lecture, we will introduce our recent research on electrochemical and optical flow analyses on 

CD-type microchip using streams driven by centrifugal force. The flow behavior of liquid on the CD-type 

microfluidics with radial and spiral channel shown in Fig. 1 was observed by a high speed camera.  Figs. 2 

and 3 show a CD-type microfluidics with an optical detector and an electrochemical detector, respectively.  

For the electrochemical detection, a carbon paste electrode containing cobolt phthalocyanine complex 

modified with a graphen-polyaniline nanocomposite was also fabricated on the CD-type microfluidics 

instead of the screen printed electrode shown in Fig. 3. The enzyme catalytic activity of horseradish oxidase 

was determined by the fluorescence detection of resorufine produced from Amplex red by using the system 

shown in Fig.2.  The enzyme catalytic activity of glucose oxidase (GOx) was determined by the 

electrochemical detection of hydrogen peroxide produced by the reaction of glucose with GOx by using the 

system shown in Fig.3 with the carbon paste electrode.  This method was successfully applied to the 

determination of glucose in control serum samples containing both gluocose levels of ordiary person and  

diabetic patients. 
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Human papillomavirus deoxyribonucleic acid (HPV DNA) test has been proved to be an effective method 

for cervical cancer primary screening. The fact that carcinogenic risk differentiates among these HPV types 

indicates the necessity for HPV genotyping. The most widely used genotyping methods are based on 

Polymerase Chain Reaction (PCR) with high sensitivity, but the following gel separation analysis is 

time-consuming and laborious. In this work, we have developed an automatic HPV typing method on 

microchip electrophoresis (MCE) system that takes the advantage of high-throughput and rapid separation 

of DNAs. In the method, different kinds of HPV DNAs are amplified simultaneously using PGMY09/11 

primers, and the produced amplicons are compartmentalized based on enzyme digestion scheme designed 

for 47 kinds of HPV types. Label-free fluorescent detection is used on the MCE for the separated DNA 

fragments.The typing process can be automatically accomplished by the self-designed software with data to 

identification maps prepared.  

we employed our method on liquid-based cytological (LBC) test samples. The infection positive rate from 

the new approach is 4-fold higher than that of traditional cytological test, and be equivalent to DNA 

sequencing method. Eleven kinds of HPV types were identified with good compatibility degree over 90%. 

The described method is demonstrated to be promising in cervical cancer diagnosis, and provide alternative 

for study in various fields related to DNA detection. 

 

ACKNOWLEDGEMENTS 

This work was supported by National Natural Science Foundation of China (Nos. 91213305, 21227006, 

21275088) 

 

REFERENCES 

[1] X. Lin, Q.i Chen, W. Liu, H. Li, J.-M. Lin, Biosensors and Bioelectronics, 2014, 56, 71–76 

[2] X. Lin, J. Wu, W. Liu, H. Li, Z. Wang, J.-M. Lin, Methods, 2013, 64, 250-254 

[3] H. He, M. Wang, D. S. Chan, X. Lin, J.-M. Lin, C.-H. Leung, D.-L. Ma, Methods, 2013, 64, 212-217 

 

 

 

 

 

 

 

 

 

 

 

 

app:ds:carcinogenic%20risk


15th ISEAC 

 
- 201 - 
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Affinity Capillary Electrophoresis (ACE)provides quick screening technique for protein-ligand interactions. 

Here the technique has been utilized to investigate the interaction of a number of metals including Li
+
, Na

+
, Mg

2+
, 

Ca
2+

, Ba
2+

, Al
3+

, Ga
3+

, La
3+

, Pd
2+

, Ir
3+

, Ru
3+

, Rh
3+

, Pt
2+

, Pt
4+

, Os
3+

, Au
3+

, Au
+
, Ag

+
, Cu

2+
, Fe

2+
, Fe

3+
, Co

2+
, Ni

2+
, 

Cr
3+

, V
3+

, Mn
2+

, MoO4
2-

 and SeO3
2-

with biomolecules. Rapid analysis with high precision for binding 

investigation was possible applying proper rinsing protocol [1]. Total analysis time of about 5 min including 

rinsing was achieved with an excellent precision, corresponding to RSD% of 0.2-1.0%. ACE key method 

development parameters include protein concentration, length of injected plug, applied voltage, and the choice of 

the regression method were discussed [2]. A generic concept with proper experimental conditions is provided for 

all relevant metal ions to be investigated.  
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Microarray is becoming one of the most important assay technique for its unique advantages such as 

high-throughput, microscale and high sensitivity. The combination of the high-throughput detection from 

the microarray chips and the microscale separation as well as enrichment from the microfluidic chips would 

lead to the integration of the analytical microsystems with the higher automation and sensitivity for protein 

detection. 

In the recent years, we have studied the preparation and functionalization of some nanoparticles such as 

silver nanoparticles, silica nanomaterials, and polydopamine nanomaterials. Furthermore, they have been 

successfully modified with DNA, aptamers and proteins with the approach of the self-assemble of thiol, the 

interaction between biotin and avidin and so on. On these basis, these functionalized nanoprobes have been 

employed in the microfluidic systems for the separation and enrichment of proteins. In addition, some 

novel multiplex detection methods based on the microarray have been developed such as fluorescence 

enhancement detection and the visualization detection. The resulting aptamer microfluidic chip could be 

used for the visualization detection of thrombin using the silver nanoparticle array as well as the fast and 

efficient separation and detection of PDGF-BB. As a result, the microfluidic arrays show more powerful 

analytical performance for detection of multiplex target proteins by the employment of the nanomaterials. 

 

References 

1. Li,H.,;Hu,H.; Zhao,Y.; Chen,X.; Xu,D. Anal. Chem., 2015, 87:3736–3745 

2. Li,H.; Hu,H.; Xu,D. Anal. Chem., 2015, 87: 3826–3833 

3. Song,W.; Li H.; Liang,H.; Qiang,W.; Xu, D. Anal. Chem., 2014, 86：2775–2783 

4. Qiang,W.; Li,W.;Li,X.; Chen, X.; Xu,D. Chem.Sci. 2014, 5, 3018-3024 

5. Li,H.; Wang,M.; Wang,C.; Li,W.; Qiang,W.; Xu, D. Anal. Chem. 2013, 85: 4492−4499 

 

 

 

 

 

 

 

 

 

 

 

 

 



15th ISEAC 

 
- 203 - 
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Over the past few years, several electrochemical glucose biosensors based on nanomaterials with high 

electrical conductivity, large specific surface area, and good catalytic activity have been achieved. Firstly, a 

series of gold nanoparticles (AuNPs)-glucose oxidase (GOD) nanocomposites, including AuNPs-GOD, 

AuNPs-mercaptohexadecyl acid (MHA)-GOD and AuNPs -mercaptoundecanoic acid (MUA)-GOD, have 

been prepared to investigate the relationship among the conformation and bioactivity of GOD immobilized 

on AuNPs, the surface condition of AuNPs and the electroanalytical performance of biosensors. It was 

found that the conformation and bioactivity of GOD immobilized on AuNPs surface depended on the 

surface condition of AuNPs and were more or less changed. Secondly, a simple, sensitive and effective 

method to detect glucose in ultra-low ionic strength solution was developed by monitoring the conductance 

change triggered by the oxidation of citrate-capped silver nanoparticles (CCAgNPs) into Ag
+
 by hydrogen 

peroxide (H2O2), which produced by the glucose oxidation in the presence of GOD. The proposed novel 

conductance biosensor achieved a significant breakthrough of glucose detection in ultra-low ionic strength 

media. Thirdly, using the chitosan-reduced graphene oxide (CS-rGO)/concanavalin A (Con A) as sensing 

layer, the pH-switchable electrochemical sensing platform for the detection of glucose and urea in a sample 

without separation was developed, which was based on the CS-rGO/Con A with pH-dependent surface net 

charges exhibited pH-switchable response to negatively charged Fe(CN)6
3-

. Finally, the GOD-HRP induced 

polymerization of aniline was successfully carried out on the 4-amino 

thiophenol/AuNPs/GOD-HRP/MUA-MCH/Au electrode surface. With the increasing of glucose 

concentration, more H2O2 were produced and then a growing number of PANI were formed on the 

electrode surface, which resulted in the decrease of peak current so that could be used to detect the glucose 

in a low potential. In summary, various glucose biosensors were successfully developed by the introduction 

of nanomaterials. 
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High-speed capillary electrophoresis based on picoliter-scale injection with 
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In 2009, we developed a microfluidic picoliter-scale sample injection method—translational spontaneous 

injection for achieving sub-100-pL sample injection in high-speed capillary electrophoresis (HSCE) 

systems based on a short capillary [1]. The system was used in the separation of a mixture of FITC labeled 

amino acids under capillary zone electrophoresis mode,  with theoretical plates ranging from 163,000 to 

251,000 (corresponding to 0.31-0.20 μm plate heights) and separation time of 21 s for eight FITC-labeled 

amino acids. This technique were also applied in the fast separation of chiral amino acids [1], DNA 

fragments [2] and proteins [3] under micellarelectrokinetic chromatography and capillary gel 

electrophoresis modes.  

Recently, we developed an automated HSCE system for multiple samples using the spontaneous injection 

technique [4]. Twenty different samples of FITC-labeled amino acids were sequentially separated with the 

system within 6 min. Most recently, we coupled the HSCE system to a two-dimensional droplet array to 

achieve automated analysis of multiple different samples of nanoliter-scale droplets. Picoliter-scale sample 

injection was achieved using the spontaneous injection mode without the interference from the cover oil. 

The automated analysis for multiple different samples was performed by moving the droplet array with an 

x-y-z translation stage to sequentially switch different sample droplets to the capillary sampling probe. The 

performance of the system was demonstrated in the separation of FITC-labeled amino acids with 

laser-induced fluorescence detection. This system was also applied in on-line monitoring to in-droplet 

derivatizing reaction of amino acids by FITC over 3 hours. 
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ABSTRACT 
Our recent studies have focused on the use of paper- and thread-based devices for rapid blood typing assay. 

These studies found that red blood cells under go agglutination when they interact with the corresponding 

antibodies in fibre matrix of paper and thread, and become immobilized in the fibre matrix. This process 
provides the basis for a new class of blood typing devices to be built. In this work we show the development 

of a new and user-friendly blood typing assay-reporting concept and prototype – paper-based blood typing 
device that reports patient’s blood type in written text. Paper text patterns are designed and fabricated to 

allow interactions between grouping antibodies and red blood cells; composite text patterns consisting of 

bioactive and non-bioactive sections are used to form the letters and symbols for the display of the testing 
report. This paper-based blood typing device rapidly reports patient’s blood type in unambiguous written 

text. 
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The widespread use of UV filters has led to their presence in the aquatic environment and increased their 

potential of endocrine and developmental toxicity [1]. After the application of sunscreen cosmetic products, 

UV filters are absorbed percutaneously, metabolized in the human body and finally excreted [2]. Because 

of the high efficiency in absorbing UV light, benzophenone-type UV filters are the most commonly used 

sunscreen agent in cosmetic products [3]. 

Capillary electrophoresis (CE) is a powerful analytical tool. It has a series of evident advantages, such as 

simplicity, minimal need of sample, negligible consumption of organic solvent, and relatively low 

operational cost. The major limitation of UV detection in CE is its low sensitivity. This low sensitivity is 

due to the small injection volume and the short optical length of the capillary. For the purpose of enhancing 

the sensitivity of CE, a sample preconcentration strategy is often required. Dispersive liquid-liquid 

microextraction (DLLME) is a sample-enrichment method introduced by Rezaee et al. in 2006 [4]. Ionic 

liquid-based dispersive liquid–liquid microextraction (IL-DLLME) is a simply and efficient sample 

preparation technique. Most of the disperser solvents used in IL-DLLME are organic solvent, such as 

acetone, acetonitrile, and methanol [5]. When using organic solvent as disperser solvent, the operation time 

is usually very short. Surfactant-assisted dispersive liquid-liquid microextraction (SA-DLLME) was 

introduced by Saraji et al. [6] using surfactants as an emulsifier and proved to be efficient, simple, and 

cost-effective.  

In our experiment, we combined the two kinds of disperser solvents together, making them play the 

strengths of each other. We set up a new extraction method of double dispersant-assisted dispersive 

liquid-liquid microextraction (DDA-DLLME), and combine the advantages of both IL-DLLME and 

DDA-DLLME. In the present study, a new method of DDA-IL-DLLME-CE was developed to determine 

four benzophenone-type UV filters (benzophenone, 4-hydroxybenzophenone, 2, 
4-dihydroxybenzophenone, and 2-hydroxy-4-methoxybenzophenone). The effects of various experimental 

parameters were investigated in detail. Under the optimized conditions, enrichment factors were in the 

range of 25.340.5. The limits of detection were 0.51.0 ng mL
1

. The proposed method was successfully 

applied to the determination of four benzophenone-type UV filters in six kinds of sunscreen cosmetic 

products, with yielded recoveries ranging from 80.9 to 117.7%. 
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Photodynamic therapy (PDT) was becoming promosing in cancer treatment, in which photosensitizers were 

very important. In our previous work, organic photosensitizer-loaded supermagnetic-upconversion 

nanocomposites were synthesized for near-infrared (NIR)-triggered PDT and simultaneous magnetic 

resonance imaging (MRI) [1]. Compared with organic photosensitizers, as inorganic photosentizers,TiO2 

nanoparticles have the advantages of stability and long circulation in body, which indicated the excellent 

performance of TiO2-based nanomaterials as theranostic system of cancers. In previous work, we reported 

the synthesis of Janus Fe3O4-TiO2 nanoparticles for MRI and PDT of breast cancers [2]. However, TiO2 

inorganic photosensitizer could only be excited by ultraviolet (UV) light, which was harmful and weak 

penetrable in tissues. Therefore, we constructed folic acid (FA)-targeted NaGdF4:Yb/Tm@SiO2@TiO2 

nanocomposites (FA-Gd-Si-Ti NPs) for both in vivo MRI and NIR-responsive PDT, in which TiO2 

nanoparticles could be excited by NIR light due to the upconversion luminescence performance of 

NaGdF4:Yb/Tm nanoparticles converting NIR to UV light [3]. However, multidrug resistance (MDR) was 

still a serious challenge to cure cancers. 

In this report, we synthesized FA-targeted NaYF4:Yb/Tm-TiO2 nanocomposites with Janus structure, which 

was loaded with DOX for NIR-triggered PDT and enhanced chemotherapy to overcome MDR of breast 

cancers in vitro and in vivo [4]. Due to nanocarrier delivery and FA targeting, the uptake and release of 

DOX could be greatly promoted and accelerated in DOX-sensitive MCF-7 cells and DOX-resistant 

MCF-7/ADR cells, respectively. By modeling the MCF-7 and MCF-7/ADR tumor-bearing nude mice, 

under the combination of chemotherapy and NIR-triggered PDT, the MDR of breast cancers was overcome, 

which demonstrated the excellent efficacy of the combination therapy. 
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Fig.1 Synthesis and morphology 

characterization of 

NaYF4:Yb/Tm-TiO2 

nanocomposites. 

Fig.2 In vivo assessment of chemotherapy and PDT in MCF-7 and 

MCF-7/ADR nude mice (n=6, per group). 
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Since Ag3PO4 was discovered as a novel visible-light responsive photocatalyst, a huge of efforts have been 

made in order to enhance its catalytic performance for the degradation of organic dyes under-visible 

irradiation by either surface modification of Ag3PO4 or synthesis of Ag3PO4-based photocatalysts.  But, 

it’s still unsystematically studded the performance of these catalyst under simulated sunlight. Thus, herein 

we highlighted the effect of the simulated sunlight on the catalytic performance of Ag3PO4 and 

Ag3PO4-based photocatalysts, using in-situ ion-exchange method synthesized Ag3PO4/AgX (X = Br and 

Cl) composites as example. MB was used as a target dye in this study. The photocatalysts were 

characterized by Fourier transform infrared (FTIR), X-ray diffraction (XRD), UV-vis diffuse reflectance. 

The morphologies of the synthesized photocatalysts were characterized by field-emission scanning electron 

microscopy (SEM).  The as-synthesized composites exhibited high photocatalytic activity toward the 

degradation of MB dye under simulated sunlight. Nearly by 100% of the organic dye was degraded after a 

very short time compared to that under visible-light irradiation (λ > 420 nm). 
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The development of a simple, efficient and sensitive sensor for dissolved oxygen is proposed using a new 

one-dimensional nitrogen-doped carbon nanotubes(NCNTs)-Fe3C nanoparticle (NPs) composite 

membrane/glassy carbon electrode by a one-pot, large-scale protocol for the controlled synthesis route. The 

successful fabrication of NCNTs-Fe3CNPs/GC electrodemay promote the development of opening new 

avenue for the application of Fe3C NPs-based composite materials in high-efficiency electrocatalysts for 

the oxygen reduction sensor. 
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As a kind of newly emerged fluorescent materials, fluorescent carbon nanoparticles (CNPs) have shown 

stunning potentials in a wide range of application fields, such as sensing, imaging, drug delivery, 

photocatalysis and electrocatalysis. Due to its tunable fluorescent emission property, chemical stability, 

excellent biocompatibility as well as low toxicity, CNPs hold the promise as a new generation of 

fluorescence probe in the field of bio-imaging or bio-labeling. 

Ionic liquids (ILs) is a group of organic salts consisting entirely of ions (anions and cations) and is defined 

as ‘‘designer solvents’’ for the versatile tuning of their physicochemical properties by flexible selections of 

suitable ionic components to fulfill specific demands. Due to the nitrogen-containing butyl cation, ILs have 

been successfully adopted as the carbon source for the preparation of high photoluminescent CNPs, and the 

versatility composition of ILs also bring the obtained CNPs attracting properties. 

Here we firstly report a facile way to prepare hydrophilic and hydrophobic CNPs simultaneously by 

adopting hydrophobic imidazolium ILs 1-butyl-3-methylimidazolium hexafluorophosphate (BmimPF6) as 

the sole carbon source. The obtained two kinds of CNPs both own excellent biocompatibility and show 

potential as bio-probe in bio-imaging. 
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Fig. 1 The simultaneous formation of 

hydrophobic/hydrophilic carbon nanoparticles 

by decomposition of BmimPF6 

Fig.2 HeLa cells incubated with hydrophilic (A) and 

hydrophobic (B) CNPs taken at bright field(i), ex= 340nm(ii), 

495nm(iii), 550nm(iv) and 595nm(v). 
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In the past decades, various materials like polymer [1], microsphere [2], nanoparticle [3], nanobelt [4], 

nanotube array [5], and graphene composites [6] have been developed for sensitive and selective 

recognition of uric acid (UA) and ascorbic acid (AA). Among them, nanoparticle-graphene composites 

exhibited nice conductivity and catalytic properties [7]. In this paper, a series of poly (diene dimethyl 

ammonium chloride (PDDA) protected Pt nanostructures were synthesized by using hydrothermal method. 

Through directly electrochemical reduction of graphene oxide (GO) and assembly of the polycation of 

PDDA-protected Pt nanoflowers (PtNFs) onto the surface of glass carbon electrode (GCE), a novel 

biosensor of electrochemically reduced GO (ERGO)/PDDA-PtNFs/GCE has been successfully fabricated 

as shown in Fig.1, which can be well used for simultanous determination of uric acid (UA) and ascorbic 

acid (AA). The surface morphologies of the synthesized PDDA-protected Pt nanostructures were 

characterized with transmission electron microscopy (TEM). The electrochemical behaviors of UA and AA 

at ERGO/PDDA-PtNFs/GCE has been studied by cyclic voltammetry (CV) and differential pulse 

voltammetry (DPV). The modified sensor exhibited excellent electrocatalytic oxidation activity to both UA 

and AA, which can be detected with well-separated oxidation peaks. Under optimal condition, the linear 

response to UA and AA were obtained over the ranges of 0.050~20.0 μmol/L and 2.50~110 μmol/L with 

detection limits of 7.2 nmol/L and 0.15 μmol/L (S/N=3), respectively. Moreover, the proposed electrode 

displayed good selectivity, reproducibility and stability, which has been sucessfully applied to the 

determination of UA and AA in human serum samples with a recovery rate of 94.2~102.2% and 

96.9~105.4%, respectively. The accuracy and precision of the modified electrode were also comparable to 

that of conventional fluorescence spectrometry and uricase Kit methods, indicating that the proposed 

method can be effectively used for practical application. 

 

 
Fig.1  Schematic illustration of ERGO/PDDA-PtNFs composite film assembled for detection of uric acid 

and ascorbic acid. 
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In recent years, as one of advanced oxidation technologies, electrocatalytic oxidation technology has been 

an attractive alternative for removing bio-refractory organic wastewater, because of its high efficiency, easy 

operation and environmental friendliness
 1
. Among those efficient electrodes applied for the electrocatalytic 

oxidation technology, Sb-SnO2 electrode has been thought to be superior for the removal of organic 

wastewater owing to its features of low cost, high oxygen evolution potential and efficient generation of 

hydroxyl radicals
 2

. Among plenty of preparation methods, electrodeposition method shows many 

advantages such as an improvement of distribution and adhesion of deposit layer, convenient and 

manageable operation, low fabrication cost, and expedient control on layer composition and thickness
 3
. For 

the electrodeposition fabrication of Sb-SnO2 electrodes, so far, the multistep electrodeposition has usually 

been used, which is alternatively depositing metallic tin and antimony from different electrolytic solutions 

and repeating several times
 4

. Herein, we investigated the codeposition process of active layer, and selective 

electrodeposition was achieved to realize the validation control on layer composition and thickness.  

 
Fig. 1 (a) Cyclic voltammogram of Ti sheet with a sweep rate of 10 mV s-1 in the electrolytic solution; (b) deposition process 

illustration.  

Fig. 1 shows the cyclic voltammogram for the codeposition process of metallic tin, antimony and silver on 

titanium substrate. On the basis of previous research
 5

, the voltammetric analysis is as below: the 

co-reduction of SbAg is realized at - 0.55 V, the co-reduction of SnSbAg is realized at - 0.8 V, and Sn and 

Sb are oxidized at -0.38 V and - 0.095 V, respectively. According to the result, a selective 

co-electrodeposition is obtained. Specifically, as shown in Fig. 1(b), a three-potential pulse mode (- 0.55 V; 

- 0.8 V; - 0.5 V) is carried out to prepare the Ag-Sb-SnO2 electode: the composition of SbAg is slowly 

codeposited at - 0.55 V, the composition of SnSbAg is fast codeposited at - 0.8 V, and an anodic buffering is 

proceeded at - 0.5 V. 
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Fig. 2 Variations of dye decolorization efficiencies with electrolysis time on Ti/Ag-Sb-SnO2 electrode. The inset is the 

corresponding decolorization kinetics curves.  

To investigate the electrocatalytic activity of electrode, azo dyes, methyl orange and acid red 73 are 

selected as the target contaminants. Figure 2 shows the decolorization efficiencies on Ti/Ag-Sb-SnO2 

electrode. After 120 min, the decolorization efficiencies of methyl orange and acid red 73 reach 90 % and 

94 %, respectively. The kinetics fitting was made for the decolorization processes, and the result followed 

the first order kinetics model. The rate constants are 19.0×10
-3

 and 23.2×10
-3

 min
-1

, respectively. This result 

shows a good catalytic ability.  

Here, we provide an electrdeposition method to construct the deposit layer with distinct structure, and this 

method can be also employed in other applications.  
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Molecular-level security devices have raised everincreasinginterest in recent years to protect data and 

information from illegal invasion [1,2]. Prior molecular keypad locks have an output signal dependent upon 

not only the appropriate combination but also the exact sequence of inputs [3], but it cannot be reset or 

reprogrammed. Here, a DNA-based electrochemical security system with reset and never-reported 

reprogram function is successfully developed in proof-of-principle, with which one can change the 

password in case that the system is cracked. The previous password becomes invalid in the reprogrammed 

security system. Interestingly, more than one password is designed to permit multiple users to access. By 

harnessing the intrinsic merit of the different passwords, the system can distinguish different user who is 

endowed with prior authority. The intelligent device is addressed on solid support and facilitates electronic 

processes, avoiding chemical accumulation in the system by simple removal of the electrode from the input 

solution and indicating a main avenue for its further development.  
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Fig.1 Schematic operation principle of the developed electrochemical security system 
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A DNA molecular machine was studied using the combined means of Cyclic Voltammetry and 

Fluorescence Microscopy. An Indium-Tin Oxide (ITO)-coated glass slips was used as both the coverslip for 

the microscopy and the working electrode for the electrochemistry. Through electrochemical deposition of 

insulative polyaniline, the interface of the slide/electrode was divided into the conductive ITO part and the 

insulative polyaniline part. A DNA machine was designed that, once triggered by lysozyme, would transfer 

fluorescently-tagged DNA strands from the bulk solution and the insulative part, and also from the 

fluorescence-quenching graphene to the non-quenching ITO surface. Ox/red signal could be detected by 

Cyclic Voltammetry scan using an electrochemical workstation, while the emergence of the fluorescence 

can be detected using the fluorescent microscopy equipped with EMCCD. 
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The sandwich assays constitute the dominant strategy for the protein determination in bioanalysis because 

of the attained specificity and sensitivity [1]. In contrast, due to their small size, low molecular-weight 

analytes cannot typically be measured by sandwich assays but rather by less sensitive and specific 

competitive methods [2]. To circumvent this drawback, Stojanovic et al. [3] exploited the ability of nucleic 

acid aptamers to be split into two pieces which are able to specifically form a ternary assembly in the 

presence of the ligand. However, the major problem of the split aptamer approach is related to the 

significant decrease in the ternary complex stability upon splitting of the functional oligonucleotide,
 
leading 

to low sensitivity assays. To address this concern, we describe for a strategy based on the use of 

macrocyclic host-dye reporters that serves not only as efficient fluorescent transducer but also as a 

stabilizer of the ternary split aptamer complex. One extremity of one split anti-adenosine aptamer fragment 

was 5’-conjugated to a host molecule (β-CD) while the other nucleic acid half was labelled at 3’-end by a 

dansyl dye prone to be included into the host cavity. The presence of the target which governs the assembly 

of the two halves brings the dansyl dye and the β-CD in close proximity promoting the inclusion interaction 

that leads to concomitant fluorescence transduction and stabilizing effects of the ternary structure. A 

bivalent host-guest model was also designed wherein the two extremities of one split aptamer fragment 

were conjugated to host molecules while the other nucleic acid half was labelled by two dyes at the 

extremities. We found that the bivalent inclusion reporter strategy further improved assay performances 

through signal amplification leading to remarkably low detection limit of 1 µM. 

Fig.1 Schematic illustration of the (A) monovalent and (B) bivalent host-dye reporter sandwich-type aptamer sensing 

platform. (C) and (D) Fluorescence-monitored melting curves for CD-aptamer-dansyl, CD-H1 (800 nM)/H2-dansyl (400 

nM) and H1-CD-H1 (400 nM)/dansyl-H2-dansyl (200 nM) in absence and presence of 200 μM adenosine. Experimental 

conditions: 10 mM Tris-HCl, pH=7.5, 10mM Mg2+, λex = 333 nm, λem = 530nm. Stepwise temperature increase from 5 to 

45℃ at 2℃/step. The model systems based on the anti-adenosine aptamer and the signaling β-CD/dansyl pair are depicted. 
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electrocatalytic activity 
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Recently, direct ethanol fuel cell (DEFC) has drawn increasing attention as a promising kind of power 

source due to the lower toxicity, lower membrane permeability and higher energy density of ethanol. 

However, a significant challenge in the development of DEFC technology is the need for highly active 

catalysts for the ethanol oxidation reaction (EOR) in an acid or alkaline environment that involve complete 

oxidation per ethanol molecule to CO2, which is difficult to implement at low temperatures. Pt-based alloy 

(Pt-M) catalysts, which enhance electro-catalytic activity due to their increase of Pt d-band vacancy and 

more favorable Pt-Pt inter-atomic distance, are well studied and widely used in DEFC [1]. In addition, in 

order to further maximize the activity of Pt-M catalysts and minimize the use of previous metals, it is 

helpful to load Pt-M catalysts on the surface of supporting nano-materials with low cost, high surface area, 

and good electrical conductivity. As a newly developed two-dimensional (2-D) carbon support, graphene 

has received considerable interest due to its outstanding physical and chemical properties [2, 3]. There are 

more and more examples of Pt-M alloys/graphene hybrids demonstrated to date [4]. However, in order to 

avoid aggregation of nanoparticles (NPs), many recent methods rely on specific capping agent for surface 

stabilization. Unfortunately, the presence of these agents around the NPs leads to decreasing their activity 

sites, which severely affect their chemical activities. Therefore, it is meaningful to develop surfactant-free 

method to synthesize Pt-M alloys/graphene hybrids. 

Here, we described a green, one-pot and surfactant-free route to fabricate PtPd alloy NPs on graphene 

(PtPd ANPs/G) sheet.  As a low-cost and green solvent, ethanol was used as the reductant in this 

preparation. In addition, graphene sheets were used as a supporting material and stabilizing agent for the 

deposition of PtPd ANPs. The morphology, structure and composition of the resulting PtPd ANPs/G sheets 

were characterized by transmission electron microscopy (TEM), high resolution TEM and high-angle 

annular dark-field scanning TEM (HAADF-STEM). Fig. 1A-C shows the representative TEM images of 

PtPd ANPs/G at different magnifications. Low-magnification TEM images (Fig. 1A and B) show that all 

the PtPd ANPs are uniformly distributed on the graphene surface. The absence of isolated PtPd ANPs in the 

product indicates a strong interaction between graphene and PtPd ANPs. The HRTEM image in Fig. 1C 

demonstrates the average diameter of the PtPd ANPs is about 7.6 nm. The inter-planar spacing is 0.192 nm, 

which agrees well with the (200) lattice spacing of face-centered-cubic (fcc) Pt and Pd. The elemental 

distribution of the PtPd ANPs/G catalyst was studied by HAADF-STEM technique. The results revealed 

that both Pt and Pd have a homogeneous distribution on the nanoparticles, suggesting the formation of an 

alloy structure. 

 

Fig. 1 (A-C) Representative TEM (A, B) and HRTEM (C) images of PtPd ANPs/G hybrids. 

EOR was studied to investigate the electro-catalytic performance of the catalysts. Fig. 2 shows the cyclic 

voltammetry (CV) curves of EOR in Pt NFs/G, Pd NPs/G, PtPd ANPs/C and PtPd ANPs/G at 50 mV s
-1

 in 

1.0 M NaOH containing 1.0 M ethanol. The onset potential of ethanol oxidation for PtPd ANPs/G was 

-0.50 V, which is more negative than that of other three catalysts. Moreover, the maximum current density 

of PtPd ANPs/G reaches at 22.4 mA cm
-2 

in the forward scan, while that for Pt NFs/G, Pd NPs/G and PtPd 

ANPs/C is 9.1, 7.5 and 14.2 mA cm
-2

, respectively. The ratio of the forward anodic peak current (If) to the 

backward anodic peak current (Ib) for PtPd ANPs/G is 1.81, which is higher than other three catalysts. 

These results indicated that the as-prepared PtPd ANPs/G hybrids showed a higher electro-catalytic activity 

and better tolerance towards CO poisoning, which may provide an insightful way to develop advanced 

electro-catalysts for fuel cell applications. 
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Fig. 2 CVs of Pt NFs/G (blue line), Pd NPs/G (green line), PtPd ANPs/C (black line) and PtPd ANPs/G (red line) at 50 mV 

s-1 in 1.0 M NaOH containing 1.0 M ethanol. 
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Protein quantification in single cell would promote studies of cellular heterogeneity in disease progression 

and response to drugs. Clinically, accurate proteomic analysis of rare cells, for example as circulating 

tumor cells, would contribute to early disease detection and monitor the prognosis of patients. Therefore, 

reliable, sensitive, accurate protein quantification methods at single cell resolution are in great demand. 

Although some recently developed methods provide possibility for single cell analysis, the quantification of 

proteins is not so accuracy. For example, one attractive approach is mass cytometry [1]. In this method, the 

abundance of the proteins is assessed by the number of lanthanides conjugated to each antibody. Since the 

amount of lanthanide conjugated to the antibody is not precisely controlled, the quantification may be 

rough. With the advantage of easy sample preparation and high sensitivity, laser ablation inductively 

coupled plasma mass spectrometry (LA-ICP-MS) has been used to quantify proteins in recent years. In 

these reports, the principle of protein quantification is the same as the one in mass cytometry. Therefore, the 

quantification is still not accurate as mass cytometry. In this work, we design one kind of novel noble 

metallic cluster probes and use our nanoprobes to realize single cell in situ protein precisely analysis [2]. 

We theoretically design and experimentally synthesize targeted Au cluster-peptide probes firstly. We utilize 

the fluorescent property and targeted ability of our probes to recognize specific cell membrane proteins 

successfully, and subsequently immunofluorescence technique and blocking studies further confirm the 

specific membrane proteins are targeted by the probes. As the chemical formula of our probe is clear, e.g. 

one probe is consist of 24 gold atoms, with the assistance of single cell LA-ICP-MS methods, we can get 

the precise protein level at single-cell resolution. Integrins belong to cell membrane proteins, which 

mediate cell-cell adhesion events and are essential for the attachments of cells to extracellular matrices. Up 

until now, integrin v3 has been widely studied because of its correlation with tumor growth and 

metastasis. Human erythroleukemia cell line (HEL), which expresses integrin IIb3, was chosen as a model. 

We believe that to disclose the precise number of IIb3 at single cell level will greatly help researchers to 

study erythroleukemia cancer progression. Furthermore, our present protein detection and quantification 

method could be extended to a series of biomarker studies for early diagnosis of various serious diseases. 
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Photoelectrochemical (PEC) analysis, a newly emerging and rapidly developing analytical method, has 

been widely applied in the detection of a variety of analytes[1]. Quantum dots (QDs) have been adopted as 

PEC active species in constructing PEC sensing platforms, which exhibit special optical and electrical 

properties and have the unique advantages of high sensitivity, low working potential and visible light 

absorption ability[2,3]. In most cases, QDs were pre-synthesized and subsequently immobilized onto 

electrodes, which has intrinsic drawbacks, such as complicated and time-consuming fabrication processes 

and harsh operating conditions, and potentially high background signals[4].
 

To circumvent such 

shortcomings, efforts have recently been made to realize in situ generation of PEC active species[4,5].
 

Although such approaches overcame some of the problems imposed by the immobilization of 

pre-synthesized semiconductors, it was still necessary to pre-modify the electrodes with semiconductor 

precursors or other co-existing substrates. Therefore, to further simplify the procedures and lower the 

background signal, a preferable approach that is based on in situ formation of PEC active species in 

homogenous solution and does not require sophisticated immobilization procedures would be 

advantageous. 

Herein we reported a novel biphasic PEC sensing strategy based on in situ formation of CdS QDs and the 

electrostatic attraction between CdS QDs and indium tin oxide (ITO) electrode, and applied it for PEC 

detection of acetylcholinesterase (AChE) activity and inhibition. As illustrated in Fig. 1, in homogenous 

solution through the aid of the hydrolysis product (thiocholine) of acelthylthiocholine (ATCh) catalyzed by 

AChE, CdS QDs with positive charges on surface are formed in situ[6]. Due to the electrostatic attraction, 

the positively charged CdS QDs are then attached to the negatively charged ITO working electrode. Upon 

visible light illumination, CdS QDs generates electron-hole pairs, and ascorbic acid, as the sacrificial 

electron donor, is oxidized by the photogenerated holes, resulting in a stable anodic photocurrent. However, 

in the presence of AChE inhibitors, AChE activity is inhibited, leading to a significantly reduced 

photocurrent.  

Therefore, convenient and highly sensitive assay of both AChE activity and inhibition is readily realized 

based on the biphasic reaction mode. Therefore, such in situ generation of QDs in homogenous solution is a 

promising way of synthesizing PEC active species and can be used for facile and sensitive PEC detection of 

enzyme activities. As far as we know, it is the first example demonstrating the application of CdS QDs 

formed in situ for biphasic PEC detection of AChE activity and inhibition in its optimal state, and it has 

great potential to be extended to probing many other analytes. 

 

Fig.1 Principle of the as-proposed biphasic PEC sensing strategy for the detection of AChE activity and inhibition. 
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for cell imaging based on molecular self-assembly 
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Fluorescent organic nanoparticles (FONs) have become widely used bioprobes for diagnosis, tracking, and 

treatment [1]. As compared with the conventional fluorescent bioprobes such as fluorescent protein [2], 

semiconductor quantum dots [3], and organic dyes [4], FONs are endowed with many superiorities 

including large stokes shift, excellent photostability, low cytotoxicity, good biodegradability, and large 

absorption cross sections, making them promising as a useful tool to monitor biological process with high 

sensitivity and excellent biocompatibility [5, 6]. Thus, development of novel synthetic routes to prepare 

FONs with ultra-low CMC based on molecular self-assembly is of great scientific interest. 

In this contribution, a novel aggregation induced emission (AIE) based amphiphilic organic molecular 

(TPE-N-Br) is developed for the first time through Suzuki reaction of VP3-Br and 4-Carboxyphenylboronic 

acid to afford a carboxyl group-containing organic intermediate (TPE-COOH), and subsequent 

condensation of TPE-COOH with a hydroxyl-terminated bromo-compound, and last quaterisation reaction 

with triethylamine (Scheme 1). The as-obtained amphiphilic organic molecule is prone to self-assemble 

into stable FONs with high dispersibility in physiological solutions, which are expected to have ultra-low 

CMC. Fig. 1 shows typical UV-vis absorption spectra and fluorimetric titration curves of TPE-N-Br with 

different concentrations in water solution. The absorbance and FL intensity increase with the increasing 

TPE-N-Br concentration in the range of 0.310
-6～10

-5
 M. The intensity of the fluorescence emission vs. 

the logarithm of the concentration of TPE-N-Br was plotted to determine the CMC by the tangent method, 

which showed an ultra-low CMC value of TPE-N-Br FONs as 2.9510
-6

 M. 

 

 

 

 

 

 

Scheme 1 Synthetic route to TPE-N-Br 

 

 

 

 

 

 

 

 

 

 

 
 

Fig.1 UV-vis spectra (A), and FL spectra (B) of TPE-N-Br in water solution with different concentrations. 
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 An innovative platform for rapid and multiplexed cancer biomarker 

detection with surface-enhanced Raman scattering nanotags 
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Surface-enhanced Raman spectroscopy (SERS) is a phenomenon where a Raman-active molecule in close 

proximity to a noble metal surface generates a million-fold or even higher enhanced signal [1-3]. SERS 

nanotags have been domenstrated to be an attractive alternative label to fluophores and have attracted 

significant attention for optical detection. The main advantages of SERS nanotags include: spectral 

multiplexing capacity for simultaneous target detection due to the narrow width of vibrational Raman bands,  

only a single laser excitation wavelength is needed to excite the Raman spectra of all SERS nanotags, 

quantification using the fingerprint intensity of the corresponding SERS nanotags and high photostability 

and optimal contrast by using red to near-infrared (NIR) excitation in order to minimize the 

autofluorescence of cells and tissues[4-6]. Therefore, SERS offers a new and powerful method for 

non-invasive, ultrasensitive and multiplexed biomarker detection in clinic settings. 

In this contribution, the innovative platform for rapid and multiple cancer biomarker detection such as 

epigenetic biomarker and protein biomarker by using rational designed SERS nanotags will be discussed. 

Sensitive and accurate DNA methylation analysis at CpG resolution was demonstrated with SERS via 

ligase chain reaction (LCR) as illustrated in Fig. 1. The method was sensitive to 10% changes in 

methylation and the accuracy of methylation estimates in cells and serum DNA validated with sequencing.     

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A rapid and simple approach is presented to address the most critical issues of SERS-based immunoassay 

such as removal/avoiding nonspecific adsorption and reducing assay time [7]. The approach demonstrated 

involves rationally designed fluorophore integrated gold/silver nanoshells as SERS nanotags and utilizes 

alternative current electrohydrodynamic (ac-EHD) - induced nanoscaled surface shear forces to enhance the 

capture kinetics as displayed in Fig. 2A. These nanoscaled physical forces acting within nanometer 

distances from the surface enabled rapid (40 min), sensitive (10 fg/mL) and highly specific detection of 

human epidermal growth factor receptor 2 (HER2) in breast cancer patient samples (Fig. 2B).   

 

Fig.1 Schematic illustration for simultaneous C and T single DNA base change detection by LCR (A), DNA methylation 

analysis via simultaneous SERS nanotags detection on a gold surface array (B) and comparison of estimated methylation in 

three breast cancer cell lines with SERS-LCR assay and validated by next generation sequencing (C). 
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Rongalite is an efficient, inexpensive and strong reducing agent. It shows good stability and solubility at 

various temepratures and in acid and basic conditions. In the present report, rongalite has been expolited as 

a reducing agent to assist the synthesis of CdTe quantum dots. The method provides the synthesize of 

reproducible and highly luminescent CdTe quantum dots (QDs) through a relatively simple, safe and robust 

synthetic route under a given set of conditions for the first time. In emission window for TGA-capped CdTe 

QDs, the green to orange optical window, the quantum yield of the as-prepared QDs reached as high as 

66% at room temperature with  obvious narrow full width at half-maximum of the corresponding peak. 

CdTe QD samples with high quantum yields has been characterized by TEM. These as-prepared QDs 

represent a series of best fluorphores that are highly efficient, highly luminescent with large optical window, 

stable, and tunable by simply varying the refluxing time at fixed temperature and at optimal conditions.The 

replica of in vitro assays were conducted to establish the effect of as-synthesized TGA capped CdTe QDs 

on the HeLa cell line to evaluate the cytotoxicity of as synthesized quntum dots for biological applications.  

 
 

Fig. 1 Reaction assembly for the formation of TGA capped CdTe QDs (A), UV-visible spectrum and corresponding image 

(inset) of TGA-capped CdTe QDs (B) PL excitation and emission spectra (λex 394nm) (C), and TEM image (taken in aqueous 

solution) (D) for as prepared TGA capped CdTe QDs. 
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Bipolar electrochemical approach with thin layer of supporting electrolyte 

towards growth of self organizing tio2 nanotubes 
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During the past decade, self organized and well aligned TiO2 nanotube array grown on Ti metallic foil by 

electrochemical anodic oxidization method is a subject of immense scientific interest due to their 

tremendous scientific applications [1]. Outstanding progress in preparation methods has been established 

toward well ordered, and much longer nanotube arrays. Particularly, the emergence of organic electrolytes, 

superior tuning of water and fluoride content in electrolytes were very crucial factors, not only for 

properties of tube arrays, but also regarding the geometry of tubes [2]. To date, several techniques have 

been established toward the growth of TiO2 nanotubes, such as template assisted growth [3], 

electrochemical anodization [4], and hydrothermal route [5].  

Different properties and applications of TiO2 nanotube arrays has been reported as a function of tube 

diameters. In most of the approaches, tailoring the pore diameters for a given application is time consuming 

and expensive, as to fabricate and study a series of samples one by one. However, far less effort has been 

focused on the development of new methods, despite their technological importance. Therefore, it is very 

beneficial to develop a rapid, reliable and efficient method for the growth of TiO2 nanotubes arrays with 

tunable pore diameter in a single step. In the study, we show that such nanotubes can be grown by using 

bipolar electrochemistry. 

Bipolar electrochemistry has been receiving increasing attention among 

researchers in recent years due to large number of applications in areas 

of analytical chemistry [6-8], materials science [9, 10], particle motion 

[11], and seawater desalination [12]. Bipolar electrochemistry occurs 

when faradaic reactions are driven on electronic conductors not directly 

connected to an electrical power source, but in contact with a dielectric 

(typically a solution) which is polarized under the influence of an 

applied electric field. If the polarization is strong enough and suitable 

redox species are dissolved in the dielectric medium, electrochemical 

reactions at the opposite sides of the substrate are triggered, with an 

oxidation process occurring at one end of the substrate and a reduction 

process at the opposite one so that the conductive substrate acts as a 

bipolar electrode. In particular, as there is no direct voltage source is 

connected to initiate redox reactions, multiple numbers of bipolar 

electrodes (samples) can be controlled with just a single voltage source 

or even a battery [13]. Recently, Loget et al has reported the growth of 

TiO2 nanotubes by bipolar anodization of single saomple in stirring 

ethylene glycol containing ammonium fluoride, water, and lactic acid in 

upright direction for the first time [14]. 

In this study, we report a new bipolar electrochemical approach for the 

growth of ordered titanium dioxide nanotubes using a thin layer of supporting electrolyte and the 

preparation of multiple samples by bipolar electrochemistry in a single wireless run for the first time. Our 

configuration allows the efficient growth of TiO2 nanotubes in horizontal direction with low electrolyte 

consumption and faciliates heat dissipation. In this simple, rapid, and cost effective method, we can also 

successfully tune inner and outer diameter of TiO2 nanotubes between 51-137 nm and 60-158 nm, 

respectively with key parameters, such as fluoride content, anodization voltage, anodization time, and water 

content. 
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In Situ Study of Oxygen Reduction in Nonaqueous Solutions 
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Rechargeable Li-O2 battery is regarded as one of the promising candidates for the next generation power 

sources of electrical vehicles because of its high theoretical energy density [1]. However, many 

fundamental issues about the reaction mechanism in the Li-O2 battery, which are extremely important to 

understand and develop the novel battery system, are still unclear [2-4]. Even the first paper was wrong in 

interpreaptating their observations [1]. In the present study, behaviors for the oxygen reduction reaction 

(ORR) and oxygen evolution reaction (OER) on a gold electrode or a carbon electrode in non-aqueous 

solutions have been systematically investigated by electrochemistry in combination with in situ UV-Vis 

absorption spectroscopy, surface-enhanced Raman vibrational spectroscopy (SERS) and ex situ infrared 

spectroscopy [5].  

In the present study, dimethyl sulfoxide (DMSO), triethylene glycol dimethyl ether (TEGDME) and 

propylene carbonate (PC) have been investigated as solvent for ORR/OER. In the Li-free DMSO solution, 

O2 is efficiently reduced to the superoxide (O2
–
), which forms an ion-pair with the tetrabutylammonium 

(TBA) cation and shows an excellent stability in DMSO. The adsorption of O2
–
 on the gold electrode 

surface has been observed by an in situ SERS measurement (Fig. 1a). When the Li-ion is included in the 

DMSO, O2 can be further electrochemically reduced to lithium peroxide (Li2O2) and deposited on the 

electrode surface. Figure 1b shows in situ SERS measurement for the ORR/OER processes in O2-saturated 

0.1M LiClO4-DMSO solution.  In addition to the peaks from solvent and supporting electrolyte, a Raman 

peak was clearly observed 788 cm
–1

 with the ORR current. This Raman band can be attributed to O-O 

stretching mode of Li2O2 on the Au surface, indicating that Li2O2 is formed on the electrode surface. 

Detailed analyses on the potential dependence of the Raman peak intensity, it was found that the Li2O2 

formation is a kinetically-controlled process and terminated at a certain film thickness on the electrode 

surface. At the same time, a large amount of 

O2
– 

is still produced in the solution which 

shows a UV-Vis absorption spectrum similar 

to that polarized in the Li-free DMSO 

solution, implying that Li-ions solvated by 

DMSO make ion-pairs with superoxide 

(denoted as LiO2) in solution. On the other 

hand, no evidence for the disproportionation 

reaction of LiO2 to Li2O2, one of known 

reaction mechanisms proposed before [2], has 

been obtained in the bulk solution and on the 

electrode surface in the present study.  

Based on the quantitative analyses of the in situ spectroscopic observations, the partial yields for LiO2 and 

Li2O2 have been estimated to elucidate the mechanism for the ORR/OER processes in DMSO-based solutin 

[5]. The present results are discussed in comparison to our recent observations on porous carbon cathodes 

regarding the surface area, morphology as well as three-phase interface on the electrode and solution 

interface. 

Detailed results and discussion will be given in the presentation. 

Acknowledgements: This work was supported by the Advanced Low Carbon Technology Research and 

Development Program (ALCA), specially promoted research for innovative next generation batteries 

(SPRING) from the Japan Science and Technology Agency (JST) 

 

References: 

1. Abraham, K. M.; Jing, Z. J. Electrochem. Soc. 1996, 1, 143. 

2. Peng, Z.; Freunberger, S. A.; Tarascon, J.-M.; Bruce, P. G. Angew, Chem., Int. Ed. 2011, 123, 6475. 

3. McCloskey, B. D.; Scheffler, R.; Speidel, A; Luntz, A. C. J. Phys. Chem. C 2012, 116, 23897. 

4. Luntz, A. C.; McCloskey, B. D., Chem. Rev. 2014, 114, 11721. 

5. Qiao, Y.; Ye. S. J. Phys. Chem. C., 2015, 119, 12236 
 



15th ISEAC 

 
- 233 - 

Theoretical Analysis of Electrochemical SERS for p-Aminothiophenol 

Adsorbed on Silver Electrodes 

De-Yin WU *, Meng Zhang, Bin Ren, Zhong-Qun Tian
a
 

Sate Key Laboratory for Physical Chemistry of Solid Surfaces, and College of Chemistry and Chemical 

Engineering, Xiamen University, Xiamen 361005, China and dywu@xmu.edu.cn 
a
 Sate Key Laboratory for Physical Chemistry of Solid Surfaces, and College of Chemistry and Chemical 

Engineering, Xiamen University, Xiamen 361005, China and zqtian@xmu.edu.cn 
 

Surface-enhanced Raman spectroscopy (SERS) can provide fingerprint information of molecular 

adsorption and chemical reactions processes at molecular level in electrochemical interfaces[1]. One hand, 

the strong laser source used in confocal Raman spectrometer can obtain the good quality SERS signal. On 

the other hand, the laser can drive photochemical reactions on metal surface [2]. Meanwhile, the 

complexity of interfacial structures makes a difficulty to understand surface spectroscopic signals.  

Nanoparticles of noble metals have the special photocatalytic properties due to the large surface-to-volume 

ratio and special hot electron behavior due to surface Plasmon resonance in visible light region. The light 

excites metal surface electrons to hot electrons, which can tunnel to the solution side to form hydrated 

electrons and to split water then. A proper light energy matches to a transition of photoinduced charge 

transfer from the highest occupied molecular orbital to the metal unoccupied energy band above the Fermi 

level. 

In this work, we can deeply understand the photoelectrochemical oxidation processes of aromatic amines 

on nanoscale silver electrodes by combining quantum chemistry calculations to SERS measurements of 

adsorbed molecules. We first present geometry optimizations, electron transitions, and vibrational analysis 

calculations based on the hybrid exchange-correlation functionals (B3LYP). Here, for C, N, O and H atoms, 

the basis sets of 6-311+G** and Aug-cc-pVTZ were used. For Ag atoms, the valence electrons and the 

internal shells were described by the basis set, LANL2DZ, and the corresponding relativistic effective core 

potentials, respectively. The validity of these basis sets has been demonstrated in our recent studies. On the 

basis of density functional theory calculations of metallic cluster models, we studied electrochemical 

oxidation of aromatic amine adsorbed on nanostructured silver electrode. In the case, the photo-oxidation 

product is aromatic azo dye, which displays strong Raman signals. This interprets that the surface-enhanced 

Raman spectra of p-aminothiophenol adsorbed on nanostructured silver electrodes. In the surface catalytic 

coupling reaction, the charge transfer and the proton transfer are involved. 
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Pt-based nanocrystal NCs are the most active catalysts for the proton-exchange membrane fuel cells 

(PEMFC) that represent the next generation of environmental benign energy resources.
1-3

 However, the 

commercially deployment of (PEMFC) especially for the automotive applications are hindered by cost, 

instability, and scarcity of Pt metal.
1-3

 Accordingly, there are unremitting attempts to overcome such fences 

including controlling particle composition, size, facets, and morphology.
1-6

 Particularly, mixing Pt with 

other metals such as Co, Cu, Ni, and Pd increase ORR activity dramatically compared to mono Pt and Pt/C 

catalyst.
1-6

 This based on alter the electronic structure of Pt which counterbalances between strong 

adsorption O2 species and retard adsorption OHads. Although the great advances in this filed, tri-metallic 

Pt-based NCs which can provide new insights into the structure composition relationships aren’t relatively 

highlighted significantly compared to bi-metallic.
 
For instance, Sun group synthesized Au@CuPt and 

FePtM (M=Cu, Ni) NCs based on seed-mediated growth and/or thermal decomposition which significantly 

enhance ORR active compared to Pt/C.
7,8

 Recently, Xia group synthesized octahedra Pd@Pt-Ni core-shell 

based on Pd seeds which show one of the most active catalyst for ORR.
9
 Most recently, we developed a 

facile one-step route for the synthesis of dendrites Pt-Pd-Ru at room temperature which display over 8 

times improvement in ORR mass activity compared to Pt/C.
10

 However, this NCs could not be integrated 

into the electrochemical devices due to their impractical surface area. Among various reported intriguing 

morphology, that could achieve this quest, caged porous structures attributed to their unique features such 

as large surface area, low density, and rich surface chemistry. Hollow Pt-based structures are usually 

synthesized by Template-based, Kirkendall effect and the galvanic displacement.
11

 For example, Puntes et 
al. synthesized Pd-Au-Ag nanoboxes from Ag nanocubes based on galvanic replacemet and Kirkendall 

growth.
12

 Sang group used ZnO nanowires as sacrificial templates for preparation Pt-Pd-Ag nanotubes with 

a nanoporous framework.
13

  

 
Fig.1 scheme showing the prepration of trimetallic PtPdRu nanocages  
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Regardless the complexity of such synthetic approaches, the resulted Pt NCs are compacted with smooth 

surface which devalue utilization of the hollow interior. Elsayed group suggested that, branched surface 

with sharp edges and rough corners can provide more active catalytic sites than smoother surfaces due to 

their superiority in the valency-unsatisfied atoms.
1,15

 Also, catalyst activity and durability increase when the 

catalytic reaction take place on the cavities of inner core.
14,15

 This’s ascribed to the confinement effect of 

the cages that facilitate guest species mobility between inner cores and exterior surfaces.
33

 Additionally, the 

hollow interior isn’t capped as outer surface that is more active and not prone to aggregation. Therefore, it’s 

expected that, accompany properties of both multi-metallic composition and porous structures can improve 

the ORR activity compared to their counterparts solid and/or porous catalysts.  

Inspired by this principles, we designed trinary metallic PtPdRu nanocages with highly porous dendritic 

Pt-enriched surface for ORR.  
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Increasing sensitivity and selectivity of electrode by modifying its surface has been one of the most active 

areas of research interest in electrochemistry. Electrode modification is important part of the 

electrochemical studies that involves studies of the electrochemistry of the attached molecules and their 

specific applications in electro analytical determinations. The aim of this work was to increase sensitivity 

and selectivity in electroanalysis through surface nanostructuring. Electrode surface nanostructuring was 

done via electronucleation of gold nanoparticles (AuNPs) on Glassy carbon electrode (GCE). Gold 

nanoparticles deposited glassy carbon electrode was grafted with organic film using cyclic voltammetry. 

Three types of organic films were selected for surface modification; p-phenylenediamine (representing 

electropositive film), 4-aminophenol (representing neutral film) and p-nitroaniline (representing 

electronegative film). Nanoholes were produced by stripping deposited AuNPs and the fabricated 

electrodes were characterized using potassium hexacynoferate (negative redox probe), hydroquinone 

(neutral redox probe) and ruthenium hexamine chloride (positive redox probe). Sensitivity and selectivity 

of the modified electrodes were increased by analyzing electropositive analyte on electronegative film 

grafted nanostructured electrode and electronegative analyte on electropositive film grafted nanostructured 

electrode. Electroanalytical application of nanohole 4-aminophenol grafted GCE and nanohole 

p-phenylenediamine grafted GCE were studied for ascorbic acid (electronegative analyte) determination 

with their respective limit of detection (LOD = 3δ/slope) 0.626 µmol/L and 0.123 µmol/L respectively. 

Electroanalytical application of nanohole p-nitroaniline grafted GCE was studied for detection of dopamine 

hydrochloride (electropositive analyte) with LOD 0.6112 µmol/L. Sensor response of AA and DA was not 

affected by possible interfering species and the three nanostructured electrodes showed good reproducibility 

and stability.  
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Fig. 1: The sequential electrodeposition and protection for Au NPS deposition and nanohole formation 

procedure on GCE.  
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In recent years, the advanced electrochemical oxidation process for the treatment of the wastewater have 

attracted ever-increasing attention due to their easy applicability to automation, high efficiency and 

environmental compatibility. It is well-known that the current efficiency of an oxidation process depends 

strongly on the electrode properties, the anodes must have high O2 evolution overpotential. Currently the 

BDD electrode is widely applied in wastewater treatment and have proved greatly advantage. [1]  

The BDD has numerous unique properties, such as extremely wide potential window, low background 

current, corrosion stability, so it has attracted extensive attention recently, and it has been widely 

investigated and applied in electrooxidation, electroanalysis, electrosynthesis, capacitor, biosensors. But in 

those studies, the BDD electrodes were mostly using flat Si, Ta, Nb, and W as substrates, [2-3] their wide 

application in wastewater treatment is impossible because of the poor mechanical strength and low 

conductivity of Si and the unacceptably high costs of Ta, Nb, and W. So it is necessary to search for new 

electrode substrates. 

Ti possesses all the important attributes needed in a substrate material for thin film electrodes: good 

conductivity, high mechanical strength, electrochemical inertness, and the price is much cheaper, so 

titanium turns out to be an interesting material. The porous Ti not only have those advantages, but also 

possessed relatively large specific surface area. In this study, we have used flat Ti and porous Ti as 

electrode substrates, prepared BDD electrodes in different experimental conditions, and we studied the 

properties and their application to wastewater treatment. [4-6] The results showed that the films obtained 

exhibit well-defined diamond features and display high electrocatalytic activity in anodic oxidation of 

Alizarin Red S and phenol. 
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Ordered mesoporous carbon (OMC), since its discovery in 1999 [1], has been receiving much attention 

owing to its properties such as extremely well-ordered pore structure, high specific pore volume, high 

specific surface area, tunable pore diameters in the mesopore range, large adsorption capacities, low 

electron-transfer resistance, high thermal and mechanical stabilities, and chemical inertness [2]. These 

properties make it suitable for applications in molecule separation, adsorption, catalysis, sensors, energy 

storage and capacitors [3-6]. Metal-free heteroatom-incorporated OMC attracted much attention because 

they are cheap, highly active and selective electrocatalysts [7]. Owing to its three valence electrons, 

oxidation-resistance, and being favorable to graphitization, boron is considered as a good dopant [8]. After 

its incorporation in carbon materials, there is remarkable improvement in the electrochemical activities of 

the resulting product.  

 

In this work, the electrochemical properties of boron-doped ordered mesoporous carbon (BOMC) as an 

electrode material and Pt catalyst support were investigated. The electrochemical and catalytic performance 

of BOMC was studied and compared with that of OMC. We focused on the response at BOMC-modified 

glassy carbon electrode and OMC-modified glassy carbon electrode for the electrocatalysis of six 

electroactive compounds and biomolecules (ascorbic acid (AA), dopamine (DA), uric acid (UA), 

β-nicotinamide adenine dinucleotide (NADH), hydrogen peroxide (H2O2), and glucose). Also, the platinum 

nanoparticles were incorporated in the pores of BOMC. The electrocatalytic performance of the obtained Pt 

nanoparticles supported on BOMC (Pt-BOMC), for direct methanol oxidation reaction, was investigated by 

comparing its activity with that of Pt nanoparticles supported on OMC (Pt-OMC) and commercial Pt-C 

catalyst. The results show that the electrocatalytic activity of BOMC is significantly higher than that of 

other used catalysts. 
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The utilization of solar energy to produce hydrogen (H2), an environmentally benign energy source with the 

highest specific energy of combustion, from water is considered to be a promising route to solve the 

problems of energy shortage and air pollution.[1] To realize efficient and cost-effective conversion, 

multi-component H2-producing artificial (HPA) systems, which are normally composed of a light absorber, 

a catalyst and a hole scavenger, have been intensively investigated.[2] With the merits of superior 

photostability, consecutive tunable electronic states and optical properties and a large absorption 

cross-section over a broad spectral range, colloidal semiconductor nanocrystals (NCs) have been elected as 

good candidates for light absorbers.[3] 

Herein, we systematically investigated the effect of the ligands on the H2 photogeneration efficiency 

of the QD-based HPA systems. CdSe/CdS core/shell QDs was chosen as a model system due to the 

significantly higher photocatalytic activity for H2 generation compared to that of the single-component 

CdSe QDs. The original organic ligand capped CdSe/CdS QDs were transferred to aqueous solution for 

water splitting by the reported methods with some modifications. Three types of ligands with different 

numbers of thiol functional groups (see Fig. 1) were employed in this study to investigate their influences 

on the efficiency of H2 photogeneration. 

 

 

The detailed analyses of the fluorescence intensity, decay kinetics measurements and electron transfer 

behaviors, coupled with the corresponding H2 photogeneration results (Fig. 2), helped us to propose a 

possible mechanism to explain the strong ligand effect on the photocatalytic efficiency of the HPA system. 

Through the study, this ligand-dependent photocatalytic activity is considered to be mainly attributed to the 

variations in the surface traps and corresponding charge separation efficiencies of the QDs induced by 

surface coating with the different ligands. PL intensity and lifetime decay results reveal that the ability of 

surface traps to capture photoinduced holes, which is supposed to correlate with the charge separation 

efficiency of the QDs, is affected by the type of the ligand used. A more efficient charge separation caused 

by ligand engineering will result in a higher H2 production efficiency of the QDbased HPA system. 

 

Fig.1 Schematic illustration of the CdSe/CdS core/shell QDs capped with PAA, 3-MPA and DMSA, 

respectively, where PAA represents poly(acrylic acid), 3-MPA represents 3-mercaptopropionic acid and 

DMSA represents 2,3-dimercaptosuccinic acid. 
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Fig.2 The generation of H2 versus illumination time of the HPA systems containing CdSe/CdS 

core/shell QDs capped with the three different ligands with Ni-DMSA (50 M) (a) and Pt (50 M, Pt 

atoms) (b) as the catalyst under the conditions of QDs 0.144 M, AA 0.8 M, pH 5.2, incident light  > 

420 nm; (c) comparison of rinit and rstab of H2 photogeneration of the HPA systems with QDs capped 

with the three different ligands by using Ni-DMSA and Pt as the catalyst, respectively; (d) The 

wavelength dependence of incident light on the AQY of the HPA system with DMSA-capped QDs 

under the conditions of QDs 0.144 M, Ni-DMSA 50 M, AA 0.8 M, pH 5.2; and the UV-Vis spectrum 

of the DMSA capped QDs in water. 
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Prostate cancer (PC) is a frequently diagnosed cancer-related cause of death in men worldwide. A 

blood-based in vitro diagnostic test allows for fast and convenient prognosis, diagnosis, and better 

treatment options. Because the current prostate-specific antigen screening usually gives false-positive 

results, it is a crucial prerequisite for such diagnostics to target specifically prostate cancer-associated 

biomarkers. Circulating miRNAs in blood have been revealed as cancer-specific and stable biomarkers for 

identification of various cancers. We designed and developed two optical genosensors toward the detection 

of the prostate cancer-associated miRNA (PC-miR) for screening prostate cancer. We took advantage of 

probe-DNA modified QDs along with nucleases to create the target-triggered, nuclease-induced recycling 

of PC-miR for the amplified regeneration of fluorescence signal of QDs, resulting in the “turn-on” 

fluorescent genosensor. The fluorescent genosensor exhibited high sensitivity with a detection limit of 1.7 

pM, together with acceptable selectivity in discriminating between the PC-miR, and its inter- and 

intra-family miRNAs. We further improved the genosensor by equipping the fluorescent genosensor with a 

primer to stimulate the formation of the catalytic G-quadruplexes as a signal amplifer, yielding an advanced 

chemiluminescent genosensor. The chemiluminescent genosensor displayed improved sensitivity with a 

detection limit of 0.28 pM, and excellent selectivity in differentiating target PC-miR from other inter- and 

intra-family miRNAs. We also evaluated the clinical applicability of the two optical genosensors in the 

detection of PC-miR in the sera sample of prostate cancer patients and healthy subjects, and the results 

were also compared with that using a PSA-based commercial ELISA kit. Both of the optical genosensors 

demonstrated better differentiation ability relative to the gold standard (ELISA). The newly optical 

genosensors showed high potential as a reliable in viro diagnostics for prostate cancer screening.  
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Natural enzymes with high substrate specificities and high catalytic efficiency under mild conditions have 

been widely studied and applied in various fields [1]. However, they bear some drawbacks, such as the 

sensitivity of catalytic activity to environmental changes, low stability due to denaturation and digestion, 

and the high cost of preparation, purification and storage [2]. Therefore, the search of enzyme mimetics is 

urgently needed and under intensive investigation. To date, a number of studies have been focused on 

peroxidase mimetics such as heme, porphyrin, cyclodextrin, and so on [3]. 

Nanomaterials have received considerable attention and been widely used for biosensing over the past few 

decades because of their unique optical and electrical properties, large specific surface areas, 

structure-dependent properties, and fascinating catalytic activities [4,5]. Up to now, various nanomaterials 

[6-8], such as magnetic nanomaterials, metal oxide nanoparticles (NPs), metal NPs, metal nanoclusters, 

carbon nanomaterials and nanocomposites have been reported to possess peroxidase-like catalytic 

activities.  

Single-walled carbon nanohorn (SWCNH) is a new carbon allotrope of the SWCNT family [9]. The 

diameter of a single SWCNH ranges from 2 to 5 nm and its length is about 40 to 50 nm. Typically, 

SWCNH assembles and forms dahlia-like aggregates with a diameter of about 100 nm. Herein, we report 

the intrinsic peroxidase-like catalytic activity of SWCNHs for the first time. The SWCNHs can catalyze the 

oxidation of peroxidase substrate 3,3',5,5'-tetramethylbenzidine (TMB) in the presence of H2O2 to generate 

oxidized TMB (oxTMB) which exhibits a blue color change in aqueous solutions. Combining the catalytic 

reaction of glucose with glucose oxidase (GOx) and the SWCNH catalytic reaction, a colorimetric method 

for glucose detection was also developed. The developed method exhibits highly selective response to 

glucose detection and also has potential applications in clinical diagnosis. This study provides new insights 

into the utilization of this peroxidase-like activity of SWCNHs. 
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The photo-regulated interactions between RNA aptamer and photochromic spiropyran were investigated at 

single-molecule level via an α-hemolysin nanopore. Upon irradiation of alternate UV /visible light, the 

translocation process of RNA aptamer could be optically tuned on account of its different binding affinity 

with two photo-isomers, spiropyran and merocyanine (Fig. 1). This provides a general analytic model for 

understanding the mechanism of photo-regulated bio-molecule conformational change at single-molecule 

level.
[1]

 

The α-HL nanopore possesses a limiting constriction between the vestibule and the stem with an inner 

diameter about 1.4 nm. Obviously, the diameter of an RNA or a single-strand DNA is similar to the 

narrowest constriction. Thus, α-HL only permits the translocation of the linear form of RNA.
[2-4]

 To achieve 

the final translocation, the folded RNA needs to adjust itself in the vestibule of the α-HL via pore-analyte 

interactions. As shown in Fig. 3, the RNA aptamer enters the vestibule of α-HL resulting in a partial 

blockage (Level 1). Then, the aptamer remains resident in the vestibule area until its structure partially 

broken and sequentially proceeds to the next level (Level 2). The Level 2 featured a little decrease in I/I0 

and relatively shorter duration time compared with Level 1, which may attributed to an intermediate form 

of partially unfolded RNA in the vestibule. Ultimately, the linear threading enters into the stem of α-HL 

after unfolding of the intermediate form of RNA aptamer. This process results in a further increase in 

current blockage, corresponding to the short-lived Level 3. As described in previous studies,
[5, 6]

 Level 3 

corresponds to the translocation of linear form of RNA sequence. Therefore, RNA aptamer used in this 

study undergoes two successive unfolding processes inside the cavity of α-HL nanopore. 

 In the next step, photo-regulated RNA conformation change in nanopore by photochromic spiropyran 

was carried out (Fig. 2). RNA aptamer could specifically bind with closed form of spiropyrans (SP) with a 

binding constant of 19 μm.
[7]

 Therefore, the mixture of spiropyran and RNA aptamer was irradiated with 

visible light (λ>490 nm) for 15 min to ensure that all spiropyrans are in their closed form (SP). The 

three-level signals which were similar to that of RNA aptamer alone was observed in the experiments of 

RNA:SP. The values of I1/I0, I2/I0 and I3/Io are almost the same as those of RNA aptamer alone. These 

results indicate that RNA aptamer binding with SP undergoes the similar two-successive conformational 

changes inside the vestibule of α-HL. Nonetheless, the duration time of Level 1 (t1) increases from 

50.02±1.95 ms to 56.49±2.13 ms and Level 2 (t2) decreases from 5.96±0.25 ms to 4.92±0.32 ms, 

respectively, which are significantly different from the value for RNA aptamer alone. Since the irradiation 

of RNA aptamer alone could not influence the duration of each level, the presence of the SP does interact 

with the oligonucleic bases, affecting the entire unfolding process of RNA aptamer in the vestibule. As 

mentioned before, Level 1 represents the captured RNA aptamer experience partially broken in the pore 

vestibule. The addition of SP molecule enhances the stability of aptamer structure and extends the partially 

unfolding process, thus leading to a prolonged duration time of Level 1. On account of the interactions 

between SP and RNA nucleic bases, the consequential Level 2 of RNA:SP may own a different 

intermediate form of partially unfolded RNA aptamer leading to a different time duration compared to that 

of RNA aptamer only. As for Level 3, the fully unfolded RNA aptamer enters into the stem of α-HL for the 

successive translocation and releases the SP. This translocation process generates an identical blockage 

current and duration as that of RNA aptamer only. The effect of photo-isomerization was further 

investigated by analysing the mixture of ring-open merocyanine (MR) and RNA aptamers. After irradiation 

of UV light (λ=365 nm) for 15 min, the ring-closed spiropyran photo-isomerized to MR, which is unable to 

bind with RNA aptamer. The mixture was injected into the cis side of the chamber and was under UV light 

irradiation during the whole process of signal recording. Interestingly, the duration time t1 and t2 of 

RNA/MR are more consistent with RNA aptamer alone rather than the RNA:SP complex, while t3 still 

remains unchanged. These results confirm that the merocyanine isomer lacks the specific binding affinity 

with RNA aptamer after UV irradiation. Consequently, the translocation events of RNA/MR show a nearly 

identical multi-level blockage in all three Level compared to those of RNA aptamer only. 
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Fig.1 (a) Photochromic spiropyran (up) and its 

merocyanine form (down). R=C2H4COOH. (b) 

The illustration of an RNA:spiropyran 

traversing through the α-HL. 

Fig.2 Typical translocation events of RNA: 

spiropyran after irradiation with visible light (λ>490 

nm) (a) and UV light (λ=365 nm) (b). (c) Duration of 

each level of the typical current trace. 

Fig.3 Nanopore sensing RNA aptamers. (a) The raw 

data of current blockages in the presence of 500 nM 

RNA aptamer in the cis compartment. (b) A typical 

three-level event for the translocation of RNA 

aptamer through α-HL nanopore. (c) Histograms of 

blockage currents for Level 1, Level 2 and Level 3 

(from up to down), which were fitted by a Gaussian 

function, respectively. (d) Histograms of duration 

time for Level 1, Level 2 and Level 3 (from left to 

right). The histogram of Level 1 and Level 2 was 

fitted by the exponential function, respectively. A 

Gaussian function was used for Level 3. 
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In situ effective immobilization of tyrosinase via enzyme catalytic 

polymerization of dopamine for highly sensitive phenol sensing 

GUAN Yun, CHEN Chao*, LIU Lanjunzi, XIE Qingji 

Key Laboratory of Chemical Biology and Traditional Chinese Medicine Research (Ministry of Education), 

College of Chemistry and Chemical Engineering, Hunan Normal University, Changsha 410081, China 

Dopamine (DA) is a catecholamine neurotransmitter widely present in the central nervous system, where it 

modulates several aspects of the brain circuitry.[1] Tyrosinase (Tyr) catalyzes the conversion of dopamine 

to o-dopaquinone, and researchers realized the sensitive sensing of dopamine by electrochemical reduction 

of o-dopaquinone at a relatively low holding potential.[2, 3] The DA polymer (PDA) has been developed as 

an excellent matrix to immobilize antihuman immunoglobulin G, glucose oxidase (GOx) and 

hemoglobin.[4] However, the in situ effective immobilization of Tyr via enzyme catalytic polymerization 

of DA has not been reported, which is expected to be effective in realizing the high-load and high activity 

immobilization of Tyr. In this work, we took use of DA as the monomer and Tyr as the enzyme catalyst for 

dopamine polymerization to synthesize the PDA-Tyr composites and realized the sensitive phenol sensing. 

The fabrication of PDA-Tyr biosensor is described in Scheme 1. A mildly stirred PBS containing 10.0 mM 

DA (I)was subject to enzyme catalytic polymerization by adding 2 mg mL
-1 

Tyr. Visible PDA-Tyr 

precipitates were obtained after ca. 30 min (II), 5.0 L of the prepared PDA-Tyr suspension was cast on a 

clean glassy carbon electrode (GCE, III), and 2.0 L of 0.05 wt% chitosan (CS)  

 

solution was immediately cast to strengthen the enzyme film (IV) and then air-dried. The prepared 

CS/PDA–Tyr/GCE was then used to detect phenol in 0.10 M PBS, with the i-t curve and the corresponding 

calibration curve shown in Figure 1. The CS/PDA–Tyr/GCE electrode gives an LDR of 5.0 nM~1.5 M, 

with a sensitivity as high as 74.07 A M
-1

 cm
-2

 and a limit of detection (LOD) as low as 5 nM (S/N= 3), 

which is much better than literature reported values.[2, 3] The results proved the in situ effective 

immobilization of Tyr via enzyme catalytic polymerization of DA was realized and was expected to be 

broaden as an universal protocol for fabricating high-efficient biosensors. 
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Figure 1. The i-t curve and the 

corresponding calibration curve at 

CS/PDA-Tyr/GCE obtained in 

0.10 M PBS (pH 7.4). 

Scheme 1.  

Illustration of procedures for 

preparing CS/PDA-Tyr/GCE. 
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Development of tungsten nanoneedle for selective and sensitive 

determination of intracellular hydroxyl radicals 

Anwei Zhu, Meina Li, Guoyue Shi* 

School of Chemistry and Molecular Engineering, East China Normal University, 500 Dongchuan Road, 

Shanghai, China 

In the present work, a tungsten nanoneedle with a radius of ~8 nm was developed by a facile and 

controllable method and successfully applied for monitoring incetracellular hydroxyl radicals (HO˙). A 

tungsten wire was etched into a nanoneedle with a radius of ~8 nm at a DC potential of 1.7 V and in 0.5 M 

NaOH.
1
 Through a layer-by-layer route, gold nanoparticles were fabricated on the tungsten nanoneedle 

followed by hexanethiol modification through the Au-S bond, obtaining the superhydrophobic gold surface 

modified with a self-assembled monolayer layer of hexanethiol on the tungsten nanoneedle (HAT/Au 

NPs/W) (Figure 1). As the species of ROS that can directly oxidize the organic substrates including 

aromatic and aliphatic hydrocarbons was reported to be only HO˙,
2-4

 the tungsten nanoneedle modified with 

hexanethiol was utilized to specifically probe HO˙. The amount of HO˙ was determined by differential 

pulse voltammetry and those potential interferences like ROS, metal ions, and amino acids showed 

negligible effects on the signal. Owing to its nanoscale sharp tip and especially the hardness, the tungsten 

nanoneedle was facily inserted into a specific area within the cell to detect HO˙, with the aid of a 

fluorescence microscope and a micromanipulator. The nanoelectrode with well-demonstrated analytical 

performance was successfully applied for monitoring intracellular HO˙ with high spatial resolution. It is 

expected that this investigation not only provides a methodology for the determination of intracellular HO˙, 

but also opens up a new way to the detection of biomolecules in vivo by nanoelectrodes. 
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Fig.1 Schematic for the fabrication of HAT/Au NPs/W nanoneedle. 
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Electrochemical conversion of magnetic nanoparticles for biosensing 
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Nanoparticle electrochemistry has attracted increasing interests in various fields. Magnetic nanomaterials 

exhibit unique magnetic properties as well as other merits such as catalysis and optics. Although magnetic 

nanoparticles have been broadly used in academic and industrial areas, which is mainly based on their 

magnetic properties, leaving some possible properties unexploited, such as electrochemistry of magnetic 

nanoparticles. It should open a new branch for magnetic nano-research combining existing diversified 

properties with electrochemistry. 

  Here, we propose the electrochemical conversion of magnetic nanoparticles to electrochemically active 

and multifunctional Prussian blue (PB)-Au nanoparticles (AuNPs) composites for biosensing applications. 

This method relies on a high-potential process which creates acidic environment to make Fe2O3 chemically 

release Fe
3+

, which is followed by the secondary low-potential process to produce PB through the reaction 

between Fe
3+

 and electrochemically reduced K4Fe(CN)6, accompanying with a co-electrochemical 

deposition process to produce AuNPs from HAuCl4, as illustrated in Figure 1. According to the abundant 

merits of the PB-AuNPs composites film, a label-free aptasensor was developed based on the suppression 

of electrochemical catalysis of PB to H2O2 by the binding of the thrombin target, as shown in Figure 2.  

  We investigated the electrochemical conversion in the presence of MNPs and HAuCl4. The cyclic 

voltammetric results presented classic redox peaks of PB with a reductive peak current as high as 2.3 mA 

cm
-2

. Scanning electronic microscopy images show rough surface and porous structure of the yielded 

PB-AuNPs film as opposite properties to the smooth and dense PB film prepared by conventional 

electrochemical deposition (Figure 3). The reason might be due to the template effects of magnetic 

nanoparticles themselves and the oxygen bubbles (Figure 1). The PB-AuNPs composites film also 

exhibited better stability, conductivity and catalysis ability comparing with AuNPs film and PB film 

prepared by conventional methods. The as-prepared composites catalyzed the oxidation of H2O2 with a 

limit of detection of 72 nM, as well as the reduction with a limit of detection of 2.3 M. Based on the 

outstanding catalysis merits and the abundant AuNPs sites exposed on the surface, thrombin aptamer was 

readily immobilized to capture thrombin, which suppressed the diffusion of H2O2 to the electrode and 

decreased the catalysis current. The biosensor provided a limit of detection of 13 pM without using any 

labels, which is much lower than those of analogues, as shown in Figure 4. This strategy takes advantages 

of electrochemistry and magnetism properties of MNPs and endows the biosensor with high sensitivity. The 

proposed method may create a new research field of MNPs and find wide applications in various fields.  

Figure 1. Illustration of the electrochemical conversion of magnetic nanoparticles and the fabrication of 

PB-AuNPs composites 

H2O K4Fe(CN)6

+1.6 V 0 V HAuCl4
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Figure 2. Illustration of the construction of the label-free aptasensor. 

Figure 3. Scanning electronic microscopy images of PB-AuNPs films prepared by conventional 

electrochemical method (left) and the electrochemical conversion of magnetic nanoparticles.  

Figure 4. The potentiostatic responses of the aptasensor to different concentrations of thrombin (left) and 

the calibration curve (right). 
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One-step solvothermal preparation of Ag-ZnO hybrid nanorods and their 

biosensing applications  

Youbao XU, Qingchun LAN, Mimi LU, Zhanjun YANG
*
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The determination of glucose levels in blood is very important for diagnosis and therapy of diabetics [1]. 

Tremendous academic and commercial efforts have been made to develop glucose sensors with high 

sensitivity, excellent selectivity, good reliability, fast response and low cost [2-6]. In this study, a novel 

electrochemical glucose biosensor was fabricated by the immobilization of glucose oxidase (GOx) on 

Ag-ZnO hybrid nanorods (Ag-ZnO HNRs) modified electrode. Ag-ZnO HNRs with different content of Ag 

were synthesized by a facile one-step solvothermal method. Transmission electron microscopy, energy 

dispersive spectrum and X-ray diffraction confirmed the forming of Ag-ZnO HNRs. Fourier transform 

infrared spectrum and cyclic voltametry experiments demonstrated that GOx immobilized on Ag-ZnO 

HNRs retained its native structure and bioactivity. It was found that Ag-ZnO HNRs with 11.26 wt% Ag 

produced the best electrochemical response and effectively enhanced the direct electron transfer between 

enzyme and electrode surface. The glucose biosensor showed the two linear ranges of 0.01−0.1 mM and 

0.1−1.5 mM with a high detection sensitivity of 18.7 mA M
−1 

cm
−2

. The detection limit was calculated to be 

0.005 mM at signal-to-noise of 3. In addition, the constructed biosensor exhibited excellent selectivity, 

acceptable stability, and good reproducibility, and could be successfully applied in sensitive detection of 

glucose in human serum samples.  
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Fig.1 Schematic diagram of the process for the 

preparation of the biosensor and glucose 

sensing. 

Fig.2 Cyclic voltammograms of the 

GOx/Ag-ZnO-2/Nafion/GCE into 0.1 M pH 7.0 air-saturated 

PBS including different concentration of glucose at the applied 

potential of –0.37 V, inset: calibration curve of the 

GOx/Ag-ZnO-2/Nafion/GCE for glucose. 
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Label-free detection of thrombin based on silver nanoclusters with dna 
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Thrombin, as an important measure in the body's blood coagulation system, plays an important role in 

thrombosis regulation and tissue repair. Therefore, rapid and accurate detection of thrombin is of great 

importance in clinical diagnosis.  

DNA is the main component of chromosome, and also is the carrier of genetic information. In the general 

physical condition or the action of the outside, however, about 10, 000 apurinic sites and 500 apyrimidinic 

sites, referred to as abasic site (AP site), were produced in a cell one day. At present, the detection of AP 

sites is under going and has been applied to the analysis field[1-2].  

An AP site was introuduced in the single-stranded DNA which was partly matched with the DNA 

-containing thrombin aptamer composed of the reported 15-mer thrombin aptamer and additional 6 

nucleoside bases at the 3'-terminal (AP-dsDNA). Silver nanoclusters (Ag NCs) were formed with the 

AP-dsDNA as the template [3]. In the presence of thrombin, it could react with thrombin aptamer 

specifically resulting in the AP-dsDNA unwinding, and without protected by AP-dsDNA, fluorescence of 

Ag NCs was quenched by aggregation of Ag NCs. Then, thrombin was detected by the quenched 

fluorescence intensity. Under optimal conditions, a good linear relationship was obtained between the 

fluorescence intensity and the concentration of thrombin ranging from 2.98 × 10
-8

 to 1.00 × 10
-7 

mol/L with 

a detection limit of 1.69 × 10
-8 

mol/L. The result showed a high selectivity for thrombin compared with the 

equal concentrations of glucose, glutathione (GSH) and lysozyme.  
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Fig. 1 Titration curve of the Ag 

NCs/AP-dsDNA with thrombin. Insert is the 

standard curve of the thrombin λex= 542 nm, 

λem= 644 nm, [AP-dsDNA] = 2.78 μM, 

[phosphate buffer] = 20 mM, pH = 7.0 

[C4H6O4Mg] = 1 mM. 

Fig. 2 Binding specificity of thrombin with AP-Ag 

NCs, [Glucose] = [GSH] = [Lysozyme] = 

[thrombin] = 55.56 nM, λex= 542 nm, λem= 644 nm. 
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A simple, sensitive and effective method to detect glucose in ultra-low ionic strength solution containing 

citrate-capped silver nanoparticles (CCAgNPs) was developed by monitoring the change of solution 

conductance. Glucose was catalyzed firstly by glucose oxidase
 
into gluconic acid in an O2-saturated 

solution accompanied by the reduction of O2 into hydrogen peroxide (H2O2). Then, CCAgNPs was 

oxidized by H2O2 into Ag
+
 and released capping regent of citrate. All these resulted Ag

+
, gluconic acid and 

the released citrate would contribute to increase the solution ionic strength together, leading to the 

detectable increase of conductance. And a novel conductance biosensing method for glucose detection was 

developed with a routine linear range of 0.06–4.0 mM and a suitable detection limit of 18.0 µM. This novel 

sensing platform was further applied in beverage sample and proven to be suitable for glucose detection in 

practical systems at low ionic strength. The proposed novel conductance biosensor achieved a significant 

breakthrough of glucose detection in ultra-low ionic strength media with suitable linear range and detection 

limit. 

 
 

Fig.1 Schematic illustration of the mechanism of the proposed conductance biosensor 
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In the past few decades, the interfacial behavior of DNA molecules has attracted much attention. This is 

because their adsorption and desorption properties at a liquid-solid interface can provide insights into DNA 

biophysics[1], and basic separation theory[2]. Therefore, many methods of the DNA adsorption and 

desorption at a liquid-solid interface have been developed. Sun et al. studied the adsorption and desorption 

behaviors of DNA on the mica treated by magnesium acetate[3]. When the samples were immersed into 

anhydrous ethanol, different desorption degree of DNA from mica (0-99%) was achieved. Ethanol destroys 

the bridge function of Mg
2+ 

ions between DNA and mica surface. Though many methods have been 

reported, the mechanism of the adsorption and desorption behavior of DNA molecule at a liquid-solid 

interface is unclear. 

The research of DNA adsorption and desorption theory is on the rise, on this base, this thesis studied 

systematacially the effects of DNA concentration, desorption time and ethylenediamine tetraacetic acid 

disodium (EDTA) concentration on DNA desorption from mica surface. The adsorption of DNA on mica 

surface was due to the electrostatic attraction force produced by Ni
2+

 ions that were shared by two surfaces, 

as shown in Fig.1. After the samples have been immersed into EDTA solution (0.1 M) for 30min, DNA 

molecules were desorbed from the mica surface, as shown in Fig.2. The reason is that the chelating agent 

EDTA can react with NiCl2 to generate a more stable complex. From the AFM results, it can be deduced 

that EDTA breaks the bridge function of Ni
2+

 ions between DNA and mica surface, which promotes DNA 

desorption from mica. Finally, we studied the effects of desorption time and EDTA concentration on the 

DNA desorption, as shown in Fig.3 and Fig.4. In our experiments, we chose desorption time of 30min and 

EDTA concentration 0f 0.1 M as desorption conditions. We found that increasing desorption time and 

EDTA concentration would affect the topography of mica surface. These desorption results indicate that the 

desorption degree of DNA is inversely proportional to the DNA concentration. However, it increased with 

the increase of the desorption time and the EDTA concentration. This method of using EDTA as the eluant 

to desorb DNA from mica surface is simple, low-cost and nonvolatile. Simultaneously, this research has 

important significance to practical applications, such as electrochemical detection[4] and biomedical 

application[5].
1
 

          
Fig.1 Typical AFM images of DNA adsorbed on mica surface for 10min with different DNA concentrations: (A) 1 ng/µl, (B) 

5 ng/µl, (C) 10 ng/µl, (D) 30 ng/µl. 

          
Fig.2 Typical AFM images of DNA molecules on mica surface after immersing in EDTA (0.1 M, 1 mL) for 30min with 

different DNA concentration: (A) 1 ng/µl, (B) 5 ng/µl, (C) 10 ng/µl, (D) 30 ng/µl. 
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Fig.3 Typical AFM images of DNA (10 ng/µl) molecules on mica surface after immersing in EDTA solution (0.1 M, 1 mL) 

with different desorption time: (A) 10 min,(B) 20 min, (C) 30 min, (D) 1 h. 

          
Fig.4 Typical AFM images of DNA (10 ng/µl) molecules on mica after immersing in different concentration of EDTA 

solution for 30min: (A) 0.001 M, (B) 0.01 M, (C) 0.1 M, (D), (E) 0.2 M. 
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Hydrogen peroxide is one of the most important intermediates in many biological and environmental 

processes, and many kinds of industrial processes such as pharmaceutical industry[1]. As a consequence, 

the quantitative detection of H2O2 becomes of extreme significance. Various detection methods, such as, 

spectrophotometry[2], fluorescence analysis and electrochemical method, have been applied in the test of 

H2O2 in the past. However, electrochemical method has been drawing increasing attention with many 

merits including enhanced catalytic activity and electron transfer efficiency, and stability. Silver 

nanoparticle exhibits outstanding electro-catalytic activity for the reduction of H2O2[3], and it has been 

extensively researched. 

We reported a novel method of preparing carbon-Ag nanomaterial taking the merits of tunable 

functionalities, chemical inertness and economic accessibility of carbon material. The as-prepared Ag 

nanoparticle was encapsulated in a sponge-like carbonaceous support, which displayed excellent 

electro-catalytic performance towards H2O2 reduction. Catalytic current will gradually increases with the 

H2O2 concentration increases (Fig. 1). 

 
Fig. 1 CVs of carbon-silver nanomaterial modified glassy carbon electrode in N2-saturated phosphate buffer solution in the 

presence of H2O2 with different concentrations. 
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Hydrogen peroxide is a kind of important chemical substances in biological systems which can severely 

affect the function and metabolism of cell. A high concentration of H2O2 can cause the cell death. In many 

enzymatic reactions, the processes of protein accumulation and antigen-antibody identification will 

generate and consume H2O2. Consequently, the detection of H2O2 is of great significance. The materials of 

catalyzing H2O2 reduction have attracted widespread attention. In recent years, more and more materials 

used for the determination of hydrogen peroxide have been reported. Such as dumbbell-like PtPd-Fe3O4 

nanoparticle[1], Cu nanoparticles-loaded Fe3O4@carbon core-shell nanocomposite[2], and MnO2-Ag 

hybrid nanowire[3]. But there are some restrictions during the preparation of these materials, such as the 

high cost of raw material, the complicated synthesis procedure, and poor reproducibility. In order to solve 

these problems, a considerable attention has been focused on the development of low-cost, highly active 

and stable material. 

On the basis of previously reported methods[4, 5], we use a new way to prepare Fe3O4 nanosphere and 

assemble Ag nanocrystals on the surface in situ. The Fe3O4-Ag hybrid nanoparticles are of low cost and in 

high yield. With the help of transmission electron microscopy, X-ray diffraction, X-ray photoelectron 

spectroscopy, and cyclic voltammetry, the hybrid nanoparticles were characterized and analyzed. By 

comparing with Ag nanoparticles, the hybrid nanomaterial exhibits enhanced catalytic activity, which 

should be assigned to the synergistic effect between Fe3O4 and Ag.  
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In this work we prepared a new magnetic molecularly imprinted polymer designed by self-polymerization 

of dopamine on the Fe3O4 NPs surface in weak base aqueous solution in the presence of template thionine. 

The imprinted Fe3O4@polydopamine nanoparticles (MIPs) were characterized by scanning electron 

microscopy, transmission electron microscopy, X-ray diffraction and Energy Dispersive X-Ray 

Spectroscopy. Because the MIPs had shown a very high specific recognition of the template thionine and 

the Fe3O4 can electroreduction of thionine , we used the MIPs to detect H2O2. And a novel method for H2O2 

detection was developed with a routine linear range of 4.082 nM~9μ M and a suitable detection limit of 

1.583 nM .  

 

 

 

 
 

Fig.1 Schematic illustrations of the fabrication process of the Fe3O4 MIP. 
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Selective and quantitative detection of H2O2 and glucose is necessary and vital in a wide variety of fields, 

such as food, pharmaceutical, clinical and environmental analysis [1]. Electrospinning has been used as a 

versatile technique to fabricate polymer and polymer matrix multifunctional hybrid nanofibers with 

continuous, oriented, uniform diameter and high surface to mass ratio [2]. With this technique, the structure, 

mechanical stability, biochemical functionality and other properties of the electrospun fibers can also be 

easily controlled [3]. Recently, electrospinning technique has been widely used in the preparation of 

electrochemical sensors [4-6]. 

In this study, we employ electrospinning technique to directly fabracate polyvinyl alcohol (PVA) 

nanofibrous membrane doped with reduced graphene oxide-based highly dispersed silver nanoparticle 

hybrids (PVA-RGO/AgNP hybrid nanofibrous membrane) for biosensor applications. Fig. 1a shows the 

electrospun fabrication of (PVA-RGO/AgNP hybrid nanofibrous membrane. Firstly, the mixture of GO and 

AgNO3 solution were reduced to RGO and AgNPs simultaneously by sodium citrate, and the RGO/AgNP 

nanohybrids can be created in the first stage. Secondly, PVA power was dissolved in the RGO/AgNP 

nanocomposites solution at appropriate temperature to obtain precursor solution. Finally, electrospinning 

technique was directly utilized for the production of PVA-RGO/AgNP hybrid nanofibrous membrane. 

Figure 1b shows the schematic presentation for the detection of H2O2 by the created PVA-RGO/AgNP 

hybrid nanofibrous membrane. Thefabricated biosensor has a linear detection range from 0.005 to 27 mM 

(R=0.99913) with a detection limit of 48.59 nM. We expect that this RGO/MNP hybrid nanofibrous 

membrane will have wider application in the future, such as the detection of glucose and oxide reduction 

reaction application. 

 

 
Figure 1. Schematic presentations for a) the fabrication mechanism of RGO/AgNP hybrid filmand b) the detection of H2O2. 
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detection of dopamine, ascorbic acid, acetaminophen and uric acid based on 

a ferrocene derivative functional Au@C nanoparticles and graphene 
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A quadruplet detection platform for ultrasensitive and simultaneous detection of dopamine (DA), ascorbic 

acid (AA), acetaminophen (AC) and uric acid (UA) was fabricated by a nanocomposite of ferrocene 

thiolate (Fc-SAc) stabilized Au@C nanoparticles. The platform was constructed by coating the newly 

Fc-SAc modified Au@C composite coupling with graphene on a glassy carbon electrode (GCE). The 

Fc-S-Au@C/graphene modified GCE exhibits a synergistic catalytic and amplification effect towards DA, 

AA, AC and UA oxidation. The oxidation peak potential of the four compounds on the electrode can be 

well separated and peak currents were linearly dependent on DA, AA, AC and UA concentrations in the 

individual detection of each component, respectively. By simultaneously changing the concentrations of 

DA, AA, AC and UA in the quadruplet, their electrochemical oxidation current were also show good 

relative to the concentrations. 
        

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Acknowledgements 

This work was supported by the National Natural Science Foundation of China (21305042, 21375037, 

21275051), Scientific Research Fund of Hunan Provincial Education Department (14B116, 12A084), 

Science and Technology Department (14JJ4030, 13JJ2020). 

References 
1. Kang, S. M.; Park, S.; Kim, D.; Park, S. Y.; Ruoff, R. S.; Lee, H. Advanced Functional Materials 2011, 21, 108-112. 

2. Abbas, A.; Brimer, A.; Slocik, J. M.; Tian, L.; Naik, R. R.; Singamaneni, S. Anal. Chem. 2013, 85, 3977-3983. 

 

 
 

 

 

 

 

Corresponding Author: E-mail address: liumeilingww@126.com, zhangyy@hunnu.edu.cn 

Scheme 1. Illustration of the preparation of 

Fc-S-Au@C/graphene /GCE 

Figure 1.CV of  0.5mM DA,0.5mM AA , 0.5mM 

AC, 0.5mM UA at bare GCE(green), graphene 

/GCE(blue) and  Fc-S-Au@C/graphene/GCE(pink) 

in 0.1M  PBS( pH7.4) solution at a scan rate of 

50mV/s. 
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Mesocrystals, as the assemblies of crystallographically oriented nanocrystals, have single-crystal-like atom 

structures and scattering features but with much higher porosity than single-crystalline materials, making 

them promising substitutes for conventional single crystals in photoelectrochemical application. As a 

proof-of-concept, a series of photoelectrochemical tests were investigated to understand the influence of the 

differences between them on photoelectrochemical activity. Expectedly, comparing with TiO2 single 

crystals, TiO2 mesocrystals demonstrated higher photoelectrochemical capability, which provides unique 

new opportunities for materials design in the fields of solar-energy conversion and catalysis. Therefore, an 

elegant photoelectrochemical biosensing platform was firstly developed by virtue of carbon nanohorns with 

outstanding electrical conductivity support multifunctional TiO2 mesocrystals to accelerate the transfer of 

photogenerated electrons, and then horseradish peroxidase was introduced through the immune recognition 

reaction for enzyme-assisted in situ generating CdS QDs. The multiplex amplification strategy successfully 

achieved the ultrasensitive detection of α-fetoprotein antigen. Promisingly, the successful application of 

multiplex amplification strategy affords a rational and practical consideration for the fabrication of new and 

high-performance photoelectrochemical sensing devices. 
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Fig.1 chematic diagram of the 

immunosensor construction process 

Fig.2 EIS spectra (A) and PEC response (B) of different modified 

electrodes. (a) GCE, (c) GCE/CNHs/ROAM, (d) 

GCE/CNHs/ROAM/AFP, (e) GCE/CNHs/ ROAM/ AFP/HRP-Ab and 

(f) GCE/CNHs/ROAM/AFP/HRP-Ab/CdS, which the target AFP 

concentration in the mixture is 10 ng mL-1. (g) 

GCE/CNHs/ROAM/AFP/HRP-Ab /CdS which the target AFP 

concentration in the mixture is 80 ng mL-1. (b) GCE/CNHs in pattern A 

and GCE/ ROAM in pattern B. The inset in Figure A is the equivalent 

circuit. 
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detection of oligonucleotides based on hybridization chain reaction 
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In this work, a one-pot signal amplified strategy was constructed based on generating hemin/G-quadruplex 

horseradish peroxidase-mimicking DNAzyme as the color product for the detection of the DNA sequences
1
. 

A DNA sequence associated with Hepatitis B virus (HBV) was selected as a model target. The enzyme-free 

and label-free biosensor contained three oligonucleotides terms as target DNA, hairpin structures H1 and H2 

which were partially complementary
2
. It should be noted that the G-quadruplex structure was partially 

hidden in the hairpin structures H2. In absence of THBV, the hairpin H1 and H2 was stable enough due to the 

complementary sequences at end of the oligodeoxynucleotides, which was difficult to complete the 

self-assembly. Upon addition of THBV, self-assembly of THBV with H1 allows the rest of the DNA sequence 

of H1 to facilitate H1–H2 complexes formation and releasing THBV to the next cycle. In the presence of 

hemin and K
+
, G-quadruplex at the end of H1-H2 complex was liberated to form the hemin/G-quadruplex 

structure, which could catalyze achromatous tetramethylbenzidine (TMB) into a colored product. The color 

change of the solution could be quantitated by the spectrophotometer and bare eye. We also employed 20% 

ethanol in the buffer to accelerate the H1–H2 complexes formation in DNA strand displacement reaction 

(DSDR)
3
, which cut down the reaction time of the detection process from 12 h to 1 h. The detection limit of 

the colorimetric sensor is 9.5 pM, and the linear range is from 50 pM to 100 nM.  
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Fig.1 Schematic illustration of the hybridization chain 

reaction amplification for target DNA detection 

Fig.2 Native polyacrylamide gel (10%) 

electrophoresis characterization of the formation of 

H1–H2 complexes: (a) H1 (b) H2 (c) H1 + H2 in 20% 

ethanol buffer (d) H1 + H2 + 100 nM THIV in 20% 

ethanol buffer after 1 h reaction; (e) H1 + H2 in pure 

aqueous buffer (f) H1 + H2 + 100 nM THIV in pure 

aqueous buffer after 12 h reaction. 
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With the increase of environmental pollutants, the safe of agricultural production has raised serious public 

concern for the abuse of pesticides, such as organophosphorus (OP) pesticides
[1]

.  Here, a sensitive 

acetylcholinesterase (AChE) biosensor, based on graphene (Gr) and chitosan (Cs) modified glassy carbon 

electrode (GCE) for the detection of phosemet has been developed. Contact angle experiment and circular 

dichroism spectrometer show that the Gr-Cs film may provide a favorable microenvironment to 

maintain the origin structure of AchE so that the activity of biomolecules can be retained. Electrochemical 

behaviors of AchE on the Gr-Cs modified electrode is diffusion-controlled process and D0 and ks can be 

calculated to be 2.4×10
−7 

and 3.1×10
−4 

cm/s, respectively. The biosensor detected phosemet in the linear 

range from 5�×10
−9

 to 8.8×10
−13 

 g/mL
 
. The detection limits of phosemet weas 4.5×10

−13 
g/mL. The 

performance of the AChE/Gr-Cs biosensor in this study is better than other reported AChE 

biosensors
[2]

.And this biosensor exhibits high sensitivity and acceptable stability, thus providing a promising 

tool for analysis of pesticides. 

 

 

 

 

 

 

 

 

 

Figure 1. The fabrication process of acetylcholin   Figure 2. The inhibition of the biosensor versus 

         -esterase                                     the logarithm of phosemet concentration    
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Protein-inorganic hybrid nanoflowers as ultrasensitive electrochemical 

cytosensing  interfaces for evaluation of  cell surface sialic acid 
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The identification of biocompatible nanomaterials with high conductivities as sensing interfaces is 

important in developing novel electrochemical cytosensors. We prepared a novel protein-inorganic 

nanomaterial-bovine serum albumin (BSA) incorporated Ag nanoflowers with three-dimensional porous 

architectures, using a simple biomimetic method
1
. The BSA-incorporated Ag nanoflowers were modified 

on a glassy carbon electrode (GCE) surface and conjugated with a targeting lectin molecule, i.e., Sambucus 

nigra agglutinin (SNA)
2
, for sensing DLD-1 human colon cancer cells (Scheme 1). The BSA-incorporated 

Ag nanoflowers were a suitable platform, and showed improved cell-immobilization capacity, and good 

biocompatibility, with retention of activity of the immobilized cells. These properties are attributed to the 

large surface area of the porous structure and the natural BSA layer acting as a biocompatible support 

(Figure 1). The attachment of DLD-1 cells to the GCE increased the electron-transfer resistance, with a 

good correlation with the logarithm of the concentration from 1.35 × 10
2
 to 1.35 × 10

7
 cells mL

−1 
(Figure 2), 

with a low detection limit of 40 cells mL
−1

. Based on the affinity between SNA and sialic acid (SA), the 

UV-vis absorption spectrum of the one-step reaction between SA and acidic ninhydrin indicated that the 

average number of SA molecules on a single living DLD-1 cell surface was approximately 2.16 × 10
12

. 

This proposed cytosensing strategy had good reproducibility, acceptable precision, and high specificity for 

SA-over-expressed cells
3
, indicating that it has potential applications for the early monitoring of tumor cells 

and convenient evaluation of SA on living cells. 

 

Scheme 1. Fabrication of EIS Cytosensor Based on BSA-Incorporated Ag nanoflowers. 

 

 

 

 
 
 

 

 

 

 

 

 

 
Figure 1. FESEM (A, B, from lower magnification to higher magnification) and TEM (C, D) images  of the 

BSA-incorporated Ag nanoflowers. 
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Hydrogen peroxide (H2O2) is not only of great importance in the fields of pharmaceuticals, food science, 

chemistry, environmental protection and mining but also acts as an oxidative stress marker and a defense 

agent in response to pathogen invasion in a physiological process.
1,2

 In living organisms, H2O2 bursts can 

trigger several classes of essential signaling proteins that affect cell proliferation and thus lead to various 

diseases, including cancer, diabetes, cardiovascular and neurodegenerative disorders.
3-7

 As another key 

compound, glucose is an energy source for the living cells and a metabolic intermediate in biological 

systems. Much research has demonstrated that diabetes and some cancers are associated with the 

breakdown of glucose transport in the human body.
8-10

 Therefore, the sensitive detection of H2O2 and 

glucose is one of the most important research issues in chemical and biological fields. In many traditionally 

fabricated glucose and H2O2 sensors, peroxidases have been frequently chosen to develop those sensors. 

The intrinsic drawbacks, such as instability, high cost and critical operating conditions, may limit their 

pratical applications.  

Recently, nanomaterial-based peroxidase mimics have received considerable attention owning to their 

advantages of low cost, tunable catalytic activity. A variety of nanomaterials, including Au 

nanoclusters/nanoparticles, Pt nanoparticles (NPs), Au@Pt nanostructures, Fe3O4 NPs, Co3O4 NPs, CuO 

NPs, V2O5 nanowires, carbon dots and single-wall carbon nanotubes have been employed as enzyme 

mimics. However, noble metal nanomaterials have high cost and tedious preparation procedures. 

Meanwhile, most of them are unstable and prone to be aggregated in aqueous solutions, leading to the 

decrease of specific surface area and catalytic activities. The emergency of composites fabricated by 

loading nanomaterials onto carbon matrics with large surface area provides an alternative way to enhance 

the stability and dispersion of nanomaterials.  

Based on the above mentioned, we have successfully developed a simple and one-pot pyrolysis strategy for 

the mass production of Fe- and N- incorporated carbon nanotubes in situ grown on 3D porous carbon foam 

(donated as Fe-Phen-CFs), which provides highly active Fe-N and doped-N species, and a large surface 

area with exposed active sites. The obtained Fe-Phen-CFs composite showed intrinsic peroxidase-like 

catalytic activities. With the Fe-Phen-CFs as the catalyst, the peroxidase substrate of terephthalic acid (TA) 

can be oxidized to the fluorescent product of hydroxyterephthalate (HTA) by H2O2, which provides a 

unique strategy for fluorescent detection H2O2. With such a process, as low as 68 nM H2O2 could be 

detected with a linear range from 0.1 to 100 M. Meanwhile, by integrating glucose oxidase on the 

Fe-Phen-CFs composite, sensitive detection of glucose is also achieved with a linear range from 0.5 to 200 

M and a limit of detection of 0.19 M. Most importantly, such a novel TA/Fe-Phen-CFs system can be 

succefully applied to glucose determination in real human serum samples. The unique nature and 3D 

structure of the Fe-Phen-CFs composite make it promising for the fabrication of low-cost, 

high-performance biosensors. 
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Cancer is one of the leading causes of death around the world and millions of people die by it every year. 

Targeting recognition and killing tumor cells without side effects are very important to the survival of 

cancer patients. Recently, aptamers which can selectively bind to different kinds of cancer cells with high 

affinity and specificity have been collected by cell-SELEX methodology [1]. The T30695 aptamer is a 

guanine-rich oligonucleotides which could form a G-quadruplex structure to target nucleolin, while its 

G-quadruplex structure can bind Protoporphyrin IX (PPIX) and cause a strong fluorescence emission [2]. 

Gold nanorod (AuNR) has the capability of converting light energy into heat, which induces a temperature 

increase in the local environment [3]. So we use T30695-PPIX complex as a photodynamic therapy (PDT) 

agent meanwhile AuNR as a photothermal therapy (PTT) agent to construct a G-quadruplex aptamer/AuNR 

multifunctional nanomedicine platform for photothermal/photodynamic cancer therapy. As a result, the 

nanocomplex can achieve accurate recognition of target cancer cells and synergistic PTT/PDT bimodality 

for cancer treatment. Compared to single PTT or PDT, the G-quadruplex aptamer/AuNR with combined 

PDT-PTT capabilities provides better therapeutic effect and has large potential in clinical application. 
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Fig.1 Schematic representation of T30695-PPIX/ AuNR for PTT and PDT. 
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Diabetes has become one of the three major killers threatening human health. Thus, Looking for a rapid and 

accurate method to detect the glucose content is of importance. The glucose sensors can be divided into 

glucose oxidase based sensor and non-enzymatic glucose sensor. However, due to the insufficient stability 

of enzymatic biosensors, the application of the biosensors in practice is limited greatly. All kinds of 

transition metals and metal oxides have been developed to construct enzyme-free glucose sensors such as 

Au, Pt, CuO, NiO [1-4]. Moreover, cuprous oxide (Cu2O) as an important p-type semiconductor has been 

widely applied in photovoltaic energy conversion, catalysis and semiconductor electronics owing to its 

proper redox potentials, good electrochemical activity and excellent stability. Thus, Cu2O can be selected as 

an excellent candidate for the active electrodes materials. Particularly, gaining uniform morphology of the 

Cu2O nanostructures become very critical.  

In this work, we developed a low-cost and facile method to synthesize the Cu2O nanopolyhedron. And the 

as-prepared material was used as electrocatalysts for the detection of glucose in the electrochemical sensor. 

The Cu2O nanopolyhedron electrode shows higher sensitivity (383.99 μAmM
-1

cm
-2

 in the range from 5 μM 

to 1.8 mM) and lower detection limit (4.93 μM(S/N¼3)). Due to the excellent sensitivity, stability and 

anti-interference ability, the Cu2O nanopolyhedron will be the promising materials for constructing 

practical non-enzymatic glucose sensors.  
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Breast cancer is the most common type of cancer affecting women, causing approximately 45,000 deaths 

per year[1,2]. MCF-7 cells represent one of the most widely used experimental models for in vitro studies 

on breast carcinoma and were selected as model cell to validate the developed analytical approach[3]. 

Herein, we developed one enzyme-free strategy for rapid, sensitive and specific detection of cancer cells by 

coupling the high specificity of aptamer to targets and high catalytic activity of PtAu nanoparticle. 

 

 

Fig. 1 outlines the detection principle. In the absence of the target cancer cell (MCF-7), the AptMUC1-PtAuNP 

could not be linked together with AptVEGF-MB and would be removed from the detection system through 

magnetic separation. In the presence of MCF-7 cell, more and more AptMUC1-PtAuNP/MCF-7/AptVEGF-MB 

complexes are generated with increasing the target cell (from 10 to 10
5
 cells/mL), leading an obvious 

colorimetric reading from light yellow to dark yellow, Fig. 2A. Due to the excellent catalytic efficiency of 

PtAuNP, the color change caused by 10 cells/mL could be clearly distinguished with the naked eyes. The 

colorimetric signal as a function of cell number is further monitored by UV-vis spectrometry, Fig. 2B. The 

absorbance of TMB at 452 nm linearly depends on the logarithm number of target cells ranging from 10 

cells/mL to 10
5
 cells/mL with a regression coefficient of 0.999, Fig. 2C. Thus, a detect limit as low as 10 

cells/mL with a wide detection range is obtained according to the practical measurement while not the 

calculation of three times standard deviation of the blank measurement. 
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Fig.1 Schematic diagram of colorimetric detection of cancer cells 

on the basis of dual-aptamer target binding and bio-bar-code 

strategy. 

 
Fig.2 A) Photographs and B) UV-Vis absorption spectra 

of the TMB-H2O2 against different concentrations of 

MCF-7 cells C) Linear relationship between the 

absorbance value at 452 nm and the logarithm of 

MCF-7 concentration. The error bar was obtained 

according to five independent experimental results. 
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A logically reversible Feynman gate was successfully realized in an enzyme-free condition by integration 

of graphene oxide and DNA for the first time, which has one-to-one mapping function to identify inputs 

from the corresponding outputs. This type of reversible logic gates may have great potential applications in 

information processing and biosensing systems. 

The development of a logically reversible gate has attracted great interest
[1-2]

, and its original input 

information can be restored from the unique output signal combination without information loss. The 

Feynman gate requires the operations of an XOR gate and an IDENTITY gate in parallel and is realized on 

the basis of the combination of GO and ssDNA as shown in Fig. 1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Two distinct fluorescent dyes, FAM (6-carboxyfluorescein, emission max at 521nm) and NMM 

(N-methylmesoporphyrin IX, emission max at 609nm), were selected as the two output signal reporters in 

the developed system. FAM labeled ssDNA strands (F-DNA) anchor on the GO, working as the original 

platform.. The two designed ssDNA strands act as the two inputs, IN1 and IN2, respectively. Each of the 

input can hybridize with the F-DNA, forming duplex of F-DNA/IN1 or F-DNA/IN2 and make the 

enhancement of FAM, as shown in Fig. 2. Also, the G-quadruplex can be formed to make significantly 

enhancement of NMM.  
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Fig.2 Fluorescence emission responses of FAM and NMM for 

the Feynman gate (B) The truth table of Feynman logic gate. 

The normalized fluorescence intensity of FAM at 521 nm (C) 

and NMM at 607 nm (D) as a function of various input signals. 

Fig. 1 Schematic illustration of the GO/F-DNA based 

 Feynman logic gate with the corresponding circuit. 
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Herein, we have developed a label-free and enzyme-free three-input visual majority logic gate with 

one-vote veto function which is realized for the first time only according to DNA hybridization, without 

DNA replacement and enzyme catalysis. And the majority logic gate can also be performed with 

fluorescence as output signal. The DNA strands P1, P2 and P3, function as the platform and the DNA 

strands IN1, IN2 and IN3, function as the three inputs. To realize the majority logic function, a split 

G-quadruplex (2:1:1) strategy is utilized. One G-riched DNA strand is split into three segments, 

GGGTGGG, GGG and GGG. The segment GGGTGGG is integrated into the middle of each platform DNA 

strand. The two GGG segments are integrated into the 3’ and 5’ terminals of each input, respectively. 

 

       

 

  Colorimetric logic gates bring convenience for signal readout. Hemin presents highly effective 

peroxidase-like properties once bound to G-quadruplex, forming a G4/hemin complex. The complex can 

catalyze the oxidation reaction between TMB and H2O2. 
[1-3]

 After stopping the reaction using H2SO4, the 

color of the solution is changed from blue to yellow, which can be monitored by the naked eye, Fig.1A. The 

normalized absorbance response at 450 nm is read as an output signal, Fig. 1B. The readout is defined as 

TRUE (1) when the normalized absorbance is higher than a threshold value of 0.40. Otherwise, it is defined 

as FALSE (0). Here, Cu
2+

 is introduced as an input, which has been reported that can unfold G4 structure, 

has priority over the other inputs and deny the decision made by them.  
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Figure 2 (A) Photographs of the designed majority logic 

gate with one-vote veto function. (B) The normalized 

absorbance intensity one-vote veto function with error 

bars. 

 

Figure 1 Scheme of the majority logic gate with                                          

one-vote veto function with error bars. 
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DNA logic gates, which are based on the use of DNA moleculars to realize the operations of logic circuits, 

have attracted ever growing attention during the past decade. Extensive efforts have focused on developing 

some advanced functional and biocompatible logic systems, such as half adder and half subtractor[1], and 

some basic logic gates[2]. Herein, we constructed a 2:1 multiplexer (MUX) and a 1:2 demultiplexer 

(DEMUX) by taking advantage of DNA and graphene oxide (GO). 

Multiplexer and demultiplexer are two essential circuits used in data compression and decompression[3]. 

MUX is a logic system with the function that it can select and switch one of the multiple inputs into output. 

For example, the 2:1 MUX has two inputs and one output, and a select input which can switch either of the 

two inputs into output, Figure 1(b). DEMUX has a reverse function compared with MUX. It can specificly 

transmitted a single input into multiple outputs. In this work, the 1:2 DEMUX has one input and two 

outputs. The select input (input2) can transmitt input1 into output1 or output2 depends on the presence of it 

or not, Figure 1(d). Figure 2 presents the fluorescent responses of the developed MUX and DEMUX. 
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Fig.2 Fluorescence spectra and truth table for 2:1 

multiplexer(a,b) and 1:2 demultiplexer(c,d). 
Fig.1 logic circuit schematic for 2:1 

multiplexer and 1:2 demultiplexer. 
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The spore of Bacillus subtilis is a highly dormant cell type, which is formed as an adaptive response to 

nutrient depletion. The spore is encased in a proteinaceous coat, which confers resistance to lysozyme and 

harsh chemicals and influences the spore response to germinants. The coat is composed of over 70 different  

proteins, organized into four main structural layers[1]. Specific protein-protein interactions among the coat 

proteins can direct assembly to occur at specific subcellular locations. Additionally, Atomic force 

microscopy (AFM) is widely used to investigate morphological and mechanical properties of biological 

materials in their near-native environment[2, 3]. In this study, AFM based single molecule force 

spectroscopy was used to investigate the low-affinity interaction between two morphogenetic proteins, 

CotE and CotZ, which both are the components of the spore coat. To measure the unbinding force of the 

CotE/CotZ complex, CotZ was covalently coupled to the amino-functionalized AFM tip and CotE was 

immobilized onto the amino-modified silicon substrate through a flexible heterobifunctional PEG linker. 

The result showed that the force of CotE and CotZ was 40.9 ± 0.1 pN at the loading rate of 1.12×10
3 
pN/s. 

Moreover, a series of kinetic parameters regarding this complex were obtained by measuring the unbinding 

force of the complex for different values of loading rate. These studies could be extended to other spore 

coat proteins, which can provide insight into the assembly and the complex network of interactions of the 

spore coat. 
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Epithelial cell adhesion molecule (EpCAM) is a tumor-specific antigen for malignancies of epithelialis 

lineage, and is used as a marker for many epithelial cancers. Expressed levels of EpCAM are increased in 

many tumor cells of epithelial origin compared with expressed levels in normal epithelial cells.
1
 Atomic 

force microscopy (AFM) based single molecular recognition force spectroscopy (SMFS) plays unique 

advantage to measure the force that governs specific molecular interactions near physiological conditions.
2
 

In this study the interaction of EpCAM and a DNA-based EpCAM aptamer (SYL3C) was explored with 

SMFS based on AFM. The results showed EpCAM-binding aptamer SYL3C could recognize EpCAM at 

single-molecule level. The kinetic parameters concerning interactions process such as the unbinding force fu, 

the dissociation rate constant at zero force koff and the energy landscape distances χβ were also investigated. 

Our work may help to understand the binding mechanism and properties of EpCAM/SYL3C complexes. As 

a future perspective, the results in this work will be in favor of the development of novel targeted cancer 

therapeutic strategies based on EpCAM. 
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G-quadruplex is an alternative DNA motif with a special four-stranded structure and that has shown great 

application potential in molecular biology, biomedicine, analytical chemistry and DNA computing.[1] 

Since G-quadruplex can dramatically enhance the catalytic ability of hemin and fluorescence of some 

porphyrin derivatives, it has been widely used as signal amplifier in various biosensors.[2] Recently, as a 

recombination G-quadruplex structure, split G-quadruplex has been introduced and applied as a binary 

probe in many fields for its flexible structure and design.[3] However, in the reported papers the separation 

is often done in the loop part of the G-quadruplex, thus the twelve guanine bases of G-quadruplex, such as 

PW17 or T30965, are always divided into two halves by the ratio of either 2:2 or 1:3 (i.e. 6:6 or 3:9 for the 

12 guanine bases).[4] We are curious about the conditions that the G-quadruplex is divided in the other 

ratios, such as 4:8, 2:10, 1:11, etc., and 11 or 13 guanine bases are used to form the split G-quadruplex. A 

better way to split the G-quadruplex may be found from them. Meanwhile a split G-quadruplex based DNA 

sensor with lower background and higher fluorescent signal may be gained by this way, which would be 

very significant for DNA sensing and single nucleotide polymorphism (SNP) detection. 

 

  

 

In this work, we took a typical G-quadruplex sequence T30695 (GGGTGGGTGGGTGGGT) as an example 

to compare the different split modes. These six split modes are named as split mode A (1:11), B (2:10), C 

(3:9), D (4:8), E (5:7) and F (6:6), respectively. As a binary probe, each G-rich segment is linked with an 

analyte binding arm. As shown in Fig. 1a, the target strand will hybridize with them and drive guanine 

bases together to form the split G-quadruplex. A G-quadruplex binding molecule PPIX is chosen to report 

the formation of G-quadruplex in this work. PPIX usually aggregates into micelles with low fluorescence in 

aqueous solution, whereas its fluorescence can be dramatically enhanced after binding to G-quadruplex. 

Thus, for this split G-quadruplex enhanced fluorescence assay, the high fluorescence signal will be given 

off when the target strand is present to induce the formation of the split G-quadruplex. However, the 

fluorescence will stay at a low level when the target sequence is absent or SNP occurs on the target DNA. 

In fact, the native fluorescence of PPIX is very weak in solution. A slight increase of the fluorescence will 

Fig.1 (a) Schematic diagram of the split G-quadruplex 

enhanced fluorescence assay. (b) Ratio of signal to 

background for the six different split modes. 

Fig.2 Fluorescence emission spectra of the complexes of 

PPIX and DNA G-segments split by different modes.  
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appear after the addition of the G-rich segments. This fluorescence intensity (FI) can be treated as the 

background and the other one enhanced by split G-quadruplex can be regarded as the target signal. The 

ratio of signal to background varies considerably for different split modes. Obviously, the bigger ratio is 

gained in detection, the better. To figure out the best way to split G-quadruplex, we tested all six split 

modes (Fig. 2). The signal to background ratios of different modes are provided in Fig. 1b. Surprisingly, the 

performances of the two frequently employed modes (C and F) are both fair. Instead, the biggest ratio is 

obtained from the mode D (4:8). Some reasons could be gotten to explain this phenomenon by analyzing 

the FI data of each mode. We can classify these six modes into three types according to the FI data. Mode A 

and B should belong to type 1, in which the target signal was quite low (Fig. 2a,b). In mode A, there is only 

one guanine base on strand G1, which might be too short to draw the attention of eleven guanine bases on 

G11 to form the complete G-quadruplex. Thus, the structure of split G-quadruplex is still imperfect and the 

fluorescence signal is weak in this case. For mode B, although the condition is better than mode A, the 

strength of the signal is still poor compared with the other ones. The small number of guanine bases on G2 

should be the reason for this result. It is worth noting that absence of only one guanine base (strand G11) 

would intensively hinder the binding between PPIX and G-quadruplex. Mode F (6:6) should belong to type 

2, in which the background is very high (Fig. 2f). Even though the signal is high enough to indicate the 

presence of target strand, the high background greatly affects the sensitivity of this assay. We deduce that 

the two G-rich segments, generated by cleaving the G-quadruplex fifty-fifty, are easy to bind together by 

themselves and hence the FI is relatively high without strand S. The left three modes could be categorized 

into the third type. In this group, the backgrounds are all in a low level and the high signals are easy to get 

(Fig. 2c,d,e), thus these modes are more suitable for using as probes to detect target sequence. Mode D is 

the best one of them, because its background is the lowest. Our research demonstrates that the main source 

of the backgrounds for corresponding split modes is caused by the long G-rich strand, rather than the 

interaction between short and long G-rich strands. The FI induced by G8 is the lowest in these long G-rich 

strands. Split mode D should get much benefit from this point, and so it owns the lowest background 

compared with the other modes. 
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Tyrosinase (EC 1.14.18.1, TYR) is a typical polyphenol oxidase, containing a binuclear copper center as 

the active site[1]. Dopamine (3,4-dihydroxyphenyl ethylamine, DA), which can be catalyzed by TYR, is a 

neurotransmitter in the mammalian central nervous system[2]. The development of highly sensitive TYR 

activity and DA assays is urgently needed for both fundamental research and clinical application. 

Herein, we developed a facile, sensitive, selective and reliable ratiometric fluorescence method to detect 

TYR activity and DA employing glutathione (GSH) protected gold nanoclusters (Au NCs) as the 

fluorescence probe (Fig. 1). The prepared GSH protected Au NCs [3] displayed an emission peak at 610 nm 

upon excitation at 350 nm. In the presence of TYR, DA could be oxidized to o-quinone, which would 

effectively quench the fluorescence of Au NCs. On the other side, the reaction of TYR and DA generated a 

new emission at 400 nm, which was enhanced with the concentration of TYR/DA. The two signal changes 

were utilized for the ratiometric fluorescence method to detect TYR activity and DA.  

Under the optimal condition, for TYR detection, the ratiometric fluorescence intensity I400/I610 exhibited an 

excellent linear relationship to the concentration of TYR (R
2
=0.998) ranging from 0.006 unit mL

-1
 to 3.6 

unit mL
-1

, and the detection limit of TYR was 0.006 unit mL
-1

. In the detection of DA, two linear ranges 

were 1.0 nM to 10 μM (R
2
=0.993) and 10 μM to 1.0 mM (R

2
=0.988), with the detection limit of 1.0 nM. 

This developed sensing platform was facile and cost-effective, as well as highly sensitive, selective and 

reliable, making it promising as a candidate for TYR activity and DA analysis. In addition, it constructed a 

useful platform for TYR inhibitor screening in biomedical research. 
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Fig.1 Schematic demonstration 

of the fluorescence method with 

TYR, DA and Au NCs. 

Fig.2 (A) The fluorescence spectra of Au NCs with DA and different 

concentrations of TYR. The concentrations of TYR were 0, 0.006, 0.012, 

0.06, 0.12, 0.24, 0.6, 1.2, 2.4, 3.6, 6.0, 8.4 unit mL-1 respectively. (B) The 

linear relationship of TYR concentration and the ratiometric fluorescence 

intensity. The sensing linear range was from 0.006 to 3.6 unit mL-1. 
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Our laboratory used to synthesize highly crystalline silver micro-dendrites (SMDs) whose surface is very 

clean with no surfactants on it. As it is very easy to modify different molecules on the surface according to 

various needs, we used it with confocal laser scanning microscope to detect DNA [1, 2]. Ag nanoclusters 

(Ag NCs) are another novel material which can emit different fluorescences that have a close relationship 

with the templets. Werner and coworkers discovered an interesting phenomenon that the fluorescence of 

DNA−Ag NCs can be enhanced when Ag NCs were in proximity to guanine (G)- or thymine (T)-rich DNA 

[3]. We can use this kind of SMDs and enhanced fluorescence of Ag NCs for DNA separation and detection 

merely by earth gravity instead of magnetic force of electric or magnetic field. 

We report a rapid, low-cost, high-yield and simple strategy to synthesize highly crystalline SMDs. After 

modified with mercapto group (-SH) modified DNA probe 1 and 6-mercapto-1-hexanol (MCH), the DNA 

probe 1 on it can hybridize with probe2. Through hybridization chain reaction, Ag NCs on the DNA 

polymer are in proximity to G which enhances the fluorescence of Ag NCs. The DNA polymer hybridizing 

with probe 2 and SMDs, results in a large decrease the fluorescence of Ag NCs in supernatant. After adding 

target which can hybridize with probe 2, the DNA polymer separates with SMDs and part of the 

fluorescence intensity of Ag NCs in supernatant recovers. With this method, we can detect DNA 

ultrasensitively using laser scanning microscope and fluorometer.     

 

Fig.1 The overall separation and detection 

strategy in our work. 

Fig.2 Fluorescence spectra of AgNCs, supernatant 

of AgNCs-Probe-SMDs, supernatant of 

AgNCs-Probe-SMDs-Target 
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Chemotherapy is a common method for treating cancer diseases.
1-4

 However, most chemotherapy drugs, 

such as doxorubicin (DOX), are hydrophobic. Nanocarrier is a promising vector for hydrophobic drugs 

loading and delivery. So far, some kinds of nanocarriers are investigated, such as graphene oxide
1
, porous 

silica
2
, GC base

3
 and liposome

4
. As a kind of biomembrane, liposome has good biological compatibility.

5,6
 

DOX is available in liposome encapsulated forms with trade names of Doxil, Myocet and Caelyx. It is 

known that the carrier with smaller the size is more easily absorbed by cells. Therefore, packaging 

nanomaterial into liposome would further improve its drug delivery efficiency by decreasing the size of the 

liposome-DOX complex.  

In this study, we prepared the gold nanoparticles coated by dimethyldioctadecylammonium bromide 

(DODAB-AuNPs). Such core-shell nanoparticles with the size about 14 nm were monodisperse. DOX was 

loaded into the DODAB-AuNPs by hydrophobic interaction. The as-prepared DODAB-AuNPs-DOX 

complex could be efficiently transferred into cells as the imaging and anti-cancer material. 

 

Fig.1 (A) Typical TEM image of the as-prepared DODAB-AuNPs. (B) UV-vis absorption spectra of DODAB-AuNPs (a) 

and DODAB-AuNPs-DOX (b) dispersed in ddH2O. 
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The cell membrane, also termed the plasma membrane, plays a crucial role in various cellular activities, 

such as signal transduction, membrane trafficking, as well as energy conversion. Although different cell 

membrane models have been introduced over the past century, we are still far from fully understanding this 

important cellular component.Atomic Force Microscopy (AFM) is a key family member of Scanning Probe 

Microscopy. AFM uses a microfabricated cantilever with a sharp tip to scan the surface of the samples, and 

the deflection of the cantilever is utilized to record the information of the surface properties. AFM has 

become an important tool in bionanotechnology. It can image biological samples under aqueous solutions 

with nanometer resolution without damaging the samples. The topography and structure of proteins, nucleic 

acid, cellular membranes and cells have been investigated at the single-molecule level with AFM. Here we 

using a combination of single-molecule techniques, including atomic force microscopy, single molecule 

force spectroscopy (SMFS), to study the structure of nucleated cell membranes. We proposed a Protein 

Layer-Lipid-Protein Island (PLLPI) model, to provide a better understanding of cell membrane structure, 

membrane trafficking and viral fusion mechanisms. 
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Signal transducers and activators of transcription (STATs) can transduce growth factor signals and regulate 

gene expression[1]. As a representative of the STAT family with multiple transcriptional functions[2], 

STAT1 cellular localization and nuclear trafficking are tightly related with transcription process, which 

usually happens in the interphase of the cell cycle. However, crucial questions concerning STAT1 

distribution and localization at the different cell-cycle stage remain unclear. Fortunately, the recent 

super-resolution fluorescence microscopy has overcome the resolution barrier and is suitable for 

investigating the detailed features of protein distribution at the single molecule level[3]. By using one of the 

super-resolution imaing techniques–direct stochastic optical reconstruction microscopy (dSTORM)[4], we 

found that the nuclear expression level of STAT1 increased gradually as the cell cycle carried out, 

especially after EGF stimulation. Furthermore, STAT1 formed clusters in the whole cell during the cell 

cycle, with the size and the number of clusters also increasing significantly from G1 to G2 phase, 

suggesting that transcription and other cell-cycle related activities can promote STAT1 to form more and 

larger clusters for fast response to signals. Our work reveals that the cellular localization and clustering 

distribution of STAT1 are associated with the cell cycle[5], and further provides an insight into the 

mechanism of cell-cycle regulated STAT1 signal transduction. 
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The cell-surface carbohydrates, because of their right place and structural diversity, are capable of 

embodying a cell-surface code for intercellular interactions. They also play a significant role in various 

cellular processes, such as growth, motility, morphology, and differentiation etc.[1, 2]. For surface 

glycoproteins, as known, most of them commonly organize into functional domains to efficiently and 

appropriately participate into the cellular responses[3, 4]. However, the systemally distributed patterns of 

various kinds of the surface carbohydrates are poorly understood. In view of our previous study of the 

GlcNAc[5] which formed various clustes as their functional domains on the Vero membrane, we are further 

interested in the respective morphological characteristics and the mutual spatial relationship of other 

surface carbohydrates. 

Here, several kinds of common and representative monosaccharides and one oligosaccharide chain are 

selected in our investigation, which are Hexoses (galactose (Gal), and mannose (Man)), Hexosamines 

(N-acetyl-D-galactosamine (GalNAc)), Deoxyhexoses (L-fucose (Fuc)), Sialic acids (Sia), and a complex 

type N-glycans (pentasaccharide sequence Galβ1-4GlcNAcβ1-2(Galβ1-4GlcNAcβ1-6) Manα1-R (the 

so-called “2, 6-branch”)). According to the binding specificity between the carbohydrates and lectins, we 

applied the dSTORM imaging to observe the nanoscale spatial lmorphology of these carbohydrates with 

their respective Alexa 647-linked lectins. We found that they all existed in the form of clusters, with 

different size, shape and density. Furthermore, the spatial relationships between the interested 

carbohydrates and the GlcNAc were investigated by dual-color dSTORM imaging. The results revealed 

that these carbohydrates are all colocalized with the GlcNAc in different degrees. Based on the 

colocalization of the GlcNAc clusters and lipid rafts, and further evidence that the clusters of the interested 

carbohydrates are destroyed by treating with Methyl-β -Cyclodextrin (Mβ CD), it is suggested that these 

clusters of interested carbohydrates are all colocalized with lipid rafts in different degrees.  

We believe that the systemal imaging of the cell surface carbohydrates can promote to elucidate the role of 

carbohydrates in plasma membrane organization, and further facilitate improving the more comprehensive 

understanding of the cell model. 
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As biochemistry mediators of cellular pathology, reactive oxygen species (ROS) including superoxide (O2
−
), 

singlet oxygen (O2
1
), hydrogen peroxide (H2O2), hydroxyl radical (•OH), hypochlorite (ClO

−
) and 

peroxynitrite (ONOO
−
) play key roles in metabolic processes. In normal aerobic cells, ROS level is 

normally adjusted by biochemical antioxidants. Overaccumulation of ROS can induce oxidative stress, 

which is related to many diseases such as diabetes, cancer and molecular neurodegenerative disorders.
[1]

 

Recently, due to the unique physicochemical properties, excellent biocompatibility and biodegradability, 

polydopamine nanoparticles (PDA NPs) have attracted much attention and been extensively investigated 

for various applications including surface modification, bio-inspired hydrogel generation, biosensor 

fabrication, metal deposition and drug delivery.
[2]

 Especially, it was found that the fluorescence quenching 

capacity of PDA NPs was equivalent to that of graphene oxide.
[3]

 

This work reports on a simple and feasible fluorescence resonance energy transfer (FRET) assay for 

detecting reactive oxygen species (ROS) both in solution and living cell using polydopamine nanoparticle 

(PDA NP) as energy acceptor and Cy5 labeled single-stranded DNA (Cy5-ssDNA) as energy donor. The 

Cy5-ssDNA and PDA NPs form self-assembled conjugates (Cy5-ssDNA-PDA NP conjugates) via 

π-stacking interactions. In the presence of ROS, the PDA NP adsorbed Cy5-ssDNAs can be effectively 

cleaved, resulting in the release of Cy5 molecules into solution and recovery of fluorescence emission of 

Cy5. In order to obtain ROS solution, the glucose oxidase-catalyzed oxidation reaction of glucose with O2 

is employed to generate hydrogen peroxide for Fenton-like reaction. The results demonstrate that the 

Cy5-ssDNA-PDA NP conjugates provide an excellent example for detecting biologically active substances 

with relatively low limit of detection (LOD) in the bioanalytical/biomedical applications of PDA NPs. 

Furthermore, our method has the potential to screen antioxidants and yield quantitative data on the 

antioxidant capacities of different chemicals. 
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Because bacterial pathogens are enabling to distribute in a wide range of substrates, such as soil, animals’ 

excrements and contaminated water and foods, there is continuously increasing interest on the development 

of fast, automatic, and especially multianalyte screening methods for detecting/capturing bacteria.
1
 

Currently, several techniques are available for detecting and identifying microbes, including (i) plating and 

culturing assays, (ii) immunological approaches, (iii) nucleic acid probe-based methods (i.e., polymerase 

chain reaction (PCR) and reverse transcriptase PCR (RT-PCR)), (iv) flow cytometry (FCM), (v) mass 

spectrometry and (vi) microarrays. Among of them, microarray-based assay can meet the requirements 

ofautomation and multiple analytes screening satisfactorily. For instance, microarray-based sensors have 

been employed as technical means with high-throughput format for analyzing whole bacterial gene 

expression, detecting bacteria secreted toxins, and determining bioavailability of bacterial growing 

matrixes.
2
Carbohydrate microarrays have been extensively developed as reliable and efficient tools for 

rapid analysis of carbohydrate-protein interactions because the substrate of microarray can act as the 

multivalent scaffold for defining the space and orientation of carbohydrates on the surface. Compared with 

two-dimensional (2D) planar slides, the three-dimensional (3D) hydrogels (e.g., activated polyacrylamide 

gel) have much higher binding capacity, which can offer more reactive sites to bind with the targets, 

resulting in great improvement of the microarray sensitivity.In particular, the 3D porous substrate of 

hydrogel supports presentation of carbohydrates in cluster configurations, which would greatly increase the 

binding affinities of carbohydrates with lectins and amount of accessible binding sites of bacterial fimbriae. 

Herein, a three-dimensional carbohydrate modified polyacrylamide hydrogel microarray (3D carbohydrate 

hydrogel microarray) has been fabricated and employed as micro-reactor for capturing Escherichia coli(E. 

coli) by multivalent binding of concanavalin A (Con A) with O-antigen on the surface of E. coliand 

immobilized monosaccharides on the hydrogel spot, and the interactions oftype 1 fimbriae of E. 

coliwithimmobilizedmonosaccharides. Because of the transparent performance of polyacrylamide hydrogel, 

the captured E. coli can be directly observed by conventional microscope under bright-field mode. The 

experimental result demonstrates that theα-D-mannopyranoside (Man-α) modified hydrogel surface shows 

high efficiency of E. coli capturing. The 3D Man-αhydrogel microarray-based assay shows reasonable low 

detection limit (1.0×10
4
 cells/mL) and large dynamic range (1.0×10

5
 to 1.0×10

9
 cells/mL) for detecting E. 

coli.In addition, bacterial adhesion inhibition assay has been demonstrated by the interactions of E. coli 

with ten saccharides, and satisfactory results were obtained. 
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Hydrophobic ultrasmall nanoparticles synthesized in nonpolar solvents have exhibited great potential in 

biomedical applications. However, a major challenge when applying these nanomaterials in biomedical 

research is the lack of a versatile strategy to render them water dispersible while preserving the 

hydrodynamic diameter (HD) to be less than 8 nm for efficient renal clearance.To address this problem, we 

employ tryptone as the novel ligand to fabricate a simple, versatile and inexpensive strategy for transferring 

hydrophobic NaGdF4nanodots(3 nm in diameter) from organic phase into aqueous phase without any 

complicated organic synthesis. The paramagnetic properties of NaGdF4nanodots are well retained after the 

phase transfer process. In particular, the tryptone-NaGdF4nanodots have ultrasmall HD (c.a., 7.5 nm) which 

greatly improves their tumour accumulation and facilitates renal clearance within 24 h post-injection. The 

as-prepared tryptone-NaGdF4nanodots can also be further functionalized with other molecules for 

extensively biomedical and bioanalytical applications. Furthermore, the proposed strategy can easily be 

extended to transfer other types of inorganic nanoparticles from hydrophobic to hydrophilic for facilitating 

biomedical applications. 
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Fig.1a) Schematic illustration 

ofthe ligandexchange process 

with tryptone.TEM micrographs 

of (b,c) oleate-NaGdF4 nanodots 

and (d,e) tryptone-NaGdF4 

nanodots. f-i) XPS survey 

spectrum, P 2p, N 1s and Gd 3d 

XPS spectra of tryptone-NaGdF4 

nanodots. 

 
Fig.2a) R1 relaxivities of 

tryptone-NaGdF4 nanodots and 

F127-NaGdF4 nanodots as a 

function of the molar concentration 

of Gd3+ in the solution. b) Cell 

viabilities of SW620 cells 

incubated with various 

concentrations of 

tryptone-NaGdF4nanodots.Error 

bars mean standard deviations 

(n=5). 
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Detection of disease-related single nucleotide polymorphism (SNP) has great potential in complex disease 

genetics and pharmacogenetics researches, with multiplexed genetic SNPs have great association with 

several diseases, e.g., cancer and immunodeficiency disease. Establishing a sensitive, specific yet simple 

assay for a rapid detection of SNPs therefore has a huge role on the prognosis of diseases. In this work, a 

platform is developed for sensitive, multiplexed detection of SNPs using microarray-based spectroscopic 

assay. Here, the typical sandwich configuration was employed with DNA-modified gold nanoparticle 

probes, followed by Au enlargement via reduction for RLS signal enhancement. Four SNPs were screened 

as target sequence to detect in this assay. With appropriate conditions, the arrays showed good capability to 

improve sensitivity and specificity, enabling precise analysis of as little as pmol/L level of the four target. 

We have developed a novel microarray platform detection approach for the detection of high-throughput 

SNPs with good sensitivity and that it shows great potential for clinical diagnosis of cancer and other 

diseases. 
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and the super quenching of aggregation-induced emission 
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Substrate hydrolysis was utilized to trigger a ‘‘top-down’’ etching process for the generation of fluorescent 

gold nanoclusters, and the changes in emission intensity of the assay solution provide a facile way for the 

sensing of enzyme activity. Esterase and alkaline phosphatase (ALP) were used as the model enzymes. As 

shown in Fig. 1, the substrates of ALP were designed and synthesized. An alkanethiol ligand was released 

because of the substrate hydrolysis. The alkanethiol ligand could etch the AuNPs and fluorescent AuNCs 

formed in situ. 

 

 
 

Fig. 1 Substrate hydrolysis induced generation of fluorescent NCs for the sensing of enzyme activity. 
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A label free assay for protease activity and inhibitor screening based on perylene probe monomer−excimer 

transition has been developed. A negatively charged perylene probe that we used could be induced 

aggregation by cationic poly(allylamine) through noncovalent interactions. Strong excimer emission of 

perylene was appeared, and meanwhile monomer emission was quenched. Upon addition of 

poly-L-glutamic acid (an anionic biocompatible polymer), competitive binding of poly-L-glutamic acid to 

the poly(allylamine) resulted in the release of perylene monomer, and excimer−monomer emission 

transition was detected. In the presence of a protease, such as trypsin, poly-L-glutamic acid was digested 

into small peptide fragments. The poly(allylamine) was released as a result the recovery of perylene 

monomer emission. An excimer−monomer transition signal could then be detected. Our method provides a 

label-free way for protease activity fluorometric assay and inhibitor screening. 
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MicroRNAs (miRNAs) are short (18-25 nucleotides) non-coding RNAs that exist in a broad range of 

animals and plants. They play a significant regulatory role in various biological and pathologic processes 

by degrading or blocking the translation of their target mRNAs. Most recently, miRNAs have drawn more 

and more attention to become promising biomarker candidates for cancer classification and prognosis. Thus, 

it is important to develop more sensitive, selective, rapid and quantitative detection methods for miRNAs. 

Perylene derivatives are good fluorophores for single molecule spectroscopy owing to their high 

fluorescence quantum yield and photostability. We have synthesized several perylene derivatives as 

fluorescence probes. They show good solubility in aqueous and strong fluorescence attributed to the 

existence of the free dye monomers. We have observed that single-stranded DNA as a polyanion could 

induce strong aggregation of a cationic perylene probe in an aqueous buffer solution via strong electrostatic, 

hydrophobic and π−π stacking interactions. As a result, perylene monomer emission was completely 

quenched. However, the single-stranded DNA could be cleaved into small flagments aided by miRNA, 

resulting in the deaggregation of the cationic perylene probe. And a fluorescent turn-on signal was detected. 

Based on this obseveration, a novel miRNA sensing method was therefore established.  
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Diabetes mellitus is a disease of glucose metabolic disorder which results from insulin deficiency or 

resistance and it has become one of the most significant health concerns worldwide [1]. Hence it is of great 

importance to develop a glucose sensor with excellent selectivity and sensitivity. Fluorescence sensors [2,3] 

for glucose sensing has attracted special interest because of their simplicity, rapid response and high 

sensitivity. However, the established fluorescence sensors have some drawbacks such as less selectivity, 

less satisfactory detection limit or in a turn-off detection mode. Silver nanoparticles (Ag NPs) could be 

used as excellent quenchers for various fluorescent probes, such as organic dyes [4] and QDs [5]. Herein 

we found that a strongly fluorescent perylene probe [6-9] could be effectively quenched by Ag NPs. Based 

on this phenomenon, a new protocol for glucose sensing utilizing a perylene probe was developed for the 

first time. As depicted in Figure. 1, the perylene probe could be closely attached to the surface of the Ag 

NPs and the fluorescence of the perylene probe is thus effectively quenched. However, enzymatic oxidation 

of glucose by glucose oxidase (GOx) takes place in the presence of dissolved oxygen after the addition of 

glucose. The in situ generated H2O2 leads to etching of the Ag NPs. The perylene probe could not be 

quenched and a turn-on fluorescence signal is detected, which could be used for the quantification of 

glucose. This newly developed fluorescence turn-on sensor is simple, highly sensitive and selective toward 

glucose. Accurate determination of the glucose level in human serum samples is also demonstrated. 
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A ratiometric fluorescence method for heparin and heparinase assay has been developed. A cationic 

polymer could induce aggregation of a benzoperylene derivative fluorescent probe (probe 1) and probe 

excimer emission is observed. Upon the addition of heparin, heparin binds the polycatin, detaching the 

probes, which leads to an excimer-monomer emission transition. However, after the enzymatic hydrolysis 

of heparin by heparinase, a monomer-excimer emission transition is detected. The detection method is 

simple, rapid and inexpensive. 
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A fluorescence turn-on assay was established for ALP (Alkaline phosphatase) based on Cu (II) catalyzed 

feton-like reaction. ALP can remove the phosphate group of 2-phospho-L-ascorbic acid trisodium salt, and 

turn it to sodium ascorbate. It can generate highly reactive •OH in the presence of reducing ascorbate and 

Cu (II) due to the fenton-like reaction. The generated reactive •OH catalyze the cleavage of fluorescein 

(FAM) labeled single strand DNA into small fragments. As a result, the fluorophore was dissociate from 

GO (Graphene Oxide) and fluorescence recovered. A detection limit of 0.1 mU was obtained. 
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Fig.1 Scheme of of ALP assay primciple Fig.2 Spectra of fluorescence with the increasing of ALP 
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Good biocompatible fluorescent gold nanoclusters (Au NCs) stabilized by cysteine with blue-green 

emission were first synthesized through a core etching process. The as-prepared clusters were found to be 

useful as label-free fluorescent sensors for the detection of the biologically important molecules 

pyrophosphate (PPi) and alkaline phosphatase (ALP). The approach was based on the competition between 

cysteine and PPi for coordination of Cu
2+

. The fluorescence of Au NCs could be quenched by Cu
2+

. PPi 

could recover the Cu
2+

-quenched Au NCs fluorescence selectively, and in this way PPi could be detected 

(with a detection limit of 2 mM). Upon addition of ALP, PPi was hydrolyzed and Cu
2+

 was released, which 

re-quenched the recovered fluorescence. As a result, an assay for ALP activity was established (allowing 

detection of 0.1 mU mL
-1

 of ALP). The strategy employed here offers a new way to construct novel 

nanomaterial-based biosensors. 
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Fig. 1 Schematic illustration of nanocluster-based detection of PPi and ALP. 
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Fumonisins, mainly produced by FusariummoniliformeSheld, are a group of water-soluble diester 

compounds, composed of different types of polyhydric alcohol and tricarballylic acid. Among the 28 

fumonisin analogs, fumonisin B-1 is most important and naturally widespread in the contaminated maize 

[1]. International Agency for Research on Cancer (2002) has classified FB1 into group 2B. Numerous 

researches have been done to determine concentration of the FB1 in the food and feed [2]. However, 

chromatographic approaches require complex pretreatment procedures and trained personnel. In 

enzyme-linked immunosorbent assay, antibody is expensive to produce and vulnerable to environmental 

factors. In this present work, an aptamer-based microcantilever array sensor for detection of FB1 was 

developed. The sensing cantilevers in the array were functionalized with self-assembled monolayers of 

thiolated FB1-specific aptamer. To eliminate the interferences from the environment by nonspecific 

interactions，the reference cantilevers were modified with 6-mercapto-1-hexanol SAMs. This differential 

deflection amplitude between sensing and reference cantilevers shows linearity relation with the 

concentration of FB1 in the range from 0.1 to 40 μg/mL, with a limit of detection of 33 ng/mL (S/N=3). 

The sensor exhibits good specificity. This biosensor provides a promising approach to detect FB1 in the 

food and agricultural products. 
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Graphene oxide (GO), holding an atomically thin 2D structure with a range of oxygen-containing 

functional groups, was extensively explored in biomedical applications [1]. Uunderstanding of how GO 

interacts with lipid membrane is of great importance for guiding future applications of GO in biological and 

biomedical fields. So far, it is generally accepted that the electrostatic attraction plays an important role in 

the interaction of positive charged lipid membrane with GO and GO will not adsorb on negative charged 

membrane due to their electrostatic repulsion [2, 3]. However, how GO interacts with zwitterionic lipid 

membrane is still unclear and contrary [2, 4-6]. Here, by combining the advantage of extremely large 

extinction coefficient of water in the mid-infrared region and strict surface sensitivity of SEIRA 

spectroscopy, we reported the nature of interaction between GO and zwitterionic lipid membrane. 

Phospholipid could be extracted from lipid membrane when zwitterionic lipid membrane was exposed to 

GO, and negative peak of  (OH) band around 3450 cm
-1

(arised from the replacement of interfacial water) 

before extraction suggests the initial interaction between GO and membrane and can be used as an indicator 

of adsorption of GO on membrane. Furture study shown that adsorption of GO on lipid membrane and its 

extractive effect is a complex process resulted from balance of various interaction forces. At least four 

kinds of interaction forces exist: electrostatic attraction, electrostatic repulsion, hydrogen bonding and 

hydrophobic interaction. Most importantly, we identified the dual role of phosphate group and hydrophobic 

interaction of choline for the first time. Our work not only provides experimental insight into the interaction 

nature of GO with lipid membrane, but is of great value in studying nano-bio interface. 
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Fig.1 GO-induced SEIRA spectra changes of 

zwitterionic supported lipid bilayer in the presence 

of 50 g/mL GO. 

Fig.2 Interaction forces in interaction between 

GO and lipid membrane. 
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The established nano-bio interactions are facing a tremendous challenge because of the complexity of 

biological systems. For instance, the nanomaterial injected into the bloodstream will come into contact with 

a mixture of diverse cells and extracellular proteins, subsequently forming nanoparticle–protein corona 

complexes which will shield the inherent properties of the nanoparticles and alter the interaction manner 

between the nanoparticles and biological systems [1]. The cellular responses to the nanoparticles such as 

the cellular targeting and the uptake will be dramatically changed by the protein corona, which also 

changes the biological fate of the same particles such as subcellular localization and retention time 

[2].However, there are a few studies pay attention to if the corona will encounter degradation after 

internalization and how the effect of degradation of protein corona on the cytotoxicity. As we all know, 

many kinds of proteinases that can efficiently degrade the protein molecules are distributed in the 

cytoplasm and organelles, such as endosome, lysosome and Golgi apparatus. These proteolytic enzymes 

might degrade the protein coronas when the nanoparticle-protein corona complexes are internalized by the 

cells, which might motivate or change some related metabolism processes and result in cytotoxicity [3]. 

In this work, we prepared three types of complexes based on gold nanoparticles and dye-labeled serum 

proteins and studied the extracellular as well as intracellular proteolytic processes of protein coronas and 

the accompanying effects on the cytotoxicity by multiple evaluations such as cell viability, adenosine 

triphosphate content, mitochondrial membrane potential and reactive oxygen species. We found that the 

degradation rate of protein corona was dependent on the type of the protein and the cytotoxicity of 

nanoparticles-protein corona complex might be associated with the protein corona degradation process. All 

these results will enrich the database of the cytotoxicity induced by the nanomaterials-protein corona 

complex. 
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Fig.1 The shceme of the fluorescence off/on for the 

Au@Protein-FITC NPs. 

Fig.2 A) The viability of HeLa cells after treated with Au NPs, 

Au@HSA NPs, Au@HGG NPs, and Au@HSF NPs at different 

concentrations for 24 h. Effect on cellular ATP content B), MMP 

C) and ROS amount D) in HeLa cells after 3 h exposure to Au 

NPs, Au@HSA NPs, Au@HGG NPs, and Au@HSF NPs at the 

concentration of 500μ M. 
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The biological mechanism of cytochrome c (cyt c)-cardiolipin (CL) complex in early apoptosis remains 

largely controversial, in particular about the modes of cyt c-CL interaction as well as the nonnative 

conformational state of cyt c that participates in this important process. Surface-enhanced FTIR absorption 

spectroscopy (SEIRAS) is a strict surface sensitive technique that enables to in-situ and real-time 

investigate the molecular assembly, interfacial absorption and structural changes in a biomimetic system [1]. 

In this study, we measure the potential-induced SEIRA difference spectroscopies of cyt c adsorbed onto the 

CL bilayer and 11-mercaptoundecanoic acid (MUA) SAM comparatively for disclosing the structural 

transformation and adsorption orientation of protein on CL bilayers. 

Binding of cyt c on CL bilayers would cluster the CL molecules and induce more ordered packing phase in 

CL bilayer so that the νas (CH2) and νs (CH2) of CL shift to lower frequencies. Moreover, the intensities of 

these bands slowly decrease although more and more cyt c molecules were adsorbed on the CL supported 

lipid bilayer membranes. According to the surface selection rule and optical near-field effect of SEIRAS [2], 

the decrease should be due to the changes of the CH2 vibrations either in their orientation or in the distance 

relative to the surface and/or both. By measuring potential-induced SEIRA difference spectroscopies, we 

deduce that cyt c binds to CL bilayer through the residue Asn52 that could form hydrogen bonds with the 

phosphate headgroups and accommodate the hydrophobic acyl chains of CL [3], therefore the decreased 

intensity in νas (CH2) and νs (CH2) above is probably a result of inserting the acyl chains into the 

hydrophobic channel around Asn52. The Met80-Fe iron bond breaks down and β-strand extends down to 

the short 50s helix, which further forms intermolecular β-strand. Besides, there is a redox-dependent 

conformational transformation from the β-turn type II to loop and/or unordered structure, which is possibly 

due to the ligation interconversion between ferric and ferrous cyt c. These observations would point to an 

intermediate necessary to its eventual function in the initiation of apoptosis. 
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Fig.1 The interaction mode of cyt c with CL bilayer 
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Mercury ion (Hg
2+

), as one of the most dangerous pollutants, will lead to DNA damage, mitosis impairment 

and permanent damage to the central nervous system when it accumulates in the human body at a low 

concentration [1]. Therefore, developing sensitive and selective analytical method for the Hg
2+

 detection is 

highly desirable. Among the common measurement methods of Hg
2+

 such as surface-enhanced Raman 

scattering (SERS), atomic absorption spectroscopy (AAS), inductively coupled plasma mass spectrometry 

(ICP-MS), fluorescence assays exhibit advantages since its high sensitivity, fast analysis, less 

cell-damaging and wide range of applications [2]. Until now, various fluorescence probes have been used to 

monitor Hg
2+

, including organic, polygenic and inorganic materials, which, however, suffer from complex 

synthesis routes or the involvement of toxic regents. In the recent, fluorescent carbon dots (CDs) have 

attracted considerable research interest due to their excellent photo-stability, favorable biocompatibility, 

low toxicity, and good water solubility [3]. 

Here, we prepare CDs by a one-pot hydrothermal method using uric acid. The as-prepared CDs show good 

flouescence property with quantum yield as high as approximately 26.73%. Moreover, the fluorescence of 

CDs can be selectively quenched by Hg
2+

, which can be used to detect Hg
2+

 in vitro and in living cells. 
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Fig.2 Confocal fluorescence images of HeLa cells. (a) 

Cells incubated with CDs dispersion for 45min in 

PBS at 37 °C, then (b) incubated with 25μM Hg2+ for 

10 min in PBS at 37 °C.  

Fig.1 Fluorescence responses of CDs dispersion in the 

presence of different Hg2+ concentrations from 1 to 34 

μM. Inset: the fluorescence intensity of CDs as a function 

of Hg2+ concentration. λex=355 nm. 
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NaYbF4: Yb
3+

, Tm
3+

 nanoparticles (UCNPs) capped with oleic acid (OA) have been synthesized via 

high-temperature solvent reaction [1-2]. The most intense peak of the optimization sample, 

NaYb0.96Er0.02Tm0.02F4 nanoparticles, centers at the “optical transmission window” of the biological tissues 

(801 nm, the transition 
3
H4-

3
H6 of Tm

3+
 ions), while the other weak peaks can be totally ignored. The 

nanoparticles possess high scpectral purity (the Snw value is bigger than 0.7) and intense near infrared to 

near infrared (NIR-to-NIR) upconversion luminescence (UCL) (the power of laser is as low as 3.8 W, Fig. 

1), which makes them ideal and promising platforms for high contrast bioimaging. 

 

 

 

 

Fig. 1 NIR-to-NIR UCL spectra of NaYb0.96Er0.02Tm0.02F4 nanoparticles with different power of laser. 
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Green technology, cheaper raw materials, easy processing, high efficiency, etc., are the primary goals of 

any contemporary research, especially energy related research. In this work we demonstrate a very simple 

method to disperse graphene in water and in situ low-temperature synthesis of MnOx on graphene sheets’ 

surface using carbon dots (CDs) through a simple chemical approach. CD synthesized by pyrolysis of 

ammonium citrate had excellent solubility in water due to its surface functional groups and dispersed 

graphene in water through π–π interaction and formed a stable graphene-CD solution (Gr/CD).  Graphene 

is highly hydrophobic and cannot disperse in water which restricts its use in many synthesis reactions and 

making composites for various applications. However, our CDs can form stable dispersion of graphene in 

water which is a promising material for a wide variety of application in graphene based composite 

synthesis and catalytic experiments. The Gr/CD reduced KMnO4 to MnOx in aqueous solution at 75 °C, 

depositing the MnOx on graphene’s surface to form Gr/CD/MnOx composite.  Thus, CDs act as dispersing 

agent for graphene in water and as reducing agent for KMnO4. Since, the reaction was conducted at 75 °C, 

CDs undergo oxidation, and meanwhile, the graphene’s graphitic carbons are unaffected unlike in other 

hydrothermal or high temperature syntheses. The as formed amorphous MnOx on GR/CD exhibited good 

capacitance properties. Gr/CD/MnOx composite exhibited a specific capacitance of ~480 F g
–1

 at a constant 

charge or discharge of 0.2 A g
–1

. Further, the composite showed excellent stability, it retained 95% 

capacitance after 5,000 charge-discharge cycles. Thus, our one-pot synthesis method is green, cost effective 

and rapid, and has great potential in synthesis of graphene based composites in aqueous medium. 
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We synthesized DNA-capped copper nanoparticles (Cu NPs) using simple ascorbate-mediated reduction of 

Cu(II) ions in TBA29-Tn templates comprising of a 29-mer thrombin-binding aptamer (TBA29) with a 

poly(dT) (Tn; n = 6−30) motif in both 3′ and 5′ termini. High affinity between thymine and copper resulted 

in greater growth of Cu NPs along the poly(dT) scaffold. In this method, the DNA acts as the template for 

synthesis as well as functional group on the Cu NPs. Freshly prepared TBA29-T30-template copper 

nanoparticles (TBA29-T30Cu NPs) exhibited much stronger fluorescence at 650 nm (excited at 340 nm) 

than that of TBA29-T6Cu and TBA29-T15Cu NPs. However, the fluorescence stability of TBA29-Tn−Cu 

NPs was very poor due to rapid oxidation of nanoparticles to TBA29-Tn−CuO/Cu2O NPs by molecular 

oxygen (O2) in the aqueous solution. TBA29-T6CuO/Cu2O and TBA29-T15CuO/Cu2O NPs are spherical 

particles of about 24 nm, whereas TBA29-T30CuO/Cu2O NPs have short rod-like shapes with a diameter 

of about 4.2 nm and a length of about 9.2 nm. TBA29-T30−Cu/Cu2O NPs possess stronger peroxidase-like 

catalytic activity for the H2O2-mediated oxidation of Amplex Red (AR) to fluorescent resorufin than 

TBA29-T15−Cu/Cu2O and TBA29-T6−Cu/Cu2O NPs. The catalytic activity of TBA29-T30Cu/Cu2O NPs was 

significantly suppressed in the presence of thrombin, reflecting perturbation of interfacial electron-transfer 

between substrates and NPs after the specific binding of thrombin with the TBA29 units on the particles’ 

surfaces. The H2O2/AR–TBA29-T30CuO/Cu2O NP probe provided a limit of detection (signal–noise ratio = 

3) of thrombin in serum samples of 0.5 nM. Hence, this simple, rapid, and economical sensing system 

shows great potential for analyses of thrombin generation in blood. The present sensing platform may also 

be used to detect other proteins and tumor cells using various aptamer–template Cu NPs. 
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As a high surface area unsupported material, nanoporous gold has attracted considerable interest for 

application inhererogeneous catalysis, electrocatalysis, fuel cells and biosensing.
1
It is fabricated by 

dealloying of a gold alloy containing a less noble constituent, such as silver or copper, resulting in a 

three-dimensional sponge-like porous network structure with a nanopore size in the range of 30-40 nm.
2
The 

surface area is ten to several hundadstimes larger than planar gold of an equivalent geometric area. The 

nanoporous gold electrode has the merits of good conductivity, large interface to volume ratio, ease of 

preparation and tunable pore size, making it anattractive material for the conversion of drug metabolites. 

In this work we fabricated a nanoporous gold electrode and used it as working electrode material for drug 

conversion. The nanoporous electrode is prepared by incubation a 0.5x0.5 mm piece of gold alloy in 

concentrated nitric acid. The silver in the alloy is mostly etched away, leaving behind a porous gold surface. 

Scanning electron microscope characterization showed a nearly homogeneous surface, and the size of the 

nanopores was calculated to be 33.2±7.4 nm (10 pores, α=0.05). X-ray photoelectron spectroscopy (XPS) 

results displayed that after etching, only Au and a very small amount of silver are left, and no other 

elements were detected. Electrochemical measurements showed that the area of the porous gold was 174 

times larger than a pure gold electrode with the same geometric area.  

The nanoporous gold electrode was subsequentlyused as a working electrode for oxidativedrug conversion. 

Preliminary results showed that the yieldof oxidation products was highly improved using lidocaine 

N-oxide formation as the read-out. We are currentlystudying whether the yield improvement is purely 

related to the increased surface area, or whetherother effects, such as selectivity for certain oxidation 

reactions or drug substrates, are also relevant. 
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Nano-sized quaternarychalcogenides have attracted tremendous attention in the photocatalytic hydrogen 

production from water, due to their low band gap for visible light usage, large number of active sites and 

ease of scalable preparation method.Recently, researches on metal/semiconductor hybrid 

nanostructureshave opened up a new pathway for enhancing hydrogen production yield and 

stabilizingphotocatalysts. Novel Au/Cu2FeSnS4 core/shell nanostructures (Au/CITS) with controllable 

morphology were synthesized for the first time via hot injection method.
[1]

It is evident that the gold 

nanoparticle cores directed the overgrowth of CITS shells with geometric guidance. Precise tuning in the 

core-shell dimension could be achieved by using different experimental conditions. The insertion of various 

Au cores into CITS shell resulted in the enhancement of visible light absorption due to the surface plasmon 

resonance effect, with different spectroscopic ranges. All the Au/CITS core/shell nanoparticles showed 

higher photocatalytic activities for hydrogen evolution compared with CITS nanostructure.(Fig. 1) 

 

Fig. 1 Diagram of interfacial charge transfer and photocatalytic redox reaction in Au/CITS core/shell nanoparticles 

Acknowledgements 

We acknowledge the support from the Innovation and Technology Commission and the Hong Kong 

Polytechnic University. 

References  

1. E. Ha, L. Y. S. Lee, H.-W. Man, S. C. E. Tsang, K.-Y. Wong, Appl. Mater. Interfaces, 7, 9072-9077 (2015). 

 

 

 

 

 

 

 

 

 



15th ISEAC 

 
- 306 - 

Top-down mass production of water dispersible graphitic-C3N4 quantum 

dots for oxygen reduction reaction 

Luyang WANG, Lawrence Yoon Suk LEE, Kwok-Yin WONG* 

Department of Applied Biology and Chemical Technology and the State Key, Laboratory of Chirosciences, 

The Hong Kong Polytechnic University, Hung Hom, Hong Kong, China 

Functionalized graphitic carbon quantum dots with controllable properties are attractive for new type 

applications in electrochemical catalysis, bioimaging, sensors and photovoltaic devices.Oxygen reduction 

reaction (ORR, as well known as a kind of electrochemical energy conversion and storage, has been widely 

employed in fuel cells and secondary metal-air batteries. Until now, however, the use of the commercial 

platinum (Pt) electrocatalyst of ORRwas limitedfor its scarce resources, high cost and poor ORR activity 

and stability. Recently, to replace Pt for fuel cells market, the new metal-free N-doped graphitic carbon 

electrocatalystshave been demonstrated as a promising candidate to supply low cost and high 

performances.
1
Moreover, it is considered asachallenging to control the N distribution and N-doped bonding 

configurations in the π-conjugated framework. 

Herein, we report a newoxidative cleavage method to synthesize highly dispersible oxygen-rich CNQDs in 

water with finely controllable size. First,high dispersion ability of oxygen-rich CNQD in water can 

realizemuch higher ORR activity in comparison with non-dispersible ones. Second, size selection of 

CNQDs from size controllable reactions will be one of important variables for maximizing ORR activity. 

The oxygen-rich CNQDs by the oxidative cleavage method ensure a high dispersibility and size 

controllability. As a proof-of-concept experiment, the state-of-the-art oxygen-rich g-C3N4 QDs 

achievedexcellent electrochemical activity and stability for ORR, which has a comparability to commercial 

Pt/C catalyst. 
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Fig.1TEM images monitoring formation 

processes of the CNQDs. (a) reaction at 0 min, 

(b) reaction time at 1 hours (c) reaction time at 5 

hours, (d) and (e) reaction time at 12 hours 

reaction, (f) Diameter distribution of different 

CNQDs. 

Fig.2(a) Cyclic voltammograms of ORR using GC 

electrode in N2 and O2-saturated 0.1 M KOH 

solution. (b) LSV of various electrocatalysts on RDE 

at 1200 rpm in O2-saturated 0.1 M KOH solution. (c) 

LSV of various electrocatalysts on RDE at different 

rotating rates (d) Koutecky-Levich plots of the 

CNQDs-3 at various potentials. 
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MRI can give the anatomical details of soft tissue such as brain and kidney by altering tissue relaxation 

times [1], while CT is suitable for bone and calcfications on the basis of the X-ray absorption of tissue 

composed of elements with high atomic number [2]. However, the inherent drawbacks of low sensitivity 

and diagnosis efficiency of MRI and CT imaging limited their application. To overcome this problem, 

contrast agents (CAs) are commonly used in clinic to improve the imaging quality. Herein, oleic-coated and 

Dy
3+

-doped NaGdF4 nanoparticles (OA-NaGdF4:Dy NPs) were synthesized by the pyrolysis method, and 

then modified with biocompatible polymer DSPE-PEG2000 to obtain a novel hydrophilic PEGylated 

NaGdF4:Dy nanoprobes (PEG-NaGdF4:Dy NPs). 

In this work, we have obtained a range of size of the nanoparticles by varying the temperature of reaction. 

As shown in Fig 1, the PEG-NaGdF4:Dy NPs with particle sizes of 2.31 ± 0.5 nm, 3.04 ± 0.4 nm, 7.63 ± 

0.2 nm and 10.34 ± 0.7 nm were obtained when the synthesis was performed in 1 h at the reaction 

temperature of 240 ℃(a)，260 ℃(b)，280 ℃(c) and 300℃(d), respectively. All the OA-NaGdF4:Dy NPs 

have uniform spherical shape and well dispersibility in cyclohexane. 

 

Fig. 1 TEM images of OA-NaGdF4:Dy NPs obtained at different reaction temperature. The insets are HR-TEM respectively. 

Subsequently, we modified OA-NaGdF4:Dy NPs with biocompatible DSPE-PEG2000 and the relaxivity 

and X-ray absorption coefficient of PEG-NaGdF4:Dy NPs were investigated. As shown in Fig 2, the r1 was 

2.54 mM
-1

 s
-1

, which similar to some rare-earth-doped Gd2O3 hollow spheres (Gd2O3:Yb/Er r1=2.78 mM
-1

 

s
-1

) (a) [3]. The r2 was determined to be 6.39 mM
-1

 s
-1

, which is about two times higher than that of 

Dy-containing compounds (Dy-DTPA-PcHexPh2 r2=3.0 mM
-1

 s
-1

) (b)[4]. Meanwhile, the line slope of CT 

value (HU) vs ion concentration for PEG-NaGdF4:Dy NPs was about 44.70 HU L/g, higher than that of 

iohexol (31.05 HU L/g) (d). Therefore, PEG-NaGdF4:Dy NPs have the potential for the development of 

multifunctional MRI/CT imaging probes. 
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Fig. 2 T1 relaxation rates of PEG-NaGdF4:Dy NPs (a), T2 relaxation rates of PEG-NaGdF4:Dy NPs (b), CT images of NPs 

and iohexol solutions (c), CT value of PEG-NaGdF4:Dy NPs (red) and iohexol (black) as a function of the concentration of 

Dy and I respectively (d). 
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Nickel oxide has been intensively studied as a promising electrode material for lithium-ion batteries and 

supercapacitors due to its high theoretical capacitance(2854 F g
-1

), good chemical and thermal stability, 

environmental benign nature and low cost [1]. However, there still exist some shortcomings, such as low 

electric conductivity and poor rate performance, which limit its practical application on a large scale[2]. 

Fortunately, all of these defects can be remitted by controlling the morphology of nickel oxide or combining 

with other conductive substrate for producing novel electrode materials for supercapacitors[3]. Recently, 

different morphology nickel oxide structures have been prepared through various methods to shorten the paths 

of charge transport and ion diffusion[4].  

 

 

Fig.1 (a) SEM image of NiO-400 ; (b) XRD spectra of precursor and final porous film 

Herein, we report a green solvothermal synthesis with following heart-treatment approach to prepareing porous 

NiO film on Fluorine-doped SnO2 (FTO) glass. In this work, ethylenediamine tetraacetic acid(EDTA) was used 

as structure-directing agent to promote the formation of loose porous structure. And the utilization of ethanol 

could control the hydrolysis rate ofnickel nitrate to produce uniform primary particles on the surface of FTO. 

SEM image of the obtained film clearly shows the vertical arrangement of crosslinked nanosheets, which form 

the porous structure(Fig.1a). The film owns large specific surface area, short pathways of ions and electrons and 

exposes more active sites. The XRD spectra diffraction exhibit the obvious transformation from nickel 

hydroxide to nickel oxide after being annealed in air(Fig.1b). The sharp diffraction peaks at 37.3°, 43.3°, 62.5° 

and 75.0° correspond to the well-crystallized cubic phase of NiO (JCPDS NO.47-1049). 

The electrochemical performance of the as-prepared porous film as a supercapacitor electrode was evaluated 

using a three-electrode configuration in 6M KOH aqueous solution with a voltage range of 0V to 0.5V. Cyclic 

voltammograms (CV) curves show typical cathodic and anodic peaks originating from the following typical 

redox reaction. 

 

                 
-- +↔+ eN i O O HOHNiO                  (1) 
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Fig.2 ( a) CV curves at a sweep rate of 2 mV s-1 for the samples calcined with different temperature; (b) Galvanostatic 

charge/discharge curves at different current densities for NiO-400 electrode 

As shown in Fig.2a, with the increasing of calcined temperature, the encircled area by the CV curves were 

decreased after the first increase. Apparently, NiO-400 presented the largest encircled area, implying the best 

capacitance behavior. Hence, high temperature can cause the collapse of structure and finally result in poor 

electrochemical properties. Galvanostatic charge/discharge experiment at different current density was further 

studied for NiO-400 (Fig.2b), the nonlinear charge-discharge curves further verify the pseudocapacitance 

behavior. The specific capacitance of NiO-400 was calculated to be 651.6 F g
-1

 at a current density of 2 A g
−1

. 

The excellent capacitor performance can be attributed to the porous structure of high crystalline electrode 

material with short diffusion path of electrolyte ions, high surface areas and increased electrical conductivity. 
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Quantum dots (QDs) are a new kind of inorganic fluorophores, gaining widespread attention due to their 

exceptional photophysical properties. They are being rapidly incorporated into present and emergent 

technologies, and could have an important part in many areas in the future [1]. However, properties of QDs 

are extremely sensitive to the processes occurring on the surface, limited QD applications. So a better 

understanding of the surface-related processes of QD will enable better control of photophysical properties 

of QDs for their applications [2-4].  

In the case of the interaction between QDs and ligand, exchange or removal of ligands can enhance, 

weaken or quench the fluorescence of QDs. Although the exact mechanism of the phenomena is still a 

matter of debate, the main explanation of that is usually associated with removal or formation of surface 

defects [7, 8].
 
As quenching sites, these defects produce non-radiative electron-hole recombination, 

reducing the PL of QDs [9]. In addition, it is naturally thought that ligand conformation (alkyl chain 

packing configuration on the surface of QDs) [10] change can also influence the fluorescence properties of 

QDs with no chang of the ligand. Although there is still no clear evidence, some works have implied the 

important role of the ligand conformation change for the optical properties of QDs. Therefire, it is much 

necessary to specifically study the effect of conformation changes in the capping layer on the PL properties 

of QDs.  

In our work, using oil-phase QDs as model, a tailor-designed experiment to modulate the conformation of 

ligand was employed to testify the effect of ligand conformation on the fluorescence properties of the QDs. 

In bioapplication, amphiphilic polymers are often employed to coat the oil phase QDs for transferring them 

from oil phase to water. Ligand molecules were partly exchanged with long hydrophobic alkyl chains. 

Because of the strong multivalent hydrophobic interactions between ligands, QD and ligands bind to each 

other and form highly stable complexes, leaving the unmodified portion of the backbone exposed to the 

environment with the carboxylic acids. So, we can control the conformation of ligands on QD surface. The 

influence of surface ligand conformation on the photoluminescence of QDs was studied by means of 

steady-state and time-resolved photoluminescence spectroscopy. The results indicated the radiative and 

nonradiative rate can be manipulated by altering the conformation of the ligands on the QD surface. 
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Supercapacitor, a type of energy storage device, is catching more and more attention in recent years 

attributed to their high power density, good stability, low cost, long cycle life, environmental friendliness 

and other excellent properties.
1, 2

 3D porous and self-supported carbon hybrids are promising electrode 

materials for supercapacitor application attributed to their prominent properties, such as binder-free 

electrode fabrication process, excellent electric conductivity and high power density etc.
3, 4

 

A novel 3D flexible C/C hybrid nanostructure was prepared by growing a layer of nitrogen-doped carbon 

nanotubes on the skeleton of carbon foam (N-CNTs/CF) with Fe nanoparticle as catalyst, ethylene diamine 

as C/N source via a chemical vapor deposition process. Optimization experiments showed that Fe 

nanoparticles decomposed from FeCl3 have much better catalytic efficiency than Ni and Co nanoparticles 

for N-CNTs growth. It was found that PEG can serve as a good dispersion and stabilizing agent to produce 

uniform N-CNTs layer with appropriate diameter by preventing iron ions from agglomeration. Moreover, 

the diameter of N-CNTs increases with increasing the concentration of FeCl3 (aq). 

The synthesized CNTs/CF hybrids were found to be excellent electrode materials for EDLCs. For the 

optimized 3D carbon hybrids of N-CNTs/CF2 (Fig. 1A and B), the average diameter of N-CNTs is 37.0 ± 

0.9 nm. The specific capacitance can reach 133.1 F/g and 63.3% of which could be retained when current 

density was increased 400 folds from 0.5 to 200 A/g (Fig. 1C and D). The present 3D carbon hybrids 

exhibit promising application in supercapacitors as advanced electrode materials. 
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Fig.1 SEM images of N-CNTs/CF2 at different magnification (A, B). Charge/discharge curves of N-CNTs/CF2 at 

different current densities (C). The change of specific capacitance with the increase of current density (D). 
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Coinage metal nanoclusters consisting of several to hundreds of atoms have attracted intensive attention 

due to their size-dependent unique physical and chemical properties resulting from the discrete energy 

levels and band-gap energy structures, and their widely potential application in biosensors, nanodevices, 

data storage, and catalysis etc.
1-6

 In recent years, compared to silver and gold, the reports on the synthesis 

and properties of copper nanoclusters are relatively limited for its susceptible to oxygen that render poor 

stability. However, the abundance, low-cost of copper and its properties distinctly different from silver and 

gold motivate us to find a new and efficient strategy for the preparation of copper clusters and explore their 

application in analysis. 

We report here a one-pot synthesis of sub-nanometer sized copper clusters capped with water-soluble 

ligand, L-glutathione (SGH) through a chemical reduction process. The composition of the as-prepared 

Cu6(SG)3 nanoclusters was confirmed by electrospray ionization mass spectrometry (ESI-MS) and 

matrix-assisted laser desorption ionzation time-of-flight mass spectroscopy (MALDI-TOF MS). The FTIR, 

NMR and XPS characterizations showed that with the production of Cu6(SG)3 clusters and the formation of 

Cu-S bonds, the surface chemical environment of the clusters exhibited significant change. The produced 

water-soluble clusters show aggregation-induced fluorescence upon the addition of ethanol into the cluster 

aqueous solution. By loading on TiO2 support, the as-prepared copper nanoclusters were successfully 

applied to the electrochemical detection of glucose. Compared to large Cu nanoparticles, the Cu6(SG)3 

nanoclusters exhibited higher sensitivity and wider linear range for glucose detection.  
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As is known, H2O2 is an important analyte which is closely related to our life in all respects, such as mining, 

environmental, pharmaceutical, food manufacturing and textile applications.
1
 There are different analytical 

techniques for the determination of hydrogen peroxide, e.g. chemiluminescence, fluorimetry, 

spectrophotometry, titrimetrphosphorescence and chromatography etc. Among of them, electrochemical 

method has the advantages of simple and fast detection process, cost-efficiency and high selectivity. For 

H2O2 detection, catalysts containing enzyme or nonenzyme play an important role in determing the sensing 

performance. Compared with enzymatic catalysts, the nonenzymatic catalysts are cheaper and they are 

usually not affected by temperature and humidity. Among the studied nonenzymatic catalysts, noble metal 

catalysts (e.g., Pd, Au, and Ag) show high detection performances for the detection of H2O2. To reduce the 

cost of catalysts, other cheaper electrode materials have also been used as nonenzymatic catalysts. Actually, 

highly ordered crystalline mesoporous SnO2 and bulk SnO2 have little activity to H2O2.
2
 Although SnO2 

nanocrystals show high catalytic activity to H2O2 reduction, it is hard to obtain the best performance of 

SnO2 nanoparticles because of the easy aggregation of SnO2 nanoparticles. Reduced graphene oxide as 

template can effectively prevent the aggregation of SnO2 nanoparticles. In recent years, SnO2/graphene 

composites have been applied to many fields, such as lithium-ion batteries
3,4

, supercapacitors
5
, 

photocatalytic degration catalyst
6
, gas sensor

7
, electrochemical detection of urea

8
 etc. However, to the best 

of our knowledge, this composite has never been applied in the electrochemical detection of H2O2. 

In this work, SnO2-rGO hybrid was fabricated using one-step hydrothermal process and the hybrid 

composite was successfully used as electrocatalyst for the detection of H2O2. Owing to the synergy effect 

between SnO2 nanoparticles and rGO, such hybrid nanocomposite showed excellent electrocatalytic 

activity towards H2O2 reduction with low detection limit (0.478 μM), wide linear detection range (0.5-800 

μM) and fast response (within 3s). These results demonstrate that SnO2–rGO composite could be a 

promising platform for nonenzymatic amperometric H2O2 sensing. 
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Carbon nanodots (CDs) possess attractive merits of green synthesis, easy functionalization, stable 

photoluminescence, low toxicity, high solubility and excellent biocompatibility [1]. Compared to typical 

toxic semiconducting quantum dots (such as CdSe and CdTe), CDs have found their more widespread 

biochemical applications. Nitrogen doped carbon nanodots (N-CDs), with amine molecules as the 

N-doping precursors and surface passivation agents, were reported to exhibit the enhanced fluorescence 

emission [2], which makes N-CDs promising candidates for developing sensitive biosensors, especially for 

environment and health-concerned heavy metal analysis. 

Herein, we successfully prepared N-CDs via rapid microwave pyrolysis of branched poly(ethylenimine) 

(BPEI) and citric acid (CA). Compared to previous synthesis, the present route is simple, time-saving and 

without complicated post-purification process. It is reported that the fluorescence of N-CDs with BPEI as 

the nitrogen precursor could be quenched by Cu
2+

 ions efficiently [3]. On this basis, we studied the 

fluorescence recovery behavious of N-CDs-Cu (ІІ) system by L-cysteine (Cys) based on the binding 

preference of Cys toward Cu
2+

 ions than N-CDs. The strong interaction between Cys and Cu
2+

 ions could 

result in Cu
2+

 removal from the N-CDs surface and the fluorescence recovery. Thus, we developed a 

switch-ON fluorometric biosensor for Cys with N-CDs-Cu (ІІ) system as the fluorescent probe. 
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Fig.1 The TEM image (inset: high resolution TEM 

image) of the as-synthesized CDs 
Fig.2 FL emission spectra of N-CDs, Cu2+ quenched N-CDs 

and Cys recovered N-CDs-Cu (ІІ) system. 
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Artificial enzyme mimetics has attracted significant current interest because natural enzymes bear some 

serious disadvantages such as high costs of preparation, purification and storage. The catalytic activity of 

natural enzymes can also be easily affected by environmental conditions, which quite restricts their 

widespread applications. Therefore, in recent years, great attention has been paid to the construction and 

discovery of novel nanomaterials with intrinsic enzyme-like activity for their low cost and high stability. 

Among them, many peroxidase mimetics have been successfully found and used for H2O2 detection. Most 

recently, TiO2 nanotube arrays (NTA) have been studied for glucose detection based on their excellent 

catalytic activity towards H2O2 reduction [1]. Here, novel nickel-palladium (NiPd) hollow nanoparticles 

were found possessing intrinsic peroxidase-like activity and a simple and sensitive glucose biosensor could 

be developed. 

NiPd hollow nanoparticles were prepared according to the procedure of literature [2] with a little 

modification. As shown in Fig. 1, the as-prepared NiPd hollow nanoparticles exhibited a narrow size 

distribution with an average size of 70 nm. Furthermore, the catalytic oxidation of peroxidase substrate as 

TMB and ABTS in the presence of H2O2 were tested. NiPd hollow nanoparticles can catalyze the oxidation 

of TMB and ABTS by H2O2 to give blue and green colors, respectively. At the same time, the colors of 

TMB and ABTS could hardly change when there are absence of NiPd hollow nanoparticles. Consequently, 

NiPd hollow nanoparticles are confirmed having intrinsic peroxidase-like activity and show great potential 

applications in the biosensing field. 
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Fig.1 TEM images of NiPd hollow nanoparticles at low (A) and high (B) magnification. 
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Upconversion luminescence (UCL) refers to the process of sequential absorption of two or more photons 

which leads to the emission of shorter wavelength than the excitation. With many superior physicochemical 

features, namely, large anti-Stokes shifts, low toxicity and autofluorescence background, high 

signal-to-noise ratio and penetration depth, upconversion nanoparticles (UCNPs) have attracted tremendous 

amount of attention as candidates of conventional downshifting luminescence materials (such as organic 

dyes and quantum dots) [1]. Due to those remarkable advantages, UCNPs, especially lanthanide ion (Ln
3+

, 

such as Er
3+

, Tm
3+

, Ho
3+

)-doped UCNPs, have been widely used in fluorescent bioprobes, biomedical and 

optoelectronic applications [2]. Therefore, it is of great importance to design and synthesize new materials 

functionalized with upconversion luminescence property and ideally uniform structures. 

Herein，we synthesized an effective Ln
3+

-doped upconversion nanoparticles material (NaYF4: Er
3+

, Yb
3+

) 

with hexagonal phase and high upconversion luminescence via a simple one-pot technique with a single 

preparatory step (Fig.1). The metal trifluoroacetates are used as effective materials which can provide the 

corresponding metal fluorides, fluorinated and oxyfluorinated carbon species after thermal decomposition 

[3]. At higher resolution, micrographs demonstrate clear crystal lattice expected for hexagonal NaYbF4 (Fig. 

2).The proposed UCNPs can emit obvious visible luminescence (red) excited by a 980 nm laser diode with 

the maximum power density of 100 mW cm
-2

. Development of the electro-optical switches based on this 

proposed UCNPs is now in progress. 
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Fig.1 The TEM image of UCNPs (NaYF4: Er3+, Yb3+). Fig.2 The HRTEM image of UCNPs (NaYF4: Er3+, Yb3+). 
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Cancer remains one of the major causes of death worldwide. Patients treated by conventional approaches, 

including surgery resection, radiation therapy, and chemotherapy, have many limitations[1]. The 

development of nanotechnology display great potential for cancer treatment.As a targeted and non-invasive 

therapeutic methodology, photothermal therapy (PTT), based on the principle of converting light energy 

into heat energy,has attracted much interest in cancertreatment [2]. Currently, the available PTT coupling 

agents mainly comprisemetal nanoparticles (Au,Ag,Pd and Ge) [3],and carbon-based nano-materials 

(carbon nanotubes and graphenes) [4]. However,the nature of these nanomaterials limits their application in 

PTT. For example, due to the low photostability of gold nanostructure, their NIR absorbance peak would 

diminish after laser irradiation, thus photothermal conversion capability has been greatly weakened. In 

addition, most of these photothermal agents are very expensive, and usually require complicated and severe 

synthesis processes. Also, carbon nanomaterials have shown effective photothermal effect to cancer, but 

they showed low photothermal conversion efficiency. Very recently, semiconductor nanoparticles,such as 

CuS, CuSe,have been demonstrated as an attractive photothermal coupling agent owing to its low cost, low 

cytotoxicity and strong NIR absorption from energy band transitions.However, the previously reported pure 

copper sulfide nanoparticles generally suffered from hydrophobic performanceor relative big particle size 

over 100 nm, or poor water dispersity and biocompatibility, which limited their further clinical application. 

So it is still of great necessity to develop strong NIR-absorption NPs with suitable size and good 

biocompatibility. 

Herein, we demonstrate our recent effortstoward application of semiconductor nanoparticlesfor killing 

tumor cells. Further, the semiconductor nanoparticleswere functionalized with bovine serum albumin (BSA) 

to give it excellent biocompatibility.The obtained semiconductornanomaterials exhibit high photothermal 

conversion efficiency of ~47.3% and NIR photostability, and thus can efficiently kill cancer cells upon NIR 

laser irradiation without damaging healthy tissues. 

Herein, we demonstrate our recent effortstoward application of semiconductor nanoparticlesfor killing 

tumor cells. Further, the semiconductor nanoparticleswere functionalized with bovine serum albumin (BSA) 

to give it excellent biocompatibility.The obtained semiconductornanomaterials exhibit high photothermal 

conversion efficiency of ~47.3% and NIR photostability, and thus can efficiently kill cancer cells upon NIR 

laser irradiation without damaging healthy tissues. 
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Fig.1 A) Relative tumor volume, B) mean tumor weights. 

C) representative photographs of the test mice on the 19th 

day and D) photographs of tumors. 

Fig.2Temperature elevation at various 

Bi2Te3concentrations under NIR laser irradiation (808 

nm). 
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In recent years, membrane materials and their products shows a wide range of applications in industry. 

Profound understanding of the electrical and thermal conductivity of various metallic nanofilms is 

important to study topics like device interconnects and gas or optical sensors [1, 2].The discrepancies 

between the metallic nanofilms and the bulk materials are considered to be ascribed to the structural defects, 

surface scattering and grain boundary scattering [3,4]. Although quantities of articles have investigated 

these abnormal properties, there is no systematic explain about how the surface structure affects nanofilms’ 

electrical properties. 

Here, the gold films grown on substrate by vacuum deposition were tentatively characterized with atomic 

force microscopy (AFM), their thicknesses were measured and their morphologies were investigated. The 

electrical resistivity of these gold nanofilms was measured by Hongda digital multimeter DT 9204 at room 

temperature. The relationship between the thickness and electrical resistivity of gold nanofilms was defined 

in the research range. Vice versa, it is simple and fast to obtain the thickness of gold nanofilms by this 

method. 
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Rapid industrial development has led to serious water pollution, which resulted in the lack of clean water 

supply. The traditional methods for water treatment in industry are not effective owing to the 

complicatedcomposition in polluted water,especially for organic pollutants.Organic pollutants general 

existing in industrial wastewaters and can’t be cleaned up efficiently. Nanomaterial and nanotechnology 

have evoked immense interest in the field of water treatment due to their large surface area and 

goodcatalytic performance. So far, several methods have been developed to solve the problem of water 

pollutions, such as photocatalysis, adsorption, and membrane filtration. These new materials and new 

technologies have greatly improved the efficiency of water treatment. However, compared with traditional 

processes, themore stable and economicalmethodsare needed. Nowadays, self-propulsion micromotor has 

attracted significant attention in many applications for their synergy and high efficiency during 

reaction.Here,a facile sodium dodecylsulfate (SDS) assistant hydrothermal method was demonstratedto 

synthesize interconnected 3Dprussian blue-graphene hydrogel. Benefiting from the well mechanical 

strength and well synergy features, the 3D hydrogel is directly applied as self-propulsion micromotor for 

water treatment. As depicted in Fig. 1,graphene is mainly used as a skeleton and catalyzes H2O2 to generate 

hydroxyl radicals in the degradation process, while prussian blue nanoparticles catalyze H2O2 to produce 

both hydroxyl radicals and oxygen bubbles. SDS serves as a capping agent, which can improve mechanical 

strength. The SDS also can lower the surface tension of oxygen bubbles and finally lead oxygen bubbles to 

exhaust quickly. The oxygen bubbles can accelerate the 3D hydrogel and hydroxyl radicals’ movement, 

which result in a fast reaction rate.Moreover, the self-propulsion micromotorkeeps high degradation 

efficiency even after cycling for 9 times. These excellent properties make the micromotor an ideal 

candidate for self-propulsion water treatment. 
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Sensetive and fast detection of sepcific DNA sequences is of great importance in identification clinical 

genetic diagnosis and forensic pathological investigation. Over the past decades, molecular beacon and 

fluorescence resonance energy transfer(FRET) have become popular methods for DNA detection. However, 

they need labeling probes at both ends with specific dyes and the labeling process often increases the time 

and expense. As such, a detection strategy which can directly detect DNA without labeling would greatly 

facilitate the development of reliable, rapid and cost-effective DNA detection assays. To this end, in recent 

years, much work is devoted to find new nanomaterials as fluoresence quencheres, including graphene 

oxide, WS2
1,2

, etc., which make the detection of DNA directly. In this work, we utilized cobalt-iron- 

phosphorus nanocube (CoFeP) as a fluorescence quencher for DNA detection. As the results showed, it was 

time-saving and simple, and the label-free desigen did not require sophisticated equipment. 

 

 

        
Fig. 1 SEM images and TEM images of the precursor(a, c)         Fig. 2 (a) Fluorescence spectra of PHIV and PHIV + CoFeP;  

and the phosphidated product(b, d).                            (b) fluorescence change of PHIV in the presence of CoFeP. 
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1D assemblies of metal nanoclusters (NCs) in water can significantly help in the understanding of many 

biological process and fundamental quantum mechanism of nanoscalesystem.
1
 Many methods have been 

developed to fabricate 1D nanoparticles arrays, such as template-directed self-assembly,
2
 interfacial 

organization,
3
 and the application of external fields.

4
 In contrast, rarely has effective assembled method 

been identified to fabricate 1D nanostructures of metal NCs with the hydrophilic thiolate ligands. Also, 

relative low quantum yield and poor stability of metal NCs have being recognized as a crucial issue on the 

way to their further applications. 

In this work, intensively luminescent Au/Ag alloy NCs with high stability were synthesized through 

galvanic replacement, starting from nonemissive and unstable AgNCs precursor. For the first time, we 

report self-assembly of water-soluble luminescent thiolated Au/Ag alloy NCs into 1Dnanostructures in 

water without use of any template or interface. The trick is the application of ultrasound to induce a 

thiolate-driven self-assembly process. Ag(I) thiolates can form continuous nanowire structures under 

sonication, which guide Au/Ag alloy NCs into 1D assemblies. The synergetic interplay of argentophilic 

interaction and hydrogen bonding between the carboxyl groups of ligands generates the driving force for 

1Dassemblies. These structures possess excellent potential for application to nanoelectronics, 

nanophotonics and nanosensors technologies where ultrathin linear nanostructures are required. 

 

Fig.1Scheme of synthesis of highly luminescent AuAg alloy NCs and the TEM images of 1D assembled nanochains. 
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The widely use of limited fossil fuels has resulted in severe environmental problems and this makes it 

meaningful to get energy from clean alternative energy sources 
1-3

. In this regard, direct ethanol fuel cells 

(DEFCs) are promising candidates for clean and renewable power sources 
4
. However, the 

commercialization of DEFCs is still not possible nowadays because of unsatisfying catalysts. Furthermore, 

compared with Pt-based nanocatalyst, the Pd-based catalyst holds comparable catalytic activity and lower 

price. Also, hollow nanoparticles can save materials and possess enlarged surface areas when compared 

with their solid counterparts. Consequently, the hollow Pd-based nanospheres is a promising catalyst for 

ethanol electrooxidation in DEFCs. 

Herein, Ni nanospheres were synthesized at first. Then hollow ternary NiPdAu nanoparticles were 

successfully prepared through partly galvanic displacement reaction between suitable metal precursors and 

Ni nanospheres. The structural and catalytic properties of as-prepared NiPdAu nanoparticles were also 

measured. 

 

Fig. 1 TEM images of unsupported (1) and carbon supported (2) NiPdAu nanoparticles (NiPdAu/C). Cyclic voltammogram 

(3) of NiPdAu/C in a 1 M ethanol solution in basic medium. 
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Graphene supported Pt-based nanocatalysts have been investigated extensively due to their high catalytic 

performance for fuel cells.
1,2 

Herein, a facile one-pot route was developed for effectively synthesizing PdPt 

core-shell nanoparticles with unique porous structure loaded on the surface of the reduced graphene oxide 

(rGO) composites, which did not need any of seed, organic solvent and high tempreture. The as-prepared 

rGO-supported porous PtPd nanoparticles catalysts exhibit excellent eletrocatalytic activities and stabilities 

for both methanol oxidation and oxygen reduction reactions compared to commercial Pt/C.  
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Two-dimensional graphene and its composite nanomaterials offer interesting physical/chemical properties 

and have been extensively explored in a wide range of fields in recent years. In this work, we synthesize a 

multifunctional superparamagnetic reduced graphene oxide-PEG–Fe2O3@Au hybrid nanocomposite 

(rGO–PEG-NP). HS-PEG-NH2 has been used as a bridge to link the Fe2O3@Au core@shell nanoparticles 

with rGO. A chemotherapy drug, doxorubicin (DOX), was loaded onto rGO–PEG-NP, forming a 

rGO–PEG-NP–DOX complex, which enables magnetically targeted drug delivery. rGO–PEG-NP also 

exhibits strong optical absorbance from the visible to the near-infrared (NIR) region, and can be utilized for 

localized photothermal ablation of cancer cells guided by the magnetic field. Our work suggests the 

promise of using multifunctional rGO-based nanocomposites for applications in cancer theranostics. 
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In this work, spheres-on-sphere (SOS) silica microspheres are prepared via a facile one-pot synthesis. After 

functionalization with carboxyl groups, the carboxylated SOS silica microspheres (SOS-COOH 

microspheres) can serve as a support for horseradish peroxidase (HRP) covalent immobilization. The 

obtained enzyme hybrid (SOS-COOH-HRP) is more stable under alkaline conditions than the free 

counterpart, and exhibits longer-term storage stability and higher resistance toward the denaturing agents 

such as guanidine hydrochloride (GdmCl) and urea. The Michaelis–Menten constant (Km) of the 

immobilized enzyme is decreased slightly while the maximum rate of reaction (Vmax) is very close to that 

of free HRP, resulting in the catalytic efficiency of SOS-COOH-HRP being enhanced significantly. For 

evaluating its utility, a SOS-COOH-HRP-based colorimetric method has been developed for selectively and 

sensitively detecting H2O2 both in buffer and 10% diluted human serum. Furthermore, the 

SOS-COOH-HRP displays excellent reusability and reproducibility in cycle analysis. The results 

demonstrate that the SOS-COOH-HRP has great potential for practical applications in biosensing and 

industrial fields. 
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Superparamagnetic magnetite (Fe3O4) has recently attracted much attention due to their novel 

physicochemical properties with a large variety of applications in the fields of data storage, catalysis, MRI 

contrast agent, hyperthermia-based therapy, and drug delivery. However, conventionally synthesized 

magnetic nanoparticles have been generally prone to aggregation and to corrosion in harsh environments. 

Herein, Fe3O4@3-aminophenol-formaldehyde (Fe3O4@APF) core-shell resin polymer magnetic 

nanocomposites were synthesized using a straightforward surfactant-free methodology (Fig. 1).
[1]

 The 

morphology, composition and magnetic properties of the resulting magnetic microspheres were 

characterized by scanning electron microscopy, X-ray diffraction, Fourier transform infrared spectroscopy, 

and thermogravimetric analysis measurements. The shell quickly formed within 5 min and could be easily 

size tunable in the range from 15 to 137 nm by changing the concentrations of 3-aminophenol and 

formaldehyde.The magnetic microspheres were uniform in morphology and can be converted to 

Fe3O4@carbon magnetic nanocomposites because of their excellent thermal stability. Moreover, 

Fe3O4@APF magnetic microspheres have excelling adsorption properties in the removal of methyl blue 

(Fig. 2). 
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Fig.2 Adsorption mechanism of methyl blue onto 

Fe3O4@APF. Inset shows images of methyl blue solutions 

before and after using Fe3O4@APF (0.8 g/L). 

Fig.1 SEM images of Fe3O4@APF magnetic 
microsphere composites. 
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The synthesis of colloidal supraparticles based on self-assembly of nanoscopic objects has attracted much 

attention and given rise to new potential functional materials[1-4]. Herein, we have developed a facile 

seed-mediated synthesis method for the preparation of self-limiting monodisperse gold “meatball”-like 

superparticles with uniform diameters. These gold supraparticles with core-shell morphology are based on 

the building blocks of flexible nanoarms. Also, average particle size of gold ”meatball”-like superparticles 

can be tuned over the range of 20-100 nm by varying the amount of the seed solution added to the growth 

solution. The synthesized gold supraparticles exhibit collective surface-enhanced Raman scattering (SERS) 

effect for p-Mercaptoaniline (pMA) due to their rough surface. 
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Fig.1 A typical TEM image of 

“meatball”-like supraparticles 
Fig.2 SERS spectra of pMA at different locations in 

superparticles 
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In a typical competition assay, the addition of a medium initially transfers the signal of chemical probe 

based on the special interaction, and then the analyte readily reconverts the signal through the selective 

binding of the medium from probe owing to the higher binding affinity between analyte and medium. 

Without the tedious synthetic and labelling procedure, the competitive assay approach is attractive for 

developing novel chemical and biological probes. [1, 2]
 

Based on their intrinsic high sensitivity and spatiotemporal resolution, fluorescent sensors are undoubtedly 

one of the most efficient and accessible devices that have been used in biomedical diagnosis and 

biomolecular recognition. As an emerging and promising type of fluorophores, the fluorescent noble metal 

nanoclusters (NCs, typically Au and Ag) have recently been developed and applied in biosensing and 

bioimaging due to their ultrasmall size, good biocompatibility, and obvious intrinsic fluorescence. [3, 4] 

Recently, several fluorescent and colorimetric sensing ensembles for pyrophosphate have been developed 

based on the reversibly competitive coordination of metal ions (e.g. Cu
2+

, Fe
3+

 or Zn
2+

) between the probes 

and pyrophosphate. Meanwhile, pyrophosphate is one of the natural substrates of phosphatase, whereas its 

enzymatic hydrolysate, orthophosphate, has a low affinity to the metal ions. Therefore, we have established 

a highly sensitive and selective real-time assay of phosphatase activity inspired by the competitive binding 

of the metal ions between fluorescent AuNCs and pyrophosphate, accompanied by a fluorescence turn 

off-on-off process.
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Phosphate, which is implicated in the frequent eutrophication of lakes and costal water, is a well-known 

contaminant of water resource. The phosphate levels in body fluids can also provide information about 

diseases such as kidney failure, hypertension, vitamin D deficiency and Franconia syndrome [1]. Therefore, 

the determination of phosphate is of significant importance. Lanthanide sensitized luminescence has been 

well established as sensing platform for the detection of various analytes, which can provide large Stokes 

shift, narrow emission bands and long luminescence lifetime [2]. Herein, we developed a facile and rapid 

fluorescent sensor for PO4
3-

 based on Tb
3+ 

complexes, in which carbon dots (CDs) functioned as a 

fluorescence-enhanced reagent rather than a conventional fluorescence probe. Enoxacin (ENX) could serve 

as an ideal antenna ligand to sensitize the luminescence of Ln
3+

, since it contains carbonyl and carboxyl 

groups to coordinate with Ln
3+

 [3]. Amino-functionalized CDs fabricated by hydrothermal carbonization of 

chitosan was found to dramatically enhance the fluorescence of Tb
3+

-ENX complexes. Previous studies 

have indicated that PO4
3-

 ions have high affinity with lanthanide metal ions like Tb
3+

 or Eu
3+

 [4]. Then, a 

fluorescence quenching behavior was observed with the addition of PO4
3-

 to the system, which permitted 

the detection of PO4
3- 

in the range of 50 nM to 25 μM. The high sensitivity together with the instantaneous 

fluorescence changes make this sensor promising in practical application.  

 

Fig.1 The fluorescence spectra under the diiffrent concentrations of PO4
3- and the plot of fluorescence responses versus 

various concentrations of PO4
3-. 
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Colloidal metal chalcogenide semiconductor nanocrystals (CMCSNs) with precisely controlled 

compositions and morphologies have shown fascinating physical and chemical properties, which have the 

potential to impact the fields of energy, environment and healthcare. Especially I-III-VI2 and I2-II-IV-VI4 

types CMCSNs have received much attention in photovoltaic fields due to their excellent electrical and 

optical properties.
1
 However, it has been noted that the limited annual production of the scarce elements In 

and Ga would restrict production capacity of the CIGS photovoltaics. Though the CZTS consists of earth 

abundant elements, the power conversion efficiency leaves much to be desired. Therefore, it is in urgent 

need to design new materials that are facile to be synthesized and optimal for solar cells. Thus, increasing 

the absorber p-type doping concentration would enhance VOC of CZTS solar cell, which may be addressed 

by incorporating element In in CZTS to generate defect InSn owing to the formation energies of InSn defects 

are likely to be low.
2,3

 Relative to binary chalcogenides, ternary I-III-VI2 (I = Cu; III = Al, Ga, In; VI = S, 

Se) group compounds can be looked on as the substitution of group I and III atoms for group II atoms, with 

the octet rule obeyed (see Fig. 1).
4
 Quaternary I2-II-IV-VI4 compounds of Cu2ZnSnS4 (CZTS) can be 

regarded as further splitting ternary CuInS2 by replacing the two In (III) atoms with one Zn (II) atom and 

one Sn (IV) atom (see Fig. 1).
4
 Similar ionic sizes of the Zn

2+
 (0.60Å), In

3+
 (0.62Å), Cu

+
 (0.60Å), Sn

4+
 

(0.55Å)
5
 and their coordination models may result in The sequential cation cross-substitutions from binary 

II-VI to ternary I-III-VI2 to quaternary I2-II-IV-VI4 chalcogenides. Following cation cross-substitutions 

concept, the most complex form of the combination of these four metal cations, quinary Cu3ZnInSnS6, also 

could be obtained. Yet it is still a blank field for materials science. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Here we report the synthesis of I3-II-III-IV-VI6 nanoplates of Cu3ZnInSnS6 (CZITS) for the first time. 

The as-prepared CZITS nanocrystals have hexagonal symmetry with the P63mc space group, which is 

refined through Rietveld analysis. These nanocrystals have regular hexagonal plate form with sharp edges 

which lie flat on edge and self-assemble into 2D arrays (see Fig. 3). The CZITS nanoplates have suitable 

band gap of 1.48 eV, which approach the optimum value for solar photoelectric conversion. To evaluate the 

potential applicability of wurtzite CZITS nanorods as a photovoltaic material, the I–V curves of CZITS thin 

film have been measured in the dark and under illumination of the solar simulator. Under light irradiation, 

the current of the CZITS nanoplates at 1V is 60 µA, 2.3 times higher than that in the dark (26µA). The 

Fig. 1 illustration of the process of producing quinary 

Cu3ZnInSnS6, starting from a II–VI parent compound of  

ZnS. 

 

Fig. 2 Experimental (black crosses) and Rietveld fit 

(red line) XRD patterns of CZITS nanocrystals. The 

pink line shows the fitting residual difference. Bragg 

positions are represented as green ticks 
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Ilight/Idark ratio of CZITS nanoplates film is larger than that of some CZTS nanocrystals films.
6, 7

 Moreover, 

after annealing at 400℃, these hexagonal CZITS nanoplates coalesce into larger grains accompanied by 

phase transfomation, which have significant importance for the improvement of the performance of solar 

materials with microstructures. 
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Fig. 3 TEM (a) and HRTEM(b) images of CZITS nanoplates. Inset: size distribution of the prepared 

nanoplates. SAED pattern of a single CZITS nanoplate recorded along the [001] zone axis (c). 
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Thiocyanate anion (SCN
-
) poses potential threat to environment and human body, owing to its cumulative 

effect deriving from various sources such as cigatettes, waste water and food. SCN
-
 proves to be a small 

metabolite of CN
-
, the accumulation of which arises from tabacoo smoke exposure 

[1]
. Besides, SCN

-
 can 

effectively block the uptake of iodide, leading to less formation of thyroxine. Exorbitantly high level of 

SCN
- 

gives rise to vertigo and unconsciousness 
[2]

. All of these abovementioned aspects underline the 

determination of SCN
-
. Optical sensing approches, which possess significant merits such as high sensitivity, 

low cost and easy operation, have attracted more and more attention for the detection of SCN
- [3, 4, 5]

. To the 

best of our knowledge, all previous optical sensors have been focused on single readout, either colorimetric 

or fluorimetric.  

In this work, we proposed a novel, highly sensitive and selective dual-readout “light on” sensor based on 

the gold nanoparticles (AuNPs)-carbon dots (CDs) assembly for the detection of SCN
-
. 

Amino-functionalized CDs could be adsorbed on the surfaces of citrate-stabilized AuNPs via electrostatic 

interaction, leading to the aggregation of AuNPs and the quenching of the CDs fluorescence. However, the 

introduction of SCN
-
 could release the adsorbed CDs, and as a result, the AuNPs were protected from 

aggregation and the fluorescence of the CDs was recovered. A discernible change in the color of the 

solution was observed at a SCN
-
 concentration of 2 μM by naked eyes and a detection limit as low as 0.10 

μM was obtained by virtue of fluorescence spectroscopy. Both colorimetric and fluorometric sensor 

exhibited excellent selectivity toward SCN
-
 over other common metallic ions and anions. Such sensing 

assay featured simplicity, rapidity and ease of operation. The accuracy and precision were evaluated based 

on the quantitative detection of SCN
-
 in human saliva samples with satisfactory results. 
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Fig.2 (A) Photographs of colorimetric responses 

toward various concentrations of SCN-. (B) UV-vis 

absorption spectra and (C) fluorescence spectra of 

the proposed sensing system. 

 

Fig.1 Schematic principle of SCN- detection by 

using the dual-mode nanosensor with both 

colorimetric and fluorometric readout. 
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Hg
2+

 represents a serious threat to the environment and human health [1].Fluorophore-based sensors for 

Hg
2+

detection have received great attention due to their high sensitivity, good selectivity, and fast analysis 

[2, 3]. However, fluorescence (FL) sensors always requirewater-compatible fluorescent probe that can work 

effectively in aqueous solution.Carbon quantum dots (C-dots) have recently been actively studied as a new 

member of carbonaceous fluorescentaterial owing to their unique optical properties, resistance to 

photo-bleaching, chemical inertness, water solubility, low toxicity, and biocompatibility [4]. 

Herein, C-dots with high fluorescence quantum yields were successfully synthesized. TEM investigation 

showed uniformly dispersed particles. XPS and Raman studies showed a uniform surface state band 

structure for C-dots. The fluorescent property of C-dots was found insensitive to environmental conditions 

such as ionic strengthand pH values. When used as fluorescence probe, the resulting C-dots showed 

excellent detection sensitivity and ion selectivity. The applicability of C-dots as fluorescence probe in 

label-free Hg
2+

 detection for water was demonstrated. 
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Fig.1 UV-Vis spectra for resultingC-dots with differentprecursor mass ratios. 
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The present study, demonstrates the novel approachfor the synthesis of new nanostructures of cobalt oxide 

(Co3O4) by hydrothermal method using water soluble amino acids such as L-arginine, L-aspartic acid, 

L-isoleucine, L-leucine, L-serine and L-threonine. The prepared nanostructures are explored by X-ray 

diffraction (XRD), scanning electron microscopy (SEM) and transmission electron microscopy (TEM). The 

cobalt oxide nanomaterial possesses well defined morphology and high purity. All the fabricated electrodes 

work very well for the non-enzymatic sensing of glucose. The calculated sensitivity for arginine, aspartic 

acid, isoleucine, leucine, serine, and threonine assisted cobalt oxide nanostructures are in order 1041.95, 

826.81, 1169.81, 1015.67, 4169.00, and 594.95 µA/mMcm
2
 respectively. Among all glucose sensors,  the 

serine assisted cobalt oxide nanostructures based sensor exhibited highest sensitivity of 4169.00 

µA/mMcm2 and low limit of detection about 0.01 µM (S/N=3). The serine assisted cobalt oxide 

nanostructures based sensor is selective, reproducible and stable. The practicality of serine assisted cobalt 

oxide nanostructures based glucose sensor was also studied by quantifying the glucose levels from human 

blood serum. 
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Graphene, a two-dimensional form of carbon atoms with the hexagonal lattice structure, has been 

considered as a potential electrode matrix for lithium-ion batteries due to its large theoretical specific 

surface area, high electric conductivity, and good mechanical properties and chemical stability. However, 

graphene sheets tend to form irreversible agglomerates or even restack to form graphite due to their strong 

- stacking and van der Waals interactions between the intersheet of graphene, resulting in a dramatic 

decrease of the surface area. Additionally, the full utilization of graphene sheets is the limited cross-plane 

ion diffusion due to their large sheet aspect ratio.[1-5] 

To fully utilize and further explore the new functions of graphene, we designed a new kind of porous 

graphene (p-rGO) through the carbothermal reaction between graphene and metal oxide nanoparticles 

produced from nickel nitrate. Subsequently, the porous graphene was adopted as the carbon matrix to 

deposit eletroactive NiO nanoparticles. When tested as anode materials for lithium-ion batteries, the porous 

p-rGO/NiO composite showed better lithium-storage capctity and higher rate performance, which mainly 

ascribed to the porous sructure of the porous graphene sheets. 

       
Fig.1 TEM images of (a, b) rGO/NiO, and (c, d) p-rGO.        
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Fig.2 (a) Cycling stability at 100 mA g-1 and (b) 

rate performances of p-rGO/NiO and rGO/NiO 

composites. 
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Gold nanoparticles are particularly attractive platforms for biosensors, diagnostics and therapeutics due to 

their uniqueoptical and electronic properties[1].However, the stability of Au nanoparticles (AuNPs) 

severely limited their applications. To resolve this problem, many efforts have been made to improve the 

stability of AuNPs by encapsulating AuNPs with organic and/or inorganic shell. Among various materials, 

silica is one of the most popular inert materials forsurface modificationdue to its biocompatibility, optical 

transparency,robust chemical stability and ease of surface functionalization[2]. A number of reports have 

been devoted to silica coating ofcolloidal nanoparticles such asStöber synthesis[3], use of silane coupling 

agents, and thesodium silicate water-glass methodology[4]. The key point for the successful synthesis of 

Au@SiO2 core-shell particles lies in the accurate control over the thickness and uniformity of silica shell, 

which greatly influences the optical properties of the as-synthesized Au@SiO2 nanoparticles. 

Herein, we developed a simple and efficient method to prepare Au@SiO2 core-shell nanoparticles with 

controllable silica shell thickness in the range of several nanometers to tens nanometers.PVP-protected Au 

nanoparticles with the diameter of 16-100 nm were synthesized via the seed-mediated method. The 

subsequent growth of the silica shell wasobtained via one-step Stöber’s method, i.e. the hydrolysis and 

condensation silica precursor in alkaline alcohol solution.The synthesis processis highly controllable, 

producing core-shell nanoparticles that contain a single Au nanoparticle each with a uniform and conformal 

silica shell.The as-prepared Au@SiO2 nanoparticles provide a sound foundation for the subsequent surface 

modification with fluorescent dyes and/or biomolecules, which will find promising applications in cell 

imaging and biosensors. 
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Fig.1The typical TEM image of as-prepared Au@SiO2 nanoparticles. The diameter of AuNPs is 

109.8 ± 8.6 nm, and the thickness of silica shell is 13.3 ±1.6 nm. 
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The introduction of nanometer-sized electrodes promise significant advances in electrochemical studies, 

such as insight into fast heterogeneous and homogeneous reactions, measurement in space restricted 

microenvironments, and ultrahigh-resolution electrochemical imaging. 

A traditional method for nanoelectrode fabrication is top down to bottom, in which a metal fiber was 

encapsulated into glass capillary. The nanosized tip of the metal fiber could be obtained either at the same 

time of enlongation of the capillary [1-3] or before its encapsulation. [4] From the perspective of the other 

side, here we report a bottom-up strategy for the fabrication of nanoelectrode. It has been reported that 

nanoparticles can be self-assembled into multilayer film, which could be electronically conductive like bulk 

materials. [5] Gold nanoparticles was filled into a capillary with orifice sized down to nanoscale, then 

concrete them into solid form. 
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Fig.1 Microscope image of the tip of nanoelectrode. 
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Solar-driven photocatalytic process based on electron-hole pair production in semiconductors is a long 

sought-after solution to a green and renewable energy and has attracted a renaissance of interest 

recently.
1
However, a drawback of the Semiconductor photocatalytic systems is that the photogenerated 

electrons and holes arising from the excited states of semiconductor nanocrystals are unstable and can 

easily recombine, which results in low photocatalytic efficiency.
2,3

 A promising attempt to solve this 

problem is by combined use of metal nanoparticles and graphene nanosheets, by taking advantage of strong 

and localized plasmonic near-field to enhance solar absorption and the efficiency of the charge separation.
4
  

 

Here, we report a novel semiconductor/metal HNC photocatalyst based on CdSe/CdS-Au core-satellite 

HNCs and their assembly on GNS for visible-light dye photodegradation and H2 production from water. 

Figure 1 briefly illustrates the preparation of CdSe/CdS-Au (QD/Au) core-satellite HNCs , their assembly 

on GNS, and the localized surface plasmon resonance (LSPR) effect on charge separation and transfer 

process of QD/Au HNCs.  

 

The as-synthesized photocatalyst exhibits excellent plasmon-enhanced photocatalytic activities toward both 

photodegradation of organic dye and visible-light H2 generation from water (Figure 2). The rate of H2 

evolution achieves a maximum of 3113μmol h
−1

 g
−1

, which is about 155% enhancement compare to 

nonplasmonic QD-G sample and 340% enhancement compare to control QD-Au-G sample,and its QE is 

about 25.4%. The enhanced photocatalytic activity rise from the special exciton-plasmon interactions of the 

semiconductor/metal HNCs. Moreover, combining the HNC photocatalyst with GNS further enhances the 

photocatalytic activities because GNS possesses an excellent electron transport property and an extremely 

Fig.1 Preparation and photocatalytic mechanisms of the semiconductor/metal core-satellite HNC. (a) Schematic 

illustration of the preparation of CdSe/CdS-Au (QD/Au) core-satellite HNCs and their assembly on reduced 

graphenenanosheets. (b) The charge separation and transfer process of the QD/Au HNCs by the localized SPR effect. 

Fig 2.Photocatalytic applications of the composite QD/Au-G photocatalyst. (a-b) Photodegradation of methylene blue 

(2.7 × 10-5 M,10 mL) and rhodamine B(0.01g/ml)under visible light (> 420 nm) over QD/Au-G, QD-G, and QD-Au-G 

photocatalysts (3 mg), respectively. (c) Comparison of the visible-light photocatalytic activity of the samples QD/Au, 

QD, QD-Au and their graphene composites(QD/Au-G, QD-G, QD-Au-G) for the H2 production using an aqueous 

solution containing 0.35 M Na2S and 0.25 M Na2SO3 as a sacrificial reagent, a 300 W xenon arc lamp was used as the 

light source. (d) The H2 production rate of the QD/Au, QD, and QD-Au and their graphene composites (QD/Au-G, 

QD-G, QD-Au-G). 
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high specific surface area. This system may provide a good platform for further nanoengineering of this 

new class of semiconductor/metal HNC system (with size/morphology control, band gap and composition 

engineering of the semiconductor/metal components) for optimal plasmon-enhanced photocatalytic 

applications. 
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Gold nanorods(GNRs) with suitable aspect ratios have strong localized surface plasmon resonance (LSPR) 

absorption and scattering in the 650-900 nm near-infrared region, which make them attractive for in vitro or 

in vivo imaging and photothermal cancer therapy.[1]But they often suffer from cytotoxicity and instability 

for practical applications,[2] and therefore need further surface modification to solve these issues. In this 

work, GNRs coated with biocompatible polyaniline (PANI) are used as a stable and highly efficient 

photothermal agent for cancer cell ablation. Fine-tuning of LSPR response of the GNR/PANI core-shell 

nanoparticles, via thickness-controlled coating of the PANI nanoshells, optimizes the agent’s photothermal 

conversion efficiency. As a result of contributions from the GNR core and PANI shell, the capability of 

photothermal transduction of the resultant nanoparticles at 808 nm is greatly enhanced. After exposure to a 

continuous NIR laser at 808 nm for ~ 5 min, cancer cells were efficiently ablated requiring only very low 

laser flux of 0.6 W cm
–2

, the lowest value reported so far for plasmonic nanostructures, showing the great 

potential for photothermal cancer therapy. 

 

 

In summary, fine-tuning of LSPR response of the GNR/PANI core-shell nanoparticles, via 

thickness-controlled coating of the PANI nanoshells, can optimize the agent’s photothermal efficiency. 

After incubation of the nanoparticles with HeLa cells and exposure to a near-infrared laser at 808 nm, a 

threshold energy to kill the cancer cells in our work was found to be 0.6 W cm
–2

, which is the significantly 

lowest value reported so far for plasmonic nanostructures. The extremely high photothermal conversion 

efficiency, tunable LSPR properties, along with low cytotoxicity and colloidal stability, make the 

as-prepared plasmonic GNR/PANI core-shell nanoparticles very promising as dual imaging/therapy agents 

for potential cancer theranostic applications. 
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Fig.1Schematic illustration of PANI-coated GNR (GNR/PANI) as a novel and 

high-efficiency hybrid nanoagentforphotothermal ablation of cancer cells and the NIR 

tunability of GNR’s longitudinal LSPR peak after the polymer coating. 

 

 

 

 

 

 

 
Fig.2(A)Cytotoxicity assays of HeLa cells 

in the presence of GNR/PANI 
nanoparticlesunder different laser power 

density.(B-F) Typical optical microscopy 

images of HeLa cellsunder different laser 
power density.Scale bar: 50 μm. 

 

 
 

Fig.3 Optical microscopy images of HeLa cells treated with different concentrations of 

GNR/PANI solution. scale bar: 50 μm. 
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The present study offers a novel course towards synthesis of NiO nanostructures via application of various 

green amino acids used as an efficient template. The nanostructures were accomplishedthrough 

hydrothermal methodology assisted by arginine, aspartic acid, isoleucine, leucine, serine and threonine 

respectively.Various morphologies have been studied by using different techniques such as X-ray 

diffraction (XRD), scanning electron microscopy (SEM), and transmission electron microscopy (TEM). 

The newly synthesized nanostructures were analyzed for their electro-chemical properties and used in the 

development of non-enzymatic glucose sensors. Thenewly developed sensorspresented promising results in 

terms of sensitivity, selectivity and stability. The isoleucine structure has shown maximum sensing 

abilitywith higher sensitivity of 4928.5 µA/mM/cm
2
, greater stability and an excellent anti-interference 

capability compared to other nanostructures. The limit of detection (LOD) and limit of quantification (LOQ) 

were also found to be 0.01 (S/N = 3) and 1.9 µM respectively. Furthermore, the application of 

isoleucine-assisted NiO nanostructures for real sample analysis demonstrates the practical analytical 

application in the development ofnon-enzymatic glucose sensor.  
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In recent years, nano/micrometer-scale magnetic materials have attracted much attention due to their 

potential applications in ferrofluids, gas sensors, catalysts, colored pigments, information storage, medical 

diagnostics, and so on [1,2]. Among these materials, Fe3O4 has been most intensively studied for its 

excellent physical and chemical properties which are greatly affected by the synthetic route and the 

nanocrystals’ morphologies [3-5]. As far as the application in biological fields is concerned, the hollow 

magnetic spheres with their excellent properties and potential applications have received much attention. 

For example, they can act as promising drug deliverers which can provide maximum signal owing to their 

hollow interior structures, large surface area and high magnetic saturation [6,7]. 

In this work, we fabricated uniform-sized Fe3O4 hollow spheres with average diameter of 250 nm and shell 

thickness of ~50 nm have been successfully synthesized through a simple hydrothermal route with the 

presence of di-n-propylamine (DPA) as a weak-base. The reaction time and DPA amount play important 

roles in the formation of the magnetite hollow spheres. XRD, XPS, FT-IR, SEM and TEM have been used 

to characterize the structure of the products. The results show that the single-crystalline Fe3O4 hollow 

spheres are composed of well-aligned magnetite nanoparticles. The magnetic property investigation shows 

that these hollow spheres have a higher saturation magnetization (Ms) than the solid spheres. Furthermore, 

a possible mechanism for the formation of magnetite hollow spherical structures is proposed based on the 

experimental observations. According to this mechanism, the MFe2O4 (M=Mn, Co, Ni) ferrite hollow 

spheres are also obtained. 
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Fig.1 (a) Low magnification and (b) high magnification SEM images 

of Fe3O4 hollow spheres; (c) low magnification and (d) enlarged TEM 

image of Fe3O4 hollow spheres. 
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In recent years, the dyes, which are widely used in industries, are discharged in wastewater resulting in 

adverse effects on human living standard and animal health. The development of high-performance 

adsorbents for removal of dye pollutants is an effective way to this issue. However, the preparation of 

adsorbents with the rapid separation and easy regeneration is still a difficult problem [1-3].  

Here, a novel membrane adsorbents with in situ concentration and degradation will be explored based on 

the titanium dioxide functionalized carbonaceous nanofibers. The fabrication of the membranes offers an 

effective approach to overcome the separation problems of the power adsorbents while the self-cleaning 

ability of the as-prepared membranes provides the possibility to achieve the facile regeneration. The details 

are shown as follows: the carbonaceous nanofibers with abundant oxygen-containing groups such as OH 

and C =O will be prepared by a template-directed process; the titanium dioxide nanoparticles will be 

anchored on the carbonaceous nanofibers by the facile hydrothermal method; then the free-standing 

carbonaceous nanofiber membranes will be fabricated using a simple casting process; at last, the 

as-prepared membranes will be used to treat the wastewater and the adsorption behavior and the 

self-cleaning ability of the membranes will be also investigated. It will provide a new platform for meeting 

the increasing demand for fresh water and the decontamination of wastewater. 
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Fig.1 Overview of the synthesis of titanium dioxide/carbonaceous nanofiber membranes. 
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Direct electron transfer (DET) with proteins is very significantin various fields related to proteins-based 

biosensors and biofuelcells, and has interested us for many years
1, 2

.Since the redox-active center of an 

enzyme isdeeply embedded in its protein shell, the distance between theenzyme redox center and the 

electrode surface should bereduced by modifying the electrode surface. 

Carbon nanomaterialsare ideal modification materials for enzyme electrodes becausethey have a wide 

variety of nanostructures, including carbonnanotubes (CNTs), fullerene, graphene nanosheets, 

mesoporouscarbon and carbon nanofibers (CNFs)
3-5

. These carbonnanomaterials can act as nanoscale 

electrical wires between theenzyme and the electrode. 

The CNF sidewalls are morereactive and the surface structure is easier to functionalize byusing various 

chemical modifications.This characteristic isparticularly important with regard to controlling the 

surfaceconditions of CNFs, such as hydrophilicity or biocompatibility.These conditions are directly related 

to the activity and stabilityof modified enzymes because they are strongly related toenzyme adsorption and 

the enzyme structure on the electrodesurface. 

Here, we report on the efficient DET of enzymes with ahydrophilic CNF-modified electrode, which we 

prepared with asimple one-step UV/ozone treatment. This easy modificationtechnique can efficiently 

introduce oxygen functional groupshomogeneously into a nanostructured CNF, and realizehomogeneous 

dispersion and interfacial adhesion between aCNF and an electrode. We observed the efficient DET of 

BODand cyt c at a treated CNF-modified nanocarbon film electrode.The mechanism of efficient DET with 

enzymes was explainedby analyzing the surface morphology, wettability and thecondition of oxygen 

functional groups.We also try to apply the carbon nanomaterial based electrodes for detection of drugs or 

environmental contamination
6
. 
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The increasing demand for energy and growing concerns about energy storage and conversion technologies 

are intensely stimulating the researches on exploring new alternative energy sources [1]. Supercapacitors 

have attracted considerable attention in recent years because they can provide instantaneously a higher 

power density than batteries and higher energy density than conventional dielectric capacitors [2]. Nickel 

oxide is an attractive candidate in supercapacitor applications due to its layered structure with large 

interlayer spacing and high theoretical specific capacitance [3]. 

Various methods have been reported to prepare nickel oxide nanomaterial, but preparation via calcination 

of nickel oxalate is a relatively novel approach and has not been intensively investigated yet. Herein, we 

reported the preparation of nickel oxalate nanomaterial via hydrothermal method. The low-magnification 

SEM image (Fig. 1A) reveals that the prepared nickel oxalate nanomaterials are spindle-like. The average 

size of the nanomaterial is about 15 μm. With enlarging the magnification, a flower-like structure can be 

observed as shown in Fig. 1B. Besides that, the capacitance behaviors of the nickel oxalate and the 

as-resulted nickel oxide are both investigated. 

 

 

Fig.1 Typical SEM images of nickel oxalate nanomaterial in low (A) and high (B) maginifications.  
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Conducting polymers(CPs) are suitable host matrices due to their advantages of permitting a facile 

electronic charge flow through the polymer matrix in electrochemical processes[1,2]. Polypyrrole(PPy), as 

one of the most promising CPs, has wider potential applications in sensors[3,4]. Metallic nanoparticles 

(MNPs),such as silver nanoparticles (AgNPs) and gold nanoparticles (AuNPs), have also been extensively 

used to fabricate different kinds of sensors. It was found that the conductivity and sensing behavior of CPs 

could be further improved by imbedding MNPs into polymer matrix to form a CP-MNP composite[5]. 

In our work, silver core-induced polypyrrolenanotablets(Ag-PPyNTs) were successfully synthesized via 

in-situ chemical oxidation polymerization of pyrrolemolecules. Furthermore, Ag and AuNPswere 

assembled onto the as-prepared Ag-PPyNTs by electrostatic interaction to fabricate two nanohybrids of 

Ag-PPyNT-Ag and Ag-PPyNT-Au(Figure 1). The created Ag-PPyNT-Ag and Ag-PPyNT-Aunanohybrids 

werethen immobilized onto glassy carbon electrodes and applied to construct hydrogen peroxide (H2O2) 

and dopamine (DA) biosensors. It was found that the fabricated biosensors with Ag-PPyNT-Ag and 

Ag-PPyNT-Au nanohybrids are highly specific for sensing H2O2 and DA, respectively. The Ag-PPyNT-Ag 

based H2O2 biosensorexhibited a fast amperometric response to H2O2 with a linear range from 0.01 mM to 

3.01mM and a detection limit of 1.8µM, and the Ag-PPyNT-Au based DA biosensorhasa linear detection 

range from 1 µMto 5.20mM and a detection limit of 0.36µM. 

 
Figure 1.Morphological characterizations: (a,c,e) typical SEM images and (b,d,f) corresponding TEM images of (a,b) 

Ag-PPyNTs, (c,d) Ag-PPyNT-Agnanohybrids, and (e,f) Ag-PPyNT-Aunanohybrids. The insets (b,d,f) are the corresponding 

HR-TEM images. 
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To detect hydrazine with electrochemical methods, differentmaterials have been used to modify the 

electrodes.Amongthose, manganese oxides (MnO2, Mn2O3) have been explored forthe oxidation of 

hydrazine efficiently and selectively in electrocatalysis[1]. Conducting polymers(CPs) are suitable host 

matrices due to their advantages of permitting a facile electronic charge flow through the polymer matrix in 

electrochemical processes [2,3]. Polypyrrole(PPy), as one of the most promising CPs, has wider potential 

applications in sensors[4,5]. 

In our work, we demonstrated a facile hydrothermal synthesis of MnO2-PPynanocomposites and explored 

the synthesized materials for fabrication of N2H4 electrochemical sensor(Figure 1). With the hydrothermal 

reaction, the size and shape of MnO2 on PPy surface can be effective controlled by adjusting the reaction 

condition. After the combination of MnO2 with PPy, theconductivity of MnO2-PPy composites can be 

improved, leadingto higher sensitivity for N2H4 determination when comparedwith pristine MnO2 sensor. 

To the best of our knowledge, it is the first time to use MnO2-PPynanocompositesby electrochemical to 

detect N2H4.TheMnO2-PPy based N2H4sensorexhibited a fast amperometric response to N2H4 with a linear 

range from1.0 µM to 33.5mM and a detection limit of 0.72µM. 

 
Figure 1.Schematic illustration. 
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Detection of oligonucleotides has become an important strategy in biosensing mainly due to the specificity 

of the DNA hybridization. Among several detection techniques, electrochemical ones offer the advantage of 

being easily miniaturizable at a lower cost than its optical counterparts. Furthermore, the availability of 

screen printed electrodes has created the possibility of disposable single use electrochemical cells. 

In many actual samples, however, the amount of DNA is not very high and amplification of 

oligonucleotides is desirable in order to achieve an increase the signal by orders of magnitude. Although 

widely commercialized, most of the screen printed three-electrode systems are patterned on a polymeric 
backing. In order to amplify DNA, the cell environment has to be heated to about 65 °C. These 

temperatures commonly result in failure of the chips by either warping of the polymer backing or 

degradation of the binding agents in the screen printing conductive inks. This project intends to create chips 

that are stable at high temperature, and therefore suitable for the DNA amplification process. Instead of the 

polymer backing, the proposed electrodes are based on a glass substrate and use thin film deposition 

techniques to achieve patterned metal structures without the need for binding agents.  

Furthermore, we present a comparison between several techniques used to attach a 50 µL 

polydimethylsiloxane (PDMS) chamber to this electrode system (Fig 1). The quality of the resulting chips 

is evaluated in terms of cleanliness and bonding strength. The cleanliness of the electrode is assessed by 

examining the cathodic peak potential for the reduction of hexaamminecobalt(III) chloride, [Co(NH₃)₆]Cl₃. 
This irreversible reaction is very sensitive to 

contamination and thus useful in reporting the 

quality of the fabricated electrodes. The bonding 

strength was determined by performing burst tests 

in which the static pressure applied to the 

solution-filled chamber was increased until a 

leakage was induced. 

The most common techniques for PDMS bonding, 

air plasma [1] and UV-ozone [2] were attempted 

first. Since they create a covalent bond between 

glass and PDMS, but not between gold and PDMS, 

the main challenge is to avoid liquid leaking 

through the interface between the gold connections 

and the PDMS. The use of an intermediate layer of 

SU-8 photoresist solves the leak problem as it 

adheres to both the gold and glass surfaces. The 

SU-8 layer is bonded to a N2 plasma treated PDMS 
chamber followed by a 100 °C heating step 

(necessary to drive the bonding reaction) [3].  

Fig.1 Schematic of the three electrode chip cell with the 

bonded PDMS chamber. 
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However, simple potential cycling in sulfuric acid is unable to remove contamination that presumably 

remains after heating step. A drawback of this method, then, is the need for more rigorous cleaning 

techniques such as electropolishing.  

An alternative bonding method which involves the creation of a peptide bond between two organic layers 

deposited on each surface [4] was also tested. The use of 

N-[(3-trimethoxysilyl)propyl]ethylene-diaminetriacetic acid (TMS-EDTA) for the surface modification of 

the patterned glass creates a carboxylic terminated surface both on the glass and gold features. An amine 

terminated layer is then deposited on the PDMS and the surfaces are put in contact to form a peptide bond. 

Preliminary results show that plasma bonded chips start leaking through the gold connections at 

approximately 0.05 bar. In contrast, carboxyl-amine bonding fails at 0.16 bar and preferentially through the 

PDMS-glass surfaces instead. The burst pressure of the SU-8 modified chips was higher than 1.5 bar, 

pressure at which leakage through the inlet and outlet ports was observed. 
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Food safety is one of the most important issues and has been paid much attention with the fast development 

of economics and improvement of human life. Among all these issues, toxin pollution is one important 

branch. Ochratoxins (OTA) are dangerous by-products mainly produced by several species of storage fungi 

including the Aspergillus and Penicillium genera [1]. OTA is known to have nephrotoxic, immunotoxic, 

teratogenic and carcinogenic effects [2]. Hence, there is a necessity for a highly sensitive and selective 

detection system that can quantify these organic toxins in various matrices such as cocoa beans. We have 

developed a folding based aptasensors by employing methylene blue modified single stranded DNA 

aptamer specifically designed for OTA. The aptamers were covalently attached to the screen printed carbon 

electrodes using diazonium grafting. Upon sensing the OTA, it binds with the immobilized aptamer on the 

electrode, which induces the conformational changes of the aptamer, consequently, increased in the signal. 

This conformational change of the aptamer before and after biosensing of target OTA could produce the 

distinguishable electrochemical signal. The obtained limit of detection was 70 pg/ml for OTA samples with 

recovery of up to 85% in artificially contaminated cocoa samples.  
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A DNA tweezer-powered regenerated electrochemiluminescence biosensor 

based on exponential amplification for the detection of microRNA from 

cancer cells 
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DNA, as a star molecule, amazed us not only for the key feature in carrying the genetic information, but 

also for the promising applications in nanotechnology
1
. In the last decade, DNA nanomachines including 

tweezers, gears, walkers, spiders and motors have been well-developed because such machines could 

transport cargoes directionally in nano-scale
2
. However, the practical use of DNA machines is still an 

important challenge. Herein, a regenerated electrochemiluminescence (ECL) biosensor based on 

thetwo-step exponential amplification reaction (EXPAR) and DNA tweezer was fabricated for the detection 

of microRNA (miRNA) from cancer cells. As illustrated in Scheme 1, the two-step EXPAR involves two 

templates and two-step amplification reactions under isothermal conditions. The first-step was 

anexponential amplification with the involvement of the I-Itemplate which contained two repeat sequences 

that complementary to the target RNA. The amplification was triggered by the hybridization of the I-I and 

the target. With the assistance of the DNA polymerase and the the nicking enzyme Nt.BstNBI, there 

generated numerous I’ which act as a new primer to hybridize with template I-I, triggering another cycling 

and resulting in an exponential amplification of the target. The resulted I’ act as another primer to hybridize 

with template I-II, leading to a liner amplification in the presence of the DNA polymerase and the the 

nicking enzyme. After the exponential amplification, DNA II’ was introduced on an opened-DNA tweezer 

which labeled with graphene quantum dots (GQDs) and AF405 at the arms. Before the DNA II’ hybridized 

with the arms of the tweezer, GQDs and AF405 were spatially separated, and theECL of GQDs is not 

enhanced.The addition of II’ initiated the closure of the tweezer, ECL enhancement from GQDsby AF405 

wasobserved as a result of energy transfer. The enhancement is reversed by the subsequentaddition of 

strandII0, that is fully complementary to II’.Theduplex II’-II0was removed and the tweezers is regenerated 

to its starting configuration.Moreover, the desined biosensor realized a series of DNA/RNA detection by 

simply change the sequences of the templates. This highly sensitive and specific ECL assay for miRNA 

quantificationhold great importancein biomedicalresearch and clinical diagnosis. 
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Scheme. 1 The working principle of theDNA 

tweezer-powered regenerated ECLbiosensor based on 

exponential amplification for the detection of miRNA. 



15th ISEAC 

- 357 - 
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As the most important molecule of organism, DNA was obtained an increasing number of attentions. As the 

most important molecule of organism, DNA was obtained an increasing number of attentions. Interaction 

between DNA and other organic molecules is a quiet important subject in life science due its implication in 

the regulation of gene experssion. There were lots of strategies have be used to evaluate these interactions, 

such as UV-vis spectropy, linear dichroism, circular dichroism, Resonance Raman spectroscopy, gel 

electrophoresis, footpring surface plasmon resonance and quartz crystal microbalance, etc. Compare to 

these methods, due to its rapidly, sensitively and selectively, electrochemical DNA biosensor be used by 

more and more scientists. 

Recently, there were several kinds of strategies were used by electrochemical DNA biosensors to detect 

some DNA-binding compounds, for example, directly detect the changes of DNA electrochemical activities, 

use a indicator  Ensafi et al. reported a novel sensitive DNA-biosensor for detection of Sudan(Ⅱ) by using 

differential pulse voltammetry, adenine and guanine signals of ds-DNA which was modified in pencil 

graphite electrode were used to quantitative inspections of substance (Ensafi et al, Talata, 2012), this 

method needs no label or indicator, however, due to the limited amounts of adenine and guanine based on 

ds-DNA, the signals of this type sensor were relatively pool, what’s more, the high oxidation potential of 

guanine also were proved to be effected by co-existing interference. Wang et al. developed a displacement 

method for detection polycyclic organic compounds by used Ru(bpy)2-(dppz)(BF4)2 (bpy=2,2’-bipyridine, 

dppz=dipyrido [3,2-a:2’,3-c] phenazine) as an electrochemical indicator (Wang et al, Analytical Chemistry, 

2008), this method can improve signals obviously and minimize the co-existing interference; Gu et al. 

constructed a DNA-Cu(Ⅱ)/polyallylamine(PAA) polyion complex membrane, reported a novel assay of 

drug-dsDNA interactions based on the catalytic activity of a DNA-Cu(Ⅱ)complex-catalyzed charge 

transport(Gu et al, Biosens Bioelectro, 2012).  

In this paper, an amperometric assay for drug–dsDNA interactions was developed based on an inhibitory 

effect of antimararial drug (quinacrine) on an electrocatalytic activity of DNA–Fe(III) complex. In this 

method, a DNA–Fe(III) complex immobilized DNA/chitosan polyion complex membrane was used as a 

sensing element. The electrocatalytic activity of a DNA–Fe(III) complex for hydrogen peroxide reduction 

was reversibly inhibited by electron blocking effect of quinacrine–dsDNA interaction and this inhibitory 

effect was amplified by the hydrogen peroxide reduction. This phenomenon was utilized for development 

of a novel amperometric biosensor for DNA-binding drug. The detection limit of the quinacrine was found 

to be 50μM estimated to a signal-to-noise ratio of 3.0. Based on the change of steady-state catalytic current, 

the kinetic analysis of drug–dsDNA interaction can be done in a similar manner of enzyme inhibition, and 

the binding constant of the quinacrine with DNA can be calculated. This measurement method would be 

useful for screening of wide variety of DNA-binding drugs and highly toxic pollutants. 
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Bone as the major structure material in body supports and protects a variety of organs. However, repetitive 

loading of bone tissue can lead to the accumulationof microdamage and the degradation of mechanical 

properties. Therefore, imaging the microdamage in bone is of great significance for understanding its 

extreme biological effects and thus medical conditions. Conventional imaging methods, including 

histological assessment, micro-computed tomography (micro-CT) and PET, have limitations with respect to 

either invasive thin histological sections, low sensitivity, low resolution or ambiguous polychromatic 

images. In contrast, surface enhancement Raman scattering (SERS) as an optical technology has been 

proved to be a powerful analytical tool, because it could produce feature fingerprint spectrum of molecular 

with high sensitivity, and thus hold great promise as a diagnosic strategy for biomedical fields. In addition, 

Gemstone spectral CT integrates the latest gemstone detector with a single source dual energy scanner and 

achieves monochromatic gemstone spectral imaging (GSI) mode. The GSI mode enables acquisition of 

synthesized monochromatic spectral images ranging from 40 keV to 140 keV and material decomposition 

images, which are challenging for conventional CT. With these inspirations, we designed a series of 

targeted probes and investigated their use as SERS or gemstone spectral CT contrast agents in imaging 

damaged bone.   

Acknowledgements 

Financial support by NSFC (No.21075117, 21303178) 

References 
[1].   Y. L. Liu, K. L.Ai and L. H. Lu, Chem. Rev., 114:5057-5115 (2014)  

[2].   Y. Q. Wang, B. Yan, and L. X. Chen, Chem. Rev., 113:1391-1428 (2013) 

[3].   Y. L. Liu, K. L.Ai, J. H. Liu, M. Deng, Y. Y. He and L. H. Lu, Adv. Mater., 25:1353-1359 (2013)  

[4].   B. McMahon, P. Mauer, C. P. McCoy, T. Clive lee, and T. Gunnlaugsson, J. Am. Chem. Soc., 131:17542-17543 (2009) 

[5].   Y. L. Liu, K. L.Ai, J. H. Liu, Q. H. Yuan; Y. Y. He and L. H. Lu, Angew. Chem. Int. Ed., 51:1437-1442 (2012)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



15th ISEAC 

- 359 - 

 

Target-conjugated dopamine-melanin colloidal nanospheres for 

photoacoustic imaging and near-infrared photothermal therapeutic of 

tumor 

Yuanyuan LI and Lehui LU
*
 

Changchun Institute of Applied Chemistry, Chinese Academy of Science, 130022  

E-mail: yyli@ciac.ac.cn 

Photoacoustic imaging (PAI) and near-infrared photothermal therapeutic have very important prospect in 

cancer imaging and therapy. Imaging labels, therapeutic drugs, as well as many other agents can all be 

integrated into one nanoplatform to allow for molecular imaging and therapy. In this work, we present a 

novel PTT agent based on dopamine melanin colloidal nanospheres (PDA) for in vivo cancer therapy and 

photoacoustic imaging. PDAs were completely composed of naturally occurring Dpa-melanin yet could be 

easily produced with a simpler and cost-effective strategy. PDA could be easily attached to conjugates with 

other interesting biofunctionalities, so we modified the pda with target motif, named PDA-Target. The 

formed water-dispersible PDA-Target exhibit negligible cytotoxicity as confirmed by MTT assay. 

PDA-Target showed higher cytotoxicity on Hela than PDA by 808 nm laser irradiation. The PA signal of 

tumor in vivo was enriched four hours after intravenous injection. Successful synthesis of PDA is expected 

to be an effective photoacoustic imaging reagents, and can realize the efficient photothermal therapeutic 

under the guidance of imaging. 
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A novel multifunctional envelope-type mesoporous silica nanoparticle (MEMSN) system combining the 

merits of pH-responsiveness, non-toxicity and biological specificity, is demonstrated for drug delivery and 

magnetic resonance imaging (MRI). This system is constructed by immobilizing acetals on the surface of 

mesoporous silica, and then coupling to ultra small lanthanide doped upconverting nanoparticle, which act 

as a gate keeper. The anticancer drug DOX is thus locked in the pores, and its burst release can be achieved 

under acidic environment on account of the hydrolyzation reactions of acetals. The nanogated drug release 

system is highly efficacious for cancer therapy both in vitro and in vivo. Importantly, the nanocomposite 

could be harmlessly metabolized and degraded into apparently non-toxic products within a few days. The 

nanoscale effect of the system allows for passive tumor targeting and increased tumor accumulation of the 

probes via the enhanced permeation and retention (EPR) effect, which is visualized by MRI in vivo. 

Therefore, such nanosystem should be of great significance in the future development of highly efficient 

and tumor targeted drug delivery vehicles for cancer chemotherapy. 
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Fig.1 Schematic illustration of the MEMSN system for pH-responsive drug 

delivery and magnetic resonance imaging. 
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Silver nanoclusters have emerged as promising alternative to the semiconductor quantum dots due to their 

ultrasmall size, outstanding photostability and good biocompatibility. Among these silver nanoclusters, 

using biological and biomimetic molecules capped silver nanoclusters as the probe has been considered as a 

desirable choice to develop targeted and non-invasive strategies for early diagnosis [1], bioimaging [2], and 

cancer treatment [3]. Especially using DNA as scaffold to encapsulate silver nanoclusters has received 

considerable interest due to the sequence-dependent fluorescent emission from visible to the near infrared 

[4].  Moreover, an important feature of the DNA capped silver nanoclusters is that they can be easily 

grafted with specific aptamers, which can be beneficial for the applications of targeted cancer imaging. 

In this paper, the water-soluble DNA encapsulated silver nanoclusters with near-infrared (NIR) 

fluorescence were prepared, which can be used for the simultaneous targeted cancer imaging and enhanced 

photothermal therapy (PTT) or photodynamic therapy (PDT) due to the synergistic effects between the  

photodynamic agent and NIR silver nanoclusters. AS1411 was rationally connected with DNA scaffold of 

the silver nanoclusters and retained its secondary structure to load photosensitizer efficiently. The binding 

affinity of AS1411 to the nucleolin with high fluorescence of silver nanoclusters provided opportunities for 

their application in the intracellular imaging and nuclear staining. Meanwhile, the PPIX (Protoporphyrin IX) 

can also be captured by AS1411 to yield the multifunctional nanoconjugates (MF-NACs), which can be 

used for the cancer therapy under irradiation of light. More interesting, enhanced photodynamic efficiency 

towards the colon cancer cells was achieved based on the synergetic effect of PDT of PPIX and 

photothermal therapy of NIR fluorescent probe. 
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Fig.1Fluorescence spectra of NIR-AgNCs-AS1411 

with the excitation at 705 nm (A) and 585 nm 
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spectra of MF-NACs (red) and 
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Fig.2 Fluorescence images of live HeLa cells 

(A) and Romas cells (B) incubated with 

NIR-AgNCs-AS1411  and AO  for 30 min 

at 37 °C 
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Tetracyclines (TETs) are a large kind of common broad-spectrum antibiotics which produced by the 

Streptomyces genus of Actinobacteria and can control many bacterial infections and inhibit protein 

synthesis [1]. Because of their effectiveness at low doses and low cost, they have been extensively used in 

animals feeding operations for promoting the meat, milk and fish production [2]. Their residues retained in 

animal productions were finally consumed by human being, which lead to the enhancement of resistant 

bacteria strains and cause more serious health problems such as liver toxicity, allergy, nephrotoxicity and 

adverse reactions of blood system, gastrointestinal system and central nervous system. It is an urgent need 

for sensitive, rapid and low cost analytical method to determinate the trace antibiotics TET in water and 

food. 

Traditional detection and quantification of TET methods are mainly chromatography-based such as high 

performance liquid chromatography (LC) and liquid chromatography tandem mass spectrometry. Although, 

these assays are effective for TET detection, these methods rely on sophisticated instruments, skilled 

manpower and long analytical times, which could not match a high throughput, rapid, on-site 

determination. 

We proposed a novel colorimetric method to detect TET based on AuNPs. A highly selective and sensitive 

detection of TET by using naked eyes or monitored by using an UV-vis spectrometer was successfully 

achieved. This method is time-saving and cost-effective. 
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Environmental pollution, especially water pollution caused by heavy metal ions, is a very serious problem 

around the world. Enrichment of heavy metal ions can be irreversible in human body, causing various 

diseases [1]. Mercury is one of the most hazardous metal pollutants, and long-term exposure to high level 

of Hg
2+

-based toxins leads to serious damage to the central nervous system and a variety of organs [2], and 

eventually death. The U.S. Environmental Protection Agency (EPA) set the maximum allowable levels of 

Hg
2+

 in drinking water at 10 nM (2.0 ppb) [3]. It is highly crucial to develop simple, sensitive, and selective 

techniques for routine motoring of Hg
2+

 in environmental samples. 

In this work, a novel facile nanoparticle autocatalytic sensor based on the inhibition of Ag autocatalytic 

reaction for the determination of Hg
2+

 was developed. o-phenylenediamine (OPD) tended to be oxidized 

into 2,3-diaminophennazine (OPDox) by silver ions (Ag
+
) followed by the formation of silver nanoparticles 

(AgNPs) [4]. Performed as catalyst, the thus-formed AgNPs would further promote the reaction between 

OPD and Ag
+
. When Hg

2+
 was introduced, Hg

2+
 adsorbed on the surface of AgNPs, thus inhibiting the 

oxidation process mentioned above and achieving weakened fluorescence intensity. A linear relationship 

between fluorescence intensity and Hg
2+

 concentration (with the range from 10 nM to 2500 nM) was 

obtained and the detection limit reached as low as 8.2 nM. The proposed method was also applied to the 

determination of Hg
2+

 in real water samples with satisfactory results. The protocol showed excellent 

advantages of sensitivity and selectivity for Hg
2+

 over various metal ions and anions. Meanwhile, this 

method was simpler and more cost-effective compared with many reported nanomaterials- and DNA- based 

approaches. Furthermore, a colorimetric “INHIBIT” logic gate based on Ag
+
-Hg

2+
-OPD system has also 

been designed. 

 
Figure 1 (A) A schematic illustration of the Ag autocatalytic system for the detection of Hg2+. (B) Fluorescence spectra of 

the OPD solution in the presence of different inputs: (a) Ag+ (0 µM) + Hg2+ (0 µM), (b) Ag+ (96 µM) + Hg2+ (0 µM), (c) Ag+ 
(0 µM) + Hg2+ (2 µM), (d) Ag+ (96 µM) + Hg2+ (2 µM). Inset: visual observation of the solutions upon different inputs. 
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Abrin is a highly toxic protein which is found in the beans of Abrusprecatorius and it belongs to the type II 

ribosome inactivating protein family [1]. Abrin should be closely monitored as a threatening biological 

agent due to its easy cultivation and cheap preparation, and it is included in the Biological and Toxin 

Weapons Convention (BTWC) Procedural Report (2001)[2]. 

In this work, we propose a simple and sensitive colorimetric aptasensor for the quantitative analysis of 

abrin by using catalytic AuNPs for the first time (Fig. 1). AuNPs possess the peroxidase-like activity that 

can catalyse 3, 3, 5, 5-tetramethylbenzidine (TMB) in the presence of H2O2, leading to color change of the 

solution. It is interesting to find that the peroxidase-like activity of AuNPs can be improved by surface 

activation with target-specific aptamer. However, with target molecule, the aptamer is desorbed from the 

AuNPs surface, resulting in a decrease of the catalytic abilities of AuNPs. The color change of the solution 

is relevant to the target concentration, and this can be judged by the naked eye and monitored by UV-vis 

spectrometer. The linear range for the current analytical system was from 0.2 nM to 17.5 nM. Some other 

proteins such as thrombin (Th), glucose oxidase (GOx), and bovine albumin (BSA) all had a negligible 

effect on the determination of abrin. Furthermore, several practical samples spiked with abrin were 

analyzed using the proposed method with excellent recoveries. This aptamer-based colorimetric biosensor 

is superior to the other conventional methods owing to its simplicity, low cost, high sensitivity.  

 

Fig. 1 The mechanism of the aptamer-based colorimetric biosensor for abrin. 
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Glutathione (L-γ-glutamyl-L-cysteinylglycine), the most abundant intracellular non-protein thiol compound, 

plays a key role in the biological systems and involves many cellular functions [1]. Abnormal level of 

cellular GSH is closely related to aging and many diseases, such as, cancer, liver damage, AIDs, leukocyte 

loss, heart problems, psoriasis and other ailments [2]. Therefore, it is urgently needed to develop efficient 

methods for detecting GSH in physiological conditions. 

In this work, a novel and simple colorimetric method for discriminative detection of glutathione is 

proposed. The developed method is based on the fact that Ag [Ⅰ] ion could oxidize 

3,3’,5,5’,-tetramethylbenzidine (TMB) to the oxidized TMB to induce a blue color (a, Fig. 1) and an 

absorption peak centered at 652 nm [3]. However, the introduction of GSH could cause the reduction of 

oxidized TMB and it could also combine with Ag [Ⅰ] ion, both of which result in a blue color fading (b, 

Fig. 1) and a decrease of the absorbance at 652 nm. The proposed method shows a low detection limit of 

0.1 µM by naked eyes and 0.05 µM with the help of UV-vis spectroscopy. Additionally, this method has 

great potential in discriminatively detecting GSH over other amino acid and biothiols. More importantly, 

this method is simple and fast without the preparation of nanomaterials and has also been successfully 

applied to the detection of GSH in biological fluids. 

 

Fig. 1 Schematic representations of the detection mechanism of the proposed method in the absence (a) and presence (b) of 

GSH. 
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Inorganic nanomaterials that mimic enzymes are fascinating as they potentially have improved properties 

relative to native enzymes, such as greater resistance to extremes of pH and temperature and lower 

sensitivity to proteases. Although many artificial enzymes have been investigated, searching for 

highly-efficient and stable catalysts is still of great interest [1]. In this paper, we demonstrated that MnO2 

nanosheets exhibited highly peroxidase-like activities. The MnO2 nanosheets were prepared according to a 

previous reported procedure. A mixed aqueous solution of 3 wt % H2O2 and 0.6 M tetramethylammonium 

hydroxide (TMA·OH) were added to 5 mL of 0.3 M MnCl2·4H2O aqueous solution with vigorously stirred 

over night, Then, the precipitate was centrifuged and washed three times with deionized water [2]. The 

activities of the MnO2 nanosheets were evaluated using the typical 3,3’,5,5’-tetramethylbenzidine (TMB) in 

the presence of either hydrogen peroxide or dissolved oxygen. These MnO2 nanosheets exhibited high 

affinity for H2O2 and TMB, indicating that MnO2 nanosheets can be used as satisfactory enzyme mimics. 

Based on these findings, MnO2 nanosheets were used as colorimetric immunoassay tags for the detection of 

glutathione (GSH). The introduction of GSH could reduce the MnO2 into Mn
2+

and it also could reduce the 

oxTMB into TMB simultaneously, both of which cause a blue color fading. Based on this finding, we 

propose a method to qualitatively and quantitatively detect GSH by nakedeyes and UV–vis spectroscopy, 

respectively. 

 

Fig. 1 Schematic representations of the detection mechanism of the proposed method in the absence (a) and presence (b) of 

GSH. 
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Hydrogen sulfide (H2S) is well known as a chemical asphyxiant and may cause sudden death for people 

involved in sulfide contaminated environment. Current methods for the detection of H2S commonly involve 

expensive instruments and complicated procedures, thus limiting their real applications for onsite 

determination of H2S. In contrast, fluorescence has proved to be a more powerful technique for its distinct 

advantages in terms of high sensitivity, specificity, and low-cost. 

Under solvothermal condition, a new type of fluorescent compound based on monovalent Cu(I) 

nanoclusters was prepared and its structure has been solved using X-ray single crystal diffraction, as shown 

in Fig. 1. The as-prepared compound featured excellent fluorescence properties, including large stokes 

shifts, strong photoluminescence (PL) intensity, high photochemical stability, as well as tunable emission 

spectra. The Cu(I) compound possessed high response toward S
2-

 due to the strong interaction between 

Cu(I) and S
2-

, and this response could be easily read out by the fluorescence change of the NCPs, as shown 

in Fig. 2 and Fig. 3. For the development of a practical colorimetric sensing, we successfully prepared a 

porous sensing film based on the Cu(I) compound. When placed in H2S containing atmosphere (100 ppm), 

its fluorescent color under a UV hand lamp (365 nm) was changed from yellow to light blue within 60 

seconds, which confirmed the real applications of the porous film as a fast and portable sensing platform 

for the detection of H2S gas. 

 

Fig.1 the crystal structure of the Cu(I) compound. 
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Fig.2 Fluorescence excitation and emission 

spectra of the Cu(I) compound. 

Fig.3 Fluorescence changes of the Cu(I) compound in 

the presence of different concentrations of H2S (From 

top to the bottom: 0,2,4,8,10,20,40,100,120,150 ppm). 
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After the wet etching of a single track in the PET membrane, the internal surface of the membrane 

possesses a high density of carboxyl and hydroxyl groups. According to the literatures reported by Jordan
1
 

and Chen
2
, HO-groups of the carboxyl and hydroxyl groups can be acted as photo-active sites for further 

growth and amplification of polymer brushes via SIPGP. PDMAEMA with good biocompatibility was 

chosen as a prototypical polymer to graft on the surface of the nanochannel due to the good response to the 

temperature and CO2.
3
 The smart nanodevice can be reversibly switched due to the conformational changes 

of the PDMAEMA brush tuned by temperature and CO2. 

 

 

 

 

 

 

 

 

Figure 1 CO2 and temperature dual-responsive nanochannel. (A) The covalent modification of a single conical nanochannel 

with PDMAEMA based on SIPGP. (B) Simplified illustration indicating the charge changes of the PDMAEMA brush upon 

bubbling with CO2 or N2. (C) The conformational change of the PDMAEMA brush at the low and high temperature. 

Most of literatures have reported that -OH or -COOH group on the solid surface as a photoactive site could 

be initiated for the further growth of polymer brushes by SIPGP without a surface bonded initiator.
4
 To 

realize the two functions towards temperature and CO2 within one single nanopore, PDMAEMA polymer 

was chosen and grafted on the surface of the nanochannel using SIPGP with high efficiency. As seen from 

Figure 1 B, CO2 stimulation mainly affects the charging state of the nanochannel surface. Tertiary amine 

groups of PDMAEMA can be protonated by CO2 bubbled into the water to form charged ammonium 

bicarbonate, which can be transferred to the uncharged state upon CO2 removal. In addition, PDMAEMA 

with the low critical solution temperature (LCST) of 40 
0
C 

5
 is a thermal-responsive polymer. The 

stimulation of temperature primarily led to the conformational transition of the polymer brushes. Increasing 

the temperature above LCST, polymer brushes with collapsed state were formed, while the temperature is 

lower than LCST, polymer brushes with swollen state were achieved. The conformational transition of the 

polymer brushes is a reversible process.  

SIPGP can be as an effective method to fabricate a dual-responsive ion gate with perfect responsibility, 

reversibility, stability. In addition, the polymer with smart characters can be easily grafted on the surface of 

substrate with hydroxyl or carboxyl, which had a great potential in building various smart responsive 

systems in the near future. 
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Figure 2 Reversibility of the ionic gate before and after the PDMAEMA modified on the single conical nanochannel. 

Switching between low and high ion conducting states (A) for T = 25 0C and 45 0C , (B) for bubbled with CO2 and N2 in 10 

mM PBS buffer (100 mM KCl, pH=7.0). 
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Thiourea dioxide as unique eco-friendly coreactant of luminol 

chemiluminescence for sensitive detection of cobalt ions 
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Thiourea dioxide (TD), a green industrial reductant, has been explored as efficient chemiluminescence (CL) 

coreactant for the first time. A highly efficient CL of luminol/TD has been reported. By comparison, the CL 

peak intensity of luminol/TD system is about 23 times higher than that of luminol/H2O2 system. The CL of 

this system can be significantly enhanced by Co
2+

. Thus this newly-developed luminol/TD CL system 

enables the highly sensitive detection of luminol, TD and Co
2+

. Moreover, the luminol/TD CL system 

exhibit excellent selectivity for the detection of Co
2+

 against other transitional metal ions. The remarkable 

selectivity against other transitional metal ions makes the luminol/TD CL system attractive for broad 

applications. This study also indicates that TD is a promising coreactant for other CL systems. 
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Fig.1 The CL intensity-time curves of luminol/H2O2 (red 

line) and luminol/TD systems (blue line). Inset: 

Enlarged CL intensity-time curve of luminol/H2O2. 

c(luminol): 0.1 mM; c(TD): 1 mM; c(H2O2): 1 mM; 

photomultiplier tube voltage: 700 V. 

Fig.2 Selectivity for the detection of Co2+. Inset: Linear 

calibration curve of Co2+. I represents CL intensity of 

the system after the addition of metal ions; I0 represents 

CL intensity of the control sample; (I-I0)/ I0 represents 

CL enhancement efficiency after the addition of metal 

ions. The concentrations of all the metal ions are 1 μM. 

c(TD): 1 mM; c(luminol): 10 μM; photomultiplier tube 

voltage: 1000 V. 
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A simple and rapid colorimetric sensor for sulfide anion detection based on 

redox reaction of ABTS with Au (III) 
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Sulfide (S
2-

) anion, a common toxic pollutant, exists widely in natural water and wastewater, and the 

concentration of which is an important environmental index [1]. Continuous exposure to S
2-

 can cause 

gradual and cumulative damage, such as loss of consciousness, irritation of mucous membranes, and 

suffocation [2, 3]. Therefore, S
2-

 detection is essential to environmental protection, biological research and 

other fields. In this work, a cost-effective and simple colorimetric sensor based on redox reaction of 

2,2'-azino-bis(3-ethyl-benzothiazoline-6-sulphonic acid) (ABTS) with Au (III) ion, has been fabricated for 

the determination of S
2-

. In the proposed method, colorless ABTS could be oxidized by Au (III) to produce 

bluish green oxidized ABTS (oxABTS), accompanying with a dramatic absorption band centered at 414 nm. 

However, in the presence of S
2-

, Au (III) would be reduced to Au nanoparticles (Au NPs), Au2S NPs or 

their mixture [4], inducing a bluish green color fading of ABTS-Au (III) system and a decrease of the 

absorbance at 414 nm because neither Au NPs nor Au2S NPs were able to oxidize ABTS. Based on this 

phenomenon, detection of S
2-

 was achieved via its inhibiting effect on the ABTS-Au (III) chromogenic 

reaction and carried out either by visualizing the solution color change or by measuring the absorbance 

change of the oxABTS. A linear relationship in the S
2- 

concentration range of 0.5-15 µM could be acquired 

with a low detection limit of 0.28 µM with the help of UV-vis spectroscopy and 1.0 µM by naked eyes. The 

as-proposed sensor showed high selectivity toward S
2-

 over other common anions and metallic ions by 

taking advantage of the sulfide-specific reduction of Au (III). Additionally, such sensing system featured 

simplicity, rapidity and flexibility, with no requirement of organic probes or nanomaterials. The proposed 

sensor has been successfully applied to detect S
2-

 in lake water samples with satisfactory results, 

demonstrating its potential application in environmental water samples. 
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Fig.1 Schematic illustration of sulfide detection 

based on inhibition of the redox reaction 

between ABTS and Au (III). 

Fig.2 (A) UV-vis absorption spectra of the proposed sensing 

system at different concentrations of S2-.  The inset shows the 

linear relationship between ΔA414 and the concentration of S2-. 

(B) Photographs of Au (III)-ABTS solution in the absence and 

presence of different concentrations of S2-. 
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A facile method for the sensing of antioxidants based on the redox 

transformation of polyaniline 

Yongxin LI, Wenying LI, Huipeng ZHOU, Fangyuan WANG, Yang CHEN, Yan WANG and 

Cong YU
ab

 
a
State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry, Chinese 

Academy of Sciences, Changchun, 130022, P. R. China. 

b
University of Chinese Academy of Sciences, Beijing, 100049, P. R. China. 

Biological antioxidants (such as biothiols and ascorbic acid) can prevent the oxidation of important 

biomolecules and play important roles in many biological processes. Therefore antioxidants sensing is of 

great importance. In this manuscript, a facile method for the detection of antioxidants has been developed 

based on the redox transformation of polyaniline (PANI). PANI is one of the most studied conducting 

polymers. It could adopt a number of chemical forms depending on the redox states of the assay solution. It 

was observed that the transformation from EB form to LB form of PANI could be controlled by the 

addition of important biological antioxidants (such as glutathione and ascorbic acid), which resulted in 

clear solution color and UV-vis absorption spectral changes. Thus a facile colorimetric sensor for 

antioxidants was developed. In addition, it was also observed that the fluorescence of CdTe quantum dots 

could be efficiently quenched by PANI, and the quenched fluorescence could be recovered by the addition 

of antioxidants. The intensity of the recovered quantum dot fluorescence could be directly related to the 

amount of the antioxidant added to the assay solution, thus a sensitive fluorescent turn-on sensor for 

antioxidants was established. Our assay is simple, sensitive, and label-free, thus is of significant novelty. 

We envision it could facilitate the antioxidant sensing related applications. 

 
Fig. 1 Schematic illustration of the assay strategy for the sensing of antioxidants. 
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Rapid detection of acetamiprid using label-free method 

Chengke WANG* and Dan CHEN  

School of Food and Biological Engineering, University of Jiangsu,  
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In this paper, a label-free method was developed to detect acetamiprid using gold nanoparticles (GNPs), 

This method is based on the fact that aptamer makes GNPs maintain monodispersed in the presence of 

NaCl, after adding acetamiprid, due to the specific interaction of aptamers with acetamiprid, the stability of 

GNPs was reduced as the aptamer was firstly interact with acetamiprid and was removed from GNPs, 

which induced GNPs aggregate in the presence of NaCl. According to the absorbance changes of the 

spectra at wavelength of 630 nm, we can rapidly and quantitatively detect acetamiprid. The linear range of 

detection is 2-20 nM, the detection limit is 2 nM, and the detection process can be accomplished in 5 

minutes. This method can also be used to detect acetamiprid in rainwater samples. This method has good 

selectivity and high sensitivity, and is of great significance to detect the insecticide residues in food and has 

important implications for other food safety issues. 
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Fig.1 Scheme for detection of acetamiprid using 

label-free method. 

Fig.2 (A) Comparasion of the absorbance of the solutions 

at 630 nm with different concentrations of NaCl in the 

absence or presence of 50 nM acetamiprid; (B) Effect of 

pH value on the absorbance of the solution at 630 nm. 
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Due to the unique mechanical, electronic, optical, thermal and chemical properties, molybdenum disulfide 

(MoS2) have recently gained much interest from researchers as graphene–analogous materials [1-4]. 

However, little literature has reported the application of the nanomaterials in analytical chemistry. In this 

work, we synthesized the MoS2 nanosheets under hydrothermal conditions by using sodium molybdate and 

thiourea as precursors. It was found that the MoS2 nanosheets emitted weak blue fluorescence with 

quantum yield of 0.26%. After adding lead(II) ions, the fluorescence of the MoS2 nanosheets was enhanced. 

The enhanced fluorescent sensor can detect lead(II) ions in a linear range from 0.5 to 12.0 M and a 

detection limit of about 0.48 M. The lead doped MoS2 nanosheets can achieve the greatest quantum yield 

of 0.62%. Moreover, after the addition of sulfide ions to the above system, the fluorescence was quenched. 

The fluorescence quenching sensor can determine sulfide ions in a linear range from 0.5 to 10.0 M and a 

detection limit of about 0.5 M. It was demonstrated that the fluorescence nanosensor displayed an 

excellent selectivity toward lead(II) or sulfide ions. The fabricated process of the nanosensor was 

characterized using different techniques such as transmission electron microscopy, atomic force microscopy, 

X–ray photoelectron spectroscopy, X–ray diffraction spectra, Fourier transform infrared spectroscopy, 

fluorescence spectroscopy and UV–Vis spectroscopy. Finally, the nanosensor was successfully used for 

detection of lead(II) ions and sulfide ions in water samples.  

 

 

 

 

 

 

 

 

Fig.l (A) Fluorescence spectra of MoS2 nanosheets in the presence of different lead(II) concentrations. (B) Selectivity of the 

MoS2 nanosheets–based fluorescence sensor for lead(II). 

 

 

 

 

 

 

 

 

Fig.2 (A) Fluorescence spectra of the lead doped MoS2 nanosheets in the presence of different sulfide concentrations. (B) 

Selectivity of the lead doped MoS2 nanosheets–based fluorescence sensor for sulfide ions. 
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Bio-inspired sensor coupled with bio-bar code and hybridization chain 

reaction for Hg
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Highly sensitive detection of important targets, such as heavy metal ions, DNAs, explosives, and disease 

biomarkers, has played an important role in numerous fields, including clinical diagnosis, food safety, 

environmental assay, and national security. Recently, hybridization chain reaction (HCR), an enzyme-free 

amplification process, has attracted more attention
1-6

. In this reaction a single-strand DNA (ssDNA) as the 

model can self-assemble into linear complex structures via the free energy of base pair formation with the 

assistant of two auxiliary hairpin probes or ssDNAs. Bio-bar-codes are the conjugation of 

DNA-functionalized gold nanoparticles (AuNPs), which consist of a great deal of ssDNAs (the bar codes as 

the surrogate target) and a corresponding target recognition element. The bar codes are employed as a 

means of amplification
7-10

. Here, we employed the conjugation of bio-bar code and HCR to fabricate a 

highly sensitive biosensor for the detection of Hg
2+

. In the presence of target, non-complementary DNA 

(ncDNA) modified gold nanoparticles (AuNPs, as the bio-bar-code) could hybrid with capture DNA 

immobilized onto the electrode due to the formation of T-Hg
2+

-T. And then HCR process is initiated on the 

gold nanoparticles with the assistant of two auxiliary DNAs, resulting in the generation of a large number 

of DNA concatemers. These bio-inspired negative charge concatemers on the AnNPs, like the antenna, can 

catch positive charge redox indicators hexaammineruthenium (III) chloride ([Ru(NH3)6]
3+

, RuHex), 

achieving an amplified current signal. Taking advantage of this antenna-like sensor with the couple of 

bio-bar code and HCR, the concentration of Hg
2+

 can be assayed. Meanwhile, the disturbance from several 

metal ions can be ignored. 
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Speciation analysis of inorganic chromium in wastewater is of great significance for the monitoring of 

environmental pollution. In this work, N,N-bis(2-aminoethyl)ethane-1,2-diamine functionalized 

poly(chloromethyl styrene-co-styrene) were synthesized, characterized and employed as the adsorbent to 

preconcentrate chromium in environmental waters by on line solid-phase extraction (SPE). The trace 

speciation analysis of Cr(III) and Cr (VI) in wastewater has used by short-column high-performance liquid 

chromatography hyphenated to inductively coupled plasma spectrometry (HPLC-ICP-MS) after on-line 

SPE. A solution containing 0.5 mmol L
−1

 ethylenediamine tetraacetic acid disodium salt (EDTA) was used 

to chelate Cr(III) to Cr(III)-EDTA complex, thus all the analytes were firstly adsorbed on the anion 

exchange column without any extraneous reagent, and then were eluted rapidly (within seconds) with a 

very low concentration of tetrabutylammonium hydroxide (TBAH), which provides the conveniency for the 

on-line coupling of the preconcentration method and detection technique. Under the optimized conditions, a 

very high preconcentration factor up to 105 and 128 have been obtained for Cr(III) and Cr (VI) with 30 mL 

sample solution, respectively. The low detection limits of 0.68 ng L
−1

 and 0.35 ng L
−1

, with the relative 

standard deviations (RSDs) of 5% and 6% were obtained for Cr(III), Cr (VI), respectively,. The developed 

method was validated by analyzing Certified Reference Materials GSBZ50027-94. At the same time, the 

established method was used to analyze three wastewater samples from different discharge port. 
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Ultrathin gold nanofilm was simply in-situ formed on the inner surface of conical glass capillary nanopore 

by the electrostatic interaction between poly(ethylene imine) and biomolecule-stabilized Au nanoclusters. 

The successful layer-by-layer deposition of the gold film can be intuitively demonstrated by the 

fluorescence of BSA-Au NCs and the elemental mappings of the capillary tip. Transmission electron 

microscopy (TEM) and energy-dispersive X-ray (EDX) were respectively performed to characterize the 

gold film and the BSA-Au NCs. In addition, the pre-modified nanopore was further decorated with thiol 

molecules and the corresponding ionic current rectification properties were studied at different pH. In 

conjunction with fluorescence, the as-prepared glass nanopore will have great potential applications in 

biological studies and nanpore-based sensors. 

 

 

 

 

 
 

Fig. 1. Schematic diagram for the preparation of highly fluorescent glass capillary nanopore. 
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DNA structure-sensitive fluorescent probe: not quenched by nearby 

guanine via electron transfer 

Lihua ZHANG, Hua LIU, Yuehua HU, Tao WU and Yong SHAO* 
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Specific DNA structures play an importmant role in normal cells. There is a great demand in developing 

probes that are selective for these DNA structures with a binding-induced visualization fluorescent method. 

However, electron transfer-induced fluorescence quenching is usually observed when guanine is flanking 

the binding site since guanine is the most easily oxdizable base in DNA. Especially for such the G-rich 

sequences as occurred in human telomere, a self-assemled G-quadruplex structure is formed in the presence 

of the physiological cations. Additionally, dependent on the flanking sequences, human G-quadruplexes are 

found to adopt at least five typical structures (Scheme 1) including propeller-type parallel, basket-type 

antiparallel, chair-type antiparallel, and (3+1) hybrid conformations. The G-quadruplex structures always 

coexist with abundant double-stranded duplex DNA in cells. Thus, there is an open challenge in developing 

novel ligands that can recognize one of the structures with high selectivity and a switch-on fluorescence 

response. 

Herein, we found that thioflavin T (ThT) [1] can serve as a novel fluorescent probe that can selectively 

target G-quadruplexes with a hybrid structure through a turn-on response. The fluorescence enhancement is 

believed to be caused by rotation restriction of BZT and DMAB rings in the ThT excited state upon its 

G-quadruplex binding through a molecular rotor mechanism. As a G-quadruplex conformation probe, ThT 

can be used to monitor G-quadruplex structure conversion between the hybrid structure and other 

conformations; and a G-quadruplex/ThT platform has potential as a label-free fluorescent K
+
 sensor. In 

addition, epiberberine (EPI) [2] was screened out from various isoquinoline alkaloids for the G-quadruplex 

recognition. As an efficient conformation probe, EPI can efficiently differentiate the human telomeric DNA 

G-quadrupelx structure from its RNA counterpart, and monitor the DNA G-quadruplex conformation 

conversion between different topologies. Importantly, EPI exhibits a similar binding capacity to each 

G-quadruplex unit in the long tandem telomeric DNA G-quadruplex multimer, suggesting that EPI can be 

used as a functional fluorescence probe for the G-quadruplex multimeric recognition. 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1 Selective G-quadruplex recognition by ThT (left) and EPI (right) with fluorophore-switching responses. 
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Reversibly fluorescent switchable materials have attracted considerable interest in many areas such as 

ultrahigh-density optical data storage, molecular switches, logic gates, molecular wires, optical/electronic 

devices, sensors, bioimaging and so on. Recently, polyoxometalates (POMs)-based reversibly fluorescent 

switchable materials are developed due to their special physical and chemical properties. 

Here we fabricated four different tungstophosphates (PW)-based luminescent composite films of 

(PEI/PW/Ruphen/PSS)n (PW = PW12, P2W18, P5W30, P8W48; Ruphen = tris(1,10-phenanthroline) ruthenium) 

on solid substrates by LbL self-assembly method. The electrochemical activities of PW and luminescent 

properties of Ruphen are well maintained in the thus-prepared composite films. The further investigation 

shows that the as-prepared composite films can be electro-reduced, resulting in the color change from 

transparent to blue. The studies of the electrofluorochromic properties indicate that the modulation 

efficiency between ″on″ and ″off ″ luminescence of the composite films follows the order: PW12 < P2W18 < 

P5W30 < P8W48, demonstrating that a more efficient energy transfer happens between the reduced P8W48 

and Ruphen under same experiment conditions. Moreover, the recycling experiments for the electrochromic 

and fluorescence switching behaviors during successive double-potential steps demonstrate good 

reversibility and stability of the composite films. Obviously, the present work not only provides the useful 

information to fabricate the functional materials, but also confirms that POMs can be used for switching 

fluorescence due to their broad visible absorption in the reduced states. 
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Preparation of green fluorescence thin film and study of electrochemically 
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In recent years, the design and fabrication of the multifunctional materials with stimuli-responsive 

fluorescence properties have attracted substantial research interests because of their potential applications 

in sensors,
 
optical and electronic devices,

 
fluorescence imaging, memory and display materials. Recently, 

polyoxometalates (POMs)-based reversibly fluorescent switchable materials are developed due to their 

special physical and chemical properties. 

Here we fabricated tungstophosphate (PW)-based green luminescent hybrid thin film of 

[(PDDA/PW)5/PDDA/GO@HOPTS]15(PDDA/PW)5 on solid substrates by LbL self-assembly method. The 

electrochemical activity of PW and luminescent property of HOPTS are well maintained in the 

thus-prepared thin film. The further investigation shows that the as-prepared thin film can be 

electro-reduced resulting in the color change from transparent to blue, and the absorption band of the 

reduced PW in the visible spectrum covers the green light region of the luminescence species, suggesting 

that the high efficient energy transfer between green luminescent species and electroreduced PW will occur 

in the hybrid thin film. In situ UV-vis spectroelectrochemical and fluorescence spectroelectrochemical 

measurements were used to investigate luminescence switching behaviors of the hybrid thin film controlled 

by the electrochromism of PW component upon electrochemical modulation, showing good stability and 

reversibility during successive double-potential steps. Obviously, the present work not only provides a new 

route to fabricate the functional molecules which are difficult to immobilize on the surface of the solid 

substrates, but also confirms that POMs can be used for switching the green fluorescence due to their broad 

visible absorption in the reduced states. 
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Electrochemical immunosensor have been the subject of continued research and development in recent 

years. Immunosensors involves interaction between antigen and their specific antibody. Electrochemical 

Biosensor can measure interactions in which a potential, current or resistance is affected. Antigen–antibody 

binding does not ordinarily lead to a change in potential or current but can lead to a change in impedance, 

because the binding takes place close to the electrochemical double layer.  

Electrochemical impedimetric spectroscopy (EIS) is a very sensitive and nondestructive electrochemical 

technique by which we can measure the interaction between antigen and its specific antibody without help 

of labeled enzyme. By means of EIS, we study the process of immobilization of bio-components (antigen 

and antibody) and characterize the electrochemical properties of bio-component/electrode interface. In EIS 

study, immobilization of bio-molecules on the electrode is the most important factor in fabricating high 

selective biosensor. Since the biological species are easily adsorbed on the gold surface, therefore in this 

EIS study, we used gold platform for the immobilization of bio-molecules. In order to evaluate the 

electrochemical characteristic of modified electrode, [Fe(CN)6]
3-/4-

 was selected as a probe in cyclic 

voltammetry (CV) and EIS measurements. 

In the present work, study of biomolecular interactions have been carried out using specific combination of 

proteins such as human IgG (as antigen) and anti-human IgG (as complementary antibody; raised in rabbit). 

Bovine serum albumin (BSA) was used to block any nonspecific interaction between antigen and antibody 

as BSA has been reported to bind to several sites non-specifically. Optimization of BSA concentration was 

done in order to make the antigen-antibody interaction relatively more pronounced and specific. We have 

used gold electrode in order to provide a relatively inert platform for adsorption/immobilization of protein 

molecules. The interaction between the antigen and antibody caused an increase in the charge transfer 

resistance (parallel resistance in Randles cell model) for an indicator molecule (hexacyanoferrate) and this 

was monitored by impedance spectroscopy. Detection limit for the antigen was found to be about 50 ng/mL. 

The approach presented is general and versatile and can be used for any antigen-antibody pair without any 

significant modification. 

 

 
 

Fig.1. Optimization of antibody concentration (anti-rabbit human IgG) in the range of 5-250 µg/mL. Curve (a) represent for 

bare gold electrode whereas curve (b-g) represent concentration range of antibody from 5-250 µg/mL. 
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Fig.4 (a). Calibration plot between change in parallel capacitance (ΔCP) and antigen concentration. (b). Calibration plot 

between change in parallel resistance (ΔRP) and antigen concentration.  
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Fig.2. Comparison of EIS results. Curve (a) represents bare 

gold electrode whereas curve (b) represents BSA(100 

µg/mL) modified gold  electrode. Z’ and Z’’ represent the 

real and imaginary axis of the impedance respectively. 

Fig.3. EIS result for biomolecular interactions. Curve (a) 

represents bare gold electrode, curve (b) represent gold 

electrode modified with antibody (50 µg/mL), curve (c) 

represents BSA (100 µg/mL)/antibody (50 µg/mL)/gold 

electrode, curve (d-k) represent antigen concentration 

from 50 ng/mL to 50 µg/mL. 
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Polyoxometalates (POMs) are a kind of typical early-transition-metal–oxygen-anion cluster with an almost 

matchless range of properties and applications.
1
 They have attracted interest in the fields of catalysis, 

material science, electrochromism, magnetsim, photochemistry, medicine bio- and nanotechnology due to 

their unique chemical, structural and electronic properties. The most significant property of POMs is its 

potential reversible multi-electron redox reactions, which makes it apposite for the fabrication of 

electrochemical sensors.
2
 Environmental  pollution  is  one  of  the  uninviting  global  problems  

in  recent  times.  The  impedance  of  water  pollution  is  of  special implication  to  both  

human life and  livestock.
3
 Epidemiologic studies have associated nitrate and nitrite ion exposure in 

drinking water to a number of medical issues.
4
 Most methods proposed in the literature for the 

determination of nitrite involve spectrophotometry, organic chromophores or fluorophores and ion 

chromatography, the use of these methods requires complicated and expensive instrumentation and 

time-consuming. However, characterization of nitrite by electrochemical methods can provide a rapid way 

of determination.
4-5

 In recent years, there has been growing interest on electrochemical and/or catalytic 

removal  processes because these admit high rates of reduction and desired product selectivity.
6
 Nitrite is 

ubiquitous within environmental, food, industrial and physiological systems.
7
 A simple test for nitrite could 

greatly aid individuals in evaluating the quality of their sample. Therefore, in present work we introduce 

electroactive material based on polyoxometalate‐Starbons. This material has been developed for the first 

time as electrode. This Electrode showed fast electron transfer rate and high electrocatalytic activity toward 

nitrite oxidation. This nitrite sensor shows high sensitivity and stability. Also it did not show any 

interference with others potential interfering species.  

 
Figure 1 (a) The cyclic voltammograms of POM-Storbon electrode in H2SO4 at different scan rates. (b) Cyclic 

voltammograms for POM-Storbon electrode in H2SO4 solution with different pH, (c) cyclic voltammograms of 

POM-Storbon electrode in H2SO4 with different concentrations of Nitrite. 
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S. El KASMI
1,2

, F. El AROUI
4
, M. ZRIOUIL

1
, M. AHMAMOU

2
, M. BAKASSE

3 
and M.A. 

El MHAMMEDI
4,*

 
1
Laboratory of Applied Chemistry of Solid, Faculty of Science, Av, Ibn Battuta, BP 1014, Rabat, Morocco. 

2
Earth Sciences Department, Faculty of Science, Av, Ibn Battuta, BP 1014, Rabat, Morocco 

3
Univ Hassan 1, Laboratoire de Chimie et Modélisation Mathématique, 25 000 Khouribga, Morocco. 

4
Equipe d’Analyse des Micropolluants Organiques, Faculté de Sciences, Université Chouaib Doukkali, 

Morocco. 

Corresponding author: Sahar EL KASMI Email: elkasmi@live.fr 

The present work aimed to achieve the valorization of Akrache clay (from Morocco) as modifier of carbon 

paste electrode. The collected clay was characterized by different techniques, such as X-ray diffraction 

(XRD), infrared spectroscopy (IR), absorption atomic spectroscopy (AAS) and differential scanning 

calorimetry (DSC). The paraquat was analyzed in Na2SO4 using differential pulse anodic stripping 

voltammetry (DPASV). Experimental conditions were optimized by varying the accumulation time, clay 

loading, measuring solution pH and differential pulse parameters. Calibration plots were linear over the 

herbicide’s concentration range 5-240 ×10
-7

 mol L
-1

, with a detection and quantification limits of 1.63 ×10
-9

 

mol L
-1

 and 5.43×10
-9

 mol L
-1

, respectively. The repeatability expressed as relative standard deviation was 

always less than 2.13%. The method was successfully applied to the determination of paraquat in potato, 

lemon, orange and natural water samples. 
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Salt on a chip: miniaturised ionic liquid systems 
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Ionic liquids have demonstrated applications in many fields of chemistry, ranging from electrochemistry, 

sensors, organic synthesis to biological applications. However, most of these applications suffer from one 

intrinsic drawback: high viscosity of ILs, which leads to poor mass transport in ILs, limiting their 

performance and applications in wider areas.  

We address the problem by developing miniaturised ionic liquid systems.
1
Theminiaturisation of ILs to the 

micro and nano scale brings enhanced mass transport rate of dissolved molecules and significantly 

improved efficiency over macro systems. Miniaturised systems have gained significant popularity and offer 

advantages such as material conservation, fast response or reaction time, and high product yield.
2
 

Nevertheless, to fully exploit micro- to nano-scale chemistry, solvent evaporation and lack of 

reproducibility are major challenges. Using non-volatile ionic liquids can effectively solve the problem of 

solvent evaporation and offer new opportunities.  

We show in this presentation our effort in using microcontact printing to fabricate extremely small ionic 

liquid drops and microstructures as open, “wall-less” microreactors and sensors on a chip surface that can 

be part of an electrochemical or spectroscopic system. The micropatterned ionic liquid droplets have been 

demonstrated as ‘open’ micro-electrochemical cells
3
 and photoreactors for microfabrication of metals and 

charge transfer complexes,
4
 substrates for immobilisation of protein forming biological microarray and as 

membrane-free high-performance amperometric gas sensor array (Fig. 1). The results suggest that 

miniaturised ionic liquid systems can provide a versatile platform for novel applications of ionic liquids. 

 

 
Figure 1. Promising preliminary results showing formation of stable IL micropatterns in (a, b) air and (c) another liquid, and 

using IL drops for patterning of (d) metal Ag, (e) semiconductor AgTCNQ and (f) protein cytochrome c.  
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The geometric, electronic, and molecular structures of electrode/electrolyte interfacesplay critical roles 

inelectrochemical reactions. In order to understand the mechanism and improve the efficiency of 

electrochemical reactions, it is essential to obtain in situ information of geometric, molecular, and 

electronic structures at electrode/electrolyte interface. CO adlayer on Pt single crystalsis an important 

model system for fundamental studies of electrochemical reactions and has beenextensively studied[1,2], 

since CO is one of the simplest adsorbates and is a poison of important processes such as methanol 

oxidation reaction[5,6].Deep insight into the structural information of CO adlayer on the well-defined Pt 

electrode surface in electrochemical systems would be significantly helpful to understand the role of CO 

adlayer in the electrochemical reactions and design a highly efficient electrocatalysts. 

In the last thirty years, many useful techniques havebeen developed both for studying geometric structures 

of COadlayer on Pt surface in liquid phase such as scanning probe microscopy and surface X-ray scattering, 

and for determining molecular structure of CO-Pt electrode/electrolyte interface such as infrared reflection 

absorption spectroscopy (IRAS) and surface enhanced Raman spectroscopy (SERS)[7]. However, in situ 

technique to probe the electronic structure of CO at electrochemical interfacesis still limited because of the 

presence of electrolyte solution, in which it is impossible to use techniques with electron probes, which are 

most powerful for determining electronic structure in ultrahigh vacuum (UHV). Recently, an interesting 

technique, IR/visible double resonance sum frequency generation (DR-SFG) spectroscopy, which utilizes 

resonant enhancement of SFG intensity with two tunable incident fundamental lights, i.e., visible and IR, 

has been successfully applied to elucidate interfacial electronic structures of CO/Pt(111)in UHV[8].Since 

DR-SFG spectroscopyis a photon input-photon output technique,it should be a promising technique toprobe 

the electronic structure of electrochemical interface. 

In the present study, DR-SFG spectroscopy combined with electrochemical methodwas applied to study the 

potential dependent electronic structure of CO/Pt(111) interface in 0.5 M H2SO4 electrolyte solution. Figure 

1 shows potential dependent SFG spectraof Pt(111) electrode with pre-adsorbed CO in a CO free Ar 

saturated 0.5 M H2SO4 electrolyte solution, which were continuously obtained (accumulation time: 50 s) 

while potential was scanned from -100 to 850 mV with scan rate of 1 mV/s, using 560 nm as a visible 

light.The SFG spectra show that they are of atop CO on Pt(111) surface and both IR frequency and SFG 

intensity varied with potential as previously reported by IRAS and SFG measurements. Anomalous SFG 

intensity increase prior to CO electro-oxidation was also observed as previously reported by 

Somorjai’s[9]and Wieckowski’s[10] groups. Furthermore, the potential, at which the anomalous SFG peak 

was observed, was found to be shifted negatively as the energy of the incident visible light decreasedas 

shown in Fig.2. 

  

 

 
 

Fig.1 Potential-dependent SFG spectra of CO 

adlayer on Pt(111) in a CO free Ar saturated 0.5 

M H2SO4 using 560 nm visible light. 

Fig.2 The normalized integrated SFG peak 

intensity of atop CO band as a function of 

potential obtained using visible light of 

various wavelengths 
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Peak potential and visible light energy arelinearly related with the slope of 1 V/eV, showing that the origin 

of the anomalous increase of SFG intensity at CO/Pt(111) electrode interface is due to IR-visible double 

resonant enhancement of SFG with visible resonance between the Fermi levelof Pt(111)and the 5σa 

anti-bonding state of CO adlayer not due to the phase transition of adsorbed CO suggested before [10]. The 

present work demonstrates a new possibility of the electrochemical SFG spectroscopy to probe not only the 

molecular structure but also the interfacial electronic structure, which is difficult to be determined in 

electrochemical environment. 
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In recent years, direct methanol fuel cells (DMFCs) have attracted increasing attention. As we know, 

oxygen reduction reaction (ORR) is a very important cathodic reaction in a fuel cell. At present, Pt is the 

most effiecient catalyst for fuel cells. However, due to the high cost, slow reaction kinetics and methanol 

poisoning of Pt-based catalysts, it is crucial to design and explore non-Pt or low-Pt cathode electrocatalysts 

for commercializing fuel cells. 
1
 

Firstly, we successfully fabricated graphene nanosheets-supported PdAg hollow nanorings (PdAg-GNs) 

with an average size of 27.49 ± 6.2 nm. (Fig.1) Such hollow PdAg-GNs can efficiently increase the 

utilization of noble metals and provide a high surface area due to the effective usage of both interior and 

exterior surfaces. The PdAg-GNs exhibited high electrocatalytic performance for oxygen reduction due to 

the synergistic effect between Pd and Ag. Moreover, such material also has excellent tolerance to methanol 

crossover even at high concentration of 5 mol/L. 
2
 

To reduce the cost of the catalysts, we further prepared non-noble metal nanostructures. Based on the perior 

research of our group, Ag clusters with the smaller average size exhibited higher catalytic performance for 

ORR. However, the electron transfer numbers are only 3.3 due to the surface-coated capping ligand of 

meso-2,3-dimercapto-succinic acid (DMSA). 
3
 So we synthesized carbon nanodots-supported surface 

naked Ag nanoclusters (Ag NC/CNs) via a green method with only AgNO3 and glucose as precursors and 

with no additional reducing and protecting agents. The synthesized Ag NC/CNs exhibited enhanced 

fluorescence and electrocatalytic performance for ORR in alkaline solution with an efficient 4e
-
 pathway, as 

shown in Fig 2.
 4
 

 

 

 

 

 

 

 

 

 

 

 

We also prepared graphene-supported Cu2O nanocubes (Cu2O/GN) and 3D carbon foam-supported Co3O4 

nanowires (Co3O4-NWs/CF) as biosensors (Fig 3 and 4). Compared to the non-supported Cu2O nanocubes, 

the Cu2O/GN exhibited smaller size, enhanced stability, higher sensitivity and lower detection limit for 

electrochemical detection of glucose and hydrogen peroxide. 
5
 As shown in Fig 3 a, the average edge length 

of Cu2O/GN is 142.7 ± 14.4 nm which is smaller than that of Cu2O nanocubes without graphene. Fig. 3 b 

and c shows the CV cures of Cu2O/CN in 0.1M KOH with and without glucose (0.3 mM) and H2O2 

(different concentrations). The Cu2O/CN exhibited more negative onset potential than that of Cu2O 

nanocubes, suggesting higher catalytic activity for the glucose oxidation reaction (Fig. 3b). For the 

detection of H2O2, when H2O2 was added into the electrolyte, an additional reduction current can be 

observed in the CV curves and the current densities increased with the increasing of H2O2 concentration 

(Fig. 3c). Futermore, we synthesized 3D carbon framework-supported nanoporous Co3O4 nanowires 

(Co3O4-NWs/CF). 
6
 From Fig.4, it can be seen that Co3O4-NWs uniformly grew on the carbon foam 

Fig.1 The schematic diagram of PdAg-GNs 

synthesized as an efficient cathode electrocatalyst 

for direct methanol fuel cells.  

Fig.2 “Surface clean” Ag NC/CNs are synthesized through a 

green approach and the hybrid nanoclusters exhibit enhanced 

photoluminescence, high catalytic activity for oxygen reduction 

and high tolerance to methanol 
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network. The Co3O4-NWs/CF exhibited a low detection limit (1.4 mM) and a large linear range (0.01-1.4 

mM) with a sensitivity of 230 nA M
-1 

cm
-2

 for the detection of H2O2. These studies demonstrate that 

carbon materials have promising applications as electrocatalyst supports in clean energy and 

electrochemical sensors.  
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Fig.3 (a) The SEM image of Cu2O/CN; (b-c) CV cures of 

Cu2O/CN in 0.1M KOH with and without glucose and H2O2.  

Fig.4 The TOC graphic of Co3O4-NWs/CF 

fabricated as an efficient cathode 

electrocatalyst for detection of H2O2.  

(b) 

(c) 

(a) 
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Chemical-induced respiratory inhibition of microorganisms, especially, bacterial, has been used to measure 

the toxicity of corresponding chemicals, and the apparatus based on it has been designed and employed in 

wasterwater treatment plant for on-line water total toxicity (WTT) monitoring. However, high concentrated 

microorganisms are needed actually to obtain a detectable signal in a short period of time when using 

dissolved oxygen as the signal molecule measured by oxygen detector [1]. Recently, artificial electron 

mediator is introduced into the respirometric method to shuttle electrons from cells during respiration to 

electrodes, and the advantages are that: (1) no need for high concentrated microorganisms; (2) a stable 

electrochemical background. Our group has used ferricyanide as the electron mediator and investigated the 

influence of concentration of mediator, reaction time, reaction temperature, etc., on the measurement of 

WTT extensively in the last five years [2,3]. Now, we are pursuing the on-line WTT monitoring apparatus 

using ferricyanide as the electron mediator instead of oxygen and the first step is to find a simple and 

effective method to avoid the signal fluctuation due to the electrode contamination. Washing electrodes 

with acidic, alkaline, or oxidizing solutions are commonly used strategies to get a renewed electrode 

surface, which are not available in our apparatus because of the high concentrated organisms in test 

samples. We propose a novel “cleaning method”, where the washing solutions contain a large amount of 

organisms. The electrodes were washed by flowing the washing solution through the detector continuously 

for 60 min before each test and the relative standard deviation (SD) is less 3% for 400 consecutive 

measurement of the same sample with different incubation times, demonstrating the feasibility of the 

cleaning method. 
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Fig.1 the data for 400 consecutive measurement of the same sample with different incubation times. The 

electrode used was washed with the washing solution for 60 min before each test. 

mailto:dongsj@ciac.ac.cn


15th ISEAC 

 
- 395 - 

Water total toxicity measurement based on microbial fuel cell using 

mediator 

Dengbin YU
a
, Lu BAI

a
 and Shaojun DONG

a, b, *
 

a
Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry, Chinese Academy 

of Science, Changchun, Jilin, 130022 (PR China ) 

b
University of Chinese Academy of Sciences, Beijing, 100049 (PR China) 

E-mail: dongsj@ciac.ac.cn 

It is a major problem in the world that on-line monitoring of water total toxicity due to the actual 

composition of the water more and more complex with the increase in the degree of water pollution. The 

basic principle of microorganism-based toxicity measurement is based on the changes in respiration chain 

activity, the optical property or morphology of microorganisms induced by toxicants. Based on this 

principle, a lot of toxicity bioassays have been designed and developed using microorganisms as test 

organisms [1-2]. Among, Kim et al. found that toxic substances including an organophosphorus compound, 

Pb, Hg and polychlorinatedbiphenyls (PCBs) inhibited the currentby 28-61% when 1 mg/L of each 

pollutant was injected in dividually with Microbial Fuel Cell (MFC) [3], which, However, requires not only 

continuous aeration to provide sufficient oxygen, but Pt catalyst in the cathode is expensive and poisoned 

easily in the biological environment. 

 

 

We propose a sensitive and rapid microbial toxicity bioassay using dual chamber MFC. We used biofilm 

grown on the graphite flet as bioanode, these SEM images were shown in Fig.1. Fig.2 exhibits that 

respiration activity of electroactive biofilm in MFC can be inhibited in the presence of heavy metal ions, 

the inhibition is 73.17% when 5 mg/L Cu
2+

 was added, which demonstrate the feasibility of the proposed 

bioassays in determination of heavy metal toxicity in water. Concentration of the potassium ferricyanide, 

load resistance and glucose concentration are optimized. The proposed MFC bioassay with the mediator is 

sensitive, rapid and cost-effective, and can be used for further toxicity test of other metals. The proposed 

bioassay shows good promise in water total toxicity monitoring on line. 
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Fig.1 SEM images of (A) the Graphite felt and (B) the 

electroactive biofilm grown on the Graphite felt anode. 

Fig.2 The voltage of MFC decreased 

after 5 mg/L Cu2+ was added. 
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Matrix metalloproteinases (MMPs) are known to act on a variety of substrates including cytokines, 

chemokines, growth factor binding proteins, cell adhesion molecules and other proteinases. Besides, MMPs 

play a key role in a number of pathological and physiological processed including inflammations, arthritis, 

cardiovascular diseases, pulmonary diseases, morphogenesis, reproduction tissue resorption and 

remodeling. Importantly, MMPs play a key role in the process of cancer cell metastasis and proliferation by 

degrading almost all the extracellular matrices (ECMs) components [1, 2]. 

Matrix metalloproteinase 9 (MMP9) is a 92 kDa gelatinase subgroup of the MMPs. The expression and 

activation of MMP9 are at much higher levels in almost all human cancers in comparison to normal tissues, 

leading to facilitation of cancer invasion mainly via degradation of basement membranes [2, 3]. Therefore, 

the development of sensitive and accurate sensing platforms for MMPs has received significant attention 

for clinical cancer diagnosis and treatment. 

Herein, we designed a kind of 3-dimensional microfluidic chip to detect MMP9 released from the cancer 

cells cultured in the PDMS chamber (Fig. 1A and B). The specific peptide chains without any labels can be 

cleaved by MMP9, which will generate an increasing electrochemical signal in [Fe(CN)6]
3-/4-

 solution. The 

illustration of the sensing process is shown in Fig. 1C. Since the product and detection of MMP9 can be 

realized in the same chamber, this method needs less operation process and time. Therefore, this kind of 

chip has great promising potential in point of care testing with high level of integration and small size. 

Besides, arrays assembled with some separated chips can carry out high throughput detection, which is 

important for researching the relationship between the release level of MMP9 and different kinds of cells. 

 

 
 

Fig. 1 (A). The design for the microfluidic chip. (B). Photograph of the fabricated electrodes and PDMS chamber. (C). 

Schematic illustration of the principle of detection. 
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Nowadays, much attention has been paid to the investigation of cost-effective catalysts for oxygen 

evolution reaction (OER), as they show profound influence in energy technologies such as fuel cells, 

metal-air batteries, and water splitting [1]. Because of the excellent properties of large surface area, tunable 

pore size, attracting electrical, optical, and catalytic properties, metal-organic frameworks (MOFs) have 

shown a variety of potential applications such as heterogeneous catalysis, gas storage and separation, and 

drug delivery/release [2]. The metal centers and metal-oxo units in MOFs act as effectively active sites in 

the catalytic reactions. The MOFs-derived materials showed great potential in hydrogen storage, sensors, 

electrochemical capacitors and lithium ion batteries [3].  

Here, we synthesized high-performance OER electrocatalysts by one-step carbonization of cobalt-doped 

NH2-MIL-53(Fe), noted as MOF(Fe1-Co3)550N. The TEM image of the MOF(Fe1-Co3)550N was shown in Fig. 

1A. The catalysts showed excellent OER catalytic behavior in 0.1 M KOH solution. The overpotential at 10 

mA cm
-2

 is 0.39 V, which is comparable to the as-synthesized RuO2 (Fig 1 B). The stability is conducted 

with continuous CV scans in 0.1M KOH at a sweeping rate of 100 mV s
-1

. Compared to the overpotential 

increase of 23 mV for RuO2 at the current density of 10 mA cm
-2

, 2 mV variation was observed at the 

MOF(Fe1-Co3)550N modified electrode after 1000 cycles (Fig1 C). The satisfied results are attributed to the 

presence of pyridine N, Co3O4, the enlarged surface area and the micropore structures after calcination. 
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Fig.1 (A) TEM image of MOF(Fe1-Co3)550N, (B) linear sweeping voltammograms for MOF(Fe1-Co3)550N and RuO2, 

(C) stability of MOF(Fe1-Co3)550N and RuO2. 
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Hydrogen (H2), as a clean and economic fuel, has drawn great attentions because of its potential in the 

global energy crisis. Electrochemical water splitting to produce H2 is a simple method which requires 

electrocatalysts to get high current density at low overpotential. Platinum (Pt) based materials have been 

regarded as the most active catalysts in the hydrogen evolution reaction (HER), nevertheless, the high cost 

limits its widespread applications[1]. Therefore, developing easy-prepared and efficient catalysts to replace 

precious metal in HER is of significance. Moreover, metal-organic frameworks (MOFs), which have high 

porosity, large specific surface area and regular morphology, have been usually used as template to 

fabricate metal-based nanostructured materials[2, 3]. 

In this paper, we reported a MOFs-templated method to synthesize nano-sized porous CoP electrocatalysts 

by means of simple low-temperature multi-calcination reactions. The as-prepared catalyst was characterised 

by several techniques including X-ray diffraction (XRD), scanning electron microscopy (SEM), 

transmission electron microscopy (TEM) and Brunauer–Emmett–Teller (BET) analysis. As shown in Fig. 1, 

the catalyst showed concave nanocube morphology with 100-200 nm. The electrocatalytic behavior of the 

porous CoP towards HER in H2SO4 solution was further investigated (Fig. 2). The results exhibited that the 

porous CoP electrocatalysts from MOFs template has superior catalytic activity and stability. 
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Fig.1 SEM image of the as-prepared 

porous CoP. 

Fig.2 Polarization curves of GCE, CoP 

NPs, Pt/C and the as-prepared porous CoP 

at 2 mV s-1. 
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In recent years, enzymatic biofuel cells (EBFC) have attracted many efforts for high-efficiency and specific 

selectivity under mild conditions [1]. At the same time, those EBFCs, which were fabricated with 

biocathodes modified by bilirubin oxidase, laccase and so on, would not be adapted to those anaerobic 

systems like saccharomyces cerevisiae. Above all, an oxygen-independent EBFC would be in urgent need. 

Among a variety of cathode materials, metal oxides have shown unlimited potential and boundless 

application foreground. Manganese oxide (MnO2) is an important functional metal oxide owing to its 

structural diversity and outstanding electric capacity [2]. In this study, a novel hybrid EBFC was fabricated 

by bioanode based on glucose dehydrogenase (GDH) and metal oxide cathode of electrodeposited MnO2. 

 

 

Fig.1 showed the operating principle of the hybrid EBFC. While the bioanode immersed into the electrolyte 

with glucose, electrons were generated for the catalysis of GDH, the MnO2 accepted the electrons at the 

same time. The power output of the EBFC approached 265 μW cm
-2 

at 0.53 V, and got 0.71V of the open 

circuit potential. 

This hybrid EBFC has raised a new branch for the EBFCs, further more, this strategy has provided more 

widely systems that EBFC could be adapt to. 
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Fig.1 The operating principle of the hybrid enzymatic biofuel 

cell based on MnO2 cathode. 

Fig.2 The power output of the hybrid EBFC with MnO2 

cathode under air-saturated quiescent acetate buffer 

containing 10 mM NAD+, 30 mM glucose at 37 °C.  
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Prussian blue (PB) has been stimulating great interest because of its excellent electrochromic property and 

desirable stability [1]. Chemical reduction of PB can lead to Prussian white (PW). This process could 

generate electrical power. Since Neff investigated the characteristics of a PB battery in 1985 [2], numerous 

researches about PB battery have come out [3, 4]. However, a quick charge PB battery is still in urgent 

need.  

The broad market for flexible electronic devices suffered from manufacturing process complexity. One 

solution is to develop integrated multifunctional devices. Here we report a device providing two functions, 

which can be used as not only an electrochromic fluorescence display but also a PB battery enabling fast 

self-charging. The device is comprised of a PB cathode electrochemically deposited on an indium tin oxide 

(ITO) glass and a metal anode. A strong oxidant aqueous solution was used as electrolyte. The measured 

open circuit potential of the PB battery is 2.45 V. This battery is able to drive a red light-emitting diode. In 

the process PB is reduced to PW and bleached to colourless. Owing to the strong oxidant in the electrolyte, 

the transparent PW is reoxidized to PB within several minutes by disconnecting PB and the metal anode. 

Besides, a fluorescent molecular was immobilized on the surface of PB. Efficient fluorescence resonance 

energy transfer (FRET) between the selected fluorescent material and PB would occur due to optical 

coupling, while FRET is inhibited when PB is reduced to PW. Thus, an electrochromic fluorescence 

display was constructed successfully. Fig. 1 presents emission spectra of the chemically modified electrode 

subjected to repeated reduction and oxidization of PB. Our bifunctional device offered an appoach to the 

emerging power supply problem of next-generation, transparent portable electronic devices. 
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Fig.1 Fluorescence at 600 nm of the chemically modified electrode during subsequent reduction and oxidization of PB. 
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Dopamine (DA, 3, 4-dihydroxyphenyl ethylamine), as an essential catecholamine neurotransmitter, has a 

pivotal role in hormonal, cardiovascular, central nervous and renal systems. The abnormalities of DA 

concentrations in biological fluids, such as extracellular fluid of the central nervous system, blood plasma 

and urine, have been associated with numerous neurological diseases, like schizophrenia, Parkinson’s and 

Huntington’s diseases. For this reason, it is tempting for biomedical diagnosis and treatment to develop a 

convenient and efficient method for DA quantification with great selectivity and sensitivity [1].  

Herein, a novel DA biosensor based on silk carbon-ionic liquid (SC-IL) composites was fabricated. The 

treatment of SC was according to the reported literature [2] and it was mixed with IL via electrostatic 

interactions. The methodology involved the application of nitrogen-rich silk carbon material affording a 

facile and effective platform to enhance the electrochemical activities with relatively low detection limit, 

wide linear range and high sensitivity. 

Such a sensing platform possessed the linear analytical range from 0.6 μM to 140 μM and the detection 

limit (S/N = 3) was 79 nM (Fig. 1) with the strong anti-interference ability against the common interfering 

species such as uric acid, ascorbic acid and glucose (Fig. 2). Satisfied results were also obtained for the 

determination of DA in real samples such as the blood serum samples and DA hydrochloride injection.  
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Fig.1 (A) Amperometric responses of the sensor to successive addition of 

DA into PBS (0.1 M, pH 7.4) at a working potential of 0.2 V under constant 

stirring. (B) Calibration curve for the amperometric determination of DA. 

Fig.2 Interference test of the sensor in 

stirring PBS (0.1 M, pH 7.4) at a working 

potential of 0.2 V.  
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It is a top priority to rationally design and produce the advanced oxygen reduction reaction (ORR) catalysts 

to promote the development and application of fuel cells. Ordinarily, a superior and cheap ORR catalyst 

always possesses the following characteristics: (1) High specific surface area, which is a potential solution 

to improve surface density of catalytic sites. (2) Controlled microstructures. Classically, carbon dot, 1D 

nanowire, 2D graphene-like plane, and 3D carbon composite framework, possess different ORR activity 

due to their unique microstructures. (3) High efficient catalytic sites. Heteroatom and transition metal 

doping have been regarded as an excellent method to promote the efficient of catalytic sites. (4) Good 

conductivity and stability.
1-4

  

Herein, we report a simple method to design a high efficient N, S co-doped porous carbon ORR catalyst 

from ordered mesoporous carbon (OMC) and trace ILs. We choose the OMC as the template for improving 

the specific area of the resulting material, while the ILs act as heteroatom containing molecules for the 

co-doping of N and S. In our design, the microstructure of the OMC also confines the ILs in the mesopores, 

promotes the formation of the planar N and benefit for S doping. The resulting ILs/OMC (IOMC) 

nanostructures show excellent ORR electrocatalytic activity, which was confirmed by their positive 

half-wave potential, high limited current density, and durability in alkaline media. Interestingly, the ORR 

activity can be further boosted in both basic and acidic solutions after Fe doping into the IOMC 

nanostructures. 

 

 
Scheme 1 Illustration of the preparation and the character of the IOMC-850. 
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Nowadays, hydrazine is widely used in many fields, such as antioxidants, insecticides, plant growth 

regulators, explosives, corrosion inhibitors and catalyst in fuel for aircrafts and satellites 
[1]

. The TiO2 

nanosheets (TiO2NSs) demonstrated better electrochemical performance than TiO2 nanotubes 
[2]

. Pt/TiO2 

nanomaterials were used in many fields owing to the strong metal support interaction between Pt and TiO2 
[3]

. In this work, TiO2NSs were used as the catalyst support, and Pt nanoparticles were deposited onto 

TiO2NSs by the photodeposition method. The as-prepared Pt/TiO2NSs show a great performance for 

electrochemical oxidation of hydrazine and exhibit outstanding performance for hydrazine determination at 

low overpotential. From Fig. 1, it was clear that no obvious oxidation peak of hydrazine could be observed 

at TiO2NSs (Fig. 1a). However, for the Pt/TiO2NSs (Fig. 1b), an obvious oxidation peak of hydrazine was 

exhibited at around 0.3 V. The oxidation currents gradually increased and the peak potentials shifted to 

more positive potentials with increasing N2H4 concentration. The increase of the current response can be 

attributed to Pt nanoparticles on the TiO2NSs because of their superior catalytic activity towards the 

oxidation of hydrazine and the faster electron transfer process. The results indicate Pt/TiO2NSs have the 

potential application as electrochemical sensor for hydrazine. 
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Fig. 1 CVs of TiO2NSs (a) and Pt/TiO2NSs (b) in the absence and presence of different amounts of 

hydrazine in 0.1 M pH 7.00 PBS. Scan rate is 50 mV s-1. 
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High photocatalytic property has been frequently regarded as the motivation which promote the 

development of photocatalysis.
[1,2]

 However, the operational conveniences during the photocatalytic 

experiment have always been ignored. Here, A novel hierarchically three-dimensional (3D) nanocomposite, 

AgX/graphene aerogels (AgX/GAs, X = Br, Cl), has been synthesized and applied for photocatalytic 

degradation of water pollutants through two-type degradation methods (oxidation and reduction). The 

unique porosity and lightweight of GAs enable the photocatalyst readily disperse throughout its surface and 

suspend in the aqueous solution without the external force. Besides, the 3D block structure and electrical 

conductivity of the GAs make a remarkable convenience recovery and photocatalytic performance boost of 

the AgX/GAs. Taking AgBr/GAs as example, the photocatalytic oxidation of methyl orange (MO) and 

reduction of CrVI are calculated to promote ca. 6 and 1.5 folds compared to pristine AgBr, respectively. 

Moreover, remarkable cycling performances have been maintained with AgBr/GAs in photodegradation of 

MO and CrVI even after 8 and 5 cycles. Such a operatively convenient and highly activated photocatalytic 

composite holds great promise to be applied in practical photocatalysis towards environmental pollution 

treatments. 

 

Figure 1. (a), (b) Typical SEM images of the AgBr/GAs under the 

different magnifications. (c) The EDAX result of the AgBr/GAs. (d-g) 

High-angle dark-field scanning transmission electron microscopy 

(HAADF-STEM) (d) and the element mapping images for C (e), Ag (f) 

and Br (g). 

 

Figure 2. (a) Photocatalytic oxidative curves of MO by AgBr/GAs and 

AgBr under visible light (λ > 420 nm). And the absorptive curve of 

AgBr/GAs in the dark. (b) Eight successive photodegradation dynamic 

curves of MO over AgBr/GAs. (c) Photocatalytic reductive curves of 

CrVI by AgBr/GAs and AgBr under visible light (λ > 

420 nm). And the adsorptive curve of AgBr/GAs in 

the dark. (d) Five successive photoreductive dynamic 

curves of CrVI over AgBr/GAs. (e) The quality of 

AgBr/GAs before photocatalytic reaction. (f) The 

quality of AgBr/GAs after photocatalytic reaction. (g) 

Tweezer is just used to take the AgBr/GAs from 

completed reaction system. (h) Tweezer is just used to 

take the AgBr/GAs to fresh system without 

centrifugation, ultrasound and drying process. (i) SEM 

image of AgBr/GAs after photocatalysis reaction. (j) 

The AgBr/GAs composite suspends in the aqueous 
solution. 
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Generally, carbon nanodots (CDs) are quasi-spherical nanoparticles with diameters of less than 10 nm [1]. 

They were discovered in 2004 and are new members of the nanocarbon family. CDs can be obtained by 

much simpler and faster methods with less expensive instruments than that of other carbon nanomaterials 

(carbon nanotubes, fullerenes, nanodiamonds, carbon nanohorns) [1,2], which makes them promising for 

use as an alternative to other carbon nanomaterials [1,2]. 

Nanocarbon materials like graphene, carbon nanotubes, and carbon nanohorns have been widely used in the 

area of electrochemistry and biosensors [3]. For instance, nanocarbons have been extensively used as an 

electrocatalyst and a matrix for proteins, and a variety of biological products like DNA, viruses, antigens, 

disease markers, and even whole cells have been detected with them. In particular, due to the increased 

number of diabetes patients in recent years, glucose biosensors using nanocarbons (carbon nanotubes, 

carbon nanohorns, and graphene) and nanocarbon composites with metal nanoparticles have been widely 

investigated. These successful applications of carbon nanomaterials can be attributed to their capacity to 

accelerate electron conductivity during an electrochemical process [3]. 

Although CDs have been exploited in a variety of applications, especially in bioimaging, there are few 

reports on the use of CDs in electrochemical biosensing. In this study, we exploited CDs for biosensing, 

using glucose biosensing as a model. The obtained biosensor displayed comparable results with those of 

other carbon nanomaterial-based glucose biosensors. However, the synthesis of IL-CDs is much simpler 

and cheaper than that of other carbon materials, making it promising for use in practical applications. 
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Searching for novel hybrid electrocatalystswith high activity and strong durability for a 

directelectrochemical hydrogen evolution reaction (HER) isextremely desirable but still remains a 

significant challenge [1, 2].Herein, we report a novel solid carbon cloth-supportedhybrid nano-bio 

electrocatalyst, decorated with Ag nanoparticlesand proton-pumping bacteriorhodopsin (bR)(Ag/bR/CP) 

that were prepared by in situ electrolessdeposition and vesicle fusion technology, respectively.When 

applied as a hydrogen evolution cathode, the Ag/bR/CP shows a low onset overpotential of 63 mV, 

gooddurability (no detectable change in its catalytic activity forup to 1000 cycles in alkaline media), and 

enhanced HERperformance under 550 nm irradiation, attributed to theactivation of Ag and synergistic 

effects following lightabsorption, demonstrated by photoelectrochemical measurements.Additionally, this 

electrodeoffers excellent catalytic performance and the same tendency underneutral and acidic conditions. 

 

 

In summary, a hybrid nano-bio electrocatalyst material, Ag/bR/CP, was prepared successful by in situ 

electrolessdeposition of Ag nanoparticles on top of the solid carboncloth-supported bR and exploited for 

direct electrochemical hydrogen evolution. The Ag/bR/CP electrode displaysexcellent catalytic 

performance, good stability, and enhanced HER activity under light irradiation, induced by the strong 

reduction performance of AgNPs and the interaction between the AgNP and bR. This study provides 

promising features forthe design of novel hybrid catalysts with improved activity and durability for many 

other areas, such as solar cell, metal−airbatteries, and supercapacitors. 
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Fig.1Low- and high-magnification SEM 

(a) and TEM (b,c)images of the Ag/bR/CP. 

HAADF STEM (d) image of the Ag/bR/CP, 

and corresponding elemental mapping for 

Ag (e), P (f), S (g), andN (h). (Scale bar in 

(d−h): 200 nm). 

 
Fig.2(a) Polarization curves of the Ag/CP, bR/CP, and 

Ag/bR/CP electrodes before (denoted with -A) and after 

(denoted with -B) light irradiation with a scan rate of 2 mV 

s-1. (b) Tafel plot of the Ag/CP and Ag/bR/CP electrodes after 

light irradiation. (c) Series capacitances as a function of the 

electrode potential and Mott-Schottky plots for Ag/bR/CP 

before (-A) and after (-B) light irradiation at 1 kHz 

frequencies. (d) Normalized photocurrent responses of the 

Ag/CP (Blue), bR/CP (Red), and Ag/bR/CP (Black), 

respectively, at -300 mV (vs RHE). (e) Polarization curves of 

the Ag/bR/CP electrode obtained initially and after 1000 CV 

scans. (f) Time-dependent current density curve for the 

Ag/bR/CP electrode under static overpotential of 350 mV for 

24 000 s. 

 
Fig.3Schematic illustration for the 

enhanced HER of the Ag/bR/CP.. 
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Surface plasmon resonance (SPR) is the coherent oscillations of conductive electrons that occur in a skin 

layer of metal and are capable of producing strong local electromagnetic fields in the near-field when 

irradiated by the light with appropriate wavelength[1,2]. Indeed, the SPR characteristic has been used for 

various applications including surface enhanced Raman scattering (SERS)[3], nanomedicine[4], especially 

nanoelectronics[5]. Up to now, most works that utilized the SPR behavior in the area of nanoelectronics 

usually used some organic molecule as linker, which is a bottleneck of the practical application of 

nanoelectronics for the poor mechanical strength of the organic molecule and different conductive 

properties between different kinds of molecule[1,5,6]. Herein, we report a new type of nanoelectronics 

device.Using Au@SiO2 core-shell nanoparticles which have the characteristicof SPR, plasmons can be used 

to control the electrical properties. The shape and size of the Au@SiO2 core-shell nanoparticles were 

characterized by transmission electron microscope (TEM). The electrical properties were characterized by 

source meter. Furthermore, we have demonstrated the effect of applied voltage, the thickness of the SiO2, 

and the size of the Au nanoparticles on the electrical properties of the nanoelectronics devices. 
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Bridging the performance gap in the intrinsic catalytic activity between non-precious metal catalysts 

(NPMCs) and high-priced platinum for oxygen reduction reaction (ORR) requires the determination of the 

active centers and a better understanding of the structure-activity relationship[1-2]. However, the difficulty 

in controlling the structural uniformity and maximizing the number of active sites of catalytic materials has 

become a great obstacle for the realization of this purpose. In this work, inspired by DNA metallization via 

a facile coordination-driven self-assembly strategy, we have fabricated uniform Co-Adenine nanocomposite 

spheres (Co-A NSs) with well-recognized Co-N4 configuration. Direct pyrolysis of Co-A NSs has led to the 

formation of monodisperse rambutan-like Co-N/C with porosity, graphitization as well as homogeneous 

and high-density Co-N active sites. With these crucial characters, the proposed Co-N/C catalyst exhibits 

excellent ORR activity, and further imparts extremely high open-circuit voltage (0.80 V) and maximum 

output power density (40.1 mW cm
–2

) to the assembled alkaline direct methanol fuel cell (ADMFC), which 

have never been achieved by using commercial Pt/C or any other previously reported NPMCs. When 

connected to a constant voltage chip, this ADMFC with Co-N/C as a cathode can act as an uninterruptible 

power supply for a commercial LED lantern, demonstrating its potential application. In addtion, the easy 

control over the structural property of Co-N/C enables us to further reveal their structure-activity 

correlation. Apparently, benefiting from the facile and controllable chelating assembly for novel 

metal-organic coordination nanostructures, our strategy may pave a new way for future developments of 

advanced ORR catalysts with more efficient utilization of active centers. 
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Fig.1 Schematic representation of the ORR process catalyzed by the rambutan-like Co-N/C. 
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Rapid growth of consumer electronics, implantable medical devices and clean energy storage for various 

applications requires batteries with high energy-density. Aprotic Li-O2 batteries are promising as a 

next-generation electrochemical energy storage technology due to the theoretically several-fold 

improvement in specific capacity compared to Li-ion batteries. Despite recent advances[1,2], aprotic Li-O2 

batteries face substantial hurdles that currently limit their practical use such as low rate capability, limited 

cycle life resulting largely from the poor chemical and electrochemical stability of the electrode and 

electrolyte, and high recharging overpotential (usually > 1 V) due to the slow kinetics of oxygen reactions. 

Electrolyte usually plays a crucial role in determining the performance of battery. To overcome the grave 

challenges in the development of Li-air battery, it is essential to search for a suitable aprotic solvent for 

rechargeable Li-O2 batteries. 

Here, the effect of mixtures of Acetonitrile (Ace)/Dimethyl Sulfoxide (DMSO) on current density, oxygen 

solubility, diffusion coefficient and oxygen reduction reaction (ORR) mechanism was investigated. The 

presence of ACN strongly increases the solubility of oxygen while DMSO improves the reversibility and 

reduces the overpotential by stabilizing the LiO2 and preventing the disproportion reaction. Cyclic 

voltammetric and galvanostatic discharge curves studies showed that mixed electrolyte could significantly 

enhanced current density and discharge capacity compared to pure DMSO. 

Our findings provide insights into the optimization of the novel electrolytes for aprotic Li-air batteries. 
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Fig. 1. (a) Cyclic voltammograme at a scan rate of 1 V s-1 and (b) Galvanostatic discharge curves of Au electrode, the 

discharge rate was 100 μA cm-2. 0.1 M LiClO4 was dissolved in all of the O2 saturated acetonitrile-dimethyl sulfoxide. Black: 

pure DMSO; Green: 25 V% ACE; Blue: 50 V% Ace; Red: 75 V%. 
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The aprotic Li-O2 battery has attracted a great deal of interest because of its high theoretical energy density 

that is far beyond what the best Li ion technology can achieve.[1,2] Operation of the aprotic Li-O2 cell 

critically relies on the reversible formation/decomposition of Li2O2, i.e., 2Li
+
+2e

-
+O2 ↔ Li2O2 (E

0
 = 2.96 

V) in the positive electrodes.[错误！未定义书签。,3] Although the formation of Li2O2 has been widely 

observed at the end of discharge of many aprotic Li-O2 cells, some byproducts, more or less in amount, are 

frequently identified, which may be due to the instability of the electrolytes and/or the cathode components, 

or from the contamination of O2 gas feeding (CO2 and H2O). [4] Despite these parasitic reactions being 

complicated and varied, Li2CO3 and LiOH have been ubiquitously identified at the end of discharge of 

aprotic Li-O2 batteries. However, their implications for the electro-oxidation of Li2O2 remain unclear so far.  

In this work, two kinds of species of Li2CO3 and LiOH were investigated to understand their implications 

for the oxidation of Li2O2. Doping Li2O2 with various amounts of Li2CO3 (or LiOH) was achieved by 

reacting with CO2 gas (or H2O vapor) in a controlled way, and the electrochemical oxidation of the doped 

Li2O2 was studied with a quantitative differential electrochemical mass spectrometer (DEMS). Compared 

with the pristine Li2O2 demonstrating a single charging voltage plateau and one O2 gas evolution stage, an 

initially lower charging voltage and two O2/CO2 gas evolution stages were observed for Li2O2 doped with 

LiOH; while for Li2CO3-doped Li2O2 an initially higher charging voltage and three O2/CO2 gas evolution 

stages were obtained. The conductivity of Li2CO3 and LiOH was invoked to explain the different oxidation 

behaviors of the doped Li2O2. Isotope-labeled Li2
13

CO3 and Li
18

OH were employed to identify the source 

of O2 and CO2 evolution during Li2O2 oxidation. The results reported here will contribute to the future 

development of Li-O2 batteries.  
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The rechargeable Li-O2 batteries would become the promising generation of energy storage, on account of 

their potential to afford significant gravimetric energy, which is four times higher than the conventional 

Li-ion batteries. [1-3] However, this neotype battery system has been seriously impeded by numerous 

negative factors. [4-5] In order to conquer these significant challenges, it is essential to fabricate highly 

effective nano-structured cathode by multiple methods. Recently, Noble metal-carbon composite electrodes 

have been widely investigated and exhibit efficient electro-catalysis and improved cycle performances. 

However, the function of noble metal catalyst in this hybrid-structure cathode should be further illustrated. 

In this work, Ru/Pd supported on CNT fabric sheets are fabricated by magnetron sputtering method. The 

Li-O2 cells with this cathode deliver extremely low over-potentials compared with that of bare CNT 

cathode. Nevertheless, differential electrochemical mass spectrometry (DEMS) and FT-IR analysis discover 

that exposed Ru/Pd catalysts drastically destroy the cells’ cycle reversibility than bare-CNT cathode due to 

the induced degradation of electrolyte or electrode, especially Pd nano-particles. This preliminary result 

may give us a new awareness about the function of noble metal catalyst in aprotic Li-O2 battery. 
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In past decade, Li-O2 battery with high theoretical energy density(∼11500 W h/kg) has attracted high 

attention. It has already been one of the most promising energy sources.[1,2] However, practical lithium 

battery always runs into early death before reaching the theoretical specific capacity.[3] Lithium peroxide 

could block air electrode pores and channels in late stage. Improving the solubility of lithium peroxide has 

an important significance in getting a better cells` capacity.  

Three assumptive ways for dissolving lithium peroxide are as followed: 

2 Li2O2 →2 Li2O+O2
-                 

(1)
 

Li2O2 +O2→2Li
+
+2O2

-                
(2)

 

Li2O2 (solid)→Li2O2 (solved)
        

(3) 

We employ UV−vis absorption spectra and in situ Raman spectra to investigate the possible Li2O2 solving 

paths in DMSO solvent. 

In Ar condition, we want to learn whether Li2O2 would disproportionate into Li2O. If the reaction was occur, 

we could observe O2
-
 absorbing in UV-vis absorption spectra. 

In O2 condition, O2
-
 absorbing signal might result from Li2O2 reacting with O2, which is unbelievable but 

reasonable. Every reaction has chemical equilibrium, which depends on activation energies and entropy 

condition.  

According to UV-vis absorption spectra, much O2
-
 exists in Li2O2/DMSO/O2. It suggests that Li2O2 and O2 

may turn into O2
-
 in very dilute concentration. There is little O2

-
 in Li2O2/LiP/DMSO/Ar because of 

common-ion effect. 
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Fig.1 In situ SERS after O2 reduction on Au in O2
- 

saturated 0.1M LiClO4-DMSO. Spectra collected at a 

series of times on Li2O2 deposition and OCV 

recorded at the same time. The peaks are assigned as 

follows: 1) Au-O stretch of adsorbed O2
- at 491 cm-1, 

2) O-O stretch of adsorbed O2
- at 1109 cm-1. 3)O-O 

stretch of Li2O2 at 808 cm-1,4) Cl-O stretch of ClO4 

at 931 cm-1. 

Fig.2 UV−vis absorption spectra of the 

Li2O2/DMSO/Ar, Li2O2/0.1M 

LiClO4-DMSO/Ar, Li2O2/DMSO/O2, 

Li2O2/0.1M LiClO4-DMSO /O2 
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The metal-air batteries have the potential to be suitable candidates for electric vehicles (EVs) and hybrid 

electric vehicles (HEVs) owning to the greater energy density than Li-ion batteries [1-2]. Because of the 

high-earth-abundant, relative ease of extraction and processing, and modest expense [3]
 
of sodium than 

lithium metal, sodium-oxygen batteries are considered as particularly attractive [3-4]. Recently, most of the 

researches about sodium-oxygen batteries were focused on the air-cathode materials, electrolyte, reaction 

mechanism and gas atmosphere. But the metal anode has been fewer studied and reported in detail until 

now. Because the oxygen can dissolve and diffuse into the electrolyte then pass through the separator till to 

the surface of the metal anode and react with it. Besides, sodium metal may react with the electrolytes and 

corrode the separator. More seriously, the growth of Na-dendrites at the anode due to the inhomogeneous 

deposition leads to worse cycleability and safety [5], and both of them are the fatal issues for batteries. In 

this work, in terms of the issue of the instability of the sodium metal anode, we develop and identify one 

novel electrochemical stable and O2-inert counter or reference electrode materials from NaTi2(PO4)3/C 

(NTP) and Na3V2(PO4)3/C (N3VP) for Na–O2 batteries, providing stable discharge and charge platform 

with lower overpotential.  

Sodium insertion compounds NTP and N3VP have been applied in Na-ion batteries. The flat voltage plateau 

locaed at 2.1V of NTP and 3.4V of N3VP (as shown in Fig. 1) can be attributed to two-phase reactions of 

NTP/N3TP and N3VP/NVP, respectively. These features are similar to the promising cathode material of 

LiFePO4 for Li-ion batteries. They can provide a stable voltage when the electrochemical reaction of Na 

extraction/insertion is kept at 2.1 (NTP/N3TP) or 3.4 V (N3VP/NVP), which is in line with the standard of 

reference electrode. However, the differential electrochemical mass spectrometry (DEMS) results of the 

‘symmetrical’ cells NTP–N3TP/NTP and N3VP–N3VP/NVP clealy demonstrate that the O2 is consumed at 

the discharge process of NTP cell, but not in N3VP cell. Overall, we can directly observe the N3VP/NVP 

electrode is more stable in O2 via DEMS in Fig. 2. The side reactions and voltage fluctuations can be 

effectively avoided when N3VP/NVP acts as counter or reference electrode used in Na–O2 batteries. 
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Fig. 1 The charge-discharge profiles and cycle  

performance of NTP (a) and N3VP (b) samples 

(versus Na). 

Fig.2 The galvanostatic charge and discharge curves and O2 

consumption rate of (a) NTP–N3TP/NTP, (b) N3VP–N3VP/NVP 

cells at current of 300μA with 1.5 mL min–1 O2/Ar (80% O2, v/v) 

flowing. 
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Hydrogen, as a clean renewable energy source fuel without the emission of carbon dioxide, has been 

attracting a lot of attention as one of the most promising energy carrier of the future replacing traditional 

fossil fuels. Electrochemical water splitting reaction is an attractive scheme to product hydrogen from water. 

In this regard, extensive efforts have been devoted to design and develop high-efficient and earth-abundant 

electrocatalyst to replace expensive platinum. In recent years, several kinds of transition-metal phosphides 

(TMPs) have emerged as an attractive electrocatalyst for water splitting. However, most of TMPs suffer 

from problems including poor electrical conductivity and prone to aggregation. In this study, we report the 

first synthesis of FeP NPs on graphene sheets as hydrogen evolution reaction (HER) electrocatalyst. It is 

shown that the obtained FeP-GS hybrid sheets has high HER activity and good stability with a small onset 

overpotential of 30 mV, a Tafel slope of 50 mV/dec, an exchange current density of 1.2 × 10
-1

 mA/cm
2
, and 

a 10 mA/cm
2
 current density at overpotential 123 mV. 

 
Figure 1. Illustration of the procedure for preparing FeP-GS and Linear sweep voltammetry (LSV) curves and Tafel plots. 
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Using the light emitting diode as the signal reporter in a closed bipolar 

system 
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Bipolar electrode (BPE) is a wireless powered conductor with two quantitative related electrochemical 

reactions happening at its both ends. As it is easy to be fabricated and controlled, the BPE has shown great 

potential in analytical chemistry, materials science, motion recognization and catalyst displaying.[1] In 

analytical chemistry, the BPE acts as a transducer to transform the chemical or electrochemical signal to the 

optical signal with a chemical probe (e.g. Ru(bpy)3
2+

, Ag and Cr) as the signal reporter. Based on this 

principle, a lot of wonderful works have been reported on molecule recognition and quantification. 

Nevertheless, the dependence on the expensive luminescent reagent and instruments, or the using of 

complex but disposal Ag/Cr-based BPE makes these strategies uneconomic and impractical in routine use. 

Nyholm and coworkers have ever proposed that an ammeter can be integrated in a split BPE to monitor the 

current in the open bipolar system, which can avoid the use of the expensive luminescent reagent and 

instruments.[2] Very recently, Kuhn’s group developed an interesting bipolar light emitting diode electrode 

(BP-LED-E) as a wireless swimmer for the motion recognization in an open bipolar system.[3] However, 

due to the low current efficiency of the open bipolar system, the practical applications of such designs may 

be limited by the quite large driving voltage. 

 

       

 

Inspired by the unique character of the split BPE and 100% current efficiency of the closed bipolar system 

[4], a novel style of closed bipolar sensing system by integrating a light emitting diode (LED) into a split 

BPE (termed BP-LED-E ) was developed (Fig. 1b). With the BP-LED-E, all the electroactive analytes can 

be easily detected with the naked eye using different principles. In addition, the use of LED eliminated the 

dependence on the expensive luminescent agent and instruments that commonly used in BPE sensors. As 

shown in Fig. 1a, if a LED is inserted into the BPE of the dual-channel design or the reporting cell of the 

three-channel design is replaced by a LED (and c), both of them can be converted to the BP-LED-E sensor. 

Fig. 1b illustrates the structure and operating mechanism of the BP-LED-E. Due to the ultrahigh current 

efficiency of the closed bipolar system, the LED can be easily triggered by the reactions occurring at both 

poles of the BP-LED-E. More importantly, the LED luminous intensity is quantitatively related to the 

reaction rate at the ends of the BP-LED-E. 

With this design, we constructed a BP-LED-E array and achieved the rapid identification the H2O2 (Fig. 2a: 

Fig.2 Rapid identification of H2O2 (a), ascorbic acid (b), 

glucose (c) and the blood sugar (d) level. 

Fig.1 (a) Schematic diagram of the closed BP-LED-E 

system. 
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0.01 mM, 0.1 mM, 1 mM and 10 mM) and ascorbic acid (Fig. 2b: 0.01 mM, 0.1 mM, 1 mM and 10 mM) 

level. With this ingenious design, the selective analysis of glucose and blood sugar were also achieved by 

introducing an incubation process with glucose oxidase (GOD). As displayed in Fig. 3c, the identification 

and quantification of four glucose samples can be achieved in a single experiment with naked eyes and the 

histogram. Based on this, the rapid identification of sugar level of two blood samples has been achieved. In 

this experiment, 0.1 mM and 0.6 mM (one-tenth of the diabetes threshold level: 6 mM) incubated glucose 

solutions were added to the first and forth anodic cells as the reference points. The second and third cells 

were filled with incubated blood samples (one from normal people and another from the people with 

diabetes), and the driving voltage was set to 5.1 V. As shown in Fig. 3d, the light from the second 

BP-LED-E was stronger than that from the first BP-LED-E, indicating this blood sample was from a person 

with diabetes. The histogram result of the blood sugar level was 12.3 mM, which was in accordance with 

the result from the glucose meter (13.0 mM). While the luminous intensity of the third BP-LED-E was a 

little weaker than that of the first BP-LED-E, which meant this blood sample was from a normal person 

without diabetes (histogram result: 5.1 mM; glucose meter result: 4.7 mM). Compared with the traditional 

methods, it is very easy to achieve the high-throughput analysis (one of the most important advantages of 

the BPE) of blood sugar (or other substances) using the device with BP-LED-E array. In addition, the 

sensitivity of BP-LED-E can also be greatly improved by employing a photomultiplier as the detector. 

From the above results, it can be concluded that the proposed BP-LED-E design is very suitable for 

constructing electrochemical sensing platform and redox imaging sensor for various electroactive 

molecules with high throughput. 
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Stabilized, superparamagnetic functionalized graphene/Fe3O4@Au 

nanocomposites for a magnetically-controlled solid-state 

electrochemiluminescence biosensing application 

Wenling GU, Xi DENG, Xiaoxiao GU, Xiaofang JIA, Baohua LOU, Xiaowei ZHANG, Jing 

LI* and Erkang WANG*
 

State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry, Chinese 

Academy of Sciences, Changchun, Jilin, 130022, China; University of Chinese Academy of Sciences, 

Beijing, 100049, China. E-mail: ekwang@ciac.ac.cn 

Herein, a multifunctional nanoarchitecture has been developed by integrating the branched poly 

(ethylenimine) functionalized graphene/iron oxide hybrids (BGNs/Fe3O4) and luminol capped gold 

nanoparticles (luminol-AuNPs). The luminescent luminol-AuNPs as an electrochemiluminescence marker 

can be assembled on the nanocarrier of BGNs/Fe3O4 hybrids efficiently via the Au-N chemical bonds and 

electrostatic adsorption. Meanwhile, the multifunctional nanoarchitecture has been proved with excellent 

electron transfer, good stability and high emission intensity etc. Furthermore, we successfully developed an 

ultrasensitive magnetic-controlled solid-state ECL platform for label-free determination of HeLa cells using 

this multifunctional nanocomposite. Excellent performance of the magnetic-controlled ECL biosensing 

platform has been achieved including a high sensitivity for HeLa cells with a linear range from 20 to 1×10
4
 

cells/mL, good stability and reproducibility.  
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Figure 1 Schematic illustration of the preparation process of BGNs/Fe3O4@luminol-AuNPs 

nanocomposites and the fabrication of the ECL sensor. 

 

mailto:ekwang@ciac.ac.cn


15th ISEAC 

 
- 420 - 

Self-supported Au/Pt nanowires with a dendritic shell for enhanced 
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In the past few decades, a growing demand of the sustainable and clean energy sources has triggered the 

rapid development of direct fuel cells. Among these cases, direct ethanol fuel cells (DEFCs) are attracting 

increasing attention owing to its obvious advantages. For example, ethanol can be easily obtained from 

chemical industry and fermentation of biomass. Moreover, ethanol has a lower toxicity while providing a 

higher energy density compared to its counterparts such as methanol and formic acid.1 However, a great 

challenge in the development of DEFCs is the need of efficicent catalysts for ethanol electrooxidation.2 

Current studies are mainy focused on the precise control over the shape, size and composition of an 

electrocatalyst. Along this direction, recent studies revealed that bimetallic nanocrystals often show 

advanced catalytic activity compared with their monocomponent counterparts, due to the synergistic effect 

and electronic effect among the different components. Pioneering researchers also found that self-supported 

onedimensional (1D) materials are favorable for achieving high activity because they are less vulnerable 

than small nanoparticles to dissolution, Ostwald ripening, and aggregation during the electrocatalytic 

process due to their long length;3,4 while Pt-based nanocrystals with dendritic structures can achieve 

dramatically enhanced electrocatalytic activity deriving from the high active sites owing to lots of edges, 

corners, and stepped atoms possessed on their branches,5,6 etc. 

 

 

 

 

 

Integreted by these considerations, in this work, 1D Au/Pt core/shell nanowires with a dendritic shell were 

prepared through an effective heterogeneous, epitaxial growth strategy conducting in aqueous solution to 

grow Pt dendritic nanoshells on Au nanowires. The nanowires show a high-aspect-ratio and high quality. 

The self-supported Au/Pt nanowires present superior catalytic activity for ethanol electrooxidation in 

alkaline condition. 
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Fig.1 (A, B) Typical TEM images of the as-prepared Au/Pt nanowires with different magnifications. (C) CV curves of 

different material modified electrodes in a solution containing 1 M CH3CH2OH + 1 M KOH. 
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To meet the ever-increasing energy demands of present and future societies, better energy storage materials 

are needed 
1-3

. Lithium iron phosphate (LiFePO4) 
2
, an environmentally benign and relatively safe cathode 

material for rechargeable Li-ion batteries, has attracted a great deal of interest during the last few decades. 

However, due to its poor electrical conductivity, utilization of lithium iron phosphate (LiFePO4) as a 

cathode material for Li-ion batteries often requires size nanonization coupled with carbon coating to 

improve the performance. For this, size reduction means a degradation of the volumetric energy density 

resulted from the decrease in tap density; and carbon coating, invariably based on calcination, is energy 

intensive and may be environmentally problematic. Therefore, it is desirable to devise a procedure that can 

utilize larger LiFePO4 and increase its conductivity without requiring calcination. 

In this work, micron-sized LiFePO4 was surface-functionalised with a thin coating of polyphenylene by 

electro-reduction of a diazonium salt (C6H5N2
+ BF4

-). The coated LiFePO4, compared to its pristine 

counterpart, showed improved electrical conductivity, high rate capability, and excellent cyclability when 

used as a “carbon additive free” cathode material for rechargeable Li-ion batteries. The bonding mechanism 

of polyphenylene to LiFePO4/FePO4 was understood with density functional theory calculations.  
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Figure (1) Schematic illustration of the LiFePO4 and the C6H5N2
+
BF4

-
, (2) measurement the reduction potential 

of the C6H5N2
+
BF4
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Organic fluorescent dyes such as Cy3, Cy5 and Alexa Fluor 647 are widely used as fluorophores in single 

molecule localization microscopy (SMLM) [1, 2]. Based on the imaging principle of SMLM, the 

photophysical properties of fluorophores, e.g. the photostability, fluorescence lifetime and quantum yields, 

play an important role in the localization precision and spatial resolution [3, 4].  

In this work, we utilized electrochemical method to modulate the photophysics of organic dyes using a 

combination of electrochemical cell and super-resolution fluorescent microscopy. Cy5 was chosen as a 

model molecule in this work considering its wide application and commercial availability. A gold electrode 

(2 mm diameter Au disk) was used as the working electrode, and Cy5 was covalently linked on it. 

Compared with the cyclic volatmmograms of the bare Au electrode, the peak currents almost disappeared 

in the cyclic volatmmograms of the Cy5-decorated Au electrode, indicating Cy5 molecules occupied some 

sites of the conductive Au surface. It was found that the fluorescence of Cy5 decreased gradually without 

potential. However, when the electrode potential was adjusted negatively (i.e. from high to low voltages), 

Cy5 displayed a better photostability. Oppositely, when the potential was adjusted positively (i.e. from low 

to high voltages), the fluorescence of Cy5 molecules decreased with an even faster decay rate than that 

without potential. 

We have demonstrated the efficiency of electrochemistry on modulating the fluorescence of organic 

fluorophores used for SMLM. As a result, the spatial resolution of SMLM, which greatly depends on the 

photophysics of fluorophores, may be adjusted by coupling electrochemical cell to SMLM. 
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Ionic liquids containing imidazolium cations and their counter anions have currently received much 

attention as alternative electrolyte materials for battery technology due to their unique physical and 

chemical properties, such as non-volatility, nonflammability, high ion density, pretty high ionic 

conductivity, and high thermal stability. So they have been used to prepare electrolytes in place of 

flammable organic electrolytes 
[1-3]

. 

As a result, composite electrolytes have attracted considerable attention, and those based on ionic liquids 

(ILs) have become particularly popular because of the intensified ion densities, good ionic conductivities, 

and wide electrochemical windows of these room-temperature molten salts. In this work, a conducting 

anhydrous ionic liquid electrolytes(IL([BMIM]BF4)-polyethylene glycol-ethylene 

carbonate-1,4-butyrolactone-C2F6LiNO4S2) comprising imidazolium and organic units in the structure have 

been prepared. These short chain ionic liquid electrolytes were doped with lithium perchlorate to get ionic 

liquid electrolytes, we employed IR ang 
1
H NMR technique to study the structure and properties.  

The structural confirmation of composite electrolytes was performed by FTIR and 
1
H NMR. The prepared 

composite electrolytes show a high value of ionic conductivity of 4.86mS/cm at room temperature. For 

pure IL-PEG-EC-1,4-butyrolactone, the conductivity of IL-PEG-EC-1,4-butyrolactone increased with an 

increase in temperature. The increase in conductivity of IL-PEG-EC-1,4-butyrolactone with temperature is 

due to the decrease in viscosity which improved the mobility of the ions. For IL-PEG-EC-1,4-butyrolactone 

-C2F6LiNO4S2 electrolyte, the conductivity of the electrolyte increased with an increase in C2F6LiNO4S2 

content. The maximum room temperature conductivity of 5.80 mS/cm has been obtained for 

IL-PEG-EC-1,4-butyrolactone-C2F6LiNO4S2 electrolyte at 0.3M of C2F6LiNO4S2 content.  
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Fig.1 Relationships between conductivity and the C2F6LiNO4S2 concentration (mol C2F6LiNO4S2/L ionic liquid) 
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DFOB
–
 anion is a chemical hybrid of bis(oxalato)borate (BOB

–
) and tetrafluoroborate (BF4

–
) and possesses 

a lower symmetry order. DFOB
– 

-based electrolyte salts have found wide applications in many electric 

energy storage devices. For instance, LiDFOB demonstrates many advantages in lithium batteries, such as 

the feasibility of forming robust SEI (stable solid electrolyte) film at graphite anodes even in PC (propylene 

carbonate), the improvement of cathode performance in the extra high potential range at elevated 

temperature, and etc. TMADFOB (tetramethyl ammonium) shows some promise to enlarge the specific 

capacitance of activated carbon negative electrode in electric double-layer capacitors [2]. On the other hand, 

DFOB

 anion can also participate in the storage of electrochemical energy directly as a charge carrier, 

which may be a very interesting research field, especially its intercalation into graphite. 

According to our recent observations [1, 2, 3, 4], we have found that solvent molecules have been brought 

into graphite in varying degrees, accompany with the intercalation of anions into graphite. In [4], we have 

studied the intercalation behavior of DFOB
–
 in pure PC and mixed ethylene carbonate (EC)/PC, it is hard to 

make a conclusion whether the solvent molecules (PC or EC) co-intercalated with DFOB
–
 just from the 

inter-lamellar spacing of graphite intercalating compounds. However, the addition of EC really suppresses 

the discharge capacity. Furthermore, we obtained liquid electrolyte solution at room temperature by raising 

the concentration. Then we observed the storage and transfer pattern of DFOB
–
 in natural graphite flakes by 

a series in situ and ex situ electrochemical methods. 
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Human activity is based on energy. The progress of modern civilization is more inseparable from 

high-quality energy than ever and advanced energy technologies rely on powerful energy storage devices. 

Specifically, electrochemical cells with higher voltage and capacity are the immediate need for the 

optimized energy structure. In recent decades, the anion-intercalated graphite compounds have become a 

promising member of positive electrode materials in the community of energy storage and transformation 

[1].Graphite, which is abundant, economic, and environmentaly benign, can reversibly store/release anions 

at high working potentials (5~5.5V vs. Li/Li
+
) [2-3]. Additionally, various cation-inserted materials can be 

served as negative electrodes for electric energy storage devices using this kind of positive electrodes. 

However, the anion-intercalated graphite has not been put into practice since the relationships between 

performance and other factors such as the crystal structure, electrolyte solution and the ambient effect, were 

studied scarcely. In most practical energy storage systems, solvent is the vital component of an electrolyte 

solution and evidently influences the properties of electrode/electrolyte interface. During our former 

researches, we have realized the pivotal role of organic solvents in controlling the performance of 

capacitors. Morever, the restraint effect of EC on anions insertion into graphite has been confirmed [4-6]. 

This fact is mainly due to the intense solvation of anions by EC. In this study, the PF6

-electrolyte salt 

dissolved in the solvents of PC, EC and GBL are investigated for the following reasons. At first, PC, EC 

and GBL are the frequently-used solvents with high permittivity, high anodic stability and low toxicity. 

Secondly, PF6
-
 is electrochemical and thermodynamic stable, easy to be dissociated and mild to 

environment and is the most popular anion utilized in high-voltage electric energy storage devices. A series 

of in situ and ex situ electrochemical techniques are applyed to monitor the electrochemical processes in the 

graphite electrodes and correlated with performance of energy storage devices. 
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Super-capacitor,the function of which ranges between that of common capacitor and chemical batteries,is a 

brand-new energy storage device.It features such superior qualities as large discharge power,large 

capacitance of farad grade,higher energy,wider operating temperature range,longer service life,exemption 

from maintenance,economy,and environmental protection . 

Today commercial supercapacitors are electric double-layer capacitors mainly composed of porous carbon 

electrode material and organic electrolytes.The main obstacle which puzzles the further progress of 

supercapacitors may be the safety concern, especially when in abuse conditions, such as 

overcharge,over-discharge,high temperature and short circuit, the capacitors may easily catch fire or even 

explode.To improve the safety of supercapacitors at the same time not to sacrifice electrochemistry 

performance has become a big problem. 

We learn from the experience of lithium ion batteries which add flame retardants and try to explore suitable 

electrolytes used in abuse conditions. By changing the kind of electrolytes and flame retardants, we test 

electrochemical properties of different electrolytes.Our aim is to improve performance of electrolytes in 

abuse conditions as well as to enhance super-capacitor application in practice. 
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Low ionic and electronic conductivity restrict further development of Lithium iron phosphate (LiFePO4, 

LFP) as a cathode material in lithium ion batteries [1]. At present, carbon coating, nano-tailoring and 

doping alien metal ions are custom methods to solve this problem [2-4]. However, these strategies will 

inevitably raise the cost. Considering the Li-insertion/extraction process in LiFePO4/FePO4, we know the 

concentrarion of Li
+
 varies greatly at the electrode/electrolyte interface. Li

+
 transport in the 

electrode/electrolyte interface and in the LFP particle are in series. So that accelerating Li
+
 transference 

across the electrode/electrolyte interface can increase the ionic conductivity of Li
+
. An effective choice is to 

mix LFP with some anion adsorbents. Then anion adsorbents can store anions from the electrolyte during 

the charge process. And a lot of anions around the surface of LFP can promote the Li-extraction through the 

electrostatic forces (F=∑KQ
+
Q


/r

2
). K is related to the medium and Q

+
 is the number of Li

+
 near the 

surface of a LFP solid particle. Both of them can be treated as constants. Q

 stands for the number of 

negative charges, which is determined by the adsorption ability of anion adsorbents. r is the distance 

between positive and negative charges, which is related to the radius of anions. Due to the previous report 

[5], we chose active carbon (AC) as a typical anion adsorbent and used a series of electrolytes. Given the 

same solvent, so the electrolyte salt (anion) becomes a major factor influencing the performance of cathode. 

Apparent diffusion coefficients of Li
+
 (DLi) were estimated by cyclic voltammtric measurements. From the 

relationship between the square root of scan rate and the peak current, the calculated DLi of LFP composite 

electrode is larger than the pure LFP electrode in every electrolyte. That means anion adsorbents can 

improve the electrochemical performance of LFP. 
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Lithium ion battery has been widely used in the many fields of portable digital products, electric vehicles 

and other electronics products. With the challenge of higher energy density Li-ion battery, the silicon anode 

material is considered to possess a large application prospect due to the theoretical capacity of about 

4400mA/g. But, the huge volume expansion of the material can cause the severe cycling fading during the 

charge and discharge, and the coating carbon on the Si-particle is difficult to fundamentally solve these 

problems. Then researchers have designed a variety of nano silicon material, but it is still hard to 

industrialized production because of high synthesis cost, tedious process and matching problems with the 

existing manufacture production. Therefore, we have designed novel experiment method which is based on 

the low cost of commercial silicon material, using ball-milled method, adopting novel structure design and 

synthesizing auxiliary binder material of high bonding strength. 

The common binders of Li-ion anode material are polymer as polyvinylidene fluoride (PVdF) and 

carboxymethylcellulose sodium (CMC). But, due to the large volume change of silicon particle during the 

cycling, the deficiency of the bonding force inside these polymer binders can’t prevent Si material isolation 

from the electrode, and result in loss of activity material and capacity fading. We have synthesized the 

composites binder material, containing polyacrylate(PAA) and sodium polyacrylate (PAANa), by thermal 

polymerization under the vacuum environment. The large number of active groups of PAA-PAANa binder 

can form strong interactions with Si-O bond on silicon surface. Then, it can keep the integrity of Si 

particles and inhibit Si particles’ rupture during Si volume expansion repeatedly.  

Figure 1 compares cycle performance of different binders in electrodes. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Cycle performance of silicon anode materials using different binders. 
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Electrical energy storage devices are one of the most significant technologies in today's world. Modern 

society calls for the high-energy devices which are safer, more robust and environmentally benign. To meet 

these fundamental demands, the devices using both carbon-based electrodes are very attractive. As for 

electrolytes, the quaternary alkyl ammonium salts dissolved in organic solvent exhibit many advantages 

over the aqueous systems. Reseachers are committed to adjust the type of electrolytes, the mass ratio of 

electrode materials and their various combinations to optimize the performance of such devices. 

It is well known that the pattern of ionic storage is of importance. And we have studied the intercalation of 

quaternary alkyl ammonium cations into graphite negative electrode for the following 

reasons.Firstly,graphite is one of the oldest carbon materials and its regular layered structure can well 

accommodate cations when used as negative electrode.Secondly, quaternary alkyl ammonium-based 

organic electrolytes has been proposed as a kind of non-metal electrolytes which can greatly reduce 

potential risk of metal deposition .However,the volume of quaternary alkyl ammonium cations are usually 

too large. It's necessary to reduce the cation size to adapt intercalation level .In this paper, we reported the 

behaviour of different ammonium cations intercalated into graphite, which has been tested by 

electrochemical in situ techniques.  

It is proved that the size of cations plays a crucial role in the performance of graphite electrode .Among 

these cations, the intercalation of the big cation tetrabutyl ammonium TBA
+
 (tetrabutyl ammonium) 

demonstrates the largest degree of crystal lattice expansion of graphite but the best cycle performance. 

However, instead of smaller cations like DEDMA
+
 (diethyldimethyl ammonium) or TEMA

+
 (triethylmethyl 

ammonium), the insertion of TEA
+
 (tetraethyl ammonium) into graphite gives the smallest expansion 

degree of graphite crystal lattice but poor cycle-ability. A probable mechanism has been proposed. 
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To address the energy and environmental issues, there is an urgent need to develop next-generation energy 

conversion and storage technologies.
1-2

 Herein, an efficient noble metal free oxygen reduction catalyst was 

fabricated by a simple carbonization procedure with graphene, melamine and CoCl2 as precusors, in which 

Co
2+

 was proposed as pore former to promote the formation of pore structure on graphene. Both Co content 

and conbonization temperature was cotrolled to get insight into structure-catalytic activity relationship. It 

was demonstrated both Co and nitrogen dopants and pore structure play important roles on catalytic activity. 

The unique cobalt and nitrogen co-doped porous graphene nanocomposite was observed possessing an 

almost 4 electron transfer process towards oxygen reduction reaction (ORR). Compared with commercial 

Pt/C catalyst, it showed comparable half-wave potential and higher durability of the ORR catalytic activity. 

Acknowledgements 
This work is supported by the National Natural Science Foundation of China (No. 21273218). 

References  
1. M. S. Faber and S. Jin, Energy Environ. Sci., 7, 3519 –3542 (2014). 

2. G. Wu and P. Zelenay, Acc. Chem. Res., 46, 1878-1889 (2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



15th ISEAC 

 
- 432 - 

Facile synthesis of PtCo nanoelectrocatalysts 

Qingqing LU,
a,b

 Liang WANG,
a,
* 

a
 State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry,  

Chinese Academy of Sciences, Changchun, Jilin 130022, P.R. China, wangliang@ciac.ac.cn 
b
 University of Chinese Academy of Sciences, Beijing 100039, P.R. China 

Shape controlled synthesis of platinum nanoelectrocatalysts have attracted extensive interest owing to the 

fact that the catalytic performance strongly relates to their facets.
1-2

 At the same time, It is highly desirable 

to develop PtM (M=Ni, Co, Fe, Cu) binary electrocatalysts to afford the favorable surface electronic 

structure and alloy effect.
3,4

 Herein, we present a highly-selective synthesis of PtCo nanocubes via one-pot 

hydrothermal process with Br
- 
and H

+
 as effective directing agents. The as-prepared nanostructures show 

superior electrocatalytic activities for methanol oxidation and oxygen reduction reactions. 

Acknowledgements
 

This work is supported by the National Natural Science Foundation of China (No. 21273218).  

References  
1. L. Wang and Y. Yamauchi, J. Am. Chem. Soc., 131, 9152-9153 (2009).  

2. T. Yu, D. Kim, H. Zhang and Y. Xia, Angew. Chem. Int. Ed., 50, 2773–2777 (2011). 

3. X. Huang, E. Zhu,Y. Chen, Y. Li, C. Chiu, Y. Xu, Z. Lin, X. Duan and Y. Huang, Adv. Mater., 25, 2974–2979 (2013). 

4. A. Yin, X. Min, Y. Zhang, and C. Yan, J. Am. Chem. Soc., 133, 3816-3819 (2011). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



15th ISEAC 

 
- 433 - 

Label-free electrochemical impedance aptasensor for cylindrospermopsin 

detection based on thionine-graphene nanocomposite  

Zhen ZHAO,
ab

 Hongda CHEN,
a
 Lina MA,*

a
 Dianjun LIU,

a
 and Zhenxin WANG*

a 
a
State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry, Chinese 

Academy of Sciences, Changchun, 130022, China. 
b
University of Chinese Academy of Sciences, Beijing, 100039, China. 

* Corresponding Authors; Emails: malina@ciac.ac.cn and wangzx@ciac.ac.cn. 

It is important to develop methods to determine cylindrospermopsin (CYN) at trace levels since CYN is a 

kind of widespread cyanobacterial toxin in water sources. In this study, a label-free impedimetric 

aptasensor has been fabricated for detecting CYN. In this case, the amino-substituted aptamer of CYN was 

covalently grafted onto the surface of the thionine-graphene (TH-G) nanocomposite by the cross-linker 

glutaraldehyde. The reaction of the aptamer with CYN was monitored by the electrochemical impedance 

spectroscopy because the CYN induced conformation change of aptamer can cause remarkable decrease of 

the electron transfer resistance. Under optimum conditions, the aptasensor exhibits high sensitivity and a 

low detection limit for CYN determination. The CYN can be quantified in a wide range of 0.39 to 78 

ng/mL with a good linearity (R
2
 = 0.9968) and a low detection limit of 0.117 ng/mL. In addition, the 

proposed aptasensor displays excellent stability, reusability and reproducibility. 
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For the goal of practical industrial development of fuel cells, cheap, sustainable and high performance 

electrocatalysts for oxygen reduction reactions (ORR) which rival those based on platinum (Pt) and other 

rare materials are highly desirable. Non-noble metal based catalysts might eventually be a replacement for 

Pt as an oxygen reduction catalyst. Nanostructured carbon-based materials, such as nitrogen-doped carbon 

nanotube arrays, Co3O4/nitrogen-doped graphene hybrids and carbon nanotube–graphene complexes have 

shown respectable oxygen reduction reaction activity in alkaline media. Among these non-noble metal 

catalysts, the most potential typical catalyst of this type is produced by impregnating Fe into the pores of an 

activated carbon and heating in the presence of N to form a catalytically active site. Here we introduce a 

new type of Fe/N/C complex catalyst, synthesized from ferrous gluconate and Ethylene diamine as 

precursors in a facial, one step methods. This composite catalyst shows activity and low H2O2 yielding in 

alkaline media  
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Dispersion-controlled carbon supported PtCu clusters was firstly synthesized using galvanic displacement 

of Cu/C, in which citric acid worked as the dispersion agent and its concentration was adjusted to form the 

as-synthesized clusters. It was found that the well dispersion played a significant role in tuning activity for 

methanol electrooxidation. 
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Fig.1 TEM and CV of PtCu/C catalysts 



15th ISEAC 

 
- 436 - 

Functionalized carbon nanotubes as effective catalyst support for methanol 

electrooxidation 

Meiling XIAO*, Kui LI, Yuemin WANG, Changpeng LIU, Junjie GE and Wei XING1 

State Key Laboratory of Electroanalytical Chemistry, Laboratory of Advanced Power Sources, Changchun 

Institute of Applied Chemistry, Chinese Academy of Sciences, Changchun 130022, (PR China) 
E-mail: mlxiao@ciac.ac.cn (M. Xiao); kuili@ciac.ac.cn (K. Li); ymwang@ciac.ac.cn (Y. Wang); 

liuchp@ciac.ac.cn (C. Liu), gejj@ciac.ac.cn (J. Ge) and xingwei@ciac.ac.cn (W. Xing) 

It is commonly recognized that the catalyst support plays a critical role in both catalytic activity and 

durability.[1] With a much higher graphitization degree, carbon nanotubes (CNTs) exhibit higher 

electrochemical corrosion resistance than carbon black. In addition, the nanometer size, high specific 

surface area, special electronic and mechanical properties of CNTs make them for potential candidates as 

catalyst support. However, pristine CNTs are insoluble and lack sufficient binding sites for anchoring 

precursor metal ions or metal nanoparticles, leading to poor dispersion and aggregation of metal 

nanoparticles. In this work, oxidized CNTs with different oxidation degree were synthesized by varying the 

concentration of KMnO4. The effect of oxidation degree on the electrocatalytic activity and stability of the 

supported Pt catalysts was investigated for the first time. The activity for methanol oxidation reaction 

(MOR) was increased with increasing the oxidation degree duo to more oxygen-containing species 

introduced to CNTs, which can improve the dispersion of Pt NPs and also modify the electronic structure of 

Pt atoms. 
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Fig.1 The comparison of mass activity among different catalysts for MOR in 1 M CH3OH + 0.5 M H2SO4 solution. 
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Noble metal Pt and Pd are the state-of-the-art anode catalyst in direct liquid fuel cells. Increase the activity 

is an alternative way to reduce the system cost, here we report Ni2P as an effective catalyst promoter in 

direct liquid fuel cells. 
[1],[2]

 Nanoparticles of Ni2P and noble metals were co-deposited on carbon support, 

and the hybrid catalyst was integrated into the fuel cell test device for performances evaluation. For direct 

methanol fuel cell, Ni2P modified Pt catalyst shows the power density of 65 mW cm
-2

, about 2 times 

compared with state-of-the-art commercial Pt catalyst (Fig.1a). For direct formic acid fuel cells, Ni2P 

modified Pd catalyst exhibits a power density of 550 mW cm
-2

, which is 3.5 times of state-of-the-art 

commercial Pd anode catalyst (Fig.1b). The promotion effect could be due to the reduced charge transfer 

resistance and the electronic effect. Due to the easily preparation procedure, low cost of Ni2P material, and 

remarkably enhanced performances in fuel cells, it is a significant process for the development of direct 

liquid fuel cells.  
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Fig.1 Steady-state polarization curves for (a) direct methanol fuel cell and (b) direct formic acid fuel cell employing 

for Pt-Ni2P/C-30%, Pt/C-JM, Pt/C-H and Pd-Ni2P/C-30%, Pd/C-C, Pd/C-H as anode catalysts. Conditions: (a) 1 M 

methanol at 60 oC, the flowing rate of methanol was 20 mL min-1 and the flowing rate of O2 was 200 mL min-1; (b) 3 

M formic acid at 30 oC, the flowing rate of formic acid was 200 mL min-1 and the flowing rate of O2 was 500 mL 

min-1. 
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Because of the high specific energy and efficiency, low pollution and cost, long working time and simple 

processing at room temperature, direct methanol fuel cells (DMFCs) have been considered as one of the 

most promising candidates for portable electrical applications[1-2]. Currently, intensive research efforts are 

mainly focused on developing more active and stable Pt-based electrocatalysts for MOR with enhanced Pt 

utilization efficiency. Vanadium carbide incorporated on resorcinol-formaldehyde resin carbon 

(V8C7@RFC) was synthesized as a novel mesoporous catalyst-support material by pyrolysis of the 

resorcinol–formaldehyde resin and NaVO3 mixture. The material’s BET surface area was 564 m
2
 g

-1
 and 

thus much higher than that of 389 m
2
 g

-1
 for the carbon powders yielded by resin carbonation. Physical 

characterization revealed that the supporting material possesses a mesoporous structure and Pt 

nanoparticles are homogeneously dispersed on the V8C7@RFC surface. Electrochemical measurements 

demonstrated that the V8C7 modified Pt catalyst exhibits a negative shift of over 100 mV in the onset 

potential for COads electrooxidation and a dramatically enhanced activity in methanol oxidation reaction. 

The enhancement was mainly attributed to the electronic effect between Pt and V8C7 and the mesoporous 

structure providing ideal anchor sites for Pt dispersion. 
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Figure 1 The surface characterization and electron microscopy of as-prepared catalysts (Left) and Electrochemical 

performances of the as-prepared catalysts in MOR and illustration of the synergetic effect (Right). 
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Water electrolysis plays a fundamental role in the development of a sustainable energy system.[1,2] In 

practice the efficiency of water electrolysis is severely limited by the sluggish kinetics of the oxygen 

evolution reaction.[3] We reported a kind of integrated 3 dimensional oxygen evolution reactions (OER) 

catalyst by growing NiCo2O4 nanosheet arrays directly on conductive substrates. Such self-supported 

NiCo2O4 nanosheet electrodes exhibit high catalytic activity, good durability and nearly 100% Faradic 

efficiency (FE) in alkaline electrolyte due to the enlarged electrochemical surface area and reduced electron 

transference resistance. 
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Fig.1 CVs of (a) Carbon paper supported NiCo2O4 

and blank carbon paper; (b) Ni foam supported  

NiCo2O4 and blank Ni foam; (c) Glassy carbon  

supported NiCo2O4 and blank glassy carbon in 1M 

KOH solution at a scan rate of 5 mV s-1 

Fig.2 Low- and high-magnification (inset) 

SEM image of carbon paper supported 

NiCo2O4 
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Solid Polymer Electrolyte (SPE) water electrolysis is considered a promising method to produce 

high-purity hydrogen. SPEWE offers some considerable advantages, compared with alkaline water 

electrolyzers, including safer operation, better reliability, higher operational current densities, higher energy 

efficiency and specific production capacity. However, the oxygen evolution electrode (anode) with high 

overpotential in this system requires highly active and stable catalyst. IrO2 is the most effective OER 

catalyst in practical applications today due to its high activity and stability under harsh operating 

environments. However, IrO2 catalysts produced with some traditional fabrication methods are discovered 

with poor OER activity due to aggregation and sintering. 

In order to speed up the reaction and provide much more sites for the formation of crystal nucleus, this 

work was mainly addressed to the synthesis and characterization of nanosized IrO2 electrocatalyst by using 

a changed aqueous hydrolysis method. As a result, it was benefit to the fast formation of crystal nucleus 

and inhibiting the agglomeration of nanoparticles. It was found that the IrO2 electrocatalyst exhibited both 

excellent catalytic activity and stability for OER. 

     
Fig.1 Linear scan voltammograms (LSVs)       Fig.2 Steady state polarization curves of  

of different electrocatalysts.               SPEWE cells using different IrO2  

as anodic catalysts. 
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Platinum (Pt) nanomaterials have been extensively investigated and widely utilized as catalysts for a 

variety of research fields ranging from CO/NOx oxidation, petroleum cracking and fuel cells to 

water-splitting reactions.[1] The careful control of the surface structure can effectively modify and improve 

the catalytic properties of Pt nanomaterials. Concave nanostructures have attracted much attention in recent 

years due to their high index facets, open negative curvature, and sharp corners/edges which may lead to 

unexpected performances.[2] Besides concave Pt nanostructures, one-dimensional (1 D) Pt nanostructures 

including nanowires, nanorods, and nanotubes have also received a great deal of attention in the past 

decades. Their inherent anisotropic morphology may be able to overcome carbon corrosion issues that 

potentially lead to migration, aggregation, and Ostwald ripening of the isotropic 0 D Pt nanoparticles from 

the catalyst system.[3] In order to make full use of the advantages of highly concave and 1D Pt 

nanostructures, their assembly into 3D open nanostructures is the way forward to expose more accessible 

surface area/active sites, possess larger surface area and interconnected open-pore structures.  

Herein, we report a facile one-step methodology to synthesize unique Pt hierarchical nanoframes, namely 

Highly Concave Cubes with one Leg on each Vertice (HCCLV).[4] The unique structures of Pt hierarchical 

nanoframes automatically enabled the formation of 3D open nanostructures. Pt hierarchical nanoframes 

were subsequently investigated for the electrocatalytic oxidation of short chain alcohols (methanol and 

ethanol) and electrochemiluminescence. As-prepared Pt HCCLV exhibited enhanced catalytic activities and 

durabilities. 
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Traditionally, Pt/C is prepared by the reduction of chloroplantic acid in sodium borohydride solution. 

Always, the Pt is formed in ball-like nanoparticle, quite a part of Pt is fixed in the particles, which can not 

play a role in the catalysis reaction so that quite some of Pt is wasted. To solve this problem, we have 

produced a kind of effective Pt-based electrocatalyst through a simple method, that’s galvanic reaction. 

Firstly, we prepared Fe/C substrate with uniform Fe nanoparticles over carbon support. Based on this 

substrate, we add chloroplantic acid in the dispersed solution. Pt was reduced in situ on the Fe nanoparticles, 

like sheet on the nanoparticle. The uniform and fully-utilized Pt/C was obtained after Fe nanoparticles 

being removed with diluted hydrochloric acid. This new Pt/C catalyst shows better oxygen reduction 

reaction (ORR) activity than that prepared by the reduction by sodium borohydride solution,as depicted in 

Figure 1. 
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Because of the limited resources of precious metals, regeneration of supported precious metal catalysts 

through the redispersion of metals is a highly interesting and significant topic, in particular because it is the 

reverse of deactivation, mainly as a result of the sintering [1−3]. Herein, we present a simple one-step 

strategy to regenerate the catalytic activity and double the amount of carbonsupported platinum (Pt/C) 

electrocatalysts for methanol electrooxidation by adding carbon support only (Scheme 1). 

By adding pure carbon support to improve the redispersion of platinum (Pt), a sintered Pt/C electrocatalyst 

for methanol electrooxidation was effectively regenerated in activity and doubled in amount on the basis of 

a one-step liquid oxychlorination. The apparent activity (mA mgcata.-1) of the optimal Pt/C regenerated (Pt 

3.3 wt %) is close to the initial fresh Pt/C (Pt 10 wt %) and about two times that of fresh Pt/C (Pt 3.3 wt %), 

making Pt utilization doubled and then the resource-limited Pt potentially sustainable. The new nucleation 

of metal atoms on added pure support surface was found to be the key for both the improved redispersion 

of metal nanoparticles and the effective regeneration of catalytic activity in situ. 

 
Scheme 1. The utilization of precious metal on regenerated catalyst is higher than the fresh one as a result of much lower 

precious metal loading and doubled amount. 
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Platinum and other precious metal electrocatalysts for oxygen reduction reaction (ORR) have hindered the 

commercialization of fuel cells because of their high cost and instability. In this work, a series of N, F 

co-doped graphene were synthesized via simply pyrolysis of graphene with NH4F for the first time. The 

XPS spectrum reveals that N and F are successfully doped in the graphene framework. The ORR 

electrocatalytical activity for G-NF is outperform pristine graphene and at the same level of commercial 

Pt/C in alkaline medium. Besides the high ORR performance, the long-term operation stability is still better 

than Pt/C. This will be beneficial for future work to design and fabricate metal-free ORR catalysts. 
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Fig.1 LSVs of NFGO and 20 wt% Pt/C in O2-staurated 0.1M KOH at a scan rate of 5 mV/s-1 and rotation rate of 1600 

rpm. 
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For the increased demand of energy in the world, one of the biggest challenges is the development of 

technologies that provide inexpensive, readily available, sustainable energy. Fuel cells are among the most 

promising candidates for reliable and efficient conversion of alcohols into electric power in automotive and 

portable electronic applications on a largely scale [1]. Platinum has been known as the most effective 

catalyst for the oxygen reduction reaction (ORR) in fuel cells [2]. However, the scarity, high cost, and poor 

long-term stability of Pt-Based ORR catalysts are main obstacles for large-scale commercialization of fuel 

cell technology [3]. Therefore, developing sustainable non-precious metal or metal-free ORR 

electrocatalysts to replace Pt-based electrocatalysts are attracting more and more attention for fuel cell 

systems [4]. Here, on the basis of inexpensive carbon blacks (such as Black Pearls 2000 (BP)), NH4F and 

FeCl3, we successfully fabricated a family of F, Fe-codoped inexpensive carbon-based electrocatalysts 

(BP-FFe) for ORR in alkaline medium. By tuning the Fe content and F content (Fig.1a, b), we found the 

electrocatalysts synthesized in the initial mass ration of NH4F/C of 11:1 and Fe content of 0.5 wt% show 

the best ORR catalytic performance in 0.1M KOH. The optimal electrocatalysts show a higher ORR onset 

potential（Eonset = 40 mV）and half-wave potential (E1/2 = -123 mV) than that of commercial Pt/C and our 

previously reported BP-18F catalysts(Fig. 1c) [5]. These novel non-precious metal electrocatalysts are the 

most promising alternatives with the best price/performance ratio to Pt for the application in alkaline fuel 

cells as a result of their superlow cost and superhigh performance. 

 

 
Fig. 1 The optimization and electrochemical characterization of the BP-FFe catalysts. a,b) Fe-content and NH4F/C ratio 

dependence of BP-FFe catalyst activity. c) Electrochemical characterization of the BP-FFe catalysts. 
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Surfactant-mediated exfoliation of multilayer WS2 and its activities on hydrogen evolution reaction (HER) 

were investigated. With sonication, bulk crystals of WS2 sheets were exfoliated by non-ion surfactant, 

leading to the formation of quantum dots that exposed new sites and with a high concentration of metallic 

edges. The WS2 QDs were then drop-casted onto a GCE to measure the catalytic activities for hydrogen 

evolution. Based on the polarization curve, the Tafel slope was estimated to be 69mV per decade and the 

onset potential was 100 mV, indicating good catalytic performance of such QDs. The enhanced activities 

are likely due to the increased numbers and catalytic activities of the active sites, which are the key 

challenges for HER of MS2.
1
 The critical micelle concentration and the surface energy of the dispersions 

affect the exfoliation process.
2
 Our results suggest that surfactant-mediated exfoliation is an 

environmentally benign method to synthesize WS2 nanoparticles and beyond, such as MoS2, for 

electrocatalytic hydrogen evolution. 
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Fig.1 TEM image (a) and HRTEM images (b, c) of 

WS2 QDs. In (d), the particle size distributions of WS2 

QDs are shown. (e) Representative AFM image and (f) 

corresponding thickness analysis taken around the 

white line in (e) reveal a uniform thickness of about 

0.65 nm for WS2 QDs, (g) UV-Vis and photographs of 

WS2 QDs. 

Fig.2 XPS spectra showing 

Mo3d (a) and W4f (b) core level 

peak regions for samples 

annealed at various temperatures. 
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Cathode sluggish kinetics of oxygen reduction reaction (ORR) is the bottleneck of developing cathode 

material for ORR. The development of efficient and affordable catalysts for ORR is the goal of many 

research works. Compared to platinum materials, carbon materials have the advantages of good stability, 

cheapness, the ability of anti-oxidation of methanol. Since the discovery of its catalytic activity toward 

oxygen reduction in 1964, cobalt phthalocyanine has been investigated as a series of M-N-C class materials 
[1]

. Wherein the transition metal catalyst of the central ion, for example, iron, cobalt and nickel load a 

variety of nitrogen-doped carbon material attracted widespread attention. This class of catalyst has a high 

catalytic activity, which is one of the more promising materials. Chitosan, the only alkaline polysaccharide 

in nature 
[2]

, contains a high nitrogen content, and its most important feature is the ability of adsorbing 

metal ions. In this work, a Fe-N-C system was established using ferric ion adsorded chitosan as starting 

material, throughing a two-step oxidation including carbonation by hydrothermal reaction and the 

following aneal. It is conclued that the different iron content have different effects on oxygen reduction 

reaction. In addition, the catalyst is nitrogen-containing itself, avoiding the complicated nitrogen doping 

processes. As shown in figure 1, the material can catalyze for the oxygen reduction obviously, and it is 

found that the quality ratio between iron and chitosan was 0.02%, compared with the mass ratio of 0.05%, 

have the more negative onset potential and the higher catalytic current when using LSV method for 

catalyze oxygen reduction process. The results showed that the less iron content gave greater contribution 

to the catalytic performance. The XPS also testify that the carbonized chitosan with 0.02% Fe (ш) have 

relative high pyridinic type N, which also play the role of improving the catalysis’s activity. This study 

about oxygen reduction catalyst metal content is used to introduce a new idea in many interesting attractive 

material areas including ORR in the future. 
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Fig.1 LSV of the carbonized chitosan with 

0.02% Fe (ш) and 0.05% Fe (ш). 
Fig.2 XPS of N1s of carbonized chitosan with 0.02% Fe (ш).  
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 β-amyloid accumulation has been known as a major aetiology of AD. Growing evidences suggest that 

 β42 oligomers exhibit high affinity with numerous cell surface receptors such as NMDA, PrP
c
 and soforth. 

Rencently, Lilrb2 (leukocyte immunoglobulin-like receptor B2) a new receptor for  β42 oligomers with 

nanomolar affinity has been reported. According to further research, extracellular domain of Lilrb2 

involves in this interaction, accounting for impacting synaptic plasticity and synaptic loss in AD.
1
 However, 

the specific mechanism of this interaction remains elusive. In this study, we use dual polarization 

interferometry (DPI), which is a new optical biosensor for the study of bimolecular interactions, to provide 

real-time information of mass, density, thickness and refractive between Lilrb2 and  β42 oligomers. Thus, 

we find that  β42 oligomers prior to monomer interaction with Lilrb2, and the whole process could be 

recorded in real-time by monitoring the changes in the transverse magnetic (TM) phase and transverse 

electric (TE) phase.
2
 Hopefully, our study may contribute to the mechanism research in-depth or drug 

screen by tagerting extracellular D1 and D2 domain of Lilrb2. 
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Figure 1 The schematic representation of DPI-based biosensing of interaction between Lilrb2 and  β42 oligomers 
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As a powerful analytical method, electrochemiluminescence (ECL) method has been widely used in 

environmental monitoring, food safety, bioanalysis and so on, due to its high sensitivity, simple set-up and 

absence of background optical signal [1]. Recently, graphene has attracted much attention due to its unique 

properties, such as high mechanical strength, high surface area, and rapid electron transfer [2]. Especially 

for its fantastic electrical conductivity, graphene was selected as an ideal material to construct ECL sensors.  

Biomarkers are proteins associated with corresponding disease. Their levels in blood or tissue provide 

essential information for early disease diagnosis [3]. Therefore, it is desirable and important to develop new 

and sensitive methods for the detection of bionarkers to diagnose the diseases in an early stage. 

Herein, we developed a novel ECL sensor for immunoassy of biomarker using gold nanoparticles decorated 

graphene (Au@P-RGO) to enhance the ECL signal. Firstly, Au@P-RGO was combined with Ru(bpy)3
2+

- 

doped silica (Ru(bpy)3
2+

-SiO2) nanoparticles to prepare Au@P-RGO@Ru(bpy)3
2+

-SiO2 composite. The 

composite immobilized target antibody and build a sandwich-type electrochemiluminescence 

immunosensor through the interaction between antigen and antibody. Au@P-RGO composite with good 

conductivity and high surface area could not only accelerate the electron transfer rate, but also improve the 

loading of both ECL molecules and capture antibody, resulting in high ECL intensity. Satisfactory results 

were obtained when the proposed immunosensor was used to the analysis of biomarker. 
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Fig.1 TEM image of RGO@Au@Ru-SiO2 composite 
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Direct electron transfer (DET) between biologically enzymes and electrode surface plays an important role 

in the research of electron transfer mechanism in biological system and the development of biosensors and 

biofuel cells.
1-3

 In particular, the DET-based biosensing is crucial to the fabrication of the third-generation 

biosensors.
4
 Unfortunately, it is extremely difficult to obtain the DET and the DET-based biosensing.  

In this work, a novel nitrogen-doped carbon nanospheres@carbon nanofibers (NCNSs@ CNFs) composite 

film was prepared for the investigation of the DET of GOx and the DET-based glucose biosensing. Without 

any pretreatment, the as-prepared material can directly serve as a platform for GOx immobilization. The 

cyclic voltammetry of immobilized GOx showed a pair of well-defined redox peaks in O2-free solution 

(Fig.1, curve b), indicating the DET of GOx. With the addition of glucose, the anodic peak current 

increased, while the cathodic peak current decreased (Fig.1, curve c), which demonstrated the DET-based 

bioelectrocatalysis. The detection of glucose based on the DET of GOx was achieved with satisfactory 

results. Thus, the as-obtained NCNSs@CNFs can serve as an ideal platform for the construction of the 

third-generation glucose biosensor. 
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Fig.1 CVs of NCNSs@CNFs/GCE (a), and GOx/NCNSs@CNFs/GCE in N2-saturated 0.1 M PBS (pH 7.0) without (b) 

and with (c) 1 mM glucose. Scan rate: 50 mV s−1.  
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To address the global theme issue on sustainable development, unrelenting efforts have been devoted to 

hydrogen evolution reaction (HER) [1, 2]. As the advanced catalysts for HER, MoS2-based electrocatalysts 

have attracted tremendous efforts in order to enhance the HER activity [3, 4]. Given the HER performance 

of MoS2 is largely limited by its poor conductivity and serious aggregation, massive research endeavors 

have been dedicated to investigating and optimizing the catalytic activities of various MoS2 materials. 

Herein, for the first time, a simple approach to prepare MoS2 nanosheets embedded in N-doped carbon 

nanofibers (MoS2/NCNFs, Fig.1) was developed by the combination of electrospinning and thermal 

treatment process. The as-prepared MoS2/NCNFs composites exhibited outstanding HER catalytic activity, 

which demonstrate small HER overpotential and large cathodic current density. Futhermore, small Tafel 

slope, large exchange current density, as well as superior cycling stability are obtained. This success of 

embedding MoS2 nanosheets in N-doped carbon nanofibers paves a new avenue for highly efficient 

catalysts for HER in the near future. 
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Fig.1 TEM image of the MoS2/NCNFs 
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Based on the problems of energy shortage and environmental pollution, hydrogen has been developed into 

an alternative to fossil fuel [1, 2]. However, hydrogen evolution reaction (HER), 2H
+
+2e

-
—H2, requires 

high-performance catalysts to reduce the overpotential and improve the effiency [3, 4]. Pt-based catalysts 

have unbeatable electrocatalytic HER capability, but scarcity and precious issues limit their widespread use. 

Therefore, most researches focus on developing advanced catalytic active materials, which are 

earth-abundant and low-cost [5]. Both experiments and computational simulation demonstrate that 

molybdenum disulfide (MoS2) has excellent HER activity.  

In the present work, we intended to combine MoS2 and carbon nanofibers (CNFs) to generate a novel 

nanocomposite, which possessed enough active sites for electrocatalysis. The composite was gained by a 

mild hydrothermal reaction. The quantity of the MoS2 grown on the CNFs was controlled by changing the 

relative proportion of precursors. The obtained composite showed satisfactory electrocatalysis results. 
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Fig.1 SEM of the MoS2@CNFs composite. 
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Carbon dioxide (CO2), as one of the major byproducts of cellular metabolism, mediates many fundamental 

behaviors, and its detection is associated with the activation of protein ion channels expressed on olfactory 

sensory neurons. Inspired by this biological phenomenon, we developed an extraordinary gas-sensitive ion 

channel, reconfigurable ionic diode and bionic ion pump on the basis of the growth of a gas-responsive 

polymer film, which can be rendered hydrophilic with CO2 stimulus and hydrophobic with N2 stimulus. In 

particular, by alternatively purging CO2/N2 into the solutions which are placed on both sides of the channel 

embedded in the polymer membrane, the smart polymer-coated channel can be either closed or opened, 

which is independent of voltage polarity. Most intriguingly, under asymmetric stimulation with pH pairs 

(p  6.5‖p  9.0) or with gas inputs (CO2‖N2) on both sides of the channel, a change in voltage polarity can 

switch the channel between a closed status and open status, leading to the construction of a reconfigurable 

fluidic diode. Furthermore, by combination of gas inputs and voltage polarity, each of the gates of the 

channel can be individually manipulated, which is a very important prerequisite for the construction of a 

bionic ion pump that can be operated under physiologically mild conditions. It is envisaged that this new 

progress in the bionic pore/channel field will hold great prospects for the application of this kind of 

biomimetic device for energy storage, sample filtration and seawater desalinization. 

In Figure 1A, our apparatus constructed with the pH stimuli responsive polymer PDEAEMA 

(poly(N,N-diethylaminoethyl methacrylate) ) brush on the surfaces of PET nanopore can behave ON state 

(Ions can penetrate through the nanopore.) and OFF state (Ions can not penetrate through the nanopore.). 

The ON/OFF state was due to the conformation change of the PDEAEMA: when the nanopore is ON state, 

the polymer conformation is extended, when the nanopore is OFF state, the polymer conformation is 

collapsed showed in Figure 1B.  
 

 
Fig. 1 Diagram of the CO2 breathing polymer film for constructing switchable ionic diodes 
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A novel ultrasensitive immunsensor for detection of the tumor biomarker, carcinoembryonic antigen (CEA), 

was developed by using AuNPs-Ab2-glucose oxidase (GOD)-Concanavalin A (Con A) as pH-switchable 

immunosensing probe and BSA-Ab1/chitosan (CHIT)-AuNPs/integrated three-dimensional macroporous 

carbon (3D-KSCs) derived from kenaf stem electrode as signal collector based on a sandwich-type assay 

mode. After a sandwich immunoreaction, the quantitative capture of AuNPs-Ab2-GOD-ConA on 

CEA/BSA-Ab1/CHIT-AuNPs/integrated 3D-KSCs electrode could greatly hinder Fe(CN)6
3−/4-

 electron 

transfer to make cyclic voltammograms response decrease and electrochemical impedance spectroscopy 

signal greatly increase. The electron transfer hindering of Fe(CN)6
3−/4-

 not only resulted from the increase 

of modified layer but also the electrostatic repulsion between Fe(CN)6
3−/4-

 and the negatively charged 

AuNPs-Ab2-GOD-ConA. The integrated 3D-KSCs electrode as signal collector not only provided a large 

specific surface area to load a large number of Ab1 but also enhanced the mass transfer. As a consequence, 

the proposed immunsensor could detect CEA with a linear range of 5 pg mL 
−1

 to 50 ng mL 
−1

 and a 

detection limit down to 1.3 pg mL
 −1

. In addition, the immunosensor had low cost, satisfactory 

reproducibility and stability and acceptable reliability. Thus, this method might provide a potential 

application in clinical diagnostics. 

 

 
 

Fig.1 Schematic illustrating of the pH-switchable immunosensor fabrication and sandwich-type immunoassay procedure 
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Microbial fuel cells (MFCs) system represents a promising green energy technology in future due to its 

diverse potential applications in bioelectricity, bioremediation, biosensing, biofuel production, wastewater 

treatment and other new fields of application [1-3]. Nowadays, some species of exoelectrogens have been 

reported for MFC device including strictly anaerobic cultures, aerobic and facultative cultures [4-7]. 

Among them, the facultative cultures show more advantages such as more convenient and easier operation 

than anaerobic strains. In this study, a facultative electrochemically active strain LZ-1 was successfully 

isolated from wastewater. The facultative strain LZ-1 can produce higher current density than the strictly 

anaerobic Geobacter sulfurreducens PCA in half-cell device (curves a and b in Fig.1 inset) and it belongs to 

citrobacter freundii sp. via 16S rRNA gene sequences analyzing. The electricity producing ability and 

electrochemical characteristics of strain LZ-1 are shown in Fig.1. It can be seen that at round the maximum 

current density (curve b in Fig.1 inset), the voltammograms (curves a and b in Fig. 1) show the typical 

sigmoidal shape, which implies strain LZ-1 processing good electrocatalytic performance to sodium acetate. 

While a pair of obvious redox peaks appeared when sodium acetate was consumed completely (curve d in 

Fig. 1). By contrast, before inoculation, there is no observable redox peaks (curve a in Fig. 1). These results 

demonstrate that the strain LZ-1 can produce high current density and form a stable electrochemically 

active biofilm by using sodium acetate as electron donor on carbon plate surface.  
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Fig.1 Cyclic voltammograms at various growth stages of the strain LZ-1 biofilm: 

curve (a) before inoculation; (b) running for 40 h with maximal current density in 

quiescent solution; (c) same as curve (b) without stirring; (d) under sodium acetate 

exhaustion in the end. Inset: Chronoamperometric curves of G. sulfurreducens PCA 

biofilm (a) and strain LZ-1 biofilm (b) using sodium acetate as electron donor. 
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In recent years, the abuse of ractopamine (Rac) as feed additive has became a serious social problem (1). 

Thus, it is urgent to develop and apply a simple, rapid, effective and low cost analysis method for the 

detection of Rac, especially those can be handled in situ (2). Unfortunately, most of the existing methods 

are not suitable for field analysis and rapid screening (1). Compared with those methods, electrochemical 

methods possess the advantages of simple pretreatment procedure, fast analytical time and low instrumental 

cost, thus they show great potential applications to the analysis of Rac (2). In recent years, the research 

about gold nano-material with different size and various morphology is increasingly active due to their 

unique physical and chemical properties including high conductivity, high specific surface area, and 

peculiar optical properties. For example, many electrochemical sensors towards different toxic compounds 

have been developed with different AuNCs acting as electrode modifier and sensing material (3).  

Here, a flowerlike gold structure formed on ordered mesoporous carbon (OMC) modified glassy carbon 

electrode (Au/OMC/GCE) surface was constructed and employed as Rac electrochemical sensor. The as 

prepared modified GCE was found to be a good electrochemical sensor toward the RAC determination. 

 

 

 

 

 

 
 

 

 

 

 

 

 

Fig.1. (left) SEM images of A: OMC, B: gold nanostructures formed on OMC. 

Fig. 2. (right) CVs of Au/OMC in B-R buffer solution (pH 2.0) in the presence of 0, 0.6, 1.6, 2.1 mg/L Rac at a scan rate 

of 50 mVs-1 (from a to d). Inset: plot of DPV peak current against Rac concentration|. 

 

The SEM images showed that after electro-deposition of a flowerlike gold nanostructure (fig.1 B), the 

characteristic well-defined morphology of OMC (Fig.1 A), including the form of small bundles and 

uniform dispersion were coated entirely.  

The cyclic voltammograms (CVs) of (Au/OMC/GCE) in the presence of Rac with different concentrations 

(fig.2 showed that the Au/OMC reduction peak current increased and the oxidation peak current decreased 

with the Rac concentration increasing, which indicated a strong electrocatalytic activity of Au/OMC toward 

the reduction of Rac (4). 

The electrochemical determination of Rac was performed with a differential pulse voltammetry (DPV). The 

result showed that the DPV peak current have a linear relationship with the Rac concentration in a range 

from 0.01 to 25 mgL
-1

 with a detection limit of 1.5 µgL
-1

, which was more lower than the existing report 

(5). 

The high sensitivity, good reproducibility and stability of the sensor indicate a potential application of the 

present material in Rac analysis. 
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Electrochemiluminescence behavior of gold/Nafion/Ru(bpy)3
2+

 system in the 

presence of oxalic acid 

hongwei Gu, qingqing Zhang, qinghe Wei and bin Qi* 

(Faculty of Chemistry, Northeast Normal University, Changchun, 130024, China) 

Electrochemiluminescence (ECL) is derived from an energy relation process that excited states emit 

light at the electrode surface. Based on different ECL systems, many simple and sensitive analytical 

methods have been developed [1]. In terms of its good water-solubility, stable chemical property, reversible 

redox, high light-emitting efficiency, wide employment of PH value, as well as electrochemical 

regeneration and long-life of excited states, Ru(bpy)3
2+ 

has become an attractive reagent in ECL, and Ru(Ⅱ) 

complex-based ECL systems have been employed widely [2]. In the previous work, we reported the unique 

ECL behavior of gold/Nafion/ Ru(bpy)3
2+

 system and no one have reported it before. That is, differ to the 

accredited Ru(bpy)3
2+

 ECL peak at beyond 1.0 V, the ECL response of Ru(bpy)3
2+

 in gold/Nafion/ 

Ru(bpy)3
2+

 system shift to 0.1 V during the cathodic scan [3]. 

In the present work, ECL behavior of gold/Nafion/Ru(bpy)3
2+ 

system in the presence of oxalic acid 

(OA) was investigated. It is well known that OA is a co-reactant of Ru(bpy)3
2+

 ECL reaction and the 

presence OA will leading to an enhancement of Ru(bpy)3
2+

 ECL intensity [4]. Whereas in a 

gold/Nafion/Ru(bpy)3
2+

 system, the situation changed entirely.  

 

 

 

Fig.1. The ECL intensity of the gold/Nafion/Ru(bpy)3
2+

 electrode in the presence of (1) 0, (2) 100 

and (3) 180μmol/L of OA for 4 continuously scans. 

As can be seen from fig.1, in a pH 8.0 phosphate buffer solution, with the increasing of OA 

concentration, the intensity of the ECL generated at 0.1 V decreased apparently, which was quite different 

to the Ru(bpy)3
2+

-C2O4
2-

 system reported before [5].  

The detailed investigations of the present ECL showed that the ECL intensity was linear to the 

logarithm of OA concentration in the range from 1.0×10
−6

 to 4.0×10
−4

 mol/L with a detection limit of 
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1.0×10
−7

mol/L. The regression equation for the resulting calibration plot was y=148-50lgx (where x was 

the concentration of OA, and y was the ECL intensity) with a correlation coefficient of 0.9991. These 

results indicated that the potential applications of the present ECL maybe in design and construct of an OA 

ECL sensor. 

Despite that we have found the unique ECL behavior of potential applications cathodic ECL 

behaviors of gold/Nafion/Ru(bpy)3
2+ 

system in the presence of OA and its potential apply value, the 

mechanism of the behavior still need to be further studied, and it will be an important work in our future 

research.  

Acknowledgement  

This work was supported by the Jilin Province Science and Technology Development Foundation 

(no.20130102003JC), the Ministry of Science and Technology (2014DFA31740). 

References 

[1]. Xiong C, Wang H, Yuan Y, Chai Y, Yuan R. Talanta,131: 192-7 (2015). 

[2]. Wang X, Yang Y, Gao H, Journal of Luminescence,156: 229-34 (2014). 

[3]. Rubinstein I，Bard A J. . Am. Chem. Soc. ,103：512 ~ 16 (1981). 

[4]. Qi B, Yin X-B, Du Y, Yang X, Materials Letters,62: 458-61 (2008). 

[5]. Feng L, Qin L, Hua C, Acta.Chlmica.Sinica.,60:281-6 (2002). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 



15th ISEAC 

 
- 462 - 

Determination of cyromazine and melamine at gold nanoparticles modified 

electrode using capillary electrophoresis coupled with electrogenerated 
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Chunyan WANG
a, b

, Tianyan YOU
b
 

a
 Institute of Food Engineering, Jinlin Engineering Normal University, Changchun, Jilin 130052, P. R. 

China 

E-mail: wangcy@ciac.ac.cn 
b 
State Key Laboratory of Electroanalytical Chemistry, Changchun Institute of Applied Chemistry, Chinese 

Academy of Sciences, Changchun, Jilin 130022, P. R. China 
E-mail: youty@ciac.ac.cn 

Cyromazine is a triazine-based pesticide and insect growth regulator which is widely used as a feed 

additive to prevent insects in animal manure, crops, vegetables and fruits. Some reports have indicated that 

cyromazine has been detected in food, wastewater and soil samples and has caused the potential 

environmental and human health problems [1], raising great concerns. Cyromazine can be metabolized via 

dealkylation or degradation in plants, animals and the environment to form melamine which was believed 

to be the main metabolite of cyromazine. So melamine also can be found in foods as a low-level 

contaminant due to the degradation of cyromazine. Meanwhile, melamine is added to milk or feed to 

falsely boost the apparent protein content because it contains 66.6% nitrogen [2]. However, excessive 

exposure to melamine can result in kidney failure because of the formation of insoluble 

melamine-cyanurate crystals in the kidney [1]. In 2008, it became a topic that melamine led to health 

problems for thousands of infants in China due to infant formulas were deliberately adulterated with 

melamine. So, in order to ensure safeness of the food, developing a sensitive, rapid and effect method for 

simultaneously determining trace cyromazine and melamine is very important. 

Here, a sensitive and selective method has been firstly developed for the simultaneous detection of 

cyromazine and melamine using capillary electrophoresis coupled with electrogenerated 

chemiluminescence (CE-ECL). The method utilized gold nanoparticles (AuNPs) modified electrode as a 

working electrode because it has high catalytic activity and improve greatly sensitivity of ECL detection. In 

addition, by diluting the sample in acetonitrile, significant degrees (∼10 times) of stacking was bring along 

for cyromazine and melamine by electroinjection through high-field amplified injection for CE. The 

detection limits of 0.5 ng/mL and 1.0 ng/mL at a signal-to-noise ratio of 3 were obtained for cyromazine 

and melamine, respectively. The established method was successfully applied for milk sample analysis with 

good reproducibility, precision, accuracy, and high recovery. The electrophoresis profile of one of spiked 

milk sample from the markets is shown in Fig. 1. 

 

Fig. 1 Electropherograms of (a) milk blank and (b) milk sample spiked with 10 ng/mL cyromazine and melamine by CE-ECL. 

Conditions: electrokinetic injection, 10 kV for 10 s; separation voltage, 15 kV; running buffer, 0.05 mol/L PBS (pH 4.0); 

detection buffer, 0.1 mol/L PBS (pH 7.4) plus 1.0×10-3 mol/L Ru(bpy)3
2+. 
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g-C3N4 has already been widely used in the field of photocatalysis and electrochemiluminescent analysis 

[1]. AuNPs possess excellent electrochemical properties and have been widely used as the decorator for 

nanomaterials [2]. The g-C3N4/AuNP nanocomposites were synthesized throgh an in-situ method. After the 

protonation of g-C3N4 with HCl, g-C3N4-H
+
Cl

-
 was obtained. Then, Cl

-
 in g-C3N4-H

+
Cl

-
 was ion-exchanged 

by AuCl4
−
, and the AuCl4

−
 absorbed on g-C3N4 was reduced to AuNPs by NaBH4. Almost 5 nm AuNPs 

were well distributed on the surface of g-C3N4. 

The properties of the resulting composites were studied by various optical and electrical methods, including 

X-ray diffraction spectroscopy (XRD), X-ray photoelectron spectroscopy (XPS), scanning electron 

microscopy (SEM), transmission electron microscopy (TEM), fourier transformation infrared spectroscopy 

(FTIR), UV–Vis spectroscopy (UV–Vis) and cyclic voltammetry (CV). The preliminary application of 

g-C3N4/AuNPs composites toward electrocatalytic reduction of Fe(III) was also investigated. These 

nanocomposites exhibit promising prospects for practical application in electrochemical analysis. 
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Fig.1 SEM (a) and TEM (b) images of g-C3N4/AuNP 

nanocomposites 

Fig.2 DPV curves of BGC and modified 

GC electrodes without 10 μM Fe(III) (a, 

c) and with 10 μM (b), 20 μM (e) Fe(III) 
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Recently, lithium-O2 battery has attracted much attention because of its very high theoretical specific 

energy density. Although rather high specific energy density has been experimentally demonstrated, its 

cyclability and stability are still low due to various side-reactions at the O2-cathode. Actually, the 

understanding of what happens during the discharge and charge process at the O2-cathode is still limited. 

Although it is known that major product of discharge process at O2-cathode is lithium peroxide (Li2O2) and 

Li2O2 is oxidized during charging process
1, 2

. Because superoxide anion (O2
-
), a highly active species, is 

generated during the discharge process and the charge process requires very positive potential, not only 

solvent but also electrode would be decomposed during discharge/charge cycle, resulting, in low stability
3, 4

. 

Thus, to improve the cyclability and stability of O2-cathode, it is essential to understand how both discharge 

and charge processes take place at the electrode. Many techniques including FTIR, Raman, DEMS and 

XANES have been used to clarity the reaction mechanism at the O2-cathode. Recently, we showed that 

electrochemical quartz crystal microbalance (EQCM), which can detect surface mass change in nanogram 

scale, is very useful to monitor the electrochemical reaction at Au cathode in an oxygen-saturated 

dimethylsulfoxide (DMSO) containing Li
+
 cation

5
. 

In this study, Mass changes at gold electrode surface in oxygen saturated dimethylsulfoxide (DMSO) and 

tetraethylene glycol dimethyl ether (TEGDME) solutions containing LiPF6 during galvanostatic reduction 

and oxidation have been monitored in situ in real time by EQCM to clarify the origin of degradation at the 

O2-cathode of lithium-O2 battery. The dissolution of Au electrode in DMSO solution and the decomposition 

of TEGDME during the anodic polarization, i.e., charging process, were observed. The different reactions 

and degradation mechanisms in these two solvents are attributed to the solvent properties and interaction 

between electrolyte solution and electrode surface. 
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The ever-growing energy crisis and environmental issues have triggered significant world-wide interest in 

developing sustainable and clean energy products[1,2]. Supercapacitors, as an important next-generation of 

energy storage device, are now attracting extensive attention, which is mainly due to their higher power 

density than batteries and higher energy density than conventional dielectric capacitors[2,3]. It is noted that 

the electrode materials play a dominant role in the development of supercapacitors. Carbon materials can 

offer many intriguing advantages of high electrochemical activity, low-cost, abundant resources and 

environmentally friendly. So far, various carbon materials, such as activated carbon, carbon aerogels,
 

carbon nanotwires, carbon nanotubes, graphene, etc. have been widely reported for supercapacitors. 

Graphitic porous carbon, owing to their high electrochemical activity and stability, have shown promising 

application in supercapacitors. Here, we fabricated the graphitic clew-like porous nanocarbon (GCPN) via a 

low temperature catalytic method by using Ni based catalyst. Fig.1 shows that the obtained GCPN 

materials exhibited a clew-like morphology composed of curled carbon nanowires with size range of 10~20 

nm. Fig.2 shows that the GCPN electrodes exhibited high specific capacitance, high rate performance and 

excellent cycling behavior (the GCPN-2 presented a specific capacitance of 248 F g
−1

 at 0.5 A g
−1

, a rate 

performance of 210 F g
−1

 at 5 A g
−1

 and a cycling stability of 94.3% retention after 5000 cycles at 0.5 A g
−1

), 

showing a promising application in supercapacitors. 

 

 

Acknowledgements 

This work was supported by National Natural Science Foundation of China (51172190) and Hunan 

Provincial Natural Science Foundation of China (11JJ2030). 

References  
1. A.S. Aricò, P. Bruce, B. Scrosati, J.M. Tarascon and W.V. Schalkwijk, Nat. Mater., 4, 366-377 (2005) 

2. C. Liu, F. Li, L.P. Ma and H.M. Cheng, Adv. Mater., 22, E28-E62 (2010) 

3. P. Simon and Y. Gogotsi, Nat. Mater., 7, 845-854 (2008) 

 

 

 

 

 

 

 

 

 

 

 

  

              Fig. 1 TEM images of GCPN 

 
Fig.1 SEM images of NiCo2O4 materials  

 
Fig.2 Cycling behavior of GCPN prepared with     

  different mass ratios of catalyst/carbon 

 
 

 

 

 

 

 

 

 

Fig.2 Cycle life of NiCo2O4 electrode at 2 A g-1  

in 1 M KOH electrolytes 
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1-Aminonaphthalene (1-NA) is a well-known carcinogen found in the environment
[1]

. The IARC 

(International Agency for Research on Cancer) has classified 1-NA as a kind of polycyclic aromatic 

hydrocarbons which potentially lead to cancer. Thus, it is imperative to establish rapid, inexpensive and 

sensitive detection techniques for 1-NA. At the meantime, ferrocene and its derivatives are a kind of special 

organicmetal complexes and have been extensive applied in the field of electric catalytic and biological 

sensors as molecular receptors and sensing materials
[2, 3]

. In this paper, we reported an electrochemical sensor 

for 1-NA that was based on a novel composite of cyclodextrin-graphene and molecularly imprinted 

poly(vinylferrocene) (GN/CD-MIPVF). The GN/CD-MIPVF composite was characterized by Fourier 

transform infrared spectroscopy, thermal gravimetric analysis, scanning electron microscopy, Raman 

spectroscopy and X-ray photoelectron spectroscopy. As shown in Fig. 1A, X-ray photoelectron 

spectroscopy has showed that ferrocene was introduced onto GN/CD. Under the optimal conditions, as 

shown in Fig. 1B, The GN/CD-MIPVF sensor had a wide linear range over 1-NA concentration from 0.3 to 

100.0 μM with a detection limit of 0.1 μM. The GN/CD-MIPVF sensor was successfully employed for 

detecting1-NA in environmental water samples.  

           

 
Fig. 1 (A) The XPS of GO (a), GN/CD (b), GN/CD-MIPVF (c); (B) DPV current response curve at GN/CD-MIPVF sensor 

with addition of increasing concentration of 1-NA (µM): 0 (a), 0.3 (b),0.7 (c), 1.0 (d), 3.0 (e), 5.0 (f),7.0 (g), 10.0 (h), 30.0 (i), 

50.0 (j),70.0 (k),100.0 (l). 
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Sensitive electrochemical monitoring of benzoic acid using 

tyrosinase/carbon nanosphere modified glassy carbon electrode 

En HAN*, Yuanyuan ZHANG, Xia LI ,Jianrong CAI 
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Benzoic acid and its salt are extensively used as preservatives in foods, beverages, cosmetics, and 

pharmaceuticals [1,2]. However, the presence of the preservatives at higher than permitted safety levels can 

be harmful to human health [3]. Therefore, the analytical determination of benzoic acid is not only 

important for quality assurance purposes but also for consumer interest and protection. There are various 

conventional methods for the analysis of benzoic acid, such as thin layer chromatography, high 

performance liquid chromatography and gas chromatography–mass spectrometry. The main disadvantages 

of these methods are the complexity and cost of the equipments needed and the high level of operator’s 

skill required. 

In this paper, we purposed to develop the amperometric benzoic acid assay by a high sensitive 

tyrosinase/carbon nanosphere biosensor. This biosensor was based on the immobilization of tyrosinase by 

carbon nanosphere. The detection of benzoic acid was based on the inhibiting action on the 

tyrosinase/carbon nanosphere modified glassy carbon electrode. The effects of enzyme substrate 

concentration, pH and temperature on the inhibitory were investigated. In this study, A potential value of 

−0.20 V versus SCE, and a constant catechol concentration of 15 M were selective to perform the 

amperometric inhibition measurement. The designed biosensor had a fast response to benzoic acid, and 

displayed a wide linear concentration range of 7.5 × 10
−7

 to 9.7 × 10
−5

 M with a low detection limit of 0.25 

M. The kinetic analyses showed that the inhibition of benzoic acid on the tyrosinase/carbon nanosphere 

modified glassy carbon electrode was reversible and competitive. This inhibitor biosensor was used to 

detect the benzoic acid in some real beverage sample, such as sprite and yoghurt. The biosensor showed 

good sensitivity and high stability, and it could be used as a novel approach for detecting benzoic acid in 

food samples. 
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Fig.1. Typical current-time recording at the 

tyrosinase/carbon nanosphere modified GCE by 

adding different concentrations of benzoic acid in 0.1 

M PBS containing 15 M catechol. 

 

Fig.2. Relationship between the inhibition 

percentage and the concentration of benzoic acid 

obtained form the data of curve Fig.1. 
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Metal ion functionalized poly (styrene-co-acrylic acid) nanocomposites: 

step-wise self-assembly, characterization, and applications for 

electrochemical detection of Staphylococcus aureus in food 
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Staphylococcus aureus (S. aureus) is a facultative anaerobic, Gram-positive bacterium discovered by Dr. 

Alexander Ogston in 1880 [1]. Literature reports suggest that about 30% to 50% [2] of the population has 

been carriers of S. aureus at one time in their lives and about 20% are long-term carriers [3]. Conventional 

methods, such as colony counting [4], immunology-based methods [5], and polymerase chain reaction [6], 

remain highly reliable and have been successful for detecting bacterial pathogens. However, they are 

time-consuming and labor-intensive sample preparation steps that limit the widespread use of these 

technologies for clinical diagnosis. 

In this work, a sandwich-format electrochemical immunosensor has been fabricated in the aim of detection 

of Staphylococcus aureus (S. aureus) using metal ion functionalized poly (styreneco-acrylic acid) (PSA) 

(Cu@PSA) as labels. As shown in Fig.1, the carboxylic groups at the edge of mercaptoundecanoic acid 

(MUA) was used as electrode materials to immobilize primary antibodies (Ab1), while Cu@PSA was used 

as labels of secondary antibodies (Ab2). Under optimal conditions, a linear range from 3.2×10
2
 to 3.2×10

7
 

CFU•mL
-1

 with a detection limit of 82.3CFU•mL
-1

 was obtained for SWV analysis (Fig.2). Moreover, the 

immunoassay accurately detected the concentrations of S. aureus in dairy product with satisfactory results. 

These results suggested that the electrochemical immunoassay would be promising applications in clinical 

diagnoses and many other fields.  
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Fig.1 Schematic representation of immunosensor for 

sandwich-format electrochemal detection of S. aureus. 

 

Fig.2 plots of Current values vs logarithm value of 

different concentrations of S. aureus (3.2×102 ~ 3.2×107 

CFU mL-1). 
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nanorods modified electrode for sensitive detection of Staphylococcus 

aureus in milk 

En HAN*, Xia LI, Jianrong CAI 

School of Food and Biological Engineering, Jiangsu University, Zhenjiang, 212013, enhan@ujs.edu.cn 

Food poisoning by Staphylococcus aureus (S. aureus) is one of the most common pathogenic bacteria in 

humans. S. aureus infections which can occur through skin wounds or the mucosa, is characterized by 

sudden onset of symptoms including nausea, vomiting, abdominal cramps, and diarrhea within 2~6 h after 

ingestion of toxin-contaminated foods [1,2]. In addition, S. aureus can be the cause of osteomyelitis, toxic 

shock syndrome, pneumonia, and septicemia. Conventional methods for the detection of pathogenic 

bacteria include culture and colony counting methods [3], and immunology-based methods such as ELISA 

[4]. Although these methods are very sensitive and selective, they are time-consuming and labor-intensive 

sample preparation steps in order to detect low pathogen concentrations [5]. 

In this study, a low-cost and robust impedance immunosensor based on self-assembled gold nanorods 

modified electrode for rapid and sensitive detection of S. aureus was developed. As shown in Fig.1, the 

gold nanorods were assembled by the poly-(diallyldimethylammonium chloride) (PDDA) and 

Poly-(styrenesulfonate) (PSS), followed by the functionlization of anti-S.aureus antibody.    

Electrochemical impedance spectroscopy, cyclic voltammetry and atomic force microscopy (AFM) were 

used to verify the stepwise assembly of the immunosensor. Result (Fig.2) showed that the developed 

immunosensor possessed greatly enhanced detection performance, such as wide linear range 

(1.8×10
3
~1.8×10

7
 CFU mL

-1
), low detection limit 1.8×10

2
 CFU mL

-1
 and excellent specificity. Furthermore, 

the novel impedimetric immunosensor with excellent analytical performance such as easy fabrication, and 

low-cost was successfully applied to determine S. aureus in milk samples with satisfactory results, which 

made the developed immunosensor very promising for routine sensing applications.  
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Synthesis of Porous Carbon Spheres Doped with Fe/Fe3C with Enhanced 

Performance for Lithium-ion Batteries Anode 

Shouhui CHEN
*
, Yonghai SONG and Li WANG 

College of Chemistry and Chemical Engineering, Jiangxi Normal University, 99 Ziyang Road, Nanchang 

330022, People’s Republic of China 

It was observed that Fe3C has larger capacity than its theoretical one, which may be attributed by 

pseudocapacity on the interface between carbide and electrolyte. In this work, a novel “hard carbon” sphere 

doped with Fe/Fe3C nanoparticles was fabricated and tested as anodes in LIBs to observe the evolution of 

the interfacial phenomenon. The cross-link polymer RF spheres were used as carbon precursor, mixed with 

FeCl3, ethanol, and CH3COONa, followed by hydrothermal reaction, in which iron source was embedded 

in RF spheres and ethanol played as a dispersant agent. Porous carbon spheres doped with Fe/Fe3C were 

eventually obtained by carbonization of the hydrothermal products successively at 700 °C under inert 

atmosphere. Fe3C nanoparticles were buried in the subsurface of carbon spheres. When they severed as 

anodes in LIBs, it was observed that the discharging capacity increased from ~300 mAh g
-1

 to ~540 mAh 

g
-1

 at the current of 100 mA g
-1

 during the initial 300 cycles, that the anode even had a discharging capacity 

of ~230 mAh g
-1

 at the current of 2000 mA g
-1

. Moreover it was observed that there was a distinctive 

charging plateau appeared at 2.7 V after 200 cycles, and on the cyclic voltammetry plot that there were 

distinctive redox currents above 2.7 V after the batteries were underwent 1000 times discharging-charging 

process. The increasing capacity might result from the decomposition of electrolyte and the pseudocapacity 

behavior presented on the interfacial (surface) lithium storage of the active materials. Furthermore, when 

the discharging-charging currents turned larger, the stepwise plateau turned longer at the initial hundreds 

cycles, which may also be related to the decomposition of electrolyte. 
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Fig.1 (A) FESEM and (B) TEM images of CpFe_3; (C) Cycle performance of CpFe_3 anode between 0.01 

and 3.00 V vs. Li / Li
+
 at various current density between 100 and 2000 mA g

-1
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A nonenzymatic glucose sensor based on a palldium-copper-multiwall 

carbon nanotube nanocomposite modified glassy carbon electrode 

Zhanhong LI, Xincheng JIANG, Xueling ZHAO, Cheng CHEN, Zhigang ZHU* 

School of Environmental and Materials Engineering, College of Engineering, Shanghai Second 

Polytechnic University, Jinhai Rd 2360, Pudong, Shanghai 201209, China 

Development of a reliable and fast method for glucose determination is of importance in biotechnology, 

clinical diagnostics and the food industry. The development of non-enzymatic glucose biosensors has 

received extensive interest resulting from their high senstivity, high stability, low detection limit and easy 

acquisition. In this study, a nonenzymatic glucose sensor based on a one-step 

electrodeposition-nanocomposite of palldium-copper-multiwall carbon nanotube modified glassy carbon 

electrode (GC/MWNT/Pd-Cu) was fabricated. MWNT was expected to increase the loading amount of 

metal nanoparticles and enhance the reaction activity. Copper has a good electrocatalytic capability to 

oxidize glucose to obtain the main product formate [1]. However, metals like copper, have a drawback of 

reduced sensitivity caused by surface poisoning from the adsorbed intermediates [2]. The problem could be 

ameliorated by introducing Pd nanoparticle, which chemisorbs and electro-oxidizes formate on sufrace [3]. 

In our study, compared to GC/MWNT/Cu and GC/MWNT/Pd electrodes, GC/MWNT/Pd-Cu has higher 

sensitivity and lower detection limit to glucose in alkaline solution. 
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Excellent Graphitic Carbon Nitride Nanosheets-based 

Photoelectrochemical Platform Motivated by Schottky Barrier and LSPR 

Effect and Its Sensing Application 
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College of Chemistry and Chemical Engineering, Fujian Normal University, Fuzhou, Fujian, 350108, 

China 
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 College of Chemistry and Chemical Engineering, Fujian Normal University, Fuzhou, Fujian, 350108, 

China 

A visible light responsive photocatalytic hybrid with excellent photoelectrochemical activity was firstly 

fabricated via self-assembly of Au nanorods onto poly(L-cysteine) modified graphitic carbon nitride 

nanosheets. Herein, layered structural graphitic carbon nitride nanosheets with proper band gap, high 

stability, high specific surface area, and nontoxicity as a photoactive material demonstrate a high 

photocatalytic activity. The incorporation of multifunctional Au nanorods made the hybrid not only possess 

a Schottky barrier which can accelerate the charge separation and transfer but also hold localized surface 

plasmonic resonance which benefit to the absorption of visible light and the excitation of active charge 

carriers. The above distinct features considerably enhanced the separation of the photo-excited electrons 

and holes and hampered the recombination of electron-hole, resulting in increased photoelectrochemical 

performance in visible light. As a proof of concept, mercapto-beta-cyclodextrin as a bionic recognition 

device was introduced into the hybrid to selectively detect naringin on the basis of the dramatic decrease in 

photocurrent of the hybrid which resulted from the specific recognization between 

mercapto-beta-cyclodextrin and naringin. Consequently, a visible-light driven photoelectrochemical sensor 

for highly sensitive and selective determination of naringin was successfully established with a wide linear 

range from 1×10
-4

 to 1×10
-10

 M. Moreover, without the irradiation of UV light and the application of bias in 

this detection largely reduced the destructive effect of UV light on biomolecules and eliminated the 

interference from other reductive species that coexisted in real samples, respectively. Therefore, the first 

attempt to incorporate Au nanorods into graphitic-C3N4 to enhance the photovoltaic performance by the 

synergic effect between Schottky barrier and LSPR effect not only provides new insights into the 

fabrication of light-sensitive hybrid materials but also opens a new avenue for the applications of plasmonic 

photocatalytic in photoelectrochemical sensing. 

 

 
. 

 

 

 

Fig.1 (A) Schematic illustrates the fabrication 

procedure of the photoelectrochemical sensor. 

(B) Energy diagrams of the g-C3N4 and Au 

NRs before (a) and after (b) contact. 

Fig.2 (A) Photocurrent densities of GCE/g-C3N4/Cys/Au 

NRs/M-β-CD/Het was self-assembled with (a-m) 0.0001, 0.0005, 

0.001, 0.005, 0.01, 0.05, 0.1, 0.5, 1, 5, 10, 50, and 100 μM of 

naringin in 0.1 M PBS containing 1 mM H2O2. (B) The 

corresponding calibration curve. (C) Selectivity of the PEC sensor to 

naringin by comparing it to the interfering substances at the 1 mM 

level: starch, citric acid, calglucon, fructose, sucrose and 10 mM 

level: Nadc, hesperidin. (D) Linear regression between Cnaringin/j 

and Cnaringin 
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The impact on electrical parameters about chemical composition of the 

lead-zinc ore in Chazangcuo region, Tibet 

Jian Guo WANG* 
1
Department of Geological Engineering , Qinghai University, Xining 810016, China 

0  Introduction 

Rock is the carrier of the vast majority of metals and nometals mineral, so researching of rock physical and 

chemical parameters and its correlation between the parameters
[1]-[3]

, to explore the fitting-law between 

them, can explore new prospecting methods from different angles in the mineral exploration, can provide 

theoretical basis and its application in researching of the electrical properties of geological body
[4]-[6]

. 

Because of the different composition of rock is the material basis of electrical parameters of rock, so rock 

(ore) of different types is corresponding to different electrical parameters under the condition when the 

other factors unchanged
[7]-[10]

. Similarly, the same type of rock under the impact of different factors, its 

electrical parameters have obvious changes and differences
[11][12]

. Analysis of influencing factors of ore 

chemical composition which impact on its electrical parameters, such as tapparent resistivity, current, 

resistance and potential, in setting the other factors under some conditions that affect the electrical 

parameters, such as temperature, water saturation and porosity, etc.To conduct research, comparison and 

analysis, discussing the impact of electrical parameters which caused by the ore chemical composition, 

belongs to the multi-disciplinary crossover and innovation, has a certain theoretical significance and 

practical application value. 

1  The characteristics of lead and zinc ore  

Distribution of the Lead-zinc mainly along the fault zone and on both sides of main fault zone, and the 

causes of formation about orebody is Closely related to the late yanshanian and Himalayan granite in 

Chazangcuo Region, Tibet. 

Orebody throughout north and west, north and east in fractured zone (Fig.1). The testing results of ore 

mineral are mainly galena, sphalerite, and pyrite, non-metallic minerals are mainly quartz, etc. 

 

 
Fig.1  Lead-zinc orebody  

 
       Fig.2  Ore composition identification 

1.1 Gelenite 

It is Gray, half-euhedral crystal, granular, opaque, reflected light is white, significantly triangle-hole and 

surface-scratch as identification characteristics, its content is about 5%. shape-half automorphic granular, 

output often associated with pyrite, sphalerite symbiosis, its granularity between 60 to 200 microns, 

generally 80 ~ 100 microns (Fig.2), crystallites arranged partly along the fractures in a certain direction.   

1.2 Sphalerite 

It is dark-gray, the content of iron is higher, and the reflected color is black or blue-black, half -euhedral, 
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brown to black, exist in sphalerite galena Angle shaped metasomatism, and galena symbiosis, the reflected 

color is pure-grey, homogeneity, the content is 5%.  

The color is pure grey under the mirror, granular, often associated with pyrite, sphalerite symbiotic, 

common opacifying shape or lattice solid solution, its granularity between 10 to 250 microns, generally 100 

~ 100 microns (see Fig. 2).  

2  Chemical composition of the Lead-zinc Ore 

The determination of mineral and chemical composition of lead and zinc is using electron probe micro area 

analysis method (EPMA), the test results are shown in table 1, Its composition can be qualitative and 

quantitative analysis, except some lighter elements, such as H, He,Li, Be, etc., this test is achieved in State 

Key Laboratory of Geological Processes and Mineral Resources, China University of Geosciences. 

Table.1  The lead-zinc ore mineral and chemical group 

Minerals 

Elements 
Gn Sp Py 

S 12.716 12.701 33.024 32.816 52.999 52.813 

Fe - - 2.185 1.908 46.240 46.421 

Co 0.085 0.062 0.055 0.048 0.089 0.087 

Ni 0.117 0.102 0.016 0.03 0.004 0.023 

Cu 0.157 0.102 0.114 0.142 0.087 0.082 

Zn 0.187 0.174 63.66 63.915 0.070 0.041 

As - - - - - - 

Se 0.007 0.006 - 0.017 - - 

Cd 0.068 0.057 0.508 0.501 - - 

Te - 0.0022 - - - - 

Au 0.304 0.241 0.198 0.161 0.155 0.124 

Pb 82.484 83.212 - 0.075 - 0.005 

Ag - - - - - - 

Total 96.125 96.659 99.761 99.613 99.644 99.596 

（Note: data in the table are the weight percent; "-" is very small, do not contain the elements） 

3  Electrical Parameters of the Lead-zinc Ore 

Firstly, settings of the premise condition of other factors that affect the electrical parameters, such as 

temperature, water saturation and porosity, etc., that is in constant temperature 20℃, water saturation and 

porosity keep with the same work environment, the using of digital four-point ST2253 to test resistivity of 

rock specimens, samples size is 3cm x 3cm x 3cm, provide the power with 3v, the electrical parameters are 

calculated by ohm's law, the results are shown in table 2, this test is achieved in Department of Geological 

Engineering , Qinghai University.  

Table.2  Lead-zinc ore electrical parameters 

Minerals 

Parameters 
Gn Sp Py 

Resistivity（Ω·m） 0.987 0.964 0.453 0.389 0.784 0.813 

Resistance（Ω） 32.900 32.133 15.100 12.967 26.133 27.100 

Power（V） 3.000 3.000 3.000 3.000 3.000 3.000 

Current（A） 0.091 0.093 0.016 0.231 0.115 0.111 

4  Discussion on conclusion 

By comparing the test results of table 1 and table 2, it can be seen that the composition of ore itself is a 

major determinant of its electrical parameters, it is generalyl a linear correlation, namely metal elements 

constitute the good conductors of electricity. But electrical parameters of some nonmetallic element and 

metal compounds is nonlinear, such as silicon element and sphalerite constitute the semiconductors, under 

different temperature, the changes of the electrical parameters scope is outstanding.   
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Preparation and application of sunset yellow imprinted multi-walled 

carbon nanotubes@polydopamine composite coated electrodes 

Zhengzhi YIN*, Libin XU, Jian ZHANG, Yanbo ZENG, Lei LI* 
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 Jiaxing 314001, People’s Republic of China 
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Abstract  The main objective of this work is to develop a novel electrochemical molecularly imprinted 

polymer (MIP) for detection of sunset yellow. A novel water-compatible MIP of multi-walled carbon 

nanotubes@polydopamine (MWNTs@PDA) composite is prepared by auto polymerization in water system 

using sunset yellow as template and dopamine as functional monomer, which can interact with sunset 

yellow through hydrogen-bonding and electrostatic interaction (Figure 1). The water-compatible MIP 

suspension was coated on the surface of glassy carbon electrode (MIP-MWNTs@PDA/GCE). The resulting 

MIP-MWNTs@PDA/GCE shows good performance when it is used for the differential pulse voltammetric 

determination of sunset yellow. Under the optimized conditions (i.e. pH 6.0, 0.2 M HAc-NaAc buffer), the 

peak current is linear to sunset yellow concentration in the ranges of 2.2 nM – 3.87 μM with the detection 

limit is 1.4 nM (S/N = 3). The electrode has been successfully applied to the determination of sunset yellow 

in some soft drinks, and the recoveries for the standards added are 96.3% − 104.8%. 

Key words: molecularly imprinted polymer, multi-walled carbon nanotubes@polydopamine, sunset yellow 

Sunset yellow is an extensively-used synthetic azo dye, and studies have shown that it can cause many 

adverse health effects, including altering reproductive and neurobehavioural parameters, decreasing thymus 

weight, and changing monocyte counts. Undoubtedly, the content of sunset yellow in foods must be strictly 

controlled. Therefore, the detection of sunset yellow in a rapid, sensitive and simple manner is quite 

important for human health and food safety. Various methods have been developed for the detection of 

sunset yellow, including high-performance liquid chromatography, capillary electrophoresis, 

spectrophotometry and electrochemical method. Up-to-date, different electrochemical methods were 

developed for the determination of sunset yellow because they possessed high sensitivity, short analysis 

time, good handling convenience and low cost. To improve the selectivity of electrochemical methods, 

recognition elements should be introduced [1-4]. 

 
Figure 1. The preparing scheme of MIP-MWNTs@PDA. 

 
Figure 2. Transmission Electron Microscope of (a) MWNTs, and (b) MIP-MWNTs@PDA. (c) Cyclic Voltammetry signal of 

various electrodes, MIP-MWNTs@PDA/GCE (red curve), MWNTs/GCE (green curve) and NIP-MWNTs@PDA/GCE (blue 

curve) to 5 μg/mL sunset yellow in 0.2 M (pH 6.0) acetate buffer solution. Scan rate: 0.1 V/s. (d) Differential pulse 

voltammetry of MIP-MWNTs@PDA/GCE to different concentration of sunset yellow. 

 

Figure 2 presents the typical high resolution TEM images of MWNTs and as-prepared 

MIP-MWNTs@PDA. Different from MWNTs with smoother surface which is the intrinsic feature of 

MWNTs sheets, MIP-MWNTs@PDA displays film-like shape and many folds occur probably due to the 

prescence of PDA. Meanwhile, the corresponding infrared spectroscopy and the thermogravimetric analysis 
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matching well with that results from TEMs. Undoubtedly, uniform porous structures introduced numerous 

adsorption sites for the oxidation of sunset yellow. Consequently, the accumulation efficiency of sunset 

yellow was significantly improved on MIP-MWNTs@PDA-modified GCE. As a result, 

MIP-MWNTs@PDA remarkably enhanced the oxidation peak currents of sunset yellow.  

Figure 2c shows the cyclic voltammograms of sunset yellow at different modified electrodes. At the 

MWNTs/GCE, a pair of redox peaks at 0.663 V and 0.696 V are observed for sunset yellow, meaning that 

the electrochemical reaction of sunset yellow is quasi-reversible. To improve the selectivity of 

MWNTs/GCE, MIP is introduced. At the resulting MIP-MWNTs@PDA/GCE, the peak current of sunset 

yellow increases obviously because the MIP film provides numerous specific adsorption and active sites for 

objective molecular to some extent. It should be pointed out that the peak current of sunset yellow at the 

NIP-MWNTs@PDA/GCE is much smaller than at the MIP-MWNTs@PDA/GCE, meaning that the PDA 

without the imprinted cavities plays a role in blocking the active sites and the electron transfer.  

The results also reflected that the MIP-MWNTs@PDA/GCE had good selectivity, good reproducibility and 

stability. This new sensor was used in different drink samples, and the results consisted with the values that 

obtained by high-performance liquid chromatography. 
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Towards signal-amplification-freed single molecule immunoassay with the 

electrochemiluminescence from dual-stabilizers-capped CdSe nanocrystals 

Xin ZHANG, Jie ZHOU, Yupeng HE, Mingxiang FANG, Guizheng ZOU* 

School of Chemistry and Chemical Engineering, Shandong University, Jinan, 250100, China  

An electrochemiluminescence (ECL) immunoassay for detecting carcinoembryonic antigen (CEA) up to 

single molecular level was developed without any signal amplification technique. With 

dual-stabilizers-capped CdSe nanocrystals (NCs) as ECL labels for the secondary antibody, CEA and NCs 

were immobilized onto surface of p-aminobenzoic acid glass-carbon electrode via sandwich 

immunoreaction. As the dual-stabilizers-capped CdSe NCs can efficiently preserve their monochromatic 

ECL emission at 550 nm with the full width half-maximum (fwhm) of ~28 nm in the immune-complex, the 

sandwich-type immune-sensor exhibited nice analytical performance with a wide linear range from 1.0 

fg/mL to 10 pg/mL and a low detection limit of 0.1 fg/mL, which indicated that six CEA molecules in 20 

L serum sample can cause significant response of the proposed sensor. The monochromatic ECL 

immunosensor also paved the way for spectral resolved ECL multiplexing assay. 
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Fig.1 (a) Absorbance, (b) PL spectrum of 

dual-stabilizers-capped CdSe QDs and (c) ECL 

spectrum of dual-stabilizers-capped CdSe QDs in 0.10 

M pH 7.4 PBS solution containing 0.10 M 

(NH4)2S2O8 at a scan rate of 50 mV·s-1. 

Fig.2 ECL response of the designed immunosensor in the 

presence of different concentrations of CEA: (a) 0, (b) 

0.00010, (c) 0.00050, (d) 0.0010, (e) 0.010, (f) 0.10, (g) 

1.0, (h)5.0, (i)10.0 pg·mL-1. Inset: Calibration curve of 

the immunosensor for different concentrations of CEA. 
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Cell secretions detection is of very importance in disease diagnosis and precaution. Especially, hydrogen 

peroxide (H2O2), as the stable and common reactive oxygen species (ROS) among intracellular signaling 

molecules is being proved to play a vital role in physiological signaling pathways of healthy cells through 

mainly regulating DNA damage, cell apoptosis and protein synthesis. Electrochemical biosensors based on 

noble metals have been developed for H2O2 detection due to their rapid response, good simplicity and 

sensitivity.
1
 However, it is almost inevitable that the release of metal ions and endocytosis of nanoparticles 

will affect the cell metabolism in living systems.  

In this paper, a catalyst-free and multi-functional graphene-based microelectrode array (MEA) is fabricated 

on arbitrary substrates by an electrochemistry-assisted microstructuring process (Fig. 1).
2
 The dimension of 

special-shaped rGO microarrays localized in an insulating GO matrix is effectively adjusted by changing 

GO reduction time without multi-mask patterning (Figs. 2a-b). When the pheochromocytoma cells (PC12) 

are seeded on the GO/rGO MEA, PC12 prefer to migrate and grow on the GO surfaces, exactly distribute 

along the interface of GO and rGO with filopodia fixed on rGO surface (Fig. 2c), which favors the highly 

sensitive detection of H2O2 released by the stimulated living cells at the nanomolar level (Fig. 2d). The 

present MEA would have a potential application in next generation electronic and electrochemical devices. 

 

 
Fig. 1. Schematic illustration of GO/rGO MEA fabrication for H2O2 detection released by living cell. 

 

 
Fig. 2. (a)-(b) Different shaped GO/rGO MEAs, (c) PC12 cell adhesion on GO/rGO MEAs, (d) amperometric i−t spikes 

corresponding to released H2O2 from PC12 upon PMA injection. 
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Construction of multifunctional electrochemical detection platforms based 

on the michael addition/schiff base reaction of polydopamine modified 

reduced graphene oxide 
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A new strategy for the construction of multifunctional electrochemical detection platforms based on the 

Michael addition/Schiff base reaction of polydopamine modified reduced graphene oxide were proposed 

here. Inspired by the mussel adhesion proteins, 3,4-dihydroxyphenylalanine (DA) was selected as a 

reducing agent to simultaneously reduce the graphene oxide and self-polymerize to obtain the 

polydopamine-reduced graphene oxide (PDA-rGO). The PDA-rGO was functionalized with thiols and 

amines by the reaction of thiol/amino groups with quinine groups of PDA-rGO via the Michael 

addition/Schiff base reaction. Several typical molecules with thiol and/or amino groups such as 1-[(4-amino) 

phenylethynyl] ferrocene (Fc-NH2), cysteine, glucose oxidase (GOx) were selected as the model molecules 

to anchor on the surface of PDA-rGO using the strategy for constructing the multifunctional 

electrochemical detection platforms. The experiments revealed that the anchored composites show 

excellent catalysis activity toward many electro-active molecules. These results inferred that the proposed 

multifunctional electrochemical detection platforms could be simply, conveniently and effectively regulated 

through changing the recognition or reaction groups. It believed that this would provide a versatile method 

to design more detection or biosensing platforms in the future. 
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Fig. 1 The construction of the multifunctional 

electrochemical detection platforms based on 

Michael addition reaction of polydopamine and 

their application in detection of electroactive 

species. 

 

Fig. 2 The CVs of bare GCE (black curve, a), 

PDA-rGO/GCE (red curve, b), Fc-NH-PDA-rGO/GCE 

(green curve, c) in buffer solution (pH 7) containing DA 

(A) , UA (B), HQ (C) , CC (D), AC (E) and NaNO2 (F) . 

Concentration: 10 µM; scan rate: 50 mV/s. 
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Carbon fiber nanoelectrodes applied to microchip 

electrophoresisAmperometric detection of neurotransmitter dopamine in 

single rat pheochromocytoma cells 
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Cells provide the morphological structure of organisms and are the basic unit of life activity. Cells also 

possess low volume and limited sample size, and the distinction between individual cells has been obscured 

by statistically averaged results obtained from group cell analysis [1], thereby restricting developments in 

fields such as biology and medicine. 

Microfluidic chips have been applied to various cell analyses, including cell transmission [2], cell culture 

[3], classification [4], separation [5]
 
and cell dissolution [6]. Electrochemical detection is increasingly 

recognized as one of the most promising detection methods in microfluidic chip electrophoresis (chip-CE) 

due to its high sensitivity, good selectivity and ease of miniaturization and integration. However, the 

electrochemical detector chip integration process also presents challenges for accurate localization of 

electrodes and separation of the channel exit. Existing designs predominantly utilize optical lithography or 

chemical deposition in positioning the working electrodes on the channel exit [7]. As a result, the chip must 

be scrapped when the electrode is damaged.  

We developed a method for the direct identification of dopamine in single cultured rat pheochromocytoma 

cells by capillary electrophoresis using an end-channel carbon fiber nanoelectrode amperometric detector. 

The operation mode was designed to achieve single cell injection and lysis in microfluidic chip 

electrophoresis with only one high-voltage power supply. The separation and detection conditions were 

optimized. Four catecholamines were baseline-separated and determined with this system (Fig.1), and the 

cell density and liquid height of the reservoirs were accommodated for single cell loading, docking and 

analysis. The microchip capillary electrophoresis system was successfully applied to determine dopamine in 

single cultured rat pheochromocytoma cells (Fig.2).  
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Fig. 1 Electropherogram of the standard mixtures of DA (5.0 × 10

-6
 mol/L), NE (1.0 × 10

-5
 mol/L), E (5.0 

× 10
-6

 mol/L) and CA (1.0 × 10
-5

 mol/L) in Tris-HCl buffer using CFNE. 
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Fig. 2 Electropherogram of an individual PC12 cell. Conditions: liquid levels (height differences) in the four 

reservoirs were adjusted to draw the cell into the microchip sample channel. 
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galactosyltransferases activity analysis on graphite-like C3N4 nanosheet 

interface 
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Carbohydrates existing on all eukaryotic cell surfaces have been found to play an important role in diverse 

biological and physiological processes, including cell adhesion, cell−cell communication, cell signaling, 

immune response, and progression of cancer. The carbohydrate moieties of cellular glycoconjugates are 

formed by the catalysis of glycosyltransferases.Galactosyltransferases are a family of enzymes catalyzing 

galactose transfer from a donor substrate UDP-galactose to an acceptor molecule. 

β-1,4-galactosyltransferase catalyzes the transfer of galactose from UDP-galactose to N-acetylglucosamine, 

and is closely related to cell adhesion, disease of nervous system, the process of fertilization. For example, 

patients with rheumatoid arthritis generally have an high proportion of IgG which lacks galactose and lower 

levels of β1,4-galactosyltransferase activity (Gal T). In this work, a sensitive ECL biosensor was fabricated 

to evaluate the activity of β-1,4-galactosyltransferase (Gal T) based on the excellent ECL response of 

g-C3N4. The N-acetylglucosamine-BSA (GlcNAc-BSA) conjugated g-C3N4 were prepared and modified 

on the electrode, which displayed a strong ECL signal. In the presence of Gal T and UDP-Gal as a coreactor, 

galactose was conjugated to the GlcNAc-BSA, and the ECL signal decreased slightly. After the adsorption 

of Artocarpus integrifolia lectin (AIA) conjugated polystyrene microsphere (PSM) nanoprobes through the 

specific interaction between galactose and AIA, the ECL signal decreased significantly due to the poor 

conductivity of the nanoprobes that inhibited the electron transfer on the electrode interface. The ECL 

intensity of the biosensor showed high sensitivity toward the Gal T activity detection with a low detection 

limit of 7 ×10
-5

 U mL
−1

. The proposed sensing strategy may open a new way to fabricate the biosensor for 

glycosyltransferase activity evaluation and inhibition. 
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nano-flowers/silver nanoparticles composites 
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Tungsten disulfide (WS2) nano-flowers/silver nanoparticles (Ag NPs) composites modified glassy carbon 

electrode (GCE) was prepared by a simple procedure and then successfully used to determine theophylline 

(TP). In this synthesis process, Ag NPs were directly synthesized on the surface of WS2 nano-flowers. The 

composites were characterized by scanning electron microscopy (SEM) images, transmission electron 

microscopy (TEM) and X-ray diffraction (XRD). The electrochemical oxidation of theophylline was 

studied by using cyclic voltammetry (CV) and differential pulse voltammetry (DPV). Compared with the 

bare GCE and WS2/GCE, the WS2 nano-flowers/Ag NPs composites/GCE could effectively improve the 

oxidation of theophylline, due to its high surface area and excellent electric conductivity property. Under 

the optimized experimental conditions, the electrochemical sensor exhibited wide linear range of 0.05 to 

150 μM with detection limit of 3 nM (S/N = 3). Furthermore, the sensor showed high sensitivity, good 

selectivity, good reproducibility and long-term stability to theophylline detection. At the same time, the 

fabricated electrode was successfully applied for the determination of theophylline in tea samples and 

pharmaceutical tablets with satisfying results. These results demonstrated that WS2 nano-flowers/Ag NPs 

composites were promising substrate for the development of high-performance electrochemical biosensor.  

Keywords: Tungsten disulfide nano-flowers/silver nanoparticles composites; Theophylline determination; 

Electrochemical biosensor 
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Mercury is considered as the detrimental element in human environment and they are usually present at 

various forms with extremely low concentration.  Thus, preconcentration and speciation analysis of 

mercury in wastewater is of great significance for the monitoring of environmental pollution. In this work, 

well defined and mono-distribution polymer brush initiated from surface of silicone nanoparticles were 

synthesized with combination with Sol-gel and ATRP. The resultant materials have bee characterized by 

FT-IR spectroscopy, thermogravimetric analysis, powder X-ray diffraction, scan microscopy and 

transmission electron microscopy. This hybrid has been examined in preconcentration of mercury species in 

aqueous sample collected from river, lake and coastal sea as the adsorbent by off-line solid-phase 
extraction (SPE). The trace speciation analysis of all mercury species in all cases has used by short-column 

high-performance liquid chromatography hyphenated to inductively coupled plasma spectrometry 

(HPLC-ICP-MS) after off-line SPE. Under the optimized conditions, a very high preconcentration factor up 

to 10
3
 has been obtained for all environmental sample solution. The low detection limits of 0.34 ng L

−1
, 

with the relative standard deviations (RSDs) of 3.9 % was obtained for methyl mercury and ethyl mercury, 

respectively. 

Keywords: Mercury, hybrid, preconcentration, speciation 
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Fig.1 TEM image of TiO2-NRs (a), 

SEM images of TiO2-NRs (b) and 

GOx immobilized TiO2-NRs (c). 

Fig.2 Calibration curve of the  

GOx/TiO2-NRs/Nafion/GCE for 

        glucose at the applied potential of –0.45 V. 

Cylinder-shaped TiO2 nanorod-based novel electrochemical glucose 

biosensor 

Shujun DONG, Jingjing TONG, Juan LI* 

School of Chemistry and Chemical Engineering, Yangzhou University Yangzhou 225002, PR China 

lijuan@yzu.edu.cn 

Rapid advance of materials science and nanotechnology has spurred the development of bioelectroanalysis 

and biosensors [1].The study on direct electron transfer (DET) between the functional groups of redox 

proteins and electrode surface has attracted great interest in both investigating the mechanism of biological 

redox reactions and developing biosensors and bioelectrocatalytic devices [2-5]. A novel electrochemical 

biosensor based on cylinder-shaped TiO2 nanorods(CS-TiO2) was developed for highly sensitive detection 

of glucose. The synthesized CS-TiO2 nanorods and fabricated enzyme biosensor were characterized by 

scanning electron microscopy, X-ray diffraction, Fourier transform infrared spectroscopy, electrochemical 

impedance spectroscopy and cyclic voltammetry. The glucose oxidase (GOx) molecules immobilized on 

CS-TiO2 nanorods demonstrated a high bioactivity and showed a fast surface-controlled electron transfer 

process. A pair of well-defined quasi-reversible redox peaks of the immobilized GOx on CS-TiO2 was 

clearly observed. The CS-TiO2 provides a biocompatible microenvironment to facilitate the direct electron 

transfer between enzyme and electrode surface. Two linear ranges of 2.0×10
−6

–5.2×10
−5

 M and 

5.2×10
−5

–2.3×10
−3

 M, a low detection limit of 5.0×10
−7

 M and a high sensitivity of 68.58 mA M
−1

 cm
−2

 

were obtained for the constructed glucose biosensor. The proposed glucose biosensor also exhibited 

excellent selectivity, good reproducibility, and acceptable storage stability. The CS-TiO2 nanorods provide a 

new and promising route for the immobilization of proteins and development of high-performance 

biosensors for detection of biomolecules.  
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Hemoglobin (Hb) and multi-wall carbon nano-tubes (MWCTs) could be immobilized on the surface of 

chitosan (chit) modified glassy carbon electrode (GCE) by layer-by-layer self-assembly (LbL) method. 

Then, the third-generation amperometric biosensors ({Hb/MWCTs}6/chit/GCE) based on {Hb/MWCTs}n 

multilayers were prepared. The LBL process of {Hb/MWCTs}n multilayers were monitored by UV-visible 

spectroscopy (UV-vis), electrochemical impedance spectroscopy (EIS) and cyclic voltammetry (CV). The 

results of atomic force microscopy (AFM) and CV demonstrated the successful fabrication of 

{Hb/MWCTs}n multilayers. The electrochemical properties of {Hb/MWCTs}n multilayers were studied. 

Application of {Hb/MWCTs}n multilayers in electrochemical sensing was further demonstrated using H2O2 

as a model analyte. The biosensors based on the multilayer films have good electrocatalysis to H2O2 and 

stability．The biosensors based on {Hb/MWCTs}6 multilayers exhibited a wide linear detection range for 

H2O2 from 2.5×10
-6

 to 1.1×10
-4

 mol•L
-1

 (r = 0.9991) with a low detection limit of 1.2×10
-7

 mol•L
-1

 (S/N = 

3). 
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Fig.1 Contacting mode AFM images of topography (3900 nm × 3900 nm) of the 

glassy carbon surfaces modified with chit (a), MWCNTs/chit (b),and 

Hb/MWCNTs/chit (c) 

Fig.2 A typical amperometric i-t 

curve of {Hb/MWCNTs}6/chit/GCE 

at –0.25 V in pH 7.0 PBS solution 



15th ISEAC 

- 491 - 

 

Electrospun nanofibers-based electrochemical sensor 
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Abstract: Electrospinning is a simple, quick, inexpensive and effective technique to produce continuous 

nanofibers (NFs). Recently, electrospun NFs-based electrochemical sensors attract extensive research 

interest for its applications in biomedical field and fundamental studies due to its high specific surface area, 

structural uniformity and chemical stability.  

Keywords: Electrospinning; Nanofiber; Electrochemical sensor; Paracetamol; Dopamine 

Results and discussion 

The long, uniform and smooth nickel-doped carbon NFs (Ni:CNFs) were employed to sense paracetamol 

(PCT) and glucose (GLU), respectively. When sensing PCT, the Ni:CNFs electrode showed an 

electrochemical behavior like on macroelectrode; but for GLU, it displayed an electrochemical behavior 

like on microelectrode. For both of the species, higher sensitivities on the Ni:CNFs electrodes were 

obtained than those on bulk glassy carbon and nickel electrodes. 

 
Fig. 1. SEM micrographs of the Ni(NO3)2-loaded polyvinyl alcohol NFs before (A) and 

after (B) carbonization in nitrogen atmosphere. 

Co3O4 and Fe3O4-loaded carbon CNFs-modified FTO showed more special electrocatalytic synergies 

toward oxidation of dopamine (DA) than the simple Co3O4/FTO, Fe3O4/FTO and CNFs/FTO. 
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Fig. 2. Cyclic voltammograms on the CNFs (A), Fe3O4-CNFs (B), Co3O4-CNFs (C) and Co3O4-Fe3O4-CNFs (D) modified 

FTOs for sensing DA. 
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Oxygen reduction reaction (ORR) is pivotal to fuel cells and metal-air batteries, however it normally 

suffers slow kinetics at the cathode and efficient electrocatalysts are required to overcome high 

overpotentials. Various Pt-based catalysts have been intensively explored for ORR, but the high cost and 

declining activity of Pt are quite insurmountable. Thus, numerous efforts have been devoted to develop 

alternative electrocatalysts with low cost and high activity, and the promising candidates explored include 

transition metal oxides and chalcogenides, organometallic complexes, and carbon nano-materials, etc [1]. 

As ORR catalysts, transition metal nitrides, especially TiN, also present promising electrocatalytic activities 

due to their similar electronic structure with noble metals up to the Fermi level, distinct electrical 

conductivity and chemical stability [2], however, some of the synthetic approaches are complicated. 

Atomic layer deposition (ALD) is a vapour phase, thin film growth technique, which enables an excellent 

conformal and uniform growth with atomic layer precision control of layer thickness and composition [3]. 

Interestingly, discrete but uniform nanoparticles can also be grown by ALD in certain circumstances, and 

thus recently ALD has received much attention in the field of catalysis and it becomes a promising catalyst 

deposition technique with up-scaling prospects [4]. TiN is indeed one of the most investigated ALD nitride 

processes, however TiN films have been always prepared by ALD for application as diffusion barriers and 

electrodes in microelectronics, and there is no TiN nanoparticles prepared by ALD has been reported [3]. 

In this study, through ALD growth of TiN nanoparticles on carbon nanotubes (CNTs) with TiCl4 and NH3 

as precusors running at 350 
o
C, a TiN/CNTs hybrid was developed as an electrocatalyst for ORR, which 

presents superior catalytic performances in a nearly four-electron pathway. The CNTs supports can provide 

good electrical conductivity, decrease the aggregation of the TiN catalyst particles, and enhance the ORR 

catalytic activity of TiN through synergistic effects. Furthermore, the hybrid showed better long-term 

durability and methanol tolerance than commercial Pt/C catalysts in alkaline media, which makes it a 

promising cathode electrocatalyst in fuel cells and metal-air batteries.  
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The detection of influenza virus is of great importance for the surveillance and control of the infectious 

disease caused by this pathogen. In comparison with traditional detection methods such as virus isolation 

and culture and Enzyme-linked Immuno-sorbent Assay (ELISA), the method of electrochemical 

immuno-biosensing shows many advantages, especially in the potential application of point of care test
[1,2]

. 

In this work, we chose the A/Beijing/501/2009 influenza virus as target analyte, and developed an 

Electrochemical Immuno-sensor (EIS) for the detection of A(H1N1) influenza virus on Screen-printed 

Carbon Electrode (SPCE). For the fabrication of this EIS biosensor, the capture antibody was immobilized 

onto the screen-printed electrode through physical adsorption and then blocked with bovine serum albumin 

(BSA) to reduce unspecific adsorption in the preceding detection process. The target of A(H1N1) influenza 

virus was respectively captured and recognized by its specific capture antibody and detection antibody to 

form sandwich composite. And the amperometric signal was produced through the interaction of detection 

antibody-linking horseradish peroxidase and 3,3ʹ,5,5ʹ tetramethylbenzidine (TMB) substrate based on 

chronoamperometry method. Under the optimal detection conditions, we established the standard curve of 

influenza A (H1N1) virus in the method of EIS. The statistical analysis of detection results of influenza 

A(H1N1), A(H7N9), A(H3N2) virus, influenza B virus, EV71 and adeno virus as negative control, showed 

that EIS was of good specificity. The detection limit of this EIS assay could reach 0.41 HA Unit, which was 

comparative with ELISA. The overall false positive rate of EIS was below 10%, which was better than 

ELISA. Based on a miniaturized conventional electrochemical assay device (Emstat) and the array of 

portable electrode, an electrochemical immunosensor array was also developed to detect several types of 

common influenza viruses including influenza A(H1N1), A(H3N2) and influenza B virus. The results 

indicated that this novel biosensor has the prospect of application in the multiplexed detection of a variety 

of pathogens since the miniaturized equipment is easy to be carried out in the field of infectious disease 

epidemic. 

Keywords：Influenza Virus, A(H1N1), Screen Printed Carbon Electrode(SPCE), Immuno-biosensor 

 
Fig. 1 Schematic for the fabrication of the Screen-printed Carbon Electrode (SPCE) 

based on Electrochemical Immuno-sensor (EIS) and the detection for its target. 
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Fig. 2 Response of the fabricated EIS biosensor to different concentration of targets, i.e., influenza virus A(H1N1). (A) 

Chronoamperometry (I-t) curves for serial different concentrations of influenza virus A(H1N1), a→g, the titer for serial 

dilutions of influenza virus A(H1N1) is 64,32,16,8,4,2,1 and 0 HA unit, respectively. (B) The calibration curve of the 

response signal along with the concentration of the target. 
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Electrochemical DNA (E-DNA) sensors have great potential in point-of-care diagnosis because of their 

ability to produce a simple, accurate and inexpensive platform for DNA sensing. However, it is difficult to 

detect extremely low abundance of DNA biomarkers in clinical samples. Thus different signal amplification 

methods have been developed to improve the sensitivity of E-DNA sensors.[1,2] In this paper, we 

developed an ultrasensitive E-DNA sensor based on the signal amplification efficiency of nanoprobe and 

surface-initiated enzymatic polymerization (SIEP)(Fig. 1). In this method, nanoprobe was fabricated by 

gold nanoparticles (AuNPs) modified with reporter probe DNA. Coupling with the nanoprobe, capture 

probe, which was immobilized on gold electrode, would form a “sandwich” with target DNA. Upon 

hybridization, nanoprobe could be bound to the electrode and then subjected to terminal deoxynucleotidyl 

transferase (TdT) catalyzed elongation of DNA strand at its 3′ terminal. During the terminal extension 

reaction, biotin labels are incorporated into the SIEP-generated long single-stranded DNA (ssDNA). Then 

specific binding of avidin modified – horseradish peroxidase (HRP) to the biotin label would lead to an 

enzyme turnover-based signal transduction. As there are hundreds of DNA probes on the nanoprobe, one 

hybridization event would generate hundreds of long ssDNA, resulting in tens of thousands of HRP 

catalyzed reduction of hydrogen peroxide. By employing nanoprobe and TdT, we demonstrated that our 

E-DNA sensor has a detection limit of 10 fM and excellent differentiation ability for even single 

mismatches (Fig. 2).  
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Fig.1 Strategic illustration of E-DNA 

sensor based on nanoprobe and SIEP. 

Fig.2 Amperometric response for E-DNA 

sensor based on nanoprobe and SIEP. 
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A novel electrochemical sensing strategy was developed for ultrasensitive and specific detection of nucleic 

acids by combining with defective T junction induced transcription amplification (DTITA). The 

homogeneous recognition and specific binding of target DNA with a pair of designed probes formed a 

defective T junction and further triggered primer extension reaction. The resulting DNA duplex containing 

T7 RNA polymerase promoter, served as templates for transcription amplification to produce numerous 

single-stranded RNA. These RNA products of DTITA could hybridized with the biotinylated detection 

probes and immobilized capture probes for enzyme-amplified electrochemical detection on the surface of 

the biosensor (Fig. 1A).  

 
Figure 1. (A) Schematic representation of the DITIA based electrochemical biosensor. (B) Typical DPV curves of the 

designed method responding to 0, 1fM to 1nM of synthetic target DNA (from a to h), respectively. (C) Calibration plot of 

DPV peak current vs. logarithm of target DNA concentration. (D) Typical DPV curves responding to different concentrations 

of GBS. (E) Comparison between the DPV peak currents and Ct value of RT-PCR assay for GBS positive clinical samples. 

The proposed DTITA strategy and DNA electrochemical biosensor showed very high sensitivity and 

selectivity for target DNA with a low detection limit of 0.4 fM (Fig. 1B and C). It can directly detect target 

pathogenic gene of Group B Streptococci (GBS) from as low as 400 copies of genomic DNA (Fig. 1D). 

Moreover, the established biosensor was successfully verified for directly identifying GBS in clinical 

samples. For 23 vaginal/anal lysates, the proposed method agreed with the CFDA-proposed RT-PCR 

method completely, showing 100 % of both positive predictive value and negative predictive value. When 

comparing the results of two assays for the 12 GBS positive samples using regression analysis, the plots 

gave R
2
 value of 0.961, still further confirming complete agreement of two methods (Fig. 1E). More 

importantly, such a high performance was obtained without the need of sophisticated instrument for 

temperature cycling and fluorescence detection system. This proposed strategy presented a simple and 

pragmatic platform toward ultrasensitive and handy nucleic acids detection, and would become a potential 

tool for general application in point-of-care setting. 

Acknowledgements:  

NSFC (81101638) and the NSF of Chongqing (cstc2014kjrc-qnrc10001). 



15th ISEAC 

- 498 - 
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electrochemical cytosensing 
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The fabrication and adjustment of the biocompatible interfaces is key for electrochemical cytosensing. The 

nanostructures fabricated from peptide building blocks are extremely attractive for bionanotechnology 

applications owing to their biocompatibility, chemical versatility, biological recognition and facile synthesis. 

Recently the simplest peptide building blocks such as the diphenylalanine (FF) motif of the Alzheimer’s 

β-amyloid peptide have received increasing attention.
[1]

 Self-assembled FF-based nanostructures, especially 

peptide nanotubes (PNTs), have extraordinary mechanical strength and good chemical and thermal stability, 

which make them appealing structural elements for various applications.
 [2]

 

In the present work, we firstly developed a simple and mild method for constructing a very stable peptide 

nanotubes (PNTs)-based cytosensor by introducing chitosan (CS). Due to the presence of CS, the stability 

and hydrophilicity of self-assembled PNTs could be obviously improved. Furthermore, a 3D network 

structure of PNTs-CS composite with large specific surface area could load more cells, which is beneficial 

for their applications in cytosensor. The PNTs-CS composites as a platform produced a highly sensitive 

impedance sensor for K562 cells ranging from 5×10
3
 to 5×10

7
 cells mL

-1
 with a limit of detection of 630 

cells mL
-1

. This work suggested a strategy to prepare a biocompatible, hydrophilic and conductive interface 

for immobilization and electrochemical detection of cells and open a way for the application of PNTs in 

cytosensing.  
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Traditional electrochemical DNA biosensors need DNA immobilization on the electrode surface, which is 

tedious and time consuming. In this study, a simple but sensitive electrochemical DNA biosensor had been 

designed to determine target DNA species related to oral cancer in saliva, which combines the 

immobilization-free electrochemical method with the signal amplification of nicking endonuclease assisted 

target recycling. The complementary substrate strand of target DNA species contains a simple asymmetric 

sequence had been modified with a methylene blue at the 3’terminal firstly, which is difficult on diffusion 

to the negative charged ITO electrode surface due to the abundant negative charges. The present of the 

target DNA would trigger the formation of double-stranded DNA(dsDNA). The nicking endonuclease can 

recognize the simple asymmetric sequence in the dsDNA and cleave the substrate strand of ds-DNA into 

two pieces, a long ssDNA and a 2-base ssDNA linked with methylene blue. The short one can diffuse easily 

to the negative charged ITO electrode surface and results in the enhanced electrochemical response 

detected. At the same time, target DNA can dissociate from the dsDNA and trigger the next round of 

hybridization, cleavage and releasing, which results in the signal amplification. This immobilization free 

DNA biosensor can detect as low as 0.33 pM (S/N=3) target DNA and exhibits high distinction ability to 

single-base mismatch, double-bases mismatch, and noncomplementary DNA sequence, which may be 

expected to detect single-base mismatch and single nucleotide polymorphisms (SNPs). Compared with the 

traditional heterogeneous strategy, the assay was performed in a homogeneous solution without complex 

DNA immobilization and DNA hybridization on the electrode surface, which owns the merits of simple and 

high efficiency. 
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electrocatalyst for hydrogen evolution reaction 
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Searching for inexpensive hydrogen evolution reaction (HER) electrocatalysts with high activity has 

attracted considerable research interest in the past years. Reported herein is the fabrication of Co4FeP 

nanosheets arrays on commercial carbon cloth (Co4FeP/CC) from its Co4FeLDH/CC precursor by a 

low-temperature phosphidation reaction. The catalytic current density of the obtained electrocatalyst can 

approach 10 mA cm-2 at an overpotential of 49 mV. Synergistic effect of Co and Fe has been shown to 

significantly improve the acid stability and show almost the same HER activity as noble metals such as Pt. 

     
(A)                                       (B) 

Figure 1.(A) Representative SEM images of Co4FeP on carbon cloth and (B) Polarization curves of Co4FeP/CC initially and 

after after 5000,8000cycles at a scan rate of 100 mV/s between 0 and −0.15 V vs RHE (0.5M H2SO4) 
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In this work, the novel reduced graphene oxide-bismuth (RGO-Bi) nanocomposites were successfully 

synthesized through one-step electrochemical reduction and used to modify disposable screen-printed 

electrode (SPE) for determination of Pb(II) by differential pulse anodic stripping voltammetry. The physical 

and electrochemical characterizations of the RGO-Bi nanocomposites modified disposable screen-printed 

electrode (RGO-Bi/SPE) were studied in detail by scanning electron microscopy, energy dispersive X-ray 

spectroscopy, cyclic voltammetry and differential pulse voltammetry methods. From the Fig. 1, we can see 

that the RGO on the surface of SPE was almost smooth with some little drapes. However, the surface 

morphology of RGO-Bi/SPE was much rougher and a large number of Bi particles in 30~50 nm diameter 

were distributed on it. This results indicated GO and Bi(III) were successfully reduced on the SPE through 

an one-step electrochemical reduction. Due to the large surface areas and a great deal of sites for particles, 

reduced graphene oxide (RGO) was used as a support for immobilization of bismuth (Bi) particles with 

strong adhesion. Combined the unique structure and electronic properties of RGO [1] with the ability to 

form alloys of Bi [2], the RGO-Bi/SPE had shown excellent electrochemical properties for determination of 

Pb(II). As shown in Fig. 2, the peak current of Pb at RGO-Bi/SPE was more than the total peak current at 

the RGO/SPE and Bi/SPE. Some experiment conditions such as the volume of GO-Bi(III) mixed solution 

and the deposition time were optimized. Under the optimal conditions, good linear relation with Pb(II) 

concentrations ranging from 0.05 to 20 μM could be obtained at RGO-Bi/SPE which had been shown in 

Fig. 3 and the detection limit is 6.8 nM. Additionally, the RGO-Bi/SPE was successfully applied to the 

rapid determination of Pb(II) in real coastal sediment pore waters and the results were consistent with 

ICP-MS detection. 

 
Fig. 1 SEM micrograph of the RGO/SPE (a) and RGO-Bi/SPE (b) 
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Fig. 3 The calibration curve for Pb(II) 

determination. Insert: Differential pulse 

voltammograms obtained using the RGO-Bi/SPE 

for Pb(II) at different concentrations. 

Fig. 2 Differential pulse voltammograms of 

Bi/SPE (a), RGO/SPE (b) and RGO-Bi/SPE 

(c) in 0.1 M HAc-NaAc (pH 4.5) solution 

containing 1 μM Pb(II)  
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Recently, research into electrochemical oxidation has received a great deal of attention for treating 

wastewater, because of its high efficiency and environmental compatibility [1]. For the electrochemical 

oxidation process, it is critical to develop electrodes with a high activity for electrocatalytic oxidation of 

pollutants. The metal oxide electrodes, especially Sb-doped SnO2 electrodes are thought to be one of the 

most promising electrodes for electrochemical oxidation of organic pollutants. In order to enhance more 

active sites to promote electrocatalytic oxidation ability, we fabricate the Ti/Sb-SnO2 electrode with a 

carbon nanotube (CNT) interlayer. It has been reported that CNT is suitable materials for use as electrode 

due to its chemical stability and large surface area. Hu et al. [2] and Zhang et al. [3] reported that 

CNT-modified Ti/SnO2-Sb electrodes, but few works have been reported about the CNT as the interlayer 

for electrocatalytic anode. In our work, the CNT interlayer is prepared in electrophoretic deposition method. 

And the fabrication of Sb-SnO2 film is using one-step colloid-medium pulse electrodeposition method.  

In order to explain the effect of CNT interlayer on the electrocatalytic oxidation and activity, the 

voltammetric charge (q*) which is related to the real surface area and the specific electrochemical active 

sites of two electrodes are determined from the CVs [4]. The total voltammetric charge  and the outer 

voltammetric charge  for the Ti/Sb-SnO2 and Ti/CNT/Sb-SnO2 electrodes have been presented in Fig. 

1(a) and (b). The inner voltammetric charge  is less accessible surface sites calculated by subtracting 

the total and outer  voltammetric charge. The electrochemical porosity is defined as the relation 

between the inner and the total charge ( / ). Table 1 summarizes the total, outer and inner charges 

obtained for the two electrodes. It can be seen that the values of ,  and electrochemical porosity for 

Ti/CNT/Sb-SnO2 electrode are 1.80, 1.03 and 1.51 times as large as those for Ti/Sb-SnO2, respectively. 

These results show that the addition of CNT interlayer can provide higher effective electrochemical surface 

area and electrochemical porosity as compared to Ti/Sb-SnO2 electrode. Hence, the Ti/CNT/Sb-SnO2 

electrode can provide more active sites for electrocatalytic oxidation. 

 
Fig. 1 (a) Extrapolation of  for Sb-SnO2 and CNT/Sb-SnO2 electrodes, from the representation of reciprocal voltammetric 

charge (q*)-1 versus the square root of the voltammetric scan rate (v1/2). (b) Extrapolation of  for two electrodes, from the 

representation of voltammetric charge (q*) versus the reciprocal square root of the voltammetric scan rate (v-1/2). Data 

obtained from the cyclic voltammograms obtained between 0.5-1.5 V vs. SCE at various scan rates in a 0.25 M Na2SO4 

solution. 

Table 1 The voltammetric charge of Ti/Sb-SnO2 and Ti/CNT/Sb-SnO2 electrodes. 

Electrode sample / mc cm
-2

 / mc cm
-2

 / mc cm
-2

 /  

Ti/Sb-SnO2 19.82 10.89 8.93 0.45 

Ti/CNT/Sb-SnO2 35.68 11.27 24.41 0.68 

To investigate the electrocatalytic oxidation activity of the electrode, Orange II is selected as the target 

contaminant. Fig. 2 shows the electrochemical decolorization of Orange II on Ti/Sb-SnO2 and 
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Ti/CNT/Sb-SnO2 electrodes. Clearly, the decolorization efficiency of Orange II is significantly improved 

by the addition of CNT interlayer. After 100 min, the Orange II decolorization efficiencies are 71.3% and 

92.6%, respectively. The inset of Fig. 2 is the pseudo-first order of Orange II decolorization on two 

electrodes and the kinetic rate constants for Ti/Sb-SnO2 and Ti/CNT/Sb-SnO2 are 1.19 × 10
-2

 and 2.55 × 

10
-2

 min
-1

, respectively. These values indicate that Orange II can be decolorized more rapidly on the CNT 

interlayer electrode.  

In conclusion, the prepared Ti/Sb-SnO2 electrode containing CNT interlayer has large surface area and 

electrochemical porosity, which leads to enhance the electrochemical decolorization of Orange II compared 

with the Ti/Sb-SnO2 electrode. 

 
Fig. 2 Decolorization efficiencies of the Orange II on Ti/Sb-SnO2 and Ti/CNT/Sb-SnO2 electrodes. The inset is the 

corresponding pseudo-first order curves. 
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Paper-based electrochemiluminescence biosensor for cancer cell detection 

Qiu-Mei FENG, Zhen LIU, Hong-Yuan CHEN, Jing-Juan XU
a
 

State Key Laboratory of Analytical Chemistry for Life Science, School of Chemistry 

and Chemical Engineering, Nanjing University, Nanjing 210093, China 

Here a novel paper-based electrochemiluminescence (ECL) device was developed for the etection of HL-60 

cancer cells. In this approach, porous filter paper as a thin-layer electrochemical cell connected to a sheet of 

ITO working electrode. Au nanoparticles (Au NPs) and graphene were coated on the surface of ITO to 

immobilize capture HS-DNA. Then, the aptamer of HL-60 cancer cells, which is labeled with Ru(bpy)3 
2+

-conjugated silica nanoparticles (RuSi@Ru(bpy)3
2+

) is hybridized with the capture DNA to form 

bioconjugates. In the presence of HL-60 cells, the aptamer would conjugate with glycoprotein at cell 

surface and RuSi@Ru(bpy)3
2+

 NP-aptamer would be released.After the dissociation of RuSi@Ru(bpy)3
2+

 

NP-aptamer from the surface of ITO, ECL signal would decline. This simple, portable and disposable 

testing platform could detect HL-60 cancer cells down to 56 cells/mL. 

 
Figure 1. Schematic illustration of paper-based analytical device for ECL detection of HL-60 cells. 
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ECL biosensor on bipolar electrode for determination of PSA 

Hai-wei SHI, Mei-sheng WU, Zhen LIU, Hai-jie LU, Hong-yuan CHEN, Jing-juan XU
a 

State Key Laboratory of Analytical Chemistry for Life Science, School of Chemistry  

and Chemical Engineering, Nanjing University, Nanjing 210093, China  

Prostate specific antigen (PSA) is a serum marker widely used in prostate cancer detection. Rapid and 

effective quantification of PSA tumor markers is a key step in early prostate cancer diagnosis. In this paper, 

a new dimension of time-dependent electrogenerated chemiluminescence (ECL) was developed on  the 

basis of silver solution and ECL recovery on a closed bipolar electrode (BPE). The ECL  biosensor was  

fabricated with  separate modifications  towards  the  anode  and  cathode. Capture DNA  attached  

to  gold  nanoparticles  (Au NPs) with  an  average  diameter  of  5  nm was modified to the 

anode, which is followed by in situ reduction of silver on the surface of Au NPs. Luminol  was  

employed  as  ECL  emitting  species  while  hydrogen  peroxide  was  used  as  the 

co-reactant at  the anode of  the BPE. According  to previous  literatures, Au NPs have an obvious 

influence on the luminol-H2O2 ECL reaction owing to its catalytic properties compared to that of Ag. 

Moreover,  there  is  a  probable overlap between  the  absorption  of  the  coated  Ag  and  

the luminescence of luminol, which further quenches the ECL of luminol. The other hand, a sandwich 

structure  of  PSA  and its antibodies were modified  at  the  cathode  of  the BPE.  Particularly,  

the secondary antibody was conjugated with  silica beads wrapped  thionine. As  a  result, when  

there was PSA, thionine would conjugate with PSA through immune reaction to accelerate the electron 

transfer of  the BPE  system  as  it has  a more positive  reduction potential  than dissolved oxygen. 

Thus, at a chosen voltage applied, we could  realize  the effect  that  the Ag  layer at anode would 

dissolve  faster  while  there  was  PSA.  Simultaneously,  the  solution  of  Ag  led  to  the  

gradual recovery of ECL emission from nearly none to reaching a platform which turned out as a function 

of  time.  The  results  showed  that  the  recovery  time was  directly  linear  to  the  

logarithm of the concentration of PSA within the range of 1.0 fg/ mL ~ 1.0 ng / mL. 

 
Figure 1. Schematic illustration of Time Dimensional ECL Biosensor for ECL detection of PSA 
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Nanocrystal-based Electrochemiluminescence Sensor for Cancer Cell 

Detection with Au Nanoparticles and Isothermal Circular Double-assisted 

Signal Amplification  

Pan-Pan DAI, Jin-Yi LI, Tao YU, Jing-Juan XU
a
, Hong-Yuan CHEN

b
 

State Key Laboratory of Analytical Chemistry for Life Science, School of Chemistry and Chemical 

Engineering, Nanjing University, Nanjing 210093, China 

Early detection of cancer is of great importance to diagnosis, prognosis and therapy. No doubt that rapid 

and simple technique for identifying subtypes of cancer cells is essential in the preclinical stage. Here we 

have developed a sensitive cancer cell amplified detection method which combined Au NPs enhanced 

electrochemiluminescence (ECL) of CdS nanocrystals (NCs) film, with isothermal circular amplification 

reaction of polymerase. In DNA circular amplification detection system, hairpin DNA beacon/Au NPs 

composite modified CdS NCs film was used as ECL emitter. Messenger DNA is hybridized with the 

aptamer modified on magnetic beads (MBs) to form MB-Au bioconjugates. In the presence of HL-60 cell, 

the aptamer would conjugate with the glycoprotein at cell surface and messenger DNA sequence would be  

released. The released messenger DNA sequence was then introduced into the cycle amplification system to 

tigger circular polymerizations. This assay allows us to determine  the released messenger DNA 

equivalent to 10 cells and exhibits a significant specificity for HL-60 cells.  

 

Figure 1. Schematic representation of strategy for HL-60 cancer cell detection based on Au NPs and isothermal 

circular double-assisted ECL signal amplification of CdS NCs film 

 



15th ISEAC 

- 508 - 

 

Color-Switch Electrochemiluminescence Biosensing Based on Multichannel 

Dual-Bipolar Electrode Chip 

Huai-Rong ZHANG, Yin-Zhu WANG, Qiu-Mei FENG, Hong-Yuan CHEN, 

Jing-Juan XU
a
 

State Key Laboratory of Analytical Chemistry for Life Science, School of Chemistry 

and Chemical Engineering, Nanjing University, Nanjing 210093, China 

Quantitative determination of species released from or in cancer cells such as H2O2 and telomerase is very 

useful for understanding the role of H2O2 and telomerase in pathology and physiology. In this work, we 

developed a new kind of dual-bipolar ITO electrode (D-BPE) chip which could give two arrays of visual 

ECL signals from luminol and Ru(bpy)32+ respectively. First of all, Au was electrodeposited onto every 

D-BPE cathodes to protect the electrode from being reduced and to improve the stability of ECL signals. 

On the basis of that, luminol and Ru(bpy)32+-TPrA solutions were added into the different arrays of 

reservoirs and turned on an array of red ECL signals from Ru(bpy)32+ when 6.0 V voltage was applied. 

After that, telomerase extracted from HL-60 cancer cells could extend primer DNA on magnetic beads to 

form DNAzyme, then the DNAzyme and extracellular H2O2 from PMA treated HL-60 cancer cell were 

added into the reservoirs, the red ECL signal from Ru(bpy)32+ would be weakened, instead, a new array of 

blue ECL signals from luminol were turned on. Based on this principle, the quantitative determination of 

the extracellular H2O2 and the activity of telomerase from HL-60 cancer cells could be achieved in a single 

chip with two visual ECL signals in color-switch way. 

 
Figure 1. Structure of Double-Bipolar and Its Schematic Representation for HL-60 Cancer Cell Detection. 
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High-quality phosphorus-doped MoS2 ultrathin nanosheets with amenable 

ORR catalytic activity 

Hao HUANG* and Wenbo SONG 

College of Chemistry, Jilin University, Changchun 130012, P. R. China. 

E-mail: wbsong@jlu.edu.cn 

Since the discovery of the exotic properties of graphene, two-dimensional (2D) layered materials such as 

transition metal dichalcogenides (TMDs) and oxides have attracted growing research interest. Molybdenum 

disulfide (MoS2) is a prototypical layered TMDs formed by a stack of hexagonal layers of molybdenum 

atoms sandwiched between two layers of sulfur atoms (S-Mo-S) through weak van der Waals forces. Via 

liquid exfoliation, chemical vapor deposition and hydrothermal synthesis, few- or single-layer MoS2 

nanosheets have been achieved, exhibiting exotic physical and chemical properties that are distinct from the 

bulk state. In order to make these ultrathin MoS2 materials more versatile in photoelectric device, lithium 

ion batteries and catalysis, further modification of physical and chemical properties on their planes is 

required. An effective way to regulate these properties is chemical doping heteroatoms in planes, which 

may not only bring a change in optical and electrical properties to pristine materials, but also provide 

abundant active sites for catalysis. Recent theoretical advances[1] have indicated that heteroatoms doping 

may modulate the electronic structure and frontier orbital energy of the MoS2 nanosheets. 

The pristine MoS2 nanosheets have been widely involved in hydrogen evolution reactions (HER), and the 

origin of the catalytic activity is generally attributed to the plentiful exposed S edges. Very recently, a 

pioneer work[2] emerges concerning the efficacy of the ultrasonicated MoS2 nanostructures for oxygen 

reduction reaction (ORR), in which the abundant exposed Mo edges are considered responsible for the 

ORR catalytic activity. Despite showing a promise in ORR, further investigations have not been reported 

update and the performance is still far from satisfactory for the practice. Recent theoretical calculations on 

single-layer MoS2 suggest that chemical doping of heteroatom in plane could modulate electronic structure 

and bring additional active sites for catalysis. Particularly, the low electronegative heteroatom doping is 

considered to raise the frontier orbital energy of the single-layer MoS2, which could be beneficial for 

donating electron during the ORR processes. Additionally, oxygen molecular in electrolyte may prefer to be 

absorbed by the low electronegative heteroatoms in plane, which may also accelerate the ORR processes. 

Therefore, chemical doping of low-electronegative atoms into the plane of ultrathin MoS2 nanosheets 

should be of particular interest in ORR, due to the possibility of significantly commendable catalytic 

activity. 

In this work, engineering phosphorus (P)-heteroatom into the plane of ultrathin MoS2 nanosheet is realized 

via a facile thermolytical process (Figure 1). As shown in Figure 2, the doping of low-electronegative P 

atoms generates a dramatically amendable ORR activity to the pristine MoS2 nanosheets, manifesting 

seven-folds current increase as well as 160 mV positive shift in both onset and half-wave potentials, which 

is almost comparable with the commercial Pt/C catalyst. Moreover, the P doping triggered a transform from 

the two-electron process to the four-electron process. The raised frontier orbital energy and an abundance 

of the active sites originated from P-heteroatoms, as well as the preferential adsorption for oxygen 

molecules are favorable for ORR. The prospective applications can also be broadened to other fields, and 

doping of other heteroatoms for versatile applications could be anticipated.  

 

 

Fig.1. Proposed synthetic protocol for P-doped MoS2 ultrathin nanosheets. 
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Fig.2 Currents of the ORR using RDEs at 2400 rpm and 10 mV s-1 scan rate in 0.1 m KOH under the saturated oxygen gas. 
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A molecularly imprinted tetracycline electrochemical sensor based on 

graphene oxide/gold nanoparticle/nafion composites modified glassy carbon 

electrode 

Ying MA, Xiaotian TIAN, Sai LIAN, Zhiyong HUANG*, Xiaomei CHEN* 

College of Food and Biological Engineering, Jimei University, Xiamen, 361021, China 

Tetracycline (TC) is a kind of broad-spectrum antibiotics. As it has a good bactericidal effect, it is widely 

used in aquaculture and also in nutrition and feed additives throughout the agricultural sector. However, the 

improper or excessive using TC can lead to antibiotic residues, which pose a serious threat to 

human health. Therefore, it is of great importance to develop an accurate and simple method for the 

determination of TC in the pharmaceutical analysis and food security [1-3]. In this work, TC molecularly 

imprinted polymer was synthesized using thermal polymerization method and blended with AuNPs/GO and 

Nafion to modify the glassy carbon electrodes, thus constructed the tetracycline molecularly imprinted 

electrochemical sensor. TC was selectively enriched on the electrode surface by molecularly imprinted 

polymers. The electrochemical behavior of TC on the electrode was observed. The adsorption time and 

amount of modification was optimized. Under the optimized conditions, two linear regions of 

electrochemical intensity towards TC concentration were valid in the range of 0.03~ 0.5 mg L
-1 

and 0.5 ~ 

20 mg L
-1

 with the CV method. Moreover, differential pulse voltammetry (DPV) method was used to detect 

TC with lower concentration. Our results showed that the linear range was from 1 to 30 μg L
-1

, and the 

detection limit was 0.7 μg L
-1

 (S/N=3) by DPV method. In order to verify the reliability, the thus-fabricated 

sensor was applied to determine TC in milk. The results indicated that the proposed sensor presented good 

characteristics in terms of high sensitivity and good reproducibility for TC determination, promising the 

applicability of this sensor in practical analysis. 
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Electrochemical impedance method for the recognition and distinction of 

multiple monosaccharide isomers based on chirality-driven wettability 

transformation at smart copolymer/graphene interface 

Shushu Ding, Sumei Cao, Anwei Zhu,* and Guoyue Shi* 

School of Chemistry and Molecular Engineering, East China Normal University, 500 Dongchuan Road, 

Shanghai 200241, P.R. China 

Chirality is the basic attribute of nature. The enantioselective interaction of biomolecules is of great 

importance in biological processes and have been widely studied in chemistry, biology and medicine.
1
 

Saccharides are the indispensable components in vivo. Although considerable progress has been made, the 

chiral recognition of monosaccharides still remains a tremendous challenge.
2
 In this article, we fabricated a 

novel electrochemical sensor for the chiral detection and the distinction of 14 monosaccharide isomers 

based on a novel three component smart copolymer brush film. The polymer is capable of transforming its 

hydrophobicity by the formation of intermolecular hydrogen bonds between dipeptide/thiourea units and 

monosaccharides.
1
 To enhance the conductivity of the material, the smart copolymer was grafted on the 

surface of graphene through atom transfer radical polymerization (ATRP). Furthermore, electrochemical 

impedance spectroscopy (EIS) was first employed to monitor the change in the hydrophobicity of the 

polymer-modified screen-printed carbon electrode (SPCE) surface in the presence of monosaccharides. The 

result proved that this electrochemical sensor could be applied to the chiral identification of isolated 

monosaccharides with a wide linner range and a low detection limit, which was superior to other methods. 
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Fig.1 Schematic diagram of chiral signal transformation based on the 
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Potentiometric aptasensor for bisphenol a based on surface charge change 
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Bisphenol A (BPA) is an endocrine disrupter and widely distributed. It is essential to detect BPA in the 

environment. Among various methods, electrochemical detection especially potentiometric sensing 

represent a promising tool. Potentiometric sensors based on the polymeric membrane ion selective 

electrodes have been widely used for ionic species. However, the ionophores have not always been 

available for the targets. Aptamers with simplicity, robustness and versatility have become an ideal 

biorecognition element for sensing targets in environmental samples. 

In this work, an aptamer was used as a bioreceptor.
1
 The potentiometric sensor was fabricated by the 

layer-by-layer method.
2
 Firstly, multi-walled carbon nanotubes (CNTs) dispersed in 

N,N-dimethylformamide was dropped on the carbon electrodes and dried at room temperature. Then 

CNT/GC electrodes were modified with poly dimethyl diallyl ammonium chloride (PDDA) and the 

aptamer via electrostatic interaction. In the presence of BPA, the target can specifically bind to the aptamer. 

The target binding can separate the aptamer from the electrode and induce a surface charge change and 

subsequently the potential change.
3
 Experiments showed that our method has higher sensitivity than the 

direct detection using carbon nanotubes by π-π contribution.
4
 The time-dependent electromotive force 

(EMF) response curve of the BPA-selective electrode is shown in Fig. 1. Further work is in progress to 

optimize the experimental conditions, in order to achieve a lower detection limit.  

 
Fig.1 Potentiometric responses of the electrode after incubated ion with BPA at different concentrations. 
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Facile synthesis of Pd nanoparticles on reduced graphene oxide nanosheets 

with excellent electrocatalytic performance 
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In recent years, fuel cells have been attracting extensive attention, and researchers have been focusing on 

seeking for the electrode materials that can increase the current density with low pollutant emission[1]. 

Graphene, as a single layer of sheet structure with one carbon atom thickness has received significant 

attention taking the advantages of large surface area and good conductivity, which make it a promising 

environmentally friendly support material for noble metal electrocatalysts[2]. Besides that, Pd-based 

nanomaterials are promising anode catalysts for fuel cells, of which the catalytic performance should be 

improved[3]. Furthermore, Pd-based nanomaterials have been revealed as effective electrocatalysts for 

ethanol oxidation in alkaline media. 

Herein, we reported a facile method to synthesize the Pd/reduced graphene oxide (RGO) composite 

nanomaterials. Fig. 1 is the typical SEM image of the as-prepared Pd nanoparticles. It can be seen flower-like 

nanostructure with good uniformity is obtained. The electrocatalytic property of Pd/RGO nanomaterial was 

investigated in alkaline media containing ethanol by comparing with Pd nanoparticles and commercial 20% 

Pd/C catalyst, as shown in Fig. 2. It can be observed that Pd/RGO nanomaterials exhibit enhanced 

electrochemical activity for ethanol oxidation in comparison with the other two catalysts in alkaline 

medium.  

 

Fig. 1 Typical SEM image of Pd nanomaterial. 

Fig. 2 CVs of Pd/RGO, Pd nanomaterial, and 20% Pd/C in KOH solution containing ethanol. 
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Palladium nanomaterials are effective catalysts for fuel cells[1]. Thus, various Pd-based nanostructures 

have been explored and developed as anode catalysts in fuel cells[2]. As reported in previous literatures, 

enhanced catalytic activity and high poison tolerance can be obtained on alloy catalysts[3]. Therefore, 

many methods have been developed to prepare alloy catalysts such as wet-chemical synthesis, 

electrochemical deposition, thermal treatment, and self-assembly. 

In our study, we successfully developed a method to synthesize Pt-Pd alloy nanoparticles in one-pot. The 

SEM image in Fig. 1 shows Pt-Pd alloy nanoparticles with an average size of 35 nm. The electrocatalytic 

property of the prepared Pt-Pd nanoparticles was examined towards ethanol oxidation in alkaline media. As 

is shown in Fig. 2, the as-prepared Pt-Pd catalysts exhibit enhanced catalytic activity than Pd black catalyst 

in alkaline solution.  
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electrochemical sensor 
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Transparent and stretchable electrodes have great application prospect in many fields such as curvilinear 

displays, wearable sensors and photovoltaic devices. In recent years, tremendous achievements have been 

made on developing electronics with excellent performance based on various emerging nanomaterials.
[1,2]

 

However, no progress has been seen toward developing stretchable electrochemical devices, which 

represent an important tool and provide abundant information for many applications.
[3]

 

Metal nanowires (NWs) random networks possess intrinsic advantages over other nanomaterials as 

transparent and stretchable conductors due to its high transparency and conductivity, especially for AgNWs. 

Nevertheless, AgNWs suffer from difficulties in meeting the long stability requirements as 

electrode/electrolyte interface, as silver can easly corrode through oxidation and electromigration, which 

will cause electrical resistivity increase and structural damage. In this work, AgNWs coated with uniform 

Au layer were synthesized and the as-prepared NWs could serve as electrochemical electrode with 

comparable transparency and conductivity with AgNWs. The innovative stretchable electrodes will enable 

new sensing applications that require conformal electrochemical electronics and hold a considerable 

potential for next-generation wearable systems. 

 
Fig.1 (A) SEM image of Au-coated AgNWs. (B) Photograph of Au-coated AgNWs film on a PDMS substrate. (C) Optical 

transmittance spectra of AgNWs film (black) and Au-coated AgNWs film (red). (D) Cyclic voltammogram obtained for the 

Au-coated AgNWs electrochemical sensor in 1 mM K3[Fe(CN)6]. 
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Photocatalytic semiconductors have attracted considerable attention due to applications in the degradation 

of organic polluants.
[1]

 However, the low solar-light harvesting and high electron-hole recombination rate 

limits the efficiency of photocatalysts. The newly developed localized surface plasmon resonance (LSPR) 

can offer a new opportunity to overcome the limited efficiency to some extent.
[2]

 In this study, the 

heterojunctions (Cu2-xSe/g-C3N4) incorporating plasmonic semiconductor Cu2-xSe with graphitic carbon 

nitride (g-C3N4) are proposed as visible light photocatalysts. Their photocatalytic performance is tested and 

proven via the degradation of methyl blue (MB) in aqueous solution. When the mass percentage 

composition of Cu2-xSe reached 60%, the as-prepared composite exhibited the highest photocatalytic 

activity, which was almost 6.1 and 2.8 times as high as that of individual Cu2-xSe and g-C3N4, respectively. 

The remarkable photocatalytic efficiency of such Cu2-xSe/g-C3N4 heterojunction under visible light 

illumination due to both plasmonic enhancement of the catalyst and synergetic effect of the co-catalyst is 

shown (Figure 1).
[3-4]

 This work can provide a new methodology to develop stable and high efficient 

heterojunctions photocatalysts. 

 
Figure 1. Photocatalytic mechanism scheme of Cu2-xSe/g-C3N4 heterojunctions under visible light irradiation. 
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Paper-based electroanalytical devices for determination phytohormones in 

situ 
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Phytohormones are a group of naturally occurring trace substances which regulate multiple physiological 

processes of plants, including growth, development, and response to biotic and abiotic stresses. Detection 

of phytohormones in situ has gained significant attention due to their critical roles in regulating 

developmental processes and signaling for defenses in plants at low concentration. Here we report the 

application of paper-based electroanalytical devices for sensitively in situ detection of salicylic acid in 

tomato leaves with the sample volume of several microliters.  Specifically, disposable working electrodes 

were modified with multiwall carbon nanotubes and Nafion. Then, by integrating the paper-based 

electroanalytical devices on the tomato leaves, salicylic acid can be determianted in situ. The results also 

demonstrated that the amounts of salicylic acid differed statistically in normal, phytoene desaturase (PDS) 

silent and diseased (infected by Botrytis cinerea) tomato leaves. This study might also provide a sensitive 

method with spatiotemporal resolution for mapping of other phytohormones in the plant body in situ. 

Keywords: Phytohormones, in situ electrochemical detection 
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An electrochemical sensing platform structured with carbon nanohorns for 

detecting some food borne contaminants 
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A simple and sensitive electrochemical sensor which was constructed with alkoxy silane and carbon 

nanohorns was first utilized to detect some food borne contaminants, including bisphenol A, sudans, 

triclosan, malachite green. Due to the large surface area, good conductivity, admirable electrochemical 

activity of carbon nanohorns and excellent immobility of 3-aminopropyltriethoxysilane, the synergistic 

effect root from the easily controlled composition of organic-inorganic hybrid film was achieved. The 

present work demonstrated this functional film brings advantageous features such as stable and strong 

adherence to electrode matrix, excellent electrochemical catalysis, etc, to electrochemical sensor to achieve 

advanced application. By choosing triclosan and malachite green as object, their kinetic parameters on this 

modified electrode were calculated and the relative quantitive determination was established. Compared 

with previous reports, the designed sensor presented lower detection limit, higher sensitivity and more 

broad linear range. This electrochemical platform offered a useful tool for the on-site determination of food 

born contamination. 
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Fig.1 Cyclic voltammograms of 

(a)CNHs/APTOS/GCE in 0.1 M PBS (pH = 7.0), (b) 

GCE, (c) APTOS/GCE, (d) CNHs/APTOS/GCE  in 

1mM malachite green(0.1M PBS (pH=7.0)) 

Fig.2 Chronoamperometry of intermittently increasing the 

concentration of malachite green in 0.1M PBS (pH=7.0). 

The inset showing the linear relationship between currents 

and the square roots of the times from Chronoamperometry 

of 9.98uM malachite green in 0.1M PBS (pH=7.0) at 

CNHs/APTOS/GCE. 

A 



15th ISEAC 

- 520 - 

 

Double-amplified photoelectrochemical response of hematin on carbon 

nanohorns superstructure support for ultrasensitive detection of roxarsone 
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A new-type proposal for designing sensitive photoeletrochemical sensor with a ternary hybrid film 

developed by absorbing hematin on carbon nanohorns superstructures and poly-L-lysine complex support 

to achieve quantificational detection of 4-Hydrox-3-nitrobenzenenearsonic acid (HNBAA) was offered. 

Here, hematin with easy acquirement, good biocompatibility and strong visible light harvesting capability, 

was introduced as photosensitizer for photoelectrochemical determination. Additionally, the complex 

support composed by fascicled superstructures of carbon nanohorns which possessed many superiors, such 

as excellent electronic conductivity, large specific area and adsorption etc. The poly-L-lysine which could 

form hydrogen bond with hematin performed excellent immobilization action of hematin. Due to the 

synergistic effect and surface enhancement effects, complex support provide a charge-transfer matrix to 

catch and transport excited electron from hematin rapidly, baffling photogenerated electron-hole 

recombination and improving photoelectrochemical signal in visible light region effectively. HNBAA, as a 

photogenerated holes scavenger, enhanced the photoelectrochemical response again. 
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Fig.2 (A) Photocurrent densities of Hb/CNHs-PLL/GCE in HNBAA 

with different concentrations, and (B) corresponding linear relationship 

between photocurrent densities and logarithm of concentrations. (C) 

Net photocurrent densities of HNBAA and others’ potential 

interferences. (D) Time-based photocurrent densities of 

Hb/CNHs-PLL/GCE in 10 μM HNBAA. 

Fig.1 Photoelectrochemical sensing 

mechanism of HNBAA on CNHs 

superstructures with absorbed Hb. 
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A ratiometric biosensor for metallothionein based on dual heterogeneous 

electrochemiluminescent responses from TiO2 mesocrystals formed 

interface 
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Herein, an ultrasensitive dual-signals electrochemiluminescent (ECL) biosensor for metallothionein (MT) 

was proposed that used the intelligent sensor interface which was constructed by superstructure TiO2 

mesocrystals (OAM). Firstly, Ru(bpy)3
2+

 was immobilized on the OAM based sensing interface by using 

the ion exchanging technology. The porous OAM could not only effectively extend outer Helmholtz plane 

of the sensing interface, but also make the pH in the composite film higher, resulting in Ru(bpy)3
2+

 

possessing strong ECL intensity in moderate condition. It was found that there was strong interaction 

between MT and OAM via hydrogen bond, leading to the self-assembling of MT and obvious quench of 

Ru(bpy)3
2+

 ECL emission. Whereas, in the presence of MT that possessed -SH groups, the CdTe QDs could 

be attached on metallothinein by Cd-S bond, forming the second ECL response. Attributing to the different 

ECL emission potential of Ru(bpy)3
2+

 and CdTe QDs, the resoluble ECL response could be observed. Thus, 

the ratio of ECL intensities at the two excitation potentials was used to quantitate MT, which displayed 

dramatically analytical performance with wide linear range from 5 ng/mL to 10
4
 ng/mL and the detection 

limit was 1.67 ng/mL. This work provided a promising format for the future development of multiplex 

electrochemiluminescence biosensors. 

 
Fig.1 (A) Schematic illustrates the fabrication procedure of the dual-responses ECL sensor. 

 
Fig.2 (A) ECL signal-time curves at different metallothionein concentrations. (B) The corresponding calibration curve. (C) 

Stability and (D) selectivity of the dual-signals ECL biosensor. 
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electrochemically reduced graphene oxide and its sensitively detection for 
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An amplified and stable electrochemiluminescent signal of lucigenin on electrochemically reduced 

graphene oxide contained sensing platform was observed. Herein, chitosan was used as the excellent 

dispersant, which in favor of the better dispersion of graphene oxide in solution and the better 

electrochemical reduction of graphene oxide. And the electrochemically reduced graphene oxide owned the 

outstanding conductivity which was propitious to the transfer of electrons, leading to the enhancement of 

electrochemiluminescent signals of lucigenin. Additionally, bisphenol A, as a classical foodborne pollutant, 

was firstly detected due to its strong inhibition phenomenon to the electrochemiluminescent response of 

lucigenin. Then we studied the quenched electrochemiluminescent system and the possible mechanism of 

the platform in detail. Under optimum conditions, the proposed electrochemiluminescent sensor exhibited a 

linear response range from 1.0×10
-9

 mol L
-1 

to 1.0×10
-4

 mol L
-1

 with a low detection limit of 3.0 ×10
−10

 mol 

L
-1

 for bisphenol A, which might find promising applications in developing a new type of biosensor. 
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Fig.2  Cyclic voltammograms of(A), Nyquist plots of (C), (D) 

The ECL of REGO-CS modified electrode (a), bare gold 

electrode (b), and the GO-CS modified gold electrode (c) in 5 

mmol L-1 [Fe(CN)6]
3- solution containing 0.3 mol L-1 KCl, scan 

rate：0.1 V/s; (B) Cyclic voltammograms of reduced GO-CS 

modified electrode in 5mM K3[Fe(CN)6] solution containing 0.3 

M KCl with different scan rates and the linear relationship 

between the peak currents and the square root of the scan rates 

(the inset in B), scan rate (a-k) is from 500 to 10 mV/s.  
 

Fig.1 Schematic representation of (A) the preparation of 

the ERGO-CS modified electrode, (B) the mechanism 

of ECL emission of lucigenin and (C) the possible 

quenched ECL mechanism by BPA. 
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platform motivated by schottky barrier and LSPR effect and its sensing 

application 
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A visible light responsive photocatalytic hybrid with excellent photoelectrochemical activity was firstly 

fabricated via self-assembly of Au nanorods onto poly(L-cysteine) modified graphitic carbon nitride 

nanosheets. Herein, layered structural graphitic carbon nitride nanosheets with proper band gap, high 

stability, high specific surface area, and nontoxicity as a photoactive material demonstrate a high 

photocatalytic activity. The incorporation of multifunctional Au nanorods made the hybrid not only possess 

a Schottky barrier which can accelerate the charge separation and transfer but also hold localized surface 

plasmonic resonance which benefit to the absorption of visible light and the excitation of active charge 

carriers. The above distinct features considerably enhanced the separation of the photo-excited electrons 

and holes and hampered the recombination of electron-hole, resulting in increased photoelectrochemical 

performance in visible light. As a proof of concept, mercapto-beta-cyclodextrin as a bionic recognition 

device was introduced into the hybrid to selectively detect naringin on the basis of the dramatic decrease in 

photocurrent of the hybrid which resulted from the specific recognization between 

mercapto-beta-cyclodextrin and naringin. Consequently, a visible-light driven photoelectrochemical sensor 

for highly sensitive and selective determination of naringin was successfully established with a wide linear 

range from 1×10
-4

 to 1×10
-10

 M. Moreover, without the irradiation of UV light and the application of bias in 

this detection largely reduced the destructive effect of UV light on biomolecules and eliminated the 

interference from other reductive species that coexisted in real samples, respectively. Therefore, the first 

attempt to incorporate Au nanorods into graphitic-C3N4 to enhance the photovoltaic performance by the 

synergic effect between Schottky barrier and LSPR effect not only provides new insights into the 

fabrication of light-sensitive hybrid materials but also opens a new avenue for the applications of plasmonic 

photocatalytic in photoelectrochemical sensing. 

 
. 

 

 

 

Fig.1 (A) Schematic illustrates the fabrication 

procedure of the photoelectrochemical sensor. 

(B) Energy diagrams of the g-C3N4 and Au 

NRs before (a) and after (b) contact. 

Fig.2 (A) Photocurrent densities of GCE/g-C3N4/Cys/Au 

NRs/M-β-CD/Het was self-assembled with (a-m) 0.0001, 0.0005, 

0.001, 0.005, 0.01, 0.05, 0.1, 0.5, 1, 5, 10, 50, and 100 μM of 

naringin in 0.1 M PBS containing 1 mM H2O2. (B) The 

corresponding calibration curve. (C) Selectivity of the PEC sensor to 

naringin by comparing it to the interfering substances at the 1 mM 

level: starch, citric acid, calglucon, fructose, sucrose and 10 mM 

level: Nadc, hesperidin. (D) Linear regression between Cnaringin/j 

and Cnaringin 
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Photoelectrochemical (PEC) sensors, as a kind of fast-growing electrochemical sensing methods based on 

photo-induced electron transfer (PET) processes, have drawn much attention in recent years (1). Apart from 

the advantages like electrochemical techniques in terms of speed, expense and miniaturization, PEC sensors 

also possess the merit of high sensitivity due to the difference of excitation and response signals
 
(2). In 

order to realize high throughput detection by PEC sensing, two strategies are usually employed: the first 

one involves the employment of multiple electrode arrays
 
(3) or multi-channel electrochemical workstation

 

(4); the second one is the light addressable potentiometric sensing technique (LAPS). The latter is usually 

developed by applying a light addressing principle to excite the sensing arrays on a single semiconductor 

electrode (5), and has been recognized as a powerful tool for multi-analyte sensing (6). However, this 

technique employs complex lock-in amplifiers and signal processing treatments, leading to the portable and 

cost-effective detection of multiple targets a great challenge. 

Here, we develop a novel light-addressable photoelectrochemical sensor (LAPECS) for the ultrasensitive 

detection of multiple DNA targets at a single working electrode. LAPECS allows the rapid high-throughput 

detection of multiple targets as LAPS does but using conventional electrochemical analyzers and substrate 

electrodes. Particularly, we established a simple electroless method for constructing gold-PET film 

electrodes (GPETFE) with large size, low resistance, good flexibility and high PEC conversion efficiency 

as the commonly used ITO substrates (7). SEM images indicate that this gold electrode comprises gold 

nanoparticles of about 150 nm, and tubular nanoparticles are clearly observed when an all carbon bioprobe, 

i.e., avidin-labeled MWNTCOOH-C60-CR (8), is introduced onto the electrode surface by DNA 

hybridization and biotin-avidin recognition (Fig. 1).  

 

Fig.1 Fig. 1 SEM images of GPETFE (A), Probe DNA/target DNA/capture DNA/ GPETFE (B), MWNTCOOH-C60-CR 

labeled Probe DNA/DNA/capture DNA/GPETFE (C, D). Scale bars are 200 nm. The concentration of the target DNA is 1.0 

pM and 10.0 nM for (C) and (D). 

The LAPECS sensor was constructed through four steps: (i) immobilization of capture DNA of different 

targets on different areas of a single working electrode; (ii) recognition of each target DNA and the 

corresponding biotin-labeled probe DNA through hybrid; (iii) reaction of the biotin-labeled probe DNA 

with an streptavidin-labeled all-carbon PEC bioprobe; (iv) PEC detection of multiplexed DNA one by one 

via a light addressing strategy. Through this principle, the LAPECS sensor can achieve ultrasensitive 

detection of three DNA sequences related to HBV, HCV and HIV by using a single working electrode and a 

single streptavidin-labeled PEC bioprobe, which has a similar detection limit as low as 0.7 pM (Fig. 2). The 

present work thus establishes a simple, selective and highly sensitive platform for the high throughput 

detection of DNA by traditional electrochemical analyzers using a single electrode and with low cost. 
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Fig.2 LAPECS detection of multiplexed DNA: (A) Linear relationship of photocurrent versus the concentration of HCV (a), 

HBV (b) and HIV (c) from 0.001 to 10 nM. (B) PEC response of 1.0 pM HIV, 1.0 nM HCV and 0.1 μM HBV at a single 

electrode. Insets show the detect patterns of multiplexed DNA on GPETFE by LAPECS. 
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An ultra-sensitive sensor based on β-cyclodextrin modified magnetic 

graphene oxide for electrochemistry detection of tryptophan 
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Abstract: An ultra-sensitive and selective sensing platform was fabricated for detection of tryptophan (Try) 

based on β-cyclodextrin modified magnetic graphene oxide (MGO-CD) nanocomposites. The MGO-CD 

was prepared by a facile one-pot method and characterized by transmission electron microscopy (TEM), 

Fourier transform infrared (FTIR), X-ray powder diffraction (XRD) and zeta potential. The sensitivity and 

selectivity were greatly improved based on the modification of β-cyclodextrin (β-CD). Firstly, the Fe3O4 

functionalized graphene oxide (GO) improved the electron transfer rate as well as enhanced the 

electrochemical signals. Secondly, the β-CD on the surface has strong recognition capability for Try to form 

stable host–guest inclusion complex. Finally, the as-prepared MGO-CD exhibited extraordinary 

electrochemical response towards the oxidation reaction of Try. The electrocatalytic oxidation and detection 

of tryptophan (Try) based on nanocomposites-modified glassy carbon electrodes (GCE) were investigated 

by cyclic voltammetry (CV) and differential pulse voltammetry (DPV). This new type of strategy may 

provide potential value for the clinic application. 

The schematic illustration of the stepwise procedure for the preparation of MGO-CD and MGO-CD/GCE 

was shown in Scheme 1. The MGO and MGO-CD nanocomposites were prepared by a facile 

coprecipitation and one-pot method, the corresponding solution was dropped onto the surface of GCE 

electrode and dried in air for future use. 

  

Scheme 1. Preparation of MGO-CD and the MGO-CD/GCE. 

 

Fig.1 (A) FTIR spectra of β-CD (a), Fe3O4 (b), GO (c), MGO (d) and MGO-CD (e). (B) The zeta potential of Fe3O4, GO, 

MGO and MGO-CD in PBS of pH 7.4. (C) The X-ray diffraction (XRD) patterns of the MGO (a) and MGO-CD (b). 

To confirm the formation of MGO-CD, FTIR experiments were performed to reveal the modification of 

Fe3O4 and β-CD on the surface of GO (Fig.1(A)). Zeta potential of the obtained samples after each of the 

coating steps were also measured to monitor and verified the successful deposition of Fe3O4 and β-CD 

(Fig.1(B)). To further demonstrate the crystal structure and phase purity of the as-prepared nanohybrids, the 

XRD patterns of MGO and MGO-CD were collected (Fig.1(C)). Six characteristic diffraction peaks at 2 θ 

values of 30.3º, 35.6º, 43.2º, 53.6º, 57.2º and 62.9º were ascribed to (220), (311), (400), (422), (511) and 

(440) planes of cubic Fe3O4 lattice, respectively, which was consistent with the standard spectrum of 

JCPDS (no. 89-3854).  
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The morphology and size of pure Fe3O4, GO and MGO were characterized by TEM (Fig.2). The GO sheet 

revealed a single layer and wrinkled paper-like structure with large basal plane (Fig. 2(b)). The image of 

pure Fe3O4 showed that the sphere of Fe3O4 was symmetrical yet with a significant aggregation (Fig. 2(a)), 

which was unfavorable for electrochemical detection. While Fe3O4 nanoparticles was evenly dispersed on 

the surface and edges of GO nanosheet in the MGO and average diameter was about 13±1.5 nm (Fig. 2(c)), 

which was expected to enhance electronic transmission rate. 

 

Fig.2 The TEM images of pure Fe3O4 (a), graphene oxide (GO) sheet (b) and MGO (c) (the insets of the upper left is the high 

magnification of TEM).  

Electrochemical properties of different nanomaterials-modified electrodes were further characterized by 

cyclic voltammograms (CVs). Fig. 3 shows the CVs of bare GCE (a), MGO/GCE (b) and MGO-CD/GCE 

(c) in 0.1 M PBS (pH 7.0) containing 5 mM K3[Fe(CN)6]/K4[Fe(CN)6] (A) or 1 mM tryptophan (B). 

Similar trends could be observed in the change of peak currents. When MGO was dropped on GCE, the 

currents showed a higher peak (curve b) than the bare GCE (curve a). This may be contributed to the 

excellent conductivity of Fe3O4, which could promote the transmission of electrons. When MGO-CD were 

electrodeposited on GCE, a dramatic increase of the peak currents was observed (curve c), compared with 

MGO/GCE. The results indicated that the combination of MGO and CD further improved the electronic 

transport and enhanced the electrochemical response for Try. 

 
Fig.3 Cyclic voltammograms (CVs) of bare GCE (a), MGO/GCE (b) and MGO-CD/GCE (c) in 0.1 M PBS (pH 7.0) 

containing 5 mM K3[Fe(CN)6]/K4[Fe(CN)6] (A) or 1 mM tryptophan (B). Scan rate : 0.1 V/s. 

 

Conclusions: The MGO-CD was prepared by a facile one-pot method and MGO-CD modified GCE were 

successfully constructed for sensitive and selective electrochemical detection of Try.  
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Luteolin (3ʹ, 4ʹ, 5, 7-tetrahydro-xyflavone) is a type of flavonoid that is abundant in many plants such as 

celery, green pepper, parsley and perilla leaf [1]. It has many biochemical and pharmacological effects, 

including anti-inflammatory, anti-bacterial and anti-oxidant effects. Notably, luteolin is blood-brain barrier 

permeable, rendering it applicable to the therapy of central nerve system diseases, including brain cancer[2]. 

Furthermore, recent studies have attributed a cancer prevention potential to luteolin [3]. Based on the above 

pharmacological effects, different kinds of concentrated composite herbal preparations employing luteolin 

as the active component have been used clinically as therapeutical medicine. Thus, it is of great 

significance to establish a rapid, simple and convenient method for the determination of luteolinin clinics 

and pharmaceutics. 

Graphene nanosheet (GN), the latest member of the nanocarbon family, is a new two-dimensional (2D) 

aromatic sheets composed of sp
2
-bonded carbon atoms and has been extensively studied due to the 

advantages of high surface area, strong mechanical strength, extraordinary electronic transport property and 

electrocatalytic activity [4]. Additionally, graphene has been extensively applied as a supporting material 

for loading and immobilizing metal nanoparticles to construct the new electrochemical sensors. Among 

diverse metal nanomaterials, Au nanoparticles (AuNPs) obtained most widly study because of their 

excellent biocompatibility, high electrical conductivity and catalytic activity. Cyclodextrins (CDs), a cyclic 

oligosaccharides consisting of six, seven or eight glucose units called α-, β- and γ-CDs. They are 

cylindrical-shaped structures with a hydrophobic inner cavity and a hydrophilic exterior. These 

characteristics can enable them to form the inclusion complexes with various guest molecules, showing 

high molecular selectivity and enantioselectivity [5]. Moreover, CD molecules are introduced into graphene 

oxide (GO) before it is fully reduced, and the resulted GN remains soluble in water and do not aggregate 

for a long time. At the same time, it can gain new materials simultaneously having unique properties of 

graphene and CDs, which provide good opportunities for applications in the fields of sensors, 

electrocatalysis, and electronics, etc [6]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

Fig.1. Schematic of the procedure for the synthesis of 

SH-β-CD-GNs/AuNPs and sensing luteolin by an 

electrochemical strategy. 

Fig.2. DPV of luteolin on SH-β-CD-GNs /AuNPs/GCE 

at the higher concentration range from a to f: 1.0×10-9, 

4.0×10-9, 1.0×10-8, 1.0×10-7, 1.0×10-6, 4.0×10-6, 

1.0×10-5 mol L-1. inset: DPV of luteolin on 

SH-β-CD-GNs/ AuNPs/GCE at the lower range from a 

to e: 1.0×10-11, 4.0×10-11, 1.0×10-10, 4.0×10-10, 1.0×10-9 

mol L-1.  
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In this work, a simple and highly sensitive electrochemical method was developed to detect luteolin based 

on the thio-β-cyclodextrin (SH-β-CD) functionalized graphene/gold nanoparticles (SH-β-CD-GNs/AuNPs) 

modified glassy carbon electrode (GCE). The peak currents of luteolin on the SH-β-CD-GNs/AuNPs/GCE 

can greatly enhance in the redox process compared to the SH-β-CD-GNs and bare GCE, respectively. It 

suggested that the nanocomposite film not only shows the excellent electrical properties of GNs and AuNPs 

but also exhibits higher enrichment ability for luteolin via the host-guest interaction between CD and 

luteolin. At the SH-β-CD-GNs/AuNPs/GCE, The peak currents increased linearly with its concentration in 

the range of 10.0 pmol L
-1 

to 1.0 nmol L
-1

 and 1.0 nmol L
-1

 to 10.0 μmol L
-1

. The linear regression 

equations are Ipa(μA) =14.35+1.132lgC (mol L
-1

) (r=0.992) and Ipa(μA)=6.513+62.06lgC (mol L
-1

) 

(r=0.991), The detection limit for luteolin was estimated to be 3.3×10
-12 

mol L
-1 

(S/N=3). Which was more 

sensitive or comparable with the previous electrochemical sensors for luteolin detection. The analytical 

performance of this sensor has been evaluated for detection of luteolin in human serum as a real sample 

with satisfactory results.Furthermore, the method might open up a new possibility for the wide spread use 

of electrochemical sensors for monitoring of other flavonoid which can form host-guest complexes with 

cyclodextrin. 
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The electrodeposited copper foam/MoS2 electrode for high-performance 

lithium-ion batteries  
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As an interesting theme in the field of Materials Science and Engineering, metallic materials prepared by 

electrodeposition process has been investigated for decades
[1.2]

. Especially for the application of the 

electrodeposited 3D porous materials in electronic devices. The 3D foam structure has a large specific 

surface area, which enables ions (liquid, gas) to transmit in a significant higher speed. In our experiment, 

we deposited 3D porous copper on the preprocessed copper film (with a thickness of 0.2 um) by using the 

electrodeposition process under the double-electrode system
[3]

. The specific parameters are as follows: 

current density:3A cm
-2

; deposition time: 20s; deposition area: 2*2cm
2
; the distance between two electrode: 

2cm; electrolyte: 0.4M CuSO4 and 1M H2SO4 solution. Next step, we deposited a layer of amorphous MoS2 

on the surface of the foam structure we got in order to produce the porous copper foam/MoS2 composite 

material by using the three-electrode system. The experiment is conducted under the temperature of 95℃ 

with -1.2V potential for 350s. Finally we tested the property of this composition as the anode material in 

the Neware Battery-testing System after assembling the lithium ion half cell. The initial discharge capacity 

we got is approximately at 1780mAh/g, while the capacity remained stable at around 620mAh/g from the 

the 20
th
 cycle until the 160

th
.By the way, the 3D porous structure produced by electrodeposition process can 

also be utilized in other devices (e.g. Solid fuel cells and electrochemical sensors)
[5.6]

.      
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Detection of copper ions and hydrogen peroxide based on Fenton-type 

reaction on dye polymer modified electrode 

Tong LIU, Yiqun LUO, Liang TAN* 
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PR China 

Poly(azure A) (PAA) film on the glassy carbon electrode was prepared by cyclic voltammetry but it 

exhibited a limited catalytic ability to the reduction of H2O2. With the addition of citrate and Cu2+, a 

Fenton-type reaction appeared on the electrode surface and produced hydroxyl radicals [1] that could 

effectively oxidize the dye polymer and result in a great increase of its reduction current.    

 

A sensitive electrochemical method for the detection of Cu2+ and H2O2 in neutral condition was proposed. 

Under the optimized conditions, the detection limit of Cu2+ and H2O2 were estimated to be 1 nM and 0.7 

M, respectively. The good analytical performance including low detection limit, fast response time, low 

cost, good anti-interference performance, satisfying stability and reliable reproducibility were found from 

the proposed amperometric sensor, suggesting that the current work could provide a feasible approach and 

potential platform for the trace analysis of copper ions and the non-enzymatic H2O2 detection. 

 
Fig.1 Cyclic voltammograms of GCE/PAA in N2-saturated 0.1 M pH 7.0 PBS (a) and that containing 1 mM citrate (b), 10 

mM H2O2 (c) and 1 mM citrate + 1 mM Cu2+ + 10 mM H2O2 (d). Scan rate: 100 mV s-1. 
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Plasmonic monitoring of electrochemical catalysis on single nanoparticle 
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Localized surface plasmon resonances (LSPR) are collective oscillations of conduction band electrons in a 

metal nanoparticle.[1, 2] It is an extremely challenge to study the heterogeneous catalyst system involving 

catalytic processes and redox reactions on noble metal nanocrystal surfaces. Numerous catalytic factors 

have influence on the reaction process, involving surface area, surface facets, composition and so forth.[3] 

In order to investigate electrochemical catalytic reaction with plasmonic spectroelectrochemistry technique, 

bifunctional noble metal nanostructures are needed that have plasmonic properties and also could be served 

as a catalyst.[4, 5] The electrochemical catalytic oxidation glucose in alkaline media was chosen as the 

model reaction for that electrocatalytic glucose oxidation is an important research topic in several fields, 

such as employing glucose in ecologically friendly bio-fuel cells for next generation energy source.[6] 

Herein, we demonstrate that plasmonic spectroelectrochemitry technique could be used to study the 

electrochemical catalytic reaction in situ and infer electrochemical catalytic process occurring on the noble 

metal nanostructures. The strategy was versatile and could be used to probe catalytic process on different 

kinds of catalyst with plasmonic properties. We believe that the results presented here would be served as 

the guiding principle to design the direct sensing of local catalytic processes at single-particle level based 

on plasmonic combined with electrochemistry. 
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Fig.1 (A) Changes of plasmon resonance peak shift between in the absence and presence 10 mM glucose versus time with 

applied electrochemical scan. (B) CV curve obtained from the Au NR/ITO electrode (ensemble state) in 10 mM glucose at a 

scan rate of 0.01 V s−1. (C) The applied potential versus time during scan. 
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A highly sensitive electrochemical biosensor for evaluation of oxidative 

stress based on effective nonenzymatic nanocatalysts  

Le WANG, Yuanyuan ZHANG, Chuansheng CHENG, Hui JIANG, Xuemei WANG* 

State Key Laboratory of Bioelectronics, Southeast University, Nanjing 210096, China 

The high level of H2O2 is pertaining to high oxidative stress and associated with cancer, autoimmune and 

neurodegenerative disease, and other related diseases[1]. In this study, a sensitive H2O2 biosensor for 

evaluation of oxidative stress was fabricated on the basis of the reduced graphene oxide (RGO) 

nanocomposites decorated with Au, Fe3O4 and Pt nanoparticles (RGO/AuFe3O4/Pt) modified glassy carbon 

electrode (GCE) and used to detect the released H2O2 from cancer cells and assess the oxidative stress 

elicited from H2O2 in living cells. Electrochemical behavior on the nano-interface of hybrid 

nanocomposites (RGO/AuFe3O4/Pt) exhibits excellent catalytic activity towards the relevant reduction of 

H2O2 with high selection and sensitivity, low overpotential of 0V, low detection limit of ~ 0.1 μM, large 

linear range from 0.5 μM to 11.5 mM, and outstanding reproducibility. The as-prepared biosensor was 

applied in the measurement of efflux of H2O2 from living cells including healthy normal cells and tumor 

cells under the external stimulation. The results display that this new nanocomposites-based biosensor is a 

promising candidate of nonenzymatic H2O2 sensor which has the possibility in the application of clinical 

diagnostics to assess oxidative stress of different kinds of living cells [2]. 

 

 
Fig.1 Schematic of the RGO/AuFe3O4/Pt modified GCE used for detecting H2O2 efflux from cells stimulated with AA. 
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Iron is an essential micro-nutrient for almost all organisms, and in the case of some is required in relatively 

high amounts [1]. Iron bioavailability has been proposed to limit or co-limit phytoplankton growth in 

several oceanic waters [2]. Several species of iron are known to exist in seawater. Fe(Ⅱ) is the more 

soluble form, but is readily oxidized to the insoluble Fe(Ⅲ) [3]. The redox chemistry of Fe is thus a key 

factor in understanding iron’s biogeochemistry [4]. Several spectrophotometric methods exist to analyses 

Fe(Ⅱ) in natural waters. However, in order to reach low detection limits, samples have to be concentrated 

on chelating resins at different pH, the pH adjustment leads to changes in the redox speciation [5]. Since 

low levels of iron can be determined electrochemically by catalytic cathodic stripping voltammetry. A 

sensitive and indirect method of Fe(Ⅱ) analysis by masking Fe(Ⅱ) with bipyridyl has been reported by 

C.M.G van den Berg in 1998[3]. Nevertheless, this method is very complicated and time-consuming.  

In our project, we have developed an electrochemical method based on the titanium carbide nanoparticles 

(TiCNPs)-Nafion/platinum nanoflowers (PtNFs) modified electrode for simple and sensitive determination 

of Fe(Ⅱ). Fig. 1 shows the SEM images of the Pt nanoflowers produced by electrodeposition method. 

Bipyridyl (Bp) was used as the complexing agent of Fe(Ⅱ). As shown in Fig. 2, the response current at the 

TiCNPs-Nafion modified electrode was larger than the sum of the currents at the TiCNPs and Nafion singly 

modified electrodes, indicating that TiCNPs combined with Nafion synergistically improve the anodic 

current response of Fe(Ⅱ)-Bp. Moreover, after electrodepositing PtNFs on the TiCNPs-Nafion modified 

electrode, the anodic current was three times higher than the signal in the absence of PtNFs. These results 

indicated that the fabricated electrode showed great advantages in determination of Fe(Ⅱ ). The 

experimental parameters, such as, the concentration and pH of acetate buffer, the amounts of TiCNPs and 

PtNFs, deposition time and potential, and the concentration of Bp have been investigated. 
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Fig.1 SEM image of TiCNPs-Nafion/PtNFs 

Fig.2 The responses of Fe(Ⅱ)-Bp on different modified 

electrodes. Conditions: supporting electrolyte of 0.2 M 

acetate buffer (pH 4.5) containing 2 μM Fe(Ⅱ), 50 μM Bp. 
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Label-free electrochemical aptasensor for carcino-embryonic antigen based 

on ternary nanocomposite of gold nanoparticles, hemin and graphene 

Zhiguang LIU, Yujing GUO*, Chuan DONG*  
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Carcino-embryonic antigen (CEA) is a highly glycosylated protein that was described as one of the most 

important tumor-associated antigen of colorectal adenocarcinoma [1]. In recent years, CEA has been 

developed to be an important tumor marker to diagnose and screen colorectal cancer, breast cancer and lung 

cancer [2-4]. CEA is also used to identify and monitor tumor recurrences or metastatic disease after surgical 

resection or adjuvant chemotherapy [5]. Due to the important significance of CEA in clinical medicine, 

accurate and rapid determination of CEA in serum has attracted considerable interests of scientists and 

become one of the most important research hot spots. 

In this report, a new label-free electrochemical aptasensor for carcino-embryonic antigen (CEA) was 

successful developed based on a ternary nanocomposite of gold nanoparticles, hemin and graphene 

nanosheets (AuNPs-HGNs). This nanocomposite was prepared via decorating gold nanoparticles on the 

surface of hemin functionalized graphene nanosheets by simple wet chemical strategy, followed by 

assembling aptamer on the surface of AuNPs-HGNs/GCE (glassy carbon electrode) through Au-S covalent 

bond. The hemin molecules absorbed on the graphene nanosheets not only act as a protective agent of 

graphene sheets, but also as a in situ probe base on the redox couple of Fe(III)/Fe(II). The gold 

nanoparticles provide both a large amount of binding sites for loading CEA binding aptamer (CBA) and 

good conductivity to promote the electron transfer. The current changes caused by CEA specifically 

binding on the modified electrode were exploited for the label-free detection of CEA in a very rapid and 

convenient protocol. The new method displayed high sensitivity, wide linear range (0.0001–10 ng mL
-1

), 

low detection limit (40 fg mL
-1

) and attractive specificity. The results illustrate that the proposed label-free 

electrochemical aptasensor has a promising potential application in the biological or clinical target analysis 

owing to its advantages of simple operation and cost-effect. 
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Fig.1 Schematic procedure for preparing 

CBA-AuNPs-HGNs/GCE and sensing CEA by 

an electrochemical strategy 

Fig.2 Cyclic voltammograms of bare GCE (a), 

HGNs/GCE (b), AuNPs-HGNs/GCE (c) and 

CBA-AuNPs-HGNs/GCE (d) in 0.1 M PBS (pH 

7.40), respectively. Scan rate: 100 mV s-1 
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Zn-Fe-ZIF-derived porous ZnFe2O4/C@NCNTs nanomposites as anode for 

lithium-ion batteries 
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A novel hybrid of porous ZnFe2O4/Carbon (C)@ nitrogen-doped carbon nanotubes (NCNTs) 

nanocomposites with high surface areas of 256 m
2
 g

-1
 are synthesized by a one-step pyrolysis of Zn-Fe-ZIF 

as precursor and sacrificial template. The porous ZnFe2O4/C@NCNTs nanocomposites, possessing a large 

carbon content of about 50 wt %, deliver an initial discharge of 2192 mA h g
-1

 and still reach a high 

reversible capacity of 844 mA h g
-1

 after 100 cycles at a current density of 100 mA g
-1

. The sample also 

exhibits an exceptional rate capability of 747 mA h g
-1

 at a large current density of 1 A g
-1

. The unusual 

construction which ZnFe2O4 nanoparticles are homogeneously distributed in entire carbon framework 

coated by NCNTs may be mainly contributed to the good electrochemical performance. Therefore, the 

resulted porous ZnFe2O4/C@NCNTs nanocomposites are potentially useful for rechargeable LIBs. 

 

 
Fig.1 A schematic representation of synthesis and electrochemical performance of porous ZnFe2O4/C@NCNTs. 
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Others transition metal complex as nitroreductase mimetic and its 

application in metronidazole sensing 
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Enzyme mimicking is building of the active center of enzymes into a matrix which allows a larger 

operational temperature domain and a broader spectrum of solvents. Up to now, the most prominent 

examples are the transition metal ion complexes [1]. Their catalytic activity can be enhanced greatly due to 

the electronic interactions between the transition metal and functional groups in the chelating ligand. 

Moreover, the selectivity of the reaction can be modified by changing the ligands, thus the oxidation or 

reduction of substrates can be carried out with high efficiency. Therefore, recent efforts are devoted to 

exploring novel mimetic enzyme [2]. 

In this study, we report on a simple electrochemical procedure for the preparation of nitroreductase mimetic 

based on the copper-poly(cysteine) (Cu-poly(Cys)) film [3]. This method can effectively improve the 

stability of mimetic enzyme, thus avoiding the negative effect of the extra matrix. The electropolymerized 

film of cysteine provides a microenvironment for the enzymatic reaction while the metallic Cu acts as an 

active center with catalytic function. Cysteine is the key building units of natural enzymes; therefore, we 

made use of cysteine as the molecular hosts providing cavities for specific binding. And the copper ion is 

chosen because its complexes have simple structure and stable performance. The electrocatalytic and 

sensing performances of the sensor based on the Cu-poly(Cys) film were evaluated in detail. Results 

revealed that the sensor exhibited linear response to metronidazole in the concentration range of 0.5–400 

μM, with a detection limit of 0.37 μM. In addition, we applied the proposed method to detect 

metronidazole in an injection solution with satisfactory results, demonstrating that the Cu-poly(Cys) film is 

one of the promising biomimetic catalysts for electrocatalysis and relevant fields. It can be anticipated that 

the proposed method provides a convenient and controllable approach in preparation of Cu-complex-based 

mimetic enzyme, which greatly extended the scope of Cu complexes applications. 

 
Fig. 1. The fabrication process of the biomimetic sensor and the catalytic mechanism for the analysis of metronidazole. 
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Electrochemical Sensors Based on Graphene Nanocomposites for The 

Determination of Phenol Compounds with Diols 
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Graphene has great attraction as a novel single-atom-thick two-dimensional graphitic carbon electrode 

material because of their large surface area, high thermal and electrical conductivities, impressive 

mechanical properties, and low cost [1,2]. Graphene based nanocomposites have exhibited desirable 

performance in the electroanalytical applications. 

Our group prepared poly(sulfosalicylic acid) and poly(diallyldimethylammonium chloride)-graphene 

modified glassy carbon electrode (PSA/PDDA-GN/GCE) for simultaneous determination of catechol and 

hydroquinone [3]. The PSA film with negatively charged was obtained at the glassy carbon electrode by 

electrochemical polymerization, which could increase the adhesion of PDDA-GN with positively charged. 

Catechol and Hydroquinone exhibited two corresponding, well-defined oxidation peaks with sufficiently 

differing peak potential and ehanced peak currents at the PSA/PDDA-GN/GCE (Fig.1). The fabricated 

sensor presented linear response to catechol and hydroquinone in the ranges of 1-400 µM and 2-400 µM, 

with a detection limit of 0.22 µM and 0.39 µM (S/N=3), respectively. 

The tremella-like graphene-Au composites (t-GN-Au) was employed as an ehanced electrode material for 

ultrasensitive determination of dopamine [4] (Fig.2). The t-GN-Au/GCE displayed higher electrochemical 

response to dopamine than that of the layer-stacking GN-Au. Chronoamperometry measurement gave a 

wide linear range from 0.8-2000 µM, and the detection limit of 57 nM (S/N=3) for dopamine. The 

mechanism and the heterogeneous electron transfer kinetics of the dopamine oxidation were discussed 

according to the rotating disk electrode experiments. Moreover, the modified electrode was applied to the 

determination of dopamine in human urine and serum samples. 
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Fig.1 CVs of 200 µM catechol and hydroquinone 

at different electrodes in PBS (pH 3.0). (a) GCE, 

(b) PDDA-GN/GCE, (c) PSA/GCE, (d) 

PSA/PDDA-GN/GCE. 

 

Fig.2 The procedure for fabricating the 

t-GN-Au/GCE 
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Electrochemically activated MoS2 as a highly active electrocatalyst for 

hydrogen evolution reaction 
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Searching for a robust and electrochemical stability catalyst for a directly hydrogen evolution reaction 

(HER) is still a challenge，which intrigues a series of researches in these few years
1, 2

. Herein, for the first 

time, we report a novel method of electrochemical activating method to change the surface properties and 

active sites of MoS2 for greatly improving HER activity. The activated MoS2 exhibits nanosheets 

morphology shown in Figure 1. A surprisingly high HER activity comparing to commercial Pt/C was 

obtained by the activated MoS2 shown in Figure 2, exhibiting a relatively small Tafel slope of 49 

mV/decade and a good durability.   
 

 
 

Figure 1 SEM image of activated MoS2 nanosheets.          Figure 2 HER activity of the activated MoS2 nanosheets. 

 

Acknowledgements 

We gratefully acknowledge the financial support from the National Basic Research Program of China 973 

Program (2014CB643506, 2013CB922104) and the National Natural Science Foundation of China 

(21103057, 21173091). We thank the Analytical and Testing Center of Huzhong University of Science and 

Technology for the XRD, SEM, and TEM testing. 

References 
1. Z. P. Huang, Z. B. Chen, Z. Z. Chen, C. C. Lv, H. Meng, and C. Zhang, ACS NANO. 8:8121-8129 (2014). 

2. Y. H. Liang, Q. Liu, A.  M. Asiri, X. P. Sun, and Y. G. Luo, ACS Catal. 4: 4065−4069 (2014). 

 

 

-0.4 -0.3 -0.2 -0.1 0.0 0.1
-200

-150

-100

-50

0

 activated-MoS
2

 MoS
2

 Pt/C

 CC

 activated-CC

 

 

j 
/ 

m
A

 c
m

-2

E / V (vs. RHE)



15th ISEAC 

- 545 - 

 

Preparation of nickel/N-doped graphene-like carbon hybrid materials for 

electrocatalytic hydrogen evolution reaction research 
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At present, energy problems become a hot issue for the sustainable development of the environment and 

human. Hydrogen as a kind of renewable energy, combined with oxygen, emit a large amount of energy, 

and produce pollution-free water to the environment at the same time. However, the best way to get pure 

hydrogen is electrolysis of water, but to produce hydrogen by using the method of electrolysis of water 

needs to consume large amounts of electric energy, and the main source of electric energy is fossil fuels 

such as coal. Therefore, how to reduce the power consumption in the process of electrolysis of water and to 

develop high efficient catalysts for the electrolysis of water is an important topic of the hydrogen evolution 

reaction research. 

Herein, we reported a method combined nickel with N-dope graphene-like structure to form a carbon 

hybrid material. To combined nickel acetate with macroporous cation ion exchange resin by ion-exchange 

method 1 then transferred into nickel hydroxide nanosheet via hydrothermal synthesis 2. As a sacrificial 

template was dicyanodiamine calcinated with the materials to form nickel/graphene-like carbon hybrid 

materials(Ni@GL) 3. On the basic of different ratio of the mole of nickel acetate, denoted them as 1x 

Ni@GL , 2x Ni@GL, 3x Ni@GL and 4x Ni@GL for 1 mmol, 2mmol 3mmol and 4 mmol, respectively. 
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Figure 1 a) TEM, b) SEM and c) XRD for 3x Ni@GL 

The material with natural thin film morphology structure is similar two-dimension graphene clearly 

observed by TEM (Figure 1a) and the surface of it presented irregular and rough shown in Figure 1b by 

SEM. All above morphology enhance the contact area of the materials with the electrolyte when catalyze in 

electrochemical hydrogen evolution reaction. With powder XRD shown in Figure 1c to exhibit diffraction 

peaks of cubic phase of metal nickel crystal at 44.504°, 51.846° and 76.370° (JCPDS 04-0850), and 

corresponding to lattice plane (111), (200) and (220), respectively. The substrate of carbon hybrid material 

is graphite -2H (JCPDS 75-1621) with a little melamine (JCPDS 39-1950) doped. It maybe some 
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dicyanodiamine reacted into melamine by thermopolymerization at high temperature atmosphere. 
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Figure 2 a) LSV and b) Tafel plot of different ratio of Ni@GL in 1 mol/L H2SO4 

The electrochemical hydrogen evolution reaction of as-prepared materials was measured on a 5 mV/s 

scanning rate in 1 mol/L H2SO4, with a GCE as working electrode, a Pt wire as counter electrode and a 

saturate Ag/AgCl as a reference electrode, respectively. As shown in Figure 2a, 3x Ni@GL has the lowest 

hydrogen evolution reaction potential (0.28 V) and Tafel plot (112 mV/dec) with current density at 1 

mA/cm
2
. When the current density rising to 10 mA/cm

2
, 3x Ni@GL has still kept the lowest hydrogen 

evolution reaction potential. The excellent hydrogen evolution reaction performance can be attributed to 

increase the electron conductivity as high carbonization of resin to form graphene-like carbon hybrid 

materials and increase the contact area with electrolyte for the natural characters of large surface of ion 

exchange after calcination5. 
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Lithium-Sulfur batteries sulfur is one of the most valued electrode materials, because sulfur possesses the 

theoretical capacity of 1675mAh g
-1

 
[1-3]

, along with its abundant resources, low cost, and environmental 

friendliness. However the sulfur cathode faces challenges including low utilization of active material and 

poor cycle stability, to design a better structure and to improve the conductivity of the sulfur cathode 

become an important research trend 
[4-6]

. In our experiment, the cheap and commercial expandable graphite 

is expanded under a high temperature to get 3D layered structured expanded graphite (EG), then EG reacts 

with sulfur and we get Sulfur/Expanded graphite(SEG) composited material. We study what kind of 

influence do the expanded temperature, reaction time and the weight ratio of sulfur have on material 

properties. The results show that the SEG which is gotten by reacting sulfur with EG through ball milling 

has a better electrochemical properties. The SEG ,which we get through ball milling and heat treatment at 

155℃ for 6h and has a weight ratio of sulfur is 71.4%, possesses an initial discharge capacity of 718.4mAh 

g
-1

, and the 20
th

 cycle still has a discharge capacity of 394 mAh g
-1

.  
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3D nitrogen-doped carbon nanotubes as an efficient electrocatalyst for 

oxygen reduction 
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Oxygen reduction reaction (ORR) has been extensively studied for various energy conversion/storage 

systems ranging from fuel cells to metal-air batteries[1-3]. Pt-based nanomaterials are the most effective 

ORR catalysts. However, the high cost and readily CO poisoning of Pt limit its practical applications. In 

this respect, numerous efforts have been developed to reduce or substitute Pt-based catalysts by employing 

Pt-based alloys[2], nonprecious metal catalysts[3], and nitrogen-enriched carbonaceous materials[1]. 

Recently, nitrogen-doped carbon nanotubes[1], graphene[4], and mesoporous graphitic arrays[5] have been 

proposed as potential Pt-free catalysts for ORR with the advantages of high electrocatalytic activity, long 

durability, and low cost.  

Herein, we have investigated the free-standing nitrogen-doped carbon nanotubes on carbon nanofibers 

composite (NCNT/CNFs) as an efficient cathode catalyst for the ORR. The composite with a hierarchical 

structure is prepared by the pyrolysis of pyridine over flexible electrospun carbon nanofibers film (CNFs). 

The resultant NCNT/CNFs showed good electrocatalytic activity towards ORR with high resistence to 

methanol cross-over effect in alkaline medium. Therefore, the as-prepared NCNT/CNFs composite may be 

promising as an effective Pt-free catalyst in fuel cells.  

 

Fig.1 (A) SEM image of NCNT/CNFs composite; (B) RDE voltammograms of NCNT/CNFs, and Pt/C catalysts with a 

rotation rate of 1600 rpm in O2-saturated 0.1 M KOH solution, scan rate = 10 mV s-1 

Acknowledgements 

We are grateful for the financial support from the National Natural Science Foundation of China (No. 

21405065). 

References  
1. K. P. Gong, F. Du, Z. H. Xia, M. Durstock and L. M. Dai, Science, 323, 760-764 (2009) 

2. B. K. Lim, M. J. Jiang, P. H. C. Camargo, E. C. Cho, J. Tao, X. M. Lu, Y. M. Zhu and Y. N. Xia, Science, 324, 

1302-1305 (2009) 

3. M. Lefevre, E. Proietti, F. Jaouen and J. P. Dodelet, Science, 324, 71-74 (2009) 

4. K. Parves, S. B. Yang, Y. Hernandez, A. Winter, A. Turchanin, X. L. Feng and K. Müllen, ACS nano, 6, 9541-9550 

(2012) 

5. R. L. Liu, D. Q. Wu, X. L. Feng and K. Müllen, Angew. Chem. Int. Ed., 49, 2565-2568 (2010) 



15th ISEAC 

- 549 - 
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amperometric determination of catechol 
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With the increasing concern over environmental issues, there is a great necessary for analysis system to 

detect the environmental pollution such as phenol compounds. Phenolic compounds are major pollutants in 

the wastewaters of medical, food, industry and other environmental products [1-4]. Therefore, the detection 

of phenolic compounds is of great importance [5-7]. Many analytical methods are available for the 

determination of phenolic compounds based on separation techniques including gas and liquid 

chromatography, spectrophotometry, and chromatography [8-11]. However, these techniques are 

complicated not only in sample pretreatment but also in situ monitoring. Catechol is a hazardous phenolic 

compound which affects the nerve center system of human beings, inhibits DNA replication, and leads to 

chromosomal aberration [12]. It is generally a direct pollutant or a by-product of the aromatic pollutant 

biodegradation [13]. Hence, the detection of catechol is an emergency issue. 

In this study, an amperometric biosensor for the detection of catechol was developed based on the covalent 

bonding of tyrosinase (TYR) onto thionine (TN)-electrodeposited glassy carbon (GC) surface via 

glutaraldehyde (GA). Prior to the TYR-immobilization, poly(thionine) was prepared on a GC electrode 

surface by an electrooxidative polymerization of thionine. Then the GA was immobilized onto the 

poly(thionine) modified GC surface by covalent binding. At last, the TYR was induced to the 

GC/pTN/GCE surface through convalent binding. The TYR/GA/pTN/GCE biosensor can detect cathodic 

current of electrochemical reduction of o-quinone species produced by the TYR-catalyzed reaction. 

Catechol was used as model analyte for the evaluation of catecholase activity, and the signal based on the 

electro-reduction of the enzymatically produced o-quinone species were monitored at -0.05V vs. Ag/AgCl. 

The SEM and EIS of bare and modified GCE were checked to understand the morphology of the GCE 

surface. The TYR concentration, electrolyte pH, GA concentration, and immobilization time were 

optimized. The resulting TYR/GA/pTN/GCE based biosensor exhibited good analytical performance 

(sensitivity, 5.04 A /mM; detection limit, 6.0 M; linear range, from 1×10
-6

 to 3×10
-4 

M; response time: 

≈ 2s). The reproducibility of immobilization was evaluated by 3 different modified electrodes, where the 

relative standard deviation (RSD) is 3.16% from measurement of a standard catechol sample (10mol L
-1

) 

that is reasonably satisfactory.The construction method of this kind of biosensor is quite mild and without 

using organic solvent which is friendly to the environment. And the electropolymerization of thionine can 

be easily performed onto the GCE without any pre-modification of the surface. Since TYR has broad 

selectivity toward mono- and diphenol compounds, this biosensor would be useful for the quickly 

monitoring of highly toxic phenol compounds.  
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Fig.1Electrochemical impedance 

spectra of bare GCE (a), pTN/GCE 

(b), GA/pTN/GCE (c), 

TYR/GA/pTN/GCE (d) 

Fig.2 Typical steady-state 

current-time response curve of the 

TYR/GA/pTN/GCE biosensor 

upon successive addition of 3M 

catechol 
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Bimetallic nanoparticles have attracted growing attention because their specific optical, electronic, 

magnetic, and catalytic properties are greatly distinct from those of corresponding monometallic particles, 

which may be attributed to ensemble or ligand effects, particle size effects and matrix effects. However, the 

extremely small size of bimetallic nanoparticles tends to cause catalytic deactivation due to the occurrence 

of nanoparticles sintering or formation of carbonates adsorbed onto the reactive sites of the catalysts. To 

overcome the deactivation process, bimetallic nanoparticles normally need to be finely dispersed on 

supports to achieve high mass activity and resistance to aggregation. Cobalt (II, III) oxide (Co3O4), as a 

normal cubic spinel, is composed of a face-centered cubic arrangement of oxide ions with Co
2+

 ions 

occupying one-eighth of the tetrahedral sites and Co
3+

 ions half of the octahedral sites, which makes it 

exhibit synergistic enhancement in electrocatalytic activity. In this study, Au-Ag/Co3O4 nanofibers 

(Au-Ag/Co3O4NFs) were synthesized by electrospinning and subsequent calcination. Extensive 

characterizations of Au-Ag/Co3O4NFs were studied using X-ray diffraction (XRD), energy-dispersive 

spectroscopy (EDS), X-ray photoelectron spectroscopy (XPS), scanning electron microscopy (SEM) and 

transmission electron microscopy. Hydrogen peroxide (H2O2) is not only a commonly used oxidant or 

intermediate in chemical and industrial processes, but also a reactive oxygen species that can be related to 

the different kinds of disorder in the body, such as Alzheimer’s, myocardial infarction, atherosclerosis, 

Parkinson’s, cancer, etc. Therefore, the obtained Au-Ag/Co3O4NFs were developed as the electrocatalysts 

for the oxidation of H2O2 and electrochemical studies show that the developed biosensor exhibits excellent 

electrocatalytic activity towards H2O2 oxidation over a wide linear range of 0.05 – 5000 μM with a low 

detection limit of 0.01 μM. Due to these remarkable analytical advantages, the sensor was applied to 

determine the H2O2 released from human breast cancer cells (MCF-7) with satisfactory results, which 

propose a potential application in physiology and pathology in the future. 
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Figure 1 XPS spectra of (A) Au 4f, (B) Ag 3d for the 

electrospun Au-Ag/Co3O4NFs. XRD patterns of 

Au/Co3O4NFs, Ag/Co3O4NFs and Au-Ag/Co3O4NFs (C). 

 

 

Figure 2 Electrospun Au-Ag/Co3O4NFs before (A) and 

after calcination (B). EDS of Au-Ag/Co3O4NFs (C). 
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Figure 3 (A) Current-time curves obtained at Au-Ag/Co3O4NFs/GCE upon different concentrations of H2O2 in 0.1 

M NaOH. Inset: relationship between the amperometric responses and the H2O2 concentrations. (B) Schematic 

diagram of Au-Ag/Co3O4NFs/GCE used for detect H2O2 efflux from MCF-7 stimulated with PMA. (C) 

Amperometric responses obtained at the Au-Ag/Co3O4NFs/GCE in the absence and presence of MCF-7 with the 

addition of 10.0 μg mL−1 PMA and 200 U mL−1 catalase. 
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Bio-functionalized composite MT@C-dot@SiO2 for the selective adsorption 

of cadmium from water samples 

Yi-Kun LI, Ting YANG, Ming-Li CHEN*, Jian-Hua WANG 

Research Center for Analytical Sciences, College of Sciences, Northeastern University, Shenyang 110819, 

China 

Silica gel has been widely used as adsorbent for the removal of heavy metals due to its good mechanical, 

chemical and thermal stability. However, the silanol groups on the surface of silica gel bind with a variety 

of metal species and thus result in poor selectivity. In this study, we report a bio-functionalized composite, 

e.g., MT@C-dot@SiO2. The composite material provides a favorable adsorption performance toward 

cadmium and is used for cadmium removal from waters. 

Silica gel is modified with metallothionein (MT) to improve the adsorption selectivity through the specific 

interactions between mercapto group and cadmium. One-step calcination is used to immobilize carbon dots 

(C-dots) onto the silica gel. The obtained composite shows excellent chemical stability and thus it can be 

used repeatedly. The MT@C-dot@SiO2 composite has been characterized by means of FT-IR, SEM and 

TGA. 

The adsorption capability for cadmium by MT@C-dot@SiO2 is derived to be 304 μg g
-1

 with respect to 

178 μg g
-1

 by pure silica gel. Although the improvement on the adsorption capacity for cadmium is not 

remarkable, while most importantly, the MT@C-dot@SiO2 composite exhibits very high tolerance capacity 

to some of the commonly encountered cationic and anionic species in water bodies. When 100 μg L
-1

 Cd 

solution is treated by 6 mg of the composite material, an adsorption efficiency of >90% is achieved in the 

presence of large amount of concomitant species, e.g., 1000 mg L
-1

 of K
+
, Na

+
, Mg

2+
, Ca

2+
, NO3

-
, HCO3

-
 

and 5 mg L
-1

 of Al
3+

, Fe
3+

, Cu
2+

, Pb
2+

. In general, the bio-functionalized composite MT@C-dot@SiO2 is 

demonstrated to be a promising adsorbent for the selective removal of cadmium from water bodies.  
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Ground water endocrine disruptor detection by using high conductivity 

graphite nanoparticle film electrode 
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Endocrine disruptors (EDCs) are environmental pollutants that, once incorporated into an organism, affect 

the hormonal balance of humans and various species. Its presence in environment is of great importance in 

water quality related questions. In this study, we describes the development of an accurate, sensitive and 

selective sensor for the detection of bisphenol A (BPA). A highly conductive graphite nanoparticle (GN) 

fabricated electrochemical film sensor was developed for the high sensitive detection of BPA. The 

produced GN film sensor was characterized by cyclic voltammetry and differential pulse voltammetry. The 

influence of graphite nanoparticle loading and target anlyte enrichment by adsorption on the analytical 

performance of the sensor was evaluated. Under the optimal conditions, the oxidation peak current was 

linear over the concentration range of 0.1 µM to 100 µM with the detection limit (LOD) of 0.1 µM (Fig. 1). 

The fabricated sensor was successfully applied to the determination of BPA in ground water samples and it 

has promising analytical applications for the direct determination of BPA at trace level.  

 
Fig.1 Calibration curve for detection of various concentrations of BPA by using the GN film electrode and the GCE. 

Keywords: electrochemical detection, preconcentration, bisphenol A, graphite nanopartical. 
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Lasagna-like electrode by painting method for flexible thin film LIBs 

Yang WU 

Tsinghua University 

e-mail: wuyang.thu@gmail.com 

The development of advanced flexible thin film batteries is a key step for flexi-ble/stretchable electronics. 

In this work, we achieved a new type of electrode con-figuration by directly painting common battery 

materials (LiFePO4 and Li4Ti5O12)into the ultra-thin but robust carbon nanotube (CNT) films. This 

electrode resembles a lasagna-like structure by alternating electrode materials and CNT films layer by layer. 

The rich number of electron pathways and the highly porous structure of the CNT film result in full 

batteries (LiFePO4 cathode and Li4Ti5O12 anode) that exhibit a high areal capacity over 0.2 mA h cm-2, a 

stable output voltage of 1.82 V, plus excellent reversibility and light polarization. More importantly, the 

capability of such batteries working in both flat and bent conditions suggests great promise in the energy 

storage and delivery for revolutionary portable electronics. 
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Detection of zinc finger protein (EGR1) based on the electrogenerated 

chemiluminescence of nanoclay-supported porphyrin  

Shengyuan DENG, Xubo JI, Peng XIN, Hongxin SONG, Dan SHAN*  

School of Environmental and Biological Engineering, Nanjing University of Science and Technology,  

Nanjing 210094, P. R. China 

Early growth response protein 1 (EGR1), as a characteristic example of zinc finger proteins, acts as a 

transcription factor in eukaryotic cells, mediating protein-protein interactions. Here, a novel 

electrochemiluminescence (ECL)-based protocol for EGR1 assay was developed with a new eco-friendly 

emitter: nanoclay-supported zinc proto-porphyrin IX (ZnPPIX). It stimulates an intense monochromic ECL 

irradiation at 644 nm in the aqueous solution with the dissolved oxygen as an endogenous coreactant. This 

ECL derivation was rationalized via hyphenated spectroscopy and theoretical calculation. To promote 

hydrophilicity and solid-state immobilization of porphyrins, the lamellar artificial laponite was employed as 

a nanocarrier owning to its large specific area without the black-body effect. The facile exfoliation of 

laponite produced quality monolayered nanosheets and facilitated the adsorption and flattening of PPIX 

upon the surface, resulting in a highly efficient ECL emission. Based on the release of Zn2+ in zinc finger 

domains of EGR1 upon contact with the ECL-inactive PPIX, which was monitored by circular dichroism 

and UV-absorption, a sensitive Zn2+-selective electrode for the “signal-on” detection of EGR1 was 

prepared with a detection limit down to 0.48 pg mL-1 and a linearity over 6 orders of magnitude. The 

proposed porphyrin-based ECL system thus infused fresh blood into the traditional family of ECL 

nanoemitters, showing great promise in bioassays of structural Zn(II) proteins and zinc finger-binding 

nucleotides. 

 

Scheme 1. Schematic illustration of zinc extraction from EGR1 to PPIX supported by laponite nanosheets for a 

"signal-on" ECL detection of zinc finger proteins. 
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Simultaneous determination of hydroquinone and catechol using a new 

sensor based on ZnS/NiS@ZnS quantum dots 
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Hydroquinone (HQ) and catechol (CC) are isomeric dihydroxybenzenes that are used in cosmetics, 

pesticides, antioxidants, flavors and photography
[1]

. But these substances are extremely harmful to humans, 

animals, plants and aquatic life at very light concentration
[2]

. With the development of nanoscience and 

nanotechnology, utilization of quantum dots (QDs) nano-materials to manufacture miscellaneous sensors 

has been diffusely studied due to their individual electronic, catalytic and biocompatible properties. 

However, to connect to others modified materials of electrode, QDs need to be functionalized with specific 

functional groups
[3]

. Au nanoparticles (AuNPs) are the most widely used nanometer materials due to their 

large specific surface area, goodish catalytic properties and excellent conductivity. L-Cysteine (L-Cys) 

which owns –SH and –NH2 simultaneously is a good connection reagent between carboxyl functionalized 

QDs and AuNPs. The modification of QDs combined with AuNPs and L-Cys provides a well performance 

of electrochemical sensor.  

Fig. 1 shows the synthesis mechanism of ZnS/NiS@ZnS QDs and the working process of a proposed 

sensor based on ZnS/NiS@ZnS/L-Cys/AuNPs/glassy carbon electrode (GCE). As shown in Fig. 2, It is 

observed that no a pair of evident anodic peaks at bare GCE, homologous consequence is found at 

AuNPs/GCE, albeit the current value accelerate in the present of AuNPs. Nevertheless, well-defined 

invertible peaks of HQ and CC appear at the L-Cys/AuNPs/GCE which is attributed to the favourable 

catalysis of the L-Cys to the oxidation reduction of HQ and CC. At ZnS/NiS@ZnS/L-Cys/AuNPs/GCE, the 

anodic peak currents are greatly stronger than those at the other electrodes. On the other side, the anodic 

peak potential deviation between HQ and CC was up to 100 mV, indicating that HQ and CC can be 

distinctly divided. The anodic peak current for HQ at a working voltage of 80 mV (vs. Ag/AgCl) is related 

to its concentration in the 0.1 to 300 μM range (even in the presence of 0.1 mM of CC). The anodic peak 

current for CC at a working voltage of 184 mV is related to its concentration in the 0.5 to 400 μM range 

(even in the presence of 0.1 mM of HQ). The respective detection limits (at an S/N ratio of 3) are 24 and 71 

nM for HQ and CC, respectively.  

In addition, the method was applied successfully to determine HQ and CC in practical water samples, 

which may possibly be useful for exploiting an available electrochemical sensor for phenolic compounds. 
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Fig.1 (A) Schematic illustration of the synthesis process of 

ZnS/NiS and ZnS/NiS@ZnS QDs. (B) Schematic representation of 

the fabrication process of the electrochemical sensor. 

Fig.2 CVs for the mixture solution of CC 

(0.10 mM) and HQ (0.10 mM) at different 

electrodes. 
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Bile acid sensor based on photoelectrochemical response to NADH 

Shufang LIU, Changzhi ZHAO* 
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Engineering, Qingdao University of Science & Technology, 53 Zhengzhou Road., Qingdao 266042, China 
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In the paper, the poly(thionine)/multi-walled carbon nanotubes (p-Th/MWCNs) photoelectrode with 

photoelectric activity and electron acceptor was prepared by electropolymerizing thionine (Th) on the 

surface of MWCNs-modified ITO electrode. Through immobilizing 3α-hydroxysteroid dehydrogenase 

(3α-HSD) on the surface of the photoelectrode by chitosan, a novel photoelectrochemical bile acid sensor 

was prepared by coupling the photoelectrode with enzymatic reactions. The photoelectrode was employed 

as an electron acceptor, and nicotinamide adenine dinucleotide (NADH) from the catalytic reaction of 

enzyme was employed as an electron donor, bile acid was determined based on the detection of 

photocurrent from photoelectrochemical effect between p-Th on the photoelectrode and NADH, which 

proceed from catalytic reaction of 3α-HSD to bile acid. The prepared condition of the photoelectrode, such 

as coating MWCNs amount, initial concentration of Th and the enzyme loading were optimized by 

experiment. The effect of the electrolyte pH, the concentration of NAD
+
 and the bias voltage on the 

determination of substrate was investigated, and the optimized parameters were selected. The measuring 

range of bile acid sensor was from 1.80 to 40.0 μmol/L with sensitivity of 5.86 nA/μmol/L, and the 

detection limit was estimated to 0.67 μmol/L. The recovery was in the range of 96%~104% for the 

determination of the cholic acid in Sodinm Cholate Tablets and the bile acid in human urine.  
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Fig.1 Schematic illustration of the photoelectrochemical process for the detection 

NADH and BA by photoelectrode  
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Recognition of Oxaliplatin-modified DNA by high-mobility-group proteins 

(HMG) studied by atomic force microscopy (AFM) 
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Oxaliplatin, Pt(R,R-DACH)(oxalate), is a third-generation platinum derivative, which is one of the most 

effective drugs for metastatic colorectal cancer[1]. The anticancer activity of oxaliplatin arises from its 

ability to damage DNA, with the major adducts formed being intrastrand d(GpG) and d(ApG) crosslinks. 

These crosslinks bend and unwind the duplex, and the altered structure attracts high-mobility-group domain 

(HMG) and other proteins. This binding of HMG-domain proteins to oxaliplatin-modified DNA has been 

considered to mediate the antitumour properties of the drug. Many HMG-domain proteins recognize altered 

DNA structures such as four-way junctions and cisplatin-modified DNA[2], but until now the molecular 

basis for this recognition was not very clear. In this study, structural feasures of HMG1 (recombinant, 

Human HMGB1, High Mobility Group) and their complex with the oxaliplatin-modified DNA have been 

investigated. Figure (a) and (b) shows the representative AFM topographic image of HMG1 and 

HMG1-oxaliplatin- DNA complex. It can be seen that HMG1 appeared as small particles as shown in 

Figure (a). When HMG1 incubated with oxaliplatin-modified DNA, they can bind on the DNA strand and 

facilitate formation of DNA loops as indicated in Figure (b). Our results revealed that HMG1 can 

specifically bind on the oxaliplatin-modified DNA. 
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Nitrogen and fluorine dual-doped mesoporous graphene: high-performance 

metal-free ORR electrocatalyst with superlow HO2
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Due to the energy crisis in the world, fuel cells, as efficient electrochemical energy conversion devices, are 

attractive to directly convert chemical energy into electric energy with high conversion efficiency, high 

power density, quiet operation, and no pollution.[1] As is known to all, the electrochemical performance of 

fuel cells is greatly affected by the oxygen reduction reaction (ORR) at the cathode because of its sluggish 

reaction kinetics.[2] Up to now, Pt-loaded carbon is considered to be the most effective ORR electrocatalyst. 

However, Pt-based catalysts still suffer from several problems, such as poor durability, limited reserves, 

high cost, and CO poisoning, which has hindered the large-scale commercialization of fuel cells.[3, 4] It’s 

almost hardly to realize the large-scale practical application of fuel cells if the costly noble metal-based 

electrocatalysts for ORR cannot be replaced by other efficient, stable, and low-cost non-precious metal or 

even metal-free ORR electrocatalysts. In this work, we successfully, for the first time, prepared nitrogen 

and fluorine dual-doped mesoporous graphene (NF-MG) via thermal treatment of graphene 

oxide/polyaniline composites (GO/PANI) and NH4F (Fig. 1). Benefiting from the synergetic effect of N 

and F co-doping into G framework, the performance for ORR of the optimal catalyst (NF-MG3) (Fig. 2) is 

comparable with the state of the art Pt/C in alkaline medium, which makes it an ideal candidate as an 

efficient metal-free ORR electrocatalyst in fuel cells.  
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Fig.1 Schematic illustration of the synthesis of NF-MG nanosheet. 

Fig.2 the HO2
- yield and stability for NF-MG3 and Pt/C in O2-saturated 0.1 

M KOH at a scan rate of 10 mV s-1. 
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Electrochemical ion transfer across the liquid/liquid interface: 

Insight from molecular dynamics simulations 
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Despite many decades of experimental and theoretical work, the problem of correctly identifying the 

mechanism of ion transfer across the interface between two immiscible electrolyte solutions is not well 

understood[1]. In recent years in becomes clear that water molecules fluctuations described as water fingers 

or capillary waves, must play an important roll in controlling both the thermodynamics and dynamics of ion 

transfer.  In this talk I will review recent developments in the field[2] and present a description of the ion 

transfer thermodynamics and dynamics using a hydration coordinate that takes into account water 

fluctuations structure and dynamics. This hydration coordinate is defined by the fraction of hydration 

energy of the ion relative to its bulk value. Motion along the hydration coordinate is coupled to the motion 

of the ion to a degree that depends on the ion size and charge and the property of the organic solvent. The 

methodology is applied to transfer of small hydrophilic and large hydrophobic ions across the interface.  
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Hydrogel-based nanoseparation and nonnoble electrocatalyst: same recipe, 

different applications 
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Hydrogels are a class of three dimensional hierarchically cross-linked hydrophilic polymers with superior 

biocompatibility, good biodegradability and tunable porous structure, which have been investigated for a 

wide range of applications. Specially, agarose-based hydrogel is most frequently used for analytical and 

preparative electrophoretic separations of biomacromolecules owing to its various advantages including 

low cost, negligible DNA and protein adsorptions, and very easy gel casting process. Other attractive 

properties of agarose gel include high mechanical strength even at very low concentrations (as low as 

0.15%), and excellent tolerance to extreme pH and ionic strength as well as high concentrations of 

chemical denaturants. Our work shows that these properties are especially suited for the electrophoretic 

separation of bioconjugated nanoparticles and the preparation of carbon-based nanomaterials for 

electrocatalysis. This talk covers these two distinctively different applications of agarose hydrogel. 

In the first part, we specially focus on the synthesis and valence-controllable DNA conjugation of various 

metal nanoparticles by electrophoresis in an agarose matrix. The resulting DNA-functionalized 

nanoparticles are important building blocks for DNA programmable material assembly. We show that 

different metal nanoparticles require different strategies to achieve an ideal electrophoretic behavior for 

their gel separation. The specific DNA valences of isolated DNA-nanoparticle adducts are demonstrated by 

the successful assembly of accurate nanoparticle clusters. We also show that agarose gel electrophoresis can 

help the isolation of strongly coupled nanoparticle clusters in high purify, which demonstrate widely 

tunable plasmonic properties, in the absence or presence of a DNA template. In the second part, we 

introduce a novel hydrogel strategy to construct N and B co-doped nanocarbon embedded with Co-based 

nanoparticles as an efficient non-precious ORR catalyst. Instead of being a separation medium, here the 

agarose hydrogel provides a general host matrix to achieve a homogeneous distribution of various 

precursory components, which, upon freeze-drying and carbonization, produces a highly active ORR 

catalyst. 

 

  

(a)                 (b) 

Fig. 1 Agarose hydrogel-based ORR electrocatalyst (a) and gel electrophoretic nanoseparation (b). 
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Molecularly imprinted polymers (MIPs) have been mostly developed for the specific binding of the target 

thus mimicking the function of antibodies. In addition to these “plastic antibodies” completely synthetic 

catalysts have been created which mimic the substrate conversion by enzymes [1]. The following examples 

will be presented: 

i) A hybrid architecture combining a layer of a product-imprinted electropolymer with Horseradish 

peroxidase (HRP) was developed for the measurement of the drug aminopyrine. The peroxide dependent 

conversion of the analyte aminopyrine takes place in the HRP containing layer on top of a 

product-imprinted electropolymer on the indicator electrode. The hierarchical architecture resulted in the 

elimination of interfering signals for ascorbic acid and uric acid. An advantage of the new hierarchical 

structure is the separation of MIP formation by electropolymerization and immobilization of the catalyst. In 

this way it was for the first time possible to integrate an enzyme with a MIP layer in a sensor configuration. 

This combination has the potential to be transferred to other enzymes, e.g.  P450, opening the way to 

clinically important analytes [2].  

ii) Effective recognition of enzymatically active tetrameric acetylcholinesterase (AChE) was 

accomplished by a hybrid architecture which is composed of a propidium-terminated self-assembled 

monolayer (Prop-SAM) and an ultrathin electrosynthesized molecularly imprinted polymer (MIP) cover 

layer. The AChE template is vectorially immobilized to the Prop-SAM via its peripheral anionic site on a 

gold electrode prior the electropolymerization of a novel carboxylate-modified derivative of 

3,4-propylenedioxythiophene (ProDOT-COOH). The cross reactivity towards competing proteins is 

suppressed for the hybrid architecture as compared with solely Prop-SAM covered surface. The imprinting 

factor, i.e. the ratio of target binding to the MIP and the NIP (cover layer formed in absence of AChE) is 9.9, 

which is among the best values reported for protein imprinting. Since AChE is a potential marker of 

Alzheimer ś disease the indication of different AChE-species might be of clinical relevance. 

iii) Recently, we started the development of a MIP for the multicopper enzyme tyrosinase, which may be 

used in future as a biomarker for melanoma. Preliminary results demonstrate the rebinding of enzymatically 

active target enzyme. 
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The preparion of C-reactive protein immunosensor based on 

amino graphene and silver platinum nanomaterials 
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Bimetallic nanoparticles is nano composite materials which are composed of two different kinds of material 

with physical and chemical compatibility method of synthesis
[1]

.Compared with the single metal, bimetallic 

nanoparticles have unique optical, magnetic and catalytic properties due to the synergy effect of two kinds 

of metal forming particle
[2]

. C-reactive protein (CRP) is newly found as a marker of inflammation 

associated with Coronary heart disease. The measurement of serum C-reactive protein (CRP) levels has 

been given particular interest for early diagnosis and differential diagnosis in clinical cardiovascular 

diseases
[3]

. The measurement of serum C-reactive protein (CRP) levels has been given particular interest 

for early diagnosis and differential diagnosis in clinical cardiovascular diseases. Therefore，there is urgent 

need for the development of sensitive, accurate, fast detection method for C-reactio protein.In this article, 

hollow silver platinum nanomaterials were synthesized and characterized through one-pot replacement 

reaction. The catalytic activity of Ag/Pt nanomaterials was utilized as a sensitive label to fabricate sandwich 

type of C-reaction protein immunosensor. Amino graphene was used as immobilization matrix and 

hollow silver platinum nanomerials was labeled on the C- reactive protein antibody to detect the C reactive 

protein by sandwich method. The reduction current of H2O2 was measured using the prepared 

immunosensor as working electrode by chronoamperometry at a constant potential -0.2V. According to the 

proportional relationship between stabilize current value of the immunosensor and CRP levels, the 

quantitative determination of CRP can be achieved. Under the optimized experimental conditions, the 

detection range of the sensor is from 0.5ng/mL to140 ng/mL with linear correlation coefficient of 0.9934 

and the detection limits of 0.17 ng/mL.  
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Fig.1 Stepwise procedure of immunosensor 

 

Fig.2 The calibration curve of immunosensor 
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Conventionalelectronic circuits can perform multi-level logic operations; however, this capability is rarely 

achieved by logic gates based on biological molecules such as DNA, RNA, enzymes, etc.[1] In addition, 

the question of how to close the gap between biomolecular computation and silicon-based electrical 

circuitry is still a key issue in thebioelectronic field.The integration of target recognition, biomolecular 

computation, and transduction of these informations into an electrical signal is an important challangeuntil 

now.  

Here we explore a novel split aptamer-based multi-level logic gate built from INHIBIT and AND gates that 

performs a net XOR logic analysis.[2]It combines the aptamer-based biochemical logic gate responses of 

the sensor receptorwith the logic gates of the electrochemical transduction scheme. In addition, the concept 

ofelectrochemical rectification is introduced into the whole system with a relayed charge 

transferoccuringupon target binding between split aptamer linked redox probes and solution phase probes 

(Fig. 1). This strategy amplifies the sensor signal, facilitates the robust detection of different but related 

targets and supports a straightforward and reliable diagnosis. Furthermore, the biochemical binding process 

is transduced into an electrical signal, and several (bio-) chemical input signals are converted into one 

output signal which reports on the overall status of the system.  

Our work reveals a new route to design bioelectronic logic circuits that can realize multi-level logic 

operations, which has the potential to simplify an otherwise complex diagnosis to a “yes” or “no” decision.  

 

 

 

 

 

Acknowledgements 

We appreciate the financial support by the Federal Ministry of Education and Research, Germany, and the 

Alexander von Humboldt Foundation for a Humboldt fellowship 

References (see example below)  

1.E. Katz, Bimolecular Computing-From Logic Systems to Smart Sensors and Actuators, Willey-VCH, Weinheim (2012) 

2.L. Feng, Z. Lyu, A. Offenhäusser and D. Mayer, Angew. Chem. Int. Ed., DOI: 10.1002/anie.201502315.(2015) 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1Multi-level logic gate design. 
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Metallic Nanoparticle, Carbon Nanotube and Application 

in Biological Sensors 
  Shen Guijun*，Pei Hong Ying，Zhao Ming ,Zhao Zhi wei 

（college of environmental and chemical engineering,Dalian University，Liaoning Dalian 
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Abstract: Nanobiotechnology is converged by nanotechnology and biotechnology, and is a major 

component of nanotechnology. It is also an important research direaction in the area of biomedicine. This 

article introduces structural specility of metallic nanoparticle and carbon nanotube.This article introduces 

some new reserach achievements and progress in the biosensor and biodetection field based on the metallic 

nanoparticle and carbon nanotube technology, Finally, the development of this field in the future is 

prosperous. 
Keywords: metallic nanoparticle ; carbon nanotube;  biosensor 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



15th ISEAC 

- 568 - 
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Abstract 

Due to the energy crisis in the world, fuel cells are attractive as clean and sustainable energy conversion 

devices.
1-2

 For the goal of practical industrial development of fuel cells, cheap, sustainable and high 

performance (high activity, stability and tolerance to poisons) electrocatalysts for oxygen reduction 

reactions (ORR) which rival those based on platinum (Pt) and other rare materials are highly desirable for 

use in fuel cells. Here we show that a class of cheap and high-performance platinum-free oxygen reduction 

electrocatalysts obtained by doping cheap carbon blacks with non-metal atoms, such as N or F, or cheap 

metals, such as Fe. The obtained Pt-free electrocatalysts are highly active and exhibit long-term operation 

stability and tolerance to poisons during oxygen reduction process in alkaline medium. The alkaline direct 

methanol fuel cell with the best one as cathode outperforms the one with Pt-based cathode. To the best of 

our knowledge, these are the most efficient non-Pt based electrocatalysts which are the most promising 

alternatives to those that are Pt-based. Since carbon blacks are 10,000 times cheaper than Pt, these 

electrocatalysts possess the best price/performance ratio for ORR to date. 
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   Fig.1 The electrochemical characterization of FeNx/BP catalyst for ORR in alkaline media. 
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Carbon dioxide is a significant greenhouse gas, and is at the same time a readily available source of carbon 

for the synthesis of new molecules. Electrocatalytic reduction of carbon dioxide is therefore extremely 

attractive process. Coupling this reduction to solar light harvesting at semiconductor electrodes offers the 

potential to capture both energy and carbon in a single process. However, carbon dioxide is chemically 

inert and activation of the substrate therefore presents a key challenge [1]. 

Iron(III) porphyrin complexes, which mimic natural P450 enzymes, have shown success in the activation of 

alkanes for oxidative chemistry [2]. We are exploring the use of the same catalytic scaffold in the reduction 

of carbon dioxide. Both classical porphyrins and thiolate-containing ‘basket-handle’ systems have been 

exploited in this reaction, figure1. 

           

 

 

 

We show here that iron(III) porphyrin complexes are capable of carrying out electrocatalytic reduction of 

carbon dioxide at both vitreous carbon and p-type silicon surfaces, with current efficiency of 80% - 93%, at 

potentials positive of that of the CO2/CO2− couple, figure 2.  
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“Inhibition of charge transport” for PTS electroanalysis 
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To date, much attention has been paid on the detection of Persistent Toxic Substances (PTS), because it has 

a detrimental effect on the health of human and a great hazard to environment. PTS, including organic 

(Persistent Organic Pollutants – POPs and Polychlorinated Biphenyls- PCBs, etc.) and inorganic pollutants 

(As(III), Cr(VI), Pb(II), Hg(II), Cu(II), Cd(II), etc.), have teratogenic effect, carcinogenic effect and 

mutagenic effect on the creature. All these effects are long-term, imperceptible and accumulative. Therefore, 

it is urgent to find an accurate, fast, and sensitive method to detect and monitor these pollutants in drinking 

water. 

To solve this problem, varieties of methods, such as SERS[1-2], Fluorescence[3], Bioluminescence 

Inhibition[4] and Visible light illumination[5], have been developed. Nevertheless, these techniques require 

expensive instruments, high operating cost, and well trained technicians to conduct the measurements. On 

the contrary, electrochemical detection techniques are gaining more attention due to low-cost 

instrumentation and ease of portability. Besides, electrochemical detection techniques own high sensitivity 

under harsh conditions. However, few studies have been carried out on the detection of PCBs.  

Owing to their chemical inertness and insulating and hydrophobic properties, as well as As(III) and Cr(VI), 

the effective detection of PCBs still remains challenging. Electrochemical Impedance Spectroscopy (EIS), 

containing information about the interface, its structure and reactions taking place there, is a very sensitive 

technique. In summary, there are host-guest complex-based detection and special reaction-based detection 

in EIS. Our group has reported a series of results based on host-guest complex-based detection. We 

selective detect of PCB-77 on the Pyrenecyclodextrin-decorated single-walled carbon nanotube hybrid 

(PyCD/SWCNT)[6] modified electrode and HS-β-CDs functionalized gold nanoelectrode[7] and selective 

detect of TCB (2,4,5-trichlorobiphenyl Aldrin) in PyCD/SWCNT hybrids on interdigitated gold 

microelectrodes[8].  Also, HS-β-CDs functionalized nanogapped gold particle film[9] can be used in the 

detection of PCBs. Through Special reaction-based detection method, there are some excellent results 

reported. Our group take advantage of Au NPs capped with glutathione monolayer[10] to detect Hg2+ and 

use crown ethers as high-affinity targeting receptors[11] to detect Cr(VI) which has a detection limit of 

0.0014 ppb Cr(VI) with a sensitivity of 4575.28 kΩ [log c (ppb)]−1 over the linear range of 1−100 ppb (R2 

= 0.994) at pH 5.0. Also, Ionic liquid–carbon nanotube composites acts as scaffolds[12] to analysis TeCB 

and CdSe quantum dots[13] is used to enhance electrical and electrochemical signals of nanogap devices 

for bioanalysis.  

  In summary, we establish an electroanalytical approach based on the dielectric property of 

micropollutants or “electron-transfer-blockage” and explore efficiently the challenge in the electroanalysis 

toward chemical inertness and persistent toxic substances. 
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A sensitive and selective amperometric hydrogen peroxide (H2O2) biosensor was obtained by using the 

electrodeposition of Pt nanoparticles on iron oxide-reduced graphene oxide (Fe3O4/rGO) magnetic 

nanocomposite modified glassy carbon electrode (GCE). The morphology of the prepared Fe3O4/rGO was 

characterized by transmission electron microscopy (TEM). The step-wise modification and the 

electrochemical characteristics of the resulting biosensor were characterized by cyclic voltammetry (CV), 

electrochemical impedance spectroscopy (EIS) and chronoamperometry methods. Thanks to the 

Pt/Fe3O4/rGO-promoted fast electron transfer at the fabricated interface, the developed biosensor exhibits 

an excellent electrocatalytic activity and better response performance for non-enzymatic hydrogen peroxide 

detection than those of Pt/rGO and Fe3O4/rGO modified sensors. In addition, the favorable biocompatibility 

of this electrode interface endows the prepared biosensor with good anti-interferent ability and long-term 

storage stability. It is promising that the proposed sensor will be utilized as an effective tool to 

quantitatively monitor the dynamic changes of H2O2 in biological systems. 
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Fig.1 XRD pattern of Fe3O4/rGO nanocomposite. 

 

Fig.2 Amperometric response of Fe3O4/rGO 

nanocomposite modified electrode at -0.1 V upon 

successive additions of 0.1mM H2O2 into 15 mL PBS. 
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Glucose detection in blood was significance because of its important roles in our daily life and clinical 

diagnoses. In this work, a novel three-dimensional mesoporous electrode material, Cu-hemin 

metal-organic-frameworks (Cu-hemin MOFs), was firstly proposed to load glucose oxidase (GOD) for 

glucose biosensing. Scanning electron microscopy, X-ray powder diffraction, Fourier transform infrared 

spectroscopy, N2 adsorption/desorption isotherms, UV-vis absorption spectroscopy, fluorescence emission 

spectroscopy and thermal analysis were employed to investigate the Cu-hemin MOF and GOD/Cu-hemin 

MOF nanocomposites. The results showed that the Cu-hemin MOF owned a flower-ball morphology and a 

big hollow cage, which was convenient for immobilizing small biomolecules. Meanwhile, GOD molecules 

were successful loaded in the pores of Cu-hemin MOFs and were not destroy the integrity framework of 

Cu-hemin MOFs. The novel GOD/Cu-hemin MOF nanocomposites exhibited good performance toward 

oxygen reduction reaction and catalytic oxidation of glucose. The as-prepared biosensor was sensitive to 

direct glucose detection with a wide linear range from 9.10 μM to 30.0 mM, and the limit detection 

estimated to be as low as 2.73 µM (S/N=3). Moreover, it was also successfully applied to the detection of 

glucose under coexistence of human serum with a high sensitivity, which demonstrated a good accuracy for 

the real samples. Hence, this study might enhance the development of biosensors based on MOFs and small 

biomolecules. 

 
 

Fig.1 A schematic representation of synthesis and detection mechanism of GOD/Cu-hemin MOFs nanocomposites. 
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In this work, a general strategy was developed for facile synthesis of bimetallic AuM (M = Pt or Pd) 

alloyed flowerlike-assembly nanochains (FANs, Fig. 1), using diprophylline as a structure-directing agent 

and a stabilizing agent. The formation mechanism was discussed in some detail by varying the dosage of 

diprophylline. The as-prepared AuM FANs displayed improved catalytic activity and better stability for 

oxygen reduction reaction (ORR) over commercial E-TEK Pt/C, Pt black and Pd black catalysts, 

respectively (Fig. 2). The improved electrocatalytic performances of AuM FAN are ascribed to the unique 

interconnected structures of AuM FANs which can suppress Ostwald ripening [1, 2].  
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Fig. 1 TEM images of AuPt (A) and 

AuPd (B) FANs. 

Fig. 2 ORR polarization curves of (A) AuPt FANs, (B) 

commercial Pt black, (C) AuPd FANs, and (D) commercial Pd 

black catalysts modified electrodes before and after 1000 potential 

cycles at a scan rate of 5 mV s–1. 
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Novel porous cage-like carbon (C)/nano-Si nanocomposites as anode materials for lithium-ion batteries 

(LIBs) was prepared based on nano-Si@zeolitic imidazolate frameworks (ZIF-8)-templated method. In this 

strategy, p-aminobenzoic acid was initially grafted onto nano-Si to form benzoic acid-functionalized 

nano-Si, and then nano-Si@ZIF-8 was constructed by alternately growing Zn(NO3)2·6H2O and 

2-methylimidazolate on benzoic acid-functionalized nano-Si under ultrasound. The novel porous cage-like 

nano-Si/C nanocomposites were fabricated by pyrolyzing the resulted nano-Si@ZIF-8 and washing with 

HCl to remove off ZnO. Scanning electron microscopy, transmission electron microscopy, X-ray powder 

diffraction, Raman spectra and N2 adsorption/desorption isotherms were employed to characterize the 

porous cage-like nano-Si/C nanocomposites. The resulted nano-Si/C nanocomposites as anode materials for 

LIBs showed a high reversible capacity of ~1168 mA h g
−1

 at 100 mA g
−1

 after 100 cycles, which was 

higher than many previously reported Si/C nanocomposites. The porous nanostructure, high specific 

surface area and good electrical conductivity of the cage-like nano-Si/C nanocomposites contributed 

together to the good performance for LIBs. It might open up a new way for application of silicon materials. 

 

 
 

Scheme 1 A schematic representation of synthesis of porous nano-Si/C nanocomposites. 
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The research field of gold nanoparticles (AuNPs) has been steadily advancing in the past decade. The 

chemical stability and size-dependent properties of Au NPs make them attractive materials for use in 

nanotechnology.[1–4] The scope of future applications is broad,[1] ranging from advanced electronic[5–9] 

and photonic[10, 11] devices to ultrasensitive chemical[12–16] and biological sensors.[17] In addition, 

AuNPs have current and potential applications in biological labeling,[18–22] medical diagnostics,[23] and 

catalysis.[24, 25] Aqueous AuNPs are often formed as citrate-stabilized NPs and then functionalized by 

using peptides[26, 27] or DNA. 

In this paper, We reported a novel approach for in situ labeling and imaging of a cellular protein nucleolin, 

utilizing a multifunctional anticancer aptamer conjugated with gold nanoparticles. Accordingly, 

FITC-AS1411-AuNPs could be combined with nucleolin in the presence of K
+
, which allows us to utilize 

AS1411 for in situ labeling nucleolin expressed at the surface of HeLa cells, and then imaging the cellular 

protein by confocal fluorescence microscopy. This was further confirmed by flow cytometry. The cell 

toxicity (3-[4, 5-dimethylthiazolyl-2]-2, 5 -diphenyltetrazolium bromide, MTT) assay demonstrated that the 

FITC-AS1411-AuNPs has only little affect on the cytotoxicity to the cells. These results demonstrated that 

this aptamer-based method for labeling and imaging cellular protein is facile, effective. 
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Fig.1 Red fluorescence of FITC-AS1411 

was assessed by flow cytometry 

Fig.2 Fluoresence image of HeLa cell 

incubated with FITC-AS1411-AuNPs on 

glass chamber slides. 
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We describe an anodic stripping voltammetric (ASV) method for glucose sensing that widely expands the 

typical amperometric i-t response of glucose sensors. The electrode is based on a working electrode 

consisting of a glassy carbon electrode modified with Pt-Pd nanoparticles (NPs; in an atomic ratio of 3:1) 

on a reduced graphene oxide (rGO) support.
1
 The material was prepared via the spontaneous redox reaction 

between rGO, PdCl4
2-

 and PtCl4
2-

 without any additional reductant or surfactant. Unlike known Pt-based 

sensors, the use of Pt3Pd NPs results in an ultrasensitive ASV approach for sensing glucose even at 

near-neutral pH values,
2
 the process is shown in Fig.1a. If operated at a working voltage of 0.06 V (vs. 

SCE), the modified electrode can detect glucose in the 2 nM to 200 µM concentration range (Fig. 2). The 

lowest detectable concentration is 2 nM which is much lower than the LODs obtained with other 

amperometric i-t type sensing approaches, most of which have LODs at a μM level. The sensor is not 

interfered by the presence of 0.1 M of NaCl. 

 

 

 

 

Acknowledgements 

Fig.1 (a) Potential-time waveform of ASV. (b) ASV, CV and LSV responses of Pt3PdNPs/RGO modified GCE in 0.05 M 

phosphate buffer (pH 7.4) containing 100 μM glucose. 

Fig.2 ASV of Pt3PdNPs/RGO modified GCE in 0.05 M phosphate buffer (pH 7.4) with the concentration range from (a) 

2 nM to 200 μM of glucose (b) 2 nM to 5 μM (at 2, 10, 50, 100, 400, 1000, 2000, 5000 mM); (c) and (d) show the 

relationship between the amperometric responses and the glucose concentrations corresponding to (a) and (b), 

respectively. 
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The widespread use of UV filters has led to their presence in the aquatic environment and increased their 

potential of endocrine and developmental toxicity [1]. After the application of sunscreen cosmetic products, 

UV filters are absorbed percutaneously, metabolized in the human body and finally excreted [2]. Because 

of the high efficiency in absorbing UV light, benzophenone-type UV filters are the most commonly used 

sunscreen agent in cosmetic products [3]. 

Capillary electrophoresis (CE) is a powerful analytical tool. It has a series of evident advantages, such as 

simplicity, minimal need of sample, negligible consumption of organic solvent, and relatively low 

operational cost. The major limitation of UV detection in CE is its low sensitivity. This low sensitivity is 

due to the small injection volume and the short optical length of the capillary. For the purpose of enhancing 

the sensitivity of CE, a sample preconcentration strategy is often required. Dispersive liquid-liquid 

microextraction (DLLME) is a sample-enrichment method introduced by Rezaee et al. in 2006 [4]. Ionic 

liquid-based dispersive liquid–liquid microextraction (IL-DLLME) is a simply and efficient sample 

preparation technique. Most of the disperser solvents used in IL-DLLME are organic solvent, such as 

acetone, acetonitrile, and methanol [5]. When using organic solvent as disperser solvent, the operation time 

is usually very short. Surfactant-assisted dispersive liquid-liquid microextraction (SA-DLLME) was 

introduced by Saraji et al. [6] using surfactants as an emulsifier and proved to be efficient, simple, and 

cost-effective.  

In our experiment, we combined the two kinds of disperser solvents together, making them play the 

strengths of each other. We set up a new extraction method of double dispersant-assisted dispersive 

liquid-liquid microextraction (DDA-DLLME), and combine the advantages of both IL-DLLME and 

DDA-DLLME. In the present study, a new method of DDA-IL-DLLME-CE was developed to determine 

four benzophenone-type UV filters (benzophenone, 4-hydroxybenzophenone, 2,4-dihydroxybenzophenone, 

and 2-hydroxy-4-methoxybenzophenone). The effects of various experimental parameters were 

investigated in detail. Under the optimized conditions, enrichment factors were in the range of 25.340.5. 

The limits of detection were 3.96.7 ng mL
1

. The proposed method was successfully applied to the 

determination of four benzophenone-type UV filters in six kinds of sunscreen cosmetic products, with 

yielded recoveries ranging from 80.9 to 117.7%. 
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Lithium-rich layered xLi2MnO3·(1-x)LiMO2 (M = Ni, Co, Mn) composite cathode materials receive 

world-wide attention as promising candidates for the next generation of high-capacity LIBs, because this 

class of materials can deliver high capacities of up to 250 mAh g
-1

[1]. However, there are several flinty 

limitations, for example, (I) a large first cycle irreversible capacity, (II) inferior cycle stability and rate 

capability, (III) continuous decay of the average voltage during cycling, and (IV) a serious voltage 

hysteresis phenomenon[2][3]. We prepared the materials by carbonate co-precipitation method without 

ammonia as chelating agent. The grain size distribution of the spherical powders was quite uniform, and 

presented a high tap-density of ～2.4 g cm
−3

. The spherical cathode material showed excellent cycle 

stability. Then the spherical powders were full surface coated with AlF3 by a wet-chemical method. After 

coated with AlF3, the first-cycle coulombic efficiency of the electrodes increased from 67% to 93%, the 

capacity of the electrodes reached 300 mAh g
-1

 at 20 mA g
-1

, 2.0-4.8 V. 
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Fig.1 SEM images and the particle diameter 

distributing of the pristine spherical particles. 
Fig.2 The first-cycle charge-discharge curves 
of the pristine and AlF3-coated electrodes. 
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A novel photoelectrochemical (PEC) sensing platform is fabricated using the composition of graphitic 

carbon nitride (g-C3N4), TiO2 nanoparticles (TiO2 NPs) and graphene (G) on an indium tin oxide (ITO) 

electrode (Fig.1). The graphene layer is acting as the supporter for g-C3N4 to form tightly G-C3N4 thin 

nanosheets, and behaves as an electron transfer medium to enhance the electron transport ability.
1
 Then, 

TiO2 NPs anchore onto the G-C3N4 nanosheets tightly to form G-C3N4/TiO2 nanocomposite. The 

photocurrent of G-C3N4/TiO2 drastically enhances compared to G-C3N4 and G-TiO2, which is attributed to 

the life improvement of the electron-hole pairs and the synergistic amplification between TiO2 NPs and 

C3N4. Interestingly, the photocurrent of G-C3N4/TiO2 nanocomposite is notably improved upon the addition 

of dopamine (DA). Based on the enhanced photocurrent signal, a PEC methodology for ultrasensitive 

determination of DA has been developed, which showes linearly enhanced photocurrent by increasing the 

DA concentration from 0.1 to 50 M with a detection limit of 0.02 M (S/N = 3) under optimized 

conditions (Fig.2). Therefore, the fabricated photoelectrochemical sensor provids a promising method in the 

sensing of biomolecules and extendes the applications of C3N4-based nanocomposite in the field of PEC 

sensing.
2
 

 

 

 
Fig.1 Schematic diagram of the photoelectrochemical process for oxidation of DA at the 

G-C3N4/TiO2 ITO electrode. 

 
Fig.2 Photocurrent intensity of G-C3N4/TiO2 ITO sensor in the presence of different DA concentrations: (a) 

0 M, (b) 0.1 M, (c) 0.5 M, (d) 1 M, (e) 5 M, (f) 10 M, (g) 20 M, (h) 30 M, (i) 50 M and (j) 80 

M; Inset: plot of photocurrent versus cDA on G-C3N4/TiO2 ITO sensor (n = 3). 
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A glucose biosensor is a valuable tool for controlling various food and biotechnological processes as well 

as detecting and monitoring diabetes [1].
 
Over the past decades, the development of nanomaterials designed 

to have high conductivity,good biocompatibility, suitable hydrophilicity, a large surface area, and a uniform 

porosity has fueled research on the impregnation of biomolecules and the construction of biosensors [2]. 

Due to its superior photocatalytic capability and excellent electron-transfer behavior, TiO2 has been 

extensively investigated for use in a broad range of applications, including lithium-ion batteries [3], 

enzyme-based biosensors [4] and so on. 

Herein, a novel one-dimensional TiO2 nanotubes was synthesized by a solvothermal method using 

electrospun nanofibers as a template and evaluated for the immobilization of protein and biosensing 

applications. Characterization studies showed that the TiO2 possessed an anatase crystalline structure and a 

large surface area. Fast direct electron transfer was observed for glucose oxidase (GOx) immobilized on the 

TiO2 nanotubes, and good electrocatalytic performance for glucose detection. The fabricated biosensor 

displayed good selectivity and long-term stability, indicating that the novel structured TiO2 is a promising 

material for the immobilization of biomolecules and the fabrication of third-generation biosensors.  

 

Fig. 1 (A) SEM images of TiO2 nanotubes. (B) CV curves of GOx/GC (a), TiO2/GC (b), and GOx/TiO2/GC (c) in 0.1 M 

N2-saturated PBS (pH 7.0), scan rate = 50 mV s-1. 

Acknowledgements 

We are grateful for the financial support from the National Natural Science Foundation of China (No. 

21405065). 

References  
1. J. Wang, Chem. Rev., 108, 814-825 (2008) 

2. L. Guo, A. R. Ferhan, K. Lee and D. H. Kim, Anal. Chem., 83, 2605–2612 (2011) 

3. B. K. Lim, M. J. Jiang, P. H. C. Camargo, E. C. Cho, J. Tao, X. M. Lu, Y. M. Zhu and Y. N. Xia, Science, 324, 

1302-1305 (2009) 

4. P. Si, S. J. Ding, J. Yuan, X. W. Lou, D. H. Kim, ACS Nano, 5, 7617-7626 (2011) 

 



15th ISEAC 

- 585 - 

 

Metallogel-based assays for colorimetric detecition of Ag
+
 and Hg

2+
 

Min WANG, Qifei YUAN, Bo Li, Chenghua ZONG* 

Jiangsu Normal Univ, Sch Chem & Chem Engn, Jiangsu Key Lab Green Synth Funct Mat, Xuzhou 221116, 

Jiangsu, Peoples R China.s 

Hydrogels that undergo physicochemical changes in response to applied stimuli are increasingly studied for 

applications in sensing[1,2]. This study describes a method for fabrication of simple colorimetric 

metallogel-based assays for aqueous cation sensing. The metallogel was constructed based on coordination 

interactions between copper ions and an organic ligand containing thiol group. The as-prepared metallogel 

possessed a multiporous structure which favore the extracting and migration of the target ions from the bulk 

analyte. Preliminary experiment showed that obvious color changes (blue to yellow) of the metallogel 

could be observed in the presence of Ag
+
 and Hg

2+
 due to the competitive binding effect. Through this 

facile approach, Ag
+
 and Hg

2+
 can be indentified by naked-eye down to 0.1 μM and 0.01μ M, respectively. 

Importantly, further discrimination between Ag
+
 and Hg

2+
 can be achieved by the addition of Cl

-
.  
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Fig.1 photograph of the as-prepared metallogel (top) 

and the corresponding SEM image(below) 

Fig.2 photographs of the metallogel coverd with a 

M-filter paper soaked with 1μM Ag+ (Top) and 

Corresponding photographs obtained by removing the 

M-filter paper after 5 cycles (below): The cover-remove 

process was repeated for 5 times. 




