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diseases.[1,2] The numerous advances in 
the field of microfluidics have enabled 
the successful implementation of micro-
fluidic devices in (bio)sensing for a wide 
range of applications, including medical 
diagnostics.[3] In particular, the coupling of 
microfluidic devices with sensing modules 
or sample-pre-treatment modules have 
led to major advances in the realization of 
microfluidic devices for both point-of-care 
(POC) and portable usage.[4]

Rigid thermoplastic polymers are 
nowadays widely explored as innovative 
materials for the fabrication of microflu-
idic devices, due to the cost-effective and 
high-volume production alternatives that 
they offer compared to the more tradi-
tionally used materials such as glass and 
silicon.[5–7] Polycarbonate, poly(methyl 
methacrylate), polystyrene, and cyclic 
olefin copolymer (COC) have emerged 
as particularly attractive substrate mate-
rials for this type of applications owing to 
their beneficial physico-chemical proper-
ties. Among several properties, their high 
transparency and low autofluorescence 

enable, for example, the use of widespread and advantageous 
optical techniques, such as fluorescence detection, for bio-
sensing applications.[8]

Current focus on personalized healthcare has sparked the 
expansion of the functionalities of microfluidic devices, par-
ticularly in the use of chemically specific coatings. Among 
the aforementioned innovative polymeric materials, COC has 
emerged as a suitable material for a large range of applica-
tions owing to multiple beneficial properties. Its good chemical 
resistance, biocompatibility, excellent transparency, and high 
glass transition temperature (Tg) represent the most interesting 
characteristics for the production of devices.[9] In particular, the 
high resistance of COC toward common solvents favors the use 
of such materials over the so far largely employed polydimethyl-
siloxane (PDMS)-based materials.[7,10] PDMS presents, in fact, a 
major disadvantage of swelling in contact with solvents such as 
chloroform, benzene, acetone, and ethanol. Additionally, sur-
face chemical treatments of PDMS have been reported to be 
unstable over time.[11,12] However, the intrinsically hydrophobic 
nature of COC substrates promotes non-specific binding of bio-
molecules and prevents the flow of aqueous solutions through 
the channels.[13]

The production of a new class of microfluidic devices built from thermoplastic 
materials has recently aroused interest in a high-volume and cost-effective 
fabrication of sensing devices. During device formation, the bonding of two 
slides, one containing the microchannels and another used as a non-modified 
capping layer, is generally performed at high temperature, high pressure, and/
or employing organic solvents. Such bonding procedures, however, are not 
compatible with the use of slides pre-functionalized with biomolecules. Here a 
low-temperature, UV-light-free, and solvent-free bonding method for polymeric 
devices, based on poly-l-lysine (PLL) polymers modified with click-chemistry 
moieties is presented. The advantages obtained from the use of PLL and the 
appended complementary click-chemistry groups enable a fast adsorption 
of polymers onto the substrates at room temperature, followed by a fast and 
stable bonding between two complementarily functionalized slides under mild 
conditions. Bonded fluidic devices show a resistance to high fluid pressures 
well above those needed for practical application. The optimal density (2–5%) 
of reactive groups appended to PLL is assessed using lap shear tests. The here 
developed method achieves bonding at low temperature, which promises fab-
rication of microfluidic devices functionalized with biomolecules prior to the 
sealing process, applicable to a wide range of polymeric materials.
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1. Introduction

Biosensors have become essential devices in clinical diagnos-
tics and environmental monitoring, and are generally employed 
in the real-time detection of a wide range of analytes and 
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In the past years, several achievements have improved the 
functionalization of COC surfaces with biomolecules and these 
allow to overcome the aforementioned challenges. For example, 
deposition of a thin film of SiO2 was used by Saaem et  al. to 
functionalize COC surfaces with high-quality DNA arrays.[14] 
Alternatively, maleic anhydride copolymer brushes have been 
photochemically grafted successfully onto COC to achieve 
the efficient immobilization of immunoglobulin G.[15] DNA 
has been bound onto polymer substrates using poly(ethylene 
imine) (PEI) and poly(acrylic acid) (PAA) to obtaining stable 
and versatile biosensor surfaces.[16] These and other achieve-
ments obtained in the chemical modification of COC with bio-
molecules has opened the possibility to develop such substrates 
for biosensing devices.

The device bonding process required for the production 
of microfluidic devices is often not compatible with the func-
tionalization of such materials with biomolecules. During the 
fabrication of microfluidic devices, the formation of microchan-
nels is performed in an initial stage on one slide of the selected 
device. Subsequently, a second, non-modified capping slide is 
bonded to the first one in order to enclose the channels and 
seal the entire device. A proper bonding is essential to avoid 
the leakage of fluids or the formation of air bubbles that can 
affect the quality of the devices, and often requires the use of 
high temperature,[17] high pressure, and/or organic solvents.[18] 
These techniques are therefore not compatible with most 
biomolecule-functionalized layers. Such bonding conditions 
thus require the bioactive layer to be deposited after bonding. 
However, this restricts the functionalization to homogeneous 
processes that can be applied inside the closed channels using 
flow. Sensing areas, in particular multiplexed arrays, would 
greatly benefit from an open, accessible surface, and thus from 
deposition of biomolecules inside a channel or on a substrate 
before bonding.

In order to extend the use of plastic materials, such as COC, 
for the fabrication of microfluidic devices suitable for biosensing 
and POC application, we present here a low-temperature,  
UV-light-free, and solvent-free device bonding method that is 
compatible with the presence of a bio-functional layer. To this 
purpose, we use a surface functionalization method of COC 
substrates, exploitable for the fabrication and functionalization 
of microfluidic devices, based on poly-l-lysine (PLL) polymers 
modified with click chemistry moieties. The fast and stable 
adsorption of PLL onto polymeric materials, in combination 
with the high yields and reaction rates of catalyst-free click 
chemistry reactions, allows a quick and stable bonding of the 
PLL-modified substrates.

The use of customized polyelectrolytes, such as modified 
PLL, represents a promising alternative for the functionaliza-
tion of polymeric materials. Modified PLLs are highly biocom-
patible and can stably adhere onto a wide variety of materials, 
including thermoplastic materials,[19] while presenting good 
antifouling properties.[20] PLL can be successfully self-assembled  
onto materials owing to the electrostatic interactions between 
the positively charged amino groups of the lysine side chains 
at physiological pH and the negatively charged surface of the 
material. Oligo (OEG) or poly (PEG) ethylene glycol chains 
can be additionally grafted to the PLL, forming a hydrogel-
like brush structure onto the surface, resulting in additional 

beneficial antifouling properties which prevent the contact 
between proteins and the underlying surface. Recently, we 
reported the versatile formation of micropatterns on different 
polymeric materials (COP, Ormostamp, PDMS) by exploiting 
modified PLL for the adhesion and selective recognition of bio-
molecules such as DNA.[19] Therefore, our PLL-based bonding 
method at room temperature enables the surface functionaliza-
tion with a biologically active layer (both in the form of mon-
olayers or micropatterns) both prior to or after the sealing of 
the microfluidic device.

2. Results and Discussion

Figure 1 shows the stepwise approach used for the modification 
and the bonding of COC surfaces. Hereto, two COC substrates 
(one planar and one functionalized with a microchannel) are 
functionalized with PLL polymers with complementary func-
tional groups, namely dibenzocyclooctyl (DBCO) and azido 
(N3) or tetrazine (Tz) and trans-cyclooctene (TCO) functional 
groups, to achieve strong bonding. The control of the func-
tional group density as well as the length of the OEG moiety 
represents a relevant advantage in the PLL usage in order to 
guarantee stable bonding. In this respect, an optimal balance 
between a high density of reactive groups and positive charges 
of unfunctionalized PLL moieties is required to obtain both an 
efficient surface functionalization and bonding efficiency.[21] 
After adsorption of the appropriately functionalized PLLs, the 
functionalized sides of the surfaces are put in contact with each 
other, and pressure is applied at room temperature in order to 
obtain stable bonding of the two device parts. The application 
of pressure ensures an increase of the contact area between the 
two non-conformal substrate surfaces, thus increasing the prob-
ability of successful click reaction at the interface. Both surface 
functionalization and bonding are achieved within 5 min up to 
1 h, assuring a fast and bio-compatible bonding method.

Modified PLLs were synthesized by following a previously 
reported procedure.[22] PLL (MW 15–30 kDa) was functionalized 
in a one-step reaction, by adding NHS-(OEG)4-DBCO, NHS-
(OEG)4-N3, NHS-(OEG)4-Tz, or NHS-(OEG)4-TCO, possibly with 
additional NHS-(OEG)4, to the unfunctionalized PLL in PBS 
buffer at desired ratios (see Supporting Information). The click-
chemistry moieties were chosen here as reactive groups owing 
to their reported high yield and mild, catalyst-free reaction con-
ditions. In particular, DBCO represents one of the most effi-
cient reagents employed in the strain-promoted alkyne–azide 
cycloadditions (SPAAC), in which strained alkynes in cyclooc-
tyne selectively react with azides under physiological conditions 
and without the use of any cytotoxic catalyst such as copper.[23] 
In a similar fashion, an inverse electron demand Diels–Alder 
cycloaddition (iEDDA) takes place between tetrazine and TCO 
at room temperature and in absence of metal catalysts.[24] The 
presence of these reactive groups enables the formation of a 
biocompatible coating and the use of mild bonding conditions. 
The short OEG spacer between the PLL backbone and the reac-
tive moiety is employed to ensure good antifouling properties 
of the PLL coating.[17] At the same time, the OEG chain enables 
a good display of the reactive DBCO and azide moieties at the 
surface, thus allowing a more efficient reaction.

Adv. Mater. Interfaces 2022, 9, 2200282
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By tuning the molar ratios of the reactive moieties versus 
lysine monomer in the reaction mixture, various degrees of 
functionalization of PLL can be achieved.[21] In this work,  
1H-NMR was used to characterize the formation of the copol-
ymers and to calculate the exact degree of PLL functionaliza-
tion (Figures S1–S9, Table S1, Supporting Information). We 
initially aimed for high degrees of functionalization to achieve 
stable bonding. In previous studies, the optimal surface 
functionalization using biotin-modified PLLs (PLL-OEG-biotin) 
was reported to be achieved with a degree of functionalization 
of up to ≈40% of the lysines.[21] Nevertheless, while 35% of PLL 
grafting was successfully achieved for PLL-N3 (Figures S1 and S2,  
Supporting Information), a maximum of 23% was obtained 
with PLL-DBCO (Figures S3 and S4, Supporting Information). 
The lower yield obtained for PLL-DBCO can be attributed to the 
larger steric hindrance of the DBCO moieties in comparison 
to N3, which can inhibit a higher degree of functionalization 
of the polymer. At the same time, the higher hydrophobicity of 
the DBCO moiety can lead to π-π stacking of DBCO moieties 
in solution, which may hinder a more efficient functionaliza-
tion of the PLL. This possibility is endorsed by the broadening 
of the NMR peaks observed only in the case of synthesized  
PLL-DBCO. However, despite the lower degree of functionaliza-
tion of PLL-DBCO, the PLL with 23% of DBCO functionaliza-
tion was used for the COC surface functionalization.

In a following step, the adsorption of PLL onto COC sur-
faces, as well as the stability of the coating, was investigated. 
Preliminary experiments were conducted with elastomeric 
COC surfaces (eCOC). The COC surfaces were activated with 

oxygen plasma for 1 min and subsequently immersed in a PBS 
solution containing either PLL-DBCO or PLL-N3 (0.1 mg mL−1) 
for 15  min. The exposure of the surfaces to oxygen plasma 
results in the formation of hydrophilic, oxygen-containing func-
tional groups and in a largely negatively charged surface. These 
negative charges at the surface enable the adsorption of the 
positively charged PLL from aqueous solution through a stable 
polyvalent electrostatic interaction, forming a homogeneous,  
thin and conformal layer with an expected thickness of 
≈0.5  nm, as previously observed for SiO2 substrates.[25] As 
argued before,[19] we assume the same thickness to be obtained 
at polymer substrates.

Static contact angle goniometry was used to confirm the acti-
vation of surfaces and to assess the self-assembly of PLL on the 
substrates. A strong reduction of the contact angle values was 
observed after oxygen plasma activation (Figure S10, Table S2,  
Supporting Information), confirming the change of hydro-
phobicity of the COC surface, in accordance with previously 
reported literature.[26] Importantly, the transparency of the sur-
face was maintained upon activation (Figure S11, Supporting 
Information). After adsorption of PLL, the contact angle values 
for PLL-functionalized substrates were observed to be ≈44°, 
clearly higher than values obtained in the control experiment, 
where no PLL was added. These results confirmed the forma-
tion of a PLL coating on the COC surface and are in line with 
our earlier work on PLL deposition on polymer substrates.[19]

The specificity of the DBCO-azide coupling and the anti-
fouling properties of the adsorbed PLL layer were tested sub-
sequently. To this purpose, we monitored the coupling of a 

Figure 1. Schematic representation of the room-temperature bonding of two COC slides, one with a microchannel and one capping slide, for the fab-
rication of microfluidic devices. After activation with oxygen plasma, one COC substrate is functionalized with PLL-(OEG)-Y1 (DBCO or Tz; blue), the 
other with PLL-(OEG)-Y2 (N3 or TCO; yellow). Afterward, the functionalized sides of the slides are put in contact and pressure is applied for 30 min, 
resulting in a stable and leakage-free bonding of the two COC surfaces.

Adv. Mater. Interfaces 2022, 9, 2200282
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complementarily functionalized dye onto the surfaces by means 
of fluorescence microscopy. Specifically, PLL-DBCO was pat-
terned on COC surfaces to visualize the modification of the sur-
face, and to test its stability while having the unfunctionalized 
control area present at the same sample. Patterns of modified 
PLL were obtained by micromolding in capillaries (MIMIC) by 
using a PDMS mold (containing channels 100  µm wide and 
spaced 100  µm), following a previously reported procedure.[19] 
After removal of the PDMS mold and copious rinsing of the 
COC substrate with MilliQ water, a solution of azide-Alexa 
Fluor 488 (azide-AF488, 1 µm in PBS, pH 7.4) was added onto 
the surface for 30 min. Figure 2 shows the clear fluorescent pat-
tern obtained after the functionalization of the substrate, owing 
to the successful functionalization of PLL-DBCO onto the sur-
faces and the subsequent reaction with azide-AF488. The dark 
areas in between the lines indicate the absence of the dye in 
these areas, and hence support the specific binding of the dye 
to the PLL-DBCO deposited in the line patterns. A control 
experiment, in which the line patterns were made with PLL-N3, 
and in which no click reaction can occur, showed the absence of 
the fluorescence patterns (Figure  2b) and confirmed the good 
antifouling behavior of the locally adsorbed PLL on the COC 
substrate.

The stability of the coating over time and/or under par-
ticular conditions (e.g., in high/low pH solutions) represents 

one of the most critical points in the development of new sur-
face modification methods for industrial and market purposes. 
Therefore, the fluorescence of the patterned surfaces was meas-
ured after 1 week storage in air at RT, and after immersion in 
buffer, in water, and in DMF. The visualization of the patterns 
after testing the functionalized surfaces under the mentioned 
conditions (Figure S12, Supporting Information) showed a 
clear stability and resistance of the formed polymeric coating. 
These results are fully in line with our previously reported 
data in which a MIMIC-patterned PLL coating on cyclic olefin 
polymer (COP) showed stability over time (up to 20 days) in 
PBS solution containing 1.0 mg mL−1 BSA and also upon ultra-
sonication. In particular, the fluorescence intensity decreased 
over time with a total loss of maximally 40% after 20 days with 
an intensity loss of around 7% after 10  min sonication.[19] A 
lower fluorescence intensity observed for some of the samples 
is attributed to either photobleaching of the dye or to partial 
desorption of PLL from the surface. Overall, these results sup-
port the possibility of employing the proposed functionalization 
method for the fabrication of microfluidic devices.

Thereafter, the bonding of COC substrates was investigated. 
To this purpose, two COC substrates (Figure 3a) were modified 
as indicated in Figure 1, one with PLL-DBCO and the other with 
PLL-N3. The presence of an open channel on one of the two sur-
faces allows the verification of the correct and strong sealing after 

Figure 2. Fluorescence microscopy images of azide-AF488 on COC after patterning of a) PLL-DBCO or b) PLL-N3 (control) by MIMIC.

Figure 3. Representation of COC slides a) before and b) after bonding. On the left, a COC slide customized with a microfluidic channel and func-
tionalized with PLL-N3; on the right a planar COC slide functionalized with PLL-DBCO (a). Top and side view of the bonded COC surfaces of (a) after 
application of mechanical pressure for 30 min at room temperature (b). The two slides are solidly bonded and transparency is retained.

Adv. Mater. Interfaces 2022, 9, 2200282
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bonding, by checking for leakage of solutions after the bonding 
of the two surfaces and by varying the pressure of the liquid 
flow applied through the microchannels. After the modification 
of the two slides with grafted PLL, the functionalized sides of 
the slides were put in contact and the substrates were placed 
under a press, by which a pressure of 14.5 MPa was applied for 
either 5 or 30  min at room temperature without the addition 
of any solvent. After removal from the press, the appropriately 
functionalized substrates appeared stably bonded. The trans-
parency of the material was not affected (Figure  3b). The 
detachment of the two surface could not be achieved by sliding 
the substrate or by applying an external force (see Video S1,  
Supporting Information). The same result was systematically 
obtained for every repetition of the experiments (performed 
minimally three times).

In order to ensure that the bonding can be ascribed exclu-
sively to the PLL coating and the click-chemistry reaction that 
takes place at the interface, several control experiments were 
performed (see also Table S3, Supporting Information). When 
the same pressure was applied using two bare surfaces, i.e., 
cleaned but not activated, no bonding was observed. Similarly, 
neither activation nor immersion of two activated COC sub-
strates in PBS buffer (in the absence of modified PLL) gave 
stable bonding after applying pressure for 30 min. Finally, lack 
of bonding was observed also in a control experiment in which 
one of the two reactive groups was omitted. In particular, when 
one substrate was coated with PLL-N3 and put in contact with a 
second substrate previously immersed in a solution of unmodi-
fied PLL, no stable bonding was obtained. Moreover, as posi-
tively charged PLL adsorbs onto negatively charged surfaces, it 
is reasonable to expect a contribution from electrostatic interac-
tions between PLL and activated substrates to the bonding. In 
order to exclude this, a last control experiment was performed 
by applying a pressure on one COC substrate functionalized 
with unmodified, positively charged PLL and another plasma-
activated, negatively charged COC substrate. Also in this case, 
no bonding was obtained after 30 min. This confirms that elec-
trostatic interactions alone are insufficient to achieve bonding 
and that the click chemistry moieties play a key role in the 
bonding process.

In order to evaluate whether the strength of the obtained 
bonding is adequate for the realization of a microfluidic device, 
the bonded surfaces were tested by injecting a solution of dye-
colored water in the channel and gradually increasing the pres-
sure. The pressure was increased until a leakage of the device 
was observed (Figure S13, Supporting Information). Devices 
on which pressure was applied for 5 and 30 min were tested. 
Remarkably, surfaces bonded for only 5 min held pressures up 
to 1750 mbar, after which leakage started to occur. When sub-
strates were bonded for 30 min an excellent pressure resistance 
up to 4300 mbar, which was the maximum pressure our setup 
could deliver, was observed. The observed pressure resistance, 
especially the one obtained after 30 min, is sufficient for prac-
tical applications, as 2000 mbar is commonly used in microflu-
idic applications.

Assessing the optimal density of reactive groups appended 
to PLL is important to develop a reproducible surface bonding 
process. Hereto, COC substrates were functionalized with 
PLL with varying degrees of reactive groups, and the adhesive 

strength provided by bonded samples was measured using 
the lap shear test. In this test, we used the TCO-Tz chemistry 
(Figure  1) in order to provide an illustration of the general 
nature of the process and to have an even faster reaction. We 
performed the lap shear tests employing PLL-OEG(x)-Tz(y) and 
PLL-OEG(x)-TCO(y) with functional groups densities ranging 
from 1% to 10%. (Table S1, Supporting Information). The 
synthesis and characterization of the PLL-OEG(x)-Tz(y) and  
PLL-OEG(x)-TCO(y) was performed by adapting the same proce-
dure as for PLL-DBCO/N3 (see Supporting Information).

Flat COC substrates were functionalized with either  
PLL-OEG(x)-Tz(y) or PLL-OEG(x)-TCO(y) bearing 1%, 2%, 5%, and 
10% of functional groups (Tz/TCO) (Figure 4a). Subsequently, 
two complementary surfaces were overlapped for ≈75% of their 
activated area, and 18.7 MPa pressure was applied and retained 
for about 30  min at room temperature to achieve stable 
bonding (Figure 4). In a following step, an increasing force was 
applied parallel to the plane of the bonded substrate in opposite 
directions starting at 0.1 MPa until a sliding failure would occur 
between the two surfaces (Figure 4b and Figure S14, Supporting 
Information). Three repetitions were performed for every  
PLL-OEG(x)-Tz/TCO(y) density.

Interestingly, the average tensile stress measured for the sam-
ples showed a roughly linear correlation with the density of the 
reactive groups appended to the PLLs (Figure 4c), until a value of 
5% of functionalization. The maximal strength showed a similar 
trend (see Figure S15, Supporting Information). Above 5%, addi-
tional reactive groups apparently did not contribute significantly 
to a stronger substrate bonding, suggesting that already ≈5% of 
PLL modification is sufficient for achieving stable bonding. This 
surface density can be assumed for TCO-Tz reactions as well 
as DBCO-N3 or a larger range of click chemistry reacting pairs, 
when we assume that covalent bonds of similar nature need to 
be broken to lead to failure of bonding.

Subsequently, we investigated the effect of temperature 
applied during bonding. For this reason, surfaces functional-
ized with 1% of Tz-TCO were employed for bonding at 50  °C 
and compared to results obtained at room temperature (25 °C). 
Surprisingly, when the sample was subjected to the lap shear 
test, its average yield strength showed ≈12 MPa, a similar value 
achieved for samples containing 5% of functionalized PLL 
performed at room temperature (14  MPa). Possibly, elevated 
bonding temperatures enable an increase of the reaction rate 
and the probability of bond formation at the interface. We 
assume, therefore, that the increased strength at higher T is 
caused by an increased plasticity of the substrates, and there-
fore a larger contact area and concomitantly stronger bonding. 
Most likely, the tens of nm roughness typically observed for the 
native COC substrates (Figure S16, Supporting Information) 
prevents sufficient contact area to be established at room tem-
perature and low pressure, but the data presented here shows 
that both increased temperature and high pressure can lead 
to sufficient contact enabling strong bonding. Overall, these 
results suggest that lower PLL grafting could be employed in 
case of higher temperature bonding. However, 30 min should 
be sufficient to get complete reaction also at room temperature. 
When biomolecules are pre-deposited inside the channels, an 
intermediate temperature (e.g., 35 °C) may be used, and 2% of 
functionalization may then be sufficient.

Adv. Mater. Interfaces 2022, 9, 2200282

 21967350, 2022, 23, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/adm

i.202200282 by U
niversity O

f T
w

ente Finance D
epartm

ent, W
iley O

nline L
ibrary on [18/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



www.advancedsciencenews.com
www.advmatinterfaces.de

2200282 (6 of 8) © 2022 The Authors. Advanced Materials Interfaces published by Wiley-VCH GmbH

Additionally, we measured the average tensile stress 1, 7, 15, 
and 30 days after click bonding in order to assess the stability 
of the bonding and possible changes of the adhesive strength 
over time. Accordingly, COC substrates we functionalized with 
10% Tz/TCO, bonded and stored in dry state at room tempera-
ture until the measurements were performed. Figure 4d shows 
that the average tensile stress does not alter significantly over 
time, thus proving the endurance of the bonding between the 
two substrates for at least 30 days. Remarkably, for some of the 
samples after 30 days, we observed the rupture of a COC slide, 
but not at the gluing site, before observing bonding failure 
(Figure S17, Supporting Information).

The main advantage of using modified PLL for the bonding 
of microfluidic devices consists of the employment of the 
same type of surface chemistry to both seal two plastic layers 
to assemble the device and to further functionalize the formed 
channels with a bioactive layer. Therefore, we assessed the 
viability of reactive groups remaining in the formed micro-
channels after the bonding of the COC microfluidic chan-
nels by the binding of and hybridization to DNA containing a 
reactive click moiety. Two COC substrates, one plain and one 
containing an open microchannel, were functionalized with 
PLL-OEG-DBCO and PLL-OEG-N3 (Table S1, Supporting Infor-
mation), respectively. After the bonding at room temperature  

of the two substrates, a solution containing N3-modified probe 
DNA (1  µm) was flushed through the microchannels and let 
to react with the DBCO layer for 30  min. Subsequently, the 
excess of DNA was flushed out with copious amounts of buffer. 
Afterward, solutions were flushed that contained fluorescently 
labeled single-strand DNA consisting of sequences comple-
mentary (cDNA) or non-complementary (ncDNA) to the probe 
DNA anchored to the surface of the channels. After rinsing 
again with buffer, we imaged the microchannels by fluores-
cence microscopy. Figure 5 shows that fluorescence signal is 
observed exclusively when injecting cDNA in the channels, 
while no fluorescence is observed in the case of ncDNA. These 
results prove in first place the presence of anchored N3-probe 
DNA that selectively binds to cDNA and, ultimately, the via-
bility of the DBCO groups present at the COC surface after the 
bonding of the two layers and the sealing of the device.

3. Conclusions

In summary, we have demonstrated the use of modified PLL 
polymers for the fast and stable bonding of COC substrates 
at room (or slightly elevated) temperature, and without the 
employment of organic solvents or UV irradiation. Two COC 

Figure 4. a) Schematic representation of a lap shear test. Two COC substrates, one functionalized with PLL-OEG(x)-Tz(y) and the other with PLL-OEG(x)-
TCO(y), are placed on top of each other with an overlap of ≈75% of the entire substrate area. After bonding at RT for 30 min, an increasing force is 
applied in opposite direction at the extremity of the bonded substrates until a sliding failure occurs. b) Example of a shear test measurement for a 
10% Tz-TCO grafted COC sample. c) Average adhesive strength as a function of the grafting density. d) Average adhesive strength of bonded samples, 
functionalized with 10% Tz/TCO, over time. Values indicate the mean value of three independent measurements ± SD.
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surfaces functionalized with modified PLL polymers con-
taining complementary click-chemistry moieties formed a 
stable and resistant bonding. Additionally, synthesized PLL-
based coatings showed stability over time and under several 
reaction conditions, thus proving their applicability for long 
term storage and their potential for a wide range of biological 
applications.

Additionally, the strategy outlined here to adhere modi-
fied PLL with customized appending groups on the surface 
is a promising novel method that may allow the specific and 
stable anchoring of biomolecules onto COC substrates prior 
to sealing the microfluidic devices. This method represents a 
fundamental advance by allowing to apply the bonding layer 
only locally and/or creates at the same time patterning of 
biomolecules on the surfaces, while maintaining ideal hydro-
philic properties. Further work can focus on the introduction 
of a negatively charged single masking layer on top of func-
tionalized PLL that could provide positive charge screening, 
thus preventing repulsion between the coating layers and 
increasing the bonding strength. Alternatively, multilayers 
of positively and negatively charged polymers could offer an 
increase of contact area between the substrates and improve 
the bonding strength. Overall, the biocompatible, environ-
mentally friendly surface modification technique reported 
here offers altogether a viable and potentially high-volume low 
cost production method for the fabrication of chips for bio-
analytical and medical applications. This method can poten-
tially be applied to a large range other thermoplastic materials 
presenting COC-like properties.

Supporting Information
Supporting Information is available from the Wiley Online Library or 
from the author.
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Figure 5. a) Photograph (left) of a microfluidic device sealed by using PLL-OEG-DBCO and PLL-OEG-N3, and the bright-field image of a portion of the 
sealed microchannel (right). Fluorescence microscopy images of a portion of the microfluidic channel functionalized with N3-DNA and subsequently 
with fluorescently labeled b) complementary DNA and c) non-complementary DNA. Scale bars represent 100 µm.
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