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ABSTRACT 

Recording reaction kinetics in detail and at various reaction conditions can be a time-consuming process. 
Microdroplets form ideal reaction chambers, suitable for high-throughput studies [1]. We report the fabrication of 
a microfluidic droplet-based microreactor operating at elevated temperatures (up to 130 °C) and pressures (up to 
0.7 MPa), to rapidly study reaction kinetics. As proof-of-principle, the temperature-dependent fluorescence of 
Rhodamine B in ethanol is monitored [2]. Time-resolved information is obtained by measuring at multiple spots in 
the microreactor.  
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INTRODUCTION 

One advantage of using droplet 
microfluidics over continuous flow reactors is 
the increased reliability of information 
obtained on reaction kinetics, due to the fact 
that reaction products are not dispersed along 
the length of the channel [1]. Although 
droplet-based microreactors already exist for 
high-throughput chemical and biological 
applications [3,4], our device offers the 
advantage of rapid heating (within seconds) 
due to integrated heaters, as well as the 
possibility to work at pressures up to 0.7 MPa.   

  
EXPERIMENTAL 

The microreactor, shown in Figure 1, 
consists out of a silicon substrate containing 
microfluidic channels (150 µm deep and 200 
µm wide) made with DRIE etching. The glass 
cover contains integrated platinum (with a 
tantalum adhesion layer) heaters with 
interlaced temperature sensors that are 
positioned above the fluidic channels. The 
heaters and temperature sensors are embedded 
into the glass wafer with a SiO2 insulation 
layer on top. A heater-free zone provides an 
optical window for fluorescence 
measurements. A flow focusing geometry is 
used to create droplets. By treating the surface 
of the channels with a fluorinated silane 
compound, ethanol-in-oil-droplets 
(containing 0.1 mM of Rhodamine B) are 

 
Figure 1:  The lower part shows the fabrication result of the droplet 

microreactor with various features. Fluidic channels (150 µm  deep 
and 200 µm wide) are etched into the silicon bottom substrate. Pt 
heater and temperature sensor structures are embedded into the glass 
top substrate. In the top an overview is shown of the fluorescence in-
tensity of Rhodamine B at various chip temperatures(i.e. 40 oC, 80 oC, 
and 120 oC) measured in the optical window region (the intensity of the 
3 images is enhanced using Matlab by a factor 5 for visibility pur-
poses). Furthermore, the positions at which the fluorescence intensity 
is measured are indicated: a droplet arrives 8 seconds later at position 
2, with respect to position 1, upon using  flow rates of 2 µL/min for 
ethanol and 12µL/min for oil, respectively. 
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created with a Nemesys syringe pump at flow rates of 2 µL/min for ethanol and 12 µL/min for oil, respectively. A 
back-pressure regulator with a backing pressure of 0.7 MPa is placed at the outlet to raise the pressure inside the 
reactor. Fluorescence movies of Rhodamine B are made, with a Hamamatsu Orca-Flash4.0 V2 camera, in the optical 
window region within a temperature range of 30 oC to 130 oC. The flexible structure of Rhodamine B causes its 
quantum yield to be highly dependent on temperature [5]. Due to the elevated pressure in the microreactor, 
measurements in ethanol could be done up till 120 oC (boiling point ethanol at 0.7 MPa: ~130 oC).  
 
RESULTS AND DISCUSSION 

In the lower part of Figure 1 the 
fabricated microreactor is shown. The 
various features such as the droplet 
generator, heater zone, temperature 
sensors, optical window, and in- and 
outlets are indicated. In the top part of 
Figure 1 three examples of fluorescence 
images of Rhodamine B droplets at 
temperatures of 40 oC, 80 oC, and 120 
oC are shown (all at a backing pressure 
of 0.7 MPa). The droplet images are at 
the same spot in the optical window 
region indicated with the yellow square 
in the image. At this spot in the optical 
window, the fluorescence intensity at 2 
positions can be determined in a single 
frame. The measurement positions are 
indicated in the droplets, where the 
arrows indicate the flow direction. 
There is a time delay of 8 seconds 
between the two positions. A decrease 
in fluorescence intensity as function of 
the temperature is observed, which is 
shown in Figure 2 for the fluorescence 
intensity at position 2.  The measured 
data can be fitted with a 3rd order 
polynomial with an R2 value of 0.9997. 
This fit is in accordance with data from 
[2]. Figure 3 shows a bar graph in 
which the fluorescence intensities at the 
two measurement positions (as 
indicated in Figure 1) are plotted with 
respect to temperature. It can be seen 
that for all temperatures the 
fluorescence intensity at position 2 is 
lower than at position 1, due to the 
longer retention time for position 2. The difference becomes smaller at higher temperature, because the quenching 
of the fluorescence occurs faster.  

 
CONCLUSION 

In conclusion, we succeeded in fabricating a droplet microreactor, with integrated heater and temperature sensor 
structures. By measuring the temperature dependent fluorescence intensity of Rhodamine B, we show that a time-
resolved study of kinetics with tunable temperature and pressure can be performed inside the microreactor. A 
possible field of application could be the screening of reaction conditions for hot-injection synthesis of quantum 

 
Figure 2: The decreasing fluorescence intensity as function of the temper-

ature at position 2. The dashed line is a 3rd order polynomial fit (fitting coeffi-
cients are given in the box), with an R2 value of 0.9997. The error bars repre-
sent the 3σ standard deviation of the average fluorescence intensity for 26 
droplets per temperature point. 

 
Figure 3: A bar plot showing the time-resolved difference in fluorescence 

intensity between the measured positions 1 and 2 (as indicated in Figure 1) as 
function of temperature. 
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dots, which is now done in capillary reactors, as reported in [6]. In the future we expect to be able to work at higher 
values of temperature (~400 oC) and pressure (400 bar) [7,8]. 
 
ACKNOWLEDGEMENTS 

This work was supported by the Netherlands Center for Multiscale Catalytic Energy Conversion (MCEC), an 
NWO Gravitation programme funded by the Ministry of Education, Culture and Science of the government of the 
Netherlands. Further gratitude is reserved for S. Dekker, H. de Boer, C. Bruinink for helping with fabrication of 
both chip and chip holders.  

 
REFERENCES 
[1] S.T.S. Kaminski, P. Garstecki, Controlled droplet microfluidic systems for multistep chemical and biological assays, 

Chem. Soc. Rev. 46 (2017) 6210–6226. doi:10.1039/C5CS00717H. 
[2] V.M. Chauhan, R.H. Hopper, S.Z. Ali, E.M. King, F. Udrea, C.H. Oxley, J.W. Aylott, Chemical Thermo-optical 

characterization of fluorescent Rhodamine B based temperature-sensitive nanosensors using a CMOS MEMS, Sensors 
Actuators B. Chem. 192 (2014) 126–133. doi:10.1016/j.snb.2013.10.042. 

[3] S.A. Khan, A. Günther, M. a Schmidt, K.F. Jensen, Microfluidic synthesis of colloidal silica, Langmuir. 20 (2004) 
8604–8611. doi:10.1021/la0499012. 

[4] T. Beneyton, S. Thomas, A.D. Griffiths, J.M. Nicaud, A. Drevelle, T. Rossignol, Droplet‑based microfluidic high ‑ 
throughput screening of heterologous enzymes secreted by the yeast Yarrowia lipolytica, Microb. Cell Fact. (2017) 1–
14. doi:10.1186/s12934-017-0629-5. 

[5] T. Karstens, K. Kobs, Rhodamine B and Rhodamine 101 as reference substances for fluorescence quantum yield 
measurements, J. Phys. Chem. 84 (1980) 1871–1872. doi:10.1021/j100451a030. 

[6] Y. Pu, F. Cai, D. Wang, J.-X. Wang, J.-F. Chen, Colloidal Synthesis of Semiconductor Quantum Dots toward Large-
Scale Production: A Review, Ind. Eng. Chem. Res. 57 (2018) 1790–1802. doi:10.1021/acs.iecr.7b04836. 

[7] R.M. Tiggelaar, P. Van Male, J.W. Berenschot, J.G.E. Gardeniers, R.E. Oosterbroek, M.H.J.M. De Croon, J.C. 
Schouten, A. Van Den Berg, M.C. Elwenspoek, Fabrication of a high-temperature microreactor with integrated heater 
and sensor patterns on an ultrathin silicon membrane, Sensors Actuators, A Phys. 119 (2005) 196–205. 
doi:10.1016/j.sna.2004.09.004. 

[8] R.M. Tiggelaar, F. Benito-López, D.C. Hermes, H. Rathgen, R.J.M. Egberink, F.G. Mugele, D.N. Reinhoudt, A. van 
den Berg, W. Verboom, H.J.G.E. Gardeniers, Fabrication, mechanical testing and application of high-pressure glass 
microreactor chips, Chem. Eng. J. 131 (2007) 163–170. doi:10.1016/j.cej.2006.12.036. 

 
CONTACT 

* J.C. Vollenbroek; phone: +3153498907; j.c.vollenbroek@utwente.nl 
* A.E. Nieuwelink; phone: +31622736361; a.nieuwelink@uu.nl 
 

2133


	MAIN MENU
	Help
	Search
	Print
	Author Index
	Table of Contents


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 8.500 x 11.000 inches / 215.9 x 279.4 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20120516081844
       792.0000
       US Letter
       Blank
       612.0000
          

     Tall
     1
     0
     No
     675
     320
     None
     Up
     0.0000
     0.0000
            
                
         Both
         AllDoc
              

      
       PDDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9
     Quite Imposing Plus 2
     1
      

        
     3
     2
     3
      

   1
  

 HistoryList_V1
 qi2base



