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Abstract  
We present a new contactless conductivity detector for microfluidic system. In traditional 
conductivity detectors, the electrodes are in direct contact with analyte. In the presented microsystem, 
the electrodes are made of microchannels filled with solution of KCl – the technological solution called 
as pseudoelectrodes. Microfluidic system was fabricated in poly(dimethylsiloxane) PDMS, during a 
photolithography process. During the tests, dimension, type of the filling electrolyte and lay-out of 
pseudoelectrodes’ microchannels were evaluated. Analyte was pumped into microchannels using a 
syringe pump. Repeatable changes in the signal were observed. 
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Introduction 
During last years we are observing dynamic 
development of a new large branch of analytical 
chemistry - lab-on-a-chip, based on the 
microfluidic structures [1]. The goal of lab-on-a-
chip is to realize whole analytical steps in one 
microstructures i.e. sampling, mixing, 
separation, reaction and detection [2]. Initially 
channels with small diameter were made of 
silicon, but microstructures can also be made of 
another materials: ceramics, polymers and 
glass. Microfluidic structures can be made 
using several techniques from powder blasting, 
laser ablation, photolithography to lift-off [1]. 

Almost every type of detection technique was 
adapted from traditional analytical chemistry to 
lab-on-a-chip microdevices [2]. Among many 
available detections, electrochemical detection 
has gained more importance using analytical 
microdevices. Contactless conductivity 
detectors are developed intensively what is 
associated with their applications in 
microcapillary electrophoresis (µCE) [3]. In 
traditional conductivity arrangement, the 

electrodes are in direct contact with the solution 
under the test and there are several problems 
which can affect the measurements e.g. 
bubbles of gas from electrochemical reaction, 
the electrodes’ surface characteristic may 
change in time as well as it is very difficult to 
isolate the electrodes from the potential used 
for separation in µCE. These problems are 
eliminated in contactless conductivity detector. 
In this type of detection, there is no direct 
contact between the analyte and the electrodes, 
and the electric field used for separation does 
not have an impact upon detection. The 
electrodes of contactless detector may be 
placed under a microchannel [4], around a 
microchannel [5] and in plane of a microchannel 
[6]. 

Experimental 
The paper presents a microfluidic system with 
contactless conductivity detector. The 
microsystem was developed in an elastomeric 
material, poly(dimethylsiloxane) (PDMS) 
(Sylgard 184, Dow Corning). Photolithography 
technique was used during the preparation of 

 
Karolina Blaszczyk, Michal Chudy, Zbigniew Brzozka, Artur Dybko 

 
Department of Microbioanalytics, Faculty of Chemistry, Warsaw University of Technology 

Noakowskiego 3, 00-664 Warsaw, Poland 
e-mail: dybko@ch.pw.edu.pl 

DOI 10.5162/IMCS2012/P1.9.28

IMCS 2012 – The 14th International Meeting on Chemical Sensors 1246



the microdevice. The mold was prepared from a 
dry photoresist with a thickness of 50 µm. A 
thickness of the photoresist determines a height 
of the microchannels. The pseudoelectrodes 
have a width of 50 µm wheras the detection 
channel 100 µm. Liquid PDMS was prepared by 
mixing prepolymer with curing agent using the 
weight ratio of 10:1. After mixing air bubbles 
were removed using a vacuum desiccator. The 
mold was covered with liquid PDMS and cured 
for 2h at 70ºC. Inlets and outlets were made by 
drilling at the ends of microchannels. Two 
PDMS plates, one with microgrooves and one 
with a flat surface, were bonded with usage of 
oxygen plasma generator and in these way 
hermetic microchannels were obtained. Fig.1 
presents a photograph of the prepared 
microsystem. 

 
Fig. 1. A photograph of the developed microfluidic 
system with contactless conductivity detector 

The developed microsystem consists of a 
detection channel and the electrodes which are 
placed on both sides of the detection channel. 
Typically in contactless detectors, the 
electrodes are fabricated from various metals. 
Since in this type of the detection there is no 
current flow between the electrodes, we 
decided to prepare them in form of 
microchannels filled with an electrolyte 
exhibiting high conductivity. This was the 
reason why we called them pseudoelectrodes 
(an expression liquid electrodes can also be 
used). Pseudoelectrodes’ microchannels were 
obtained in the same way as measurement 
microchannels. 

The distance between the detection 
microchannel and the pseudoelectrodes is 
equal to 75 µm. During tests we obtained 
results with four 1M electrolyte solutions into 
pseudoelectrodes’ microchannels: KCl, CuSO4, 
NaOH and NaNO3 (all analytical grades). 1M 
KCl solution was used for further research since 
the largest relative changes in the signal were 
obtained. The pseudoelectrodes were filled with 
1M solution of KCl and wires were immersed 
into this solution in order to assure contacts 

between the pseudoelectrodes and 
measurement set-up (see fig. 2). 

 

Fig. 2. A scheme of the measurement set-up. 

During the tests, dimension, type of the filling 
electrolyte and lay-out of pseudoelectrodes’ 
microchannels were evaluated. The fabricated 
microchannels were examined by optical, 
scanning electron and laser confocal 
microscopes (fig. 3). In order to test the 
usefulness of the developed microsystem, a 
model analyte (solution of KCl with various 
concentrations) was pumped through the 
detection microchannel by a syringe pump with 
rate of 50 µL/min. Fig. 4 shows changes in the 
signal during pumping of various solutions.  

 
Fig. 3. A laser confocal examination of the detection 
zone. 

Repeatable changes in the signal were 
observed. Having done the initial tests, we 
decided to cover the walls of the 
pseudoelectrodes with metal layer. A thin silver 
layer was fabricated by electroless deposition. 
However, the detector responses in both types 
of pseudoelectrodes were almost the same. 
Additionally, there was a problem with silver 
layer plaiting in elastomer since cracks in silver 
layer occurred very easily. 

During the tests, evaporation of electrolyte from 
pseudoelectrodes’ microchannels was 
observed.  
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Fig. 4. A graph from analysis of KCl solution with usage of the developed detector.

There was small volume of electrolyte solution 
filling pseudoelectrodes` microchannel and 
evaporation during test had important influence 
on detector signal. Firstly, we covered inlets by 
parafilm and we observed a better stability of 
measurement. Therefore we decided to fill the 
pseudoelectrodes with agar-agar gel. We have 
used agar-agar dissolved in 1M KCl. We could 
observe bigger signal relative changes with 
agar-agar solution with 1M KCl than electrolyte 
solution. The results are depicted in fig. 5. 

 
Fig. 5. Results of different filling of pseudoelectrodes` 
microchannels. 

Conclusion 
It was proved that contactless conductivity 
detection with pseudoelectrodes is a good 
alternative to traditional conductivity detectors. 
Moreover, the presented technology is fast and 
inexpensive way for fabrication of conductivity 
microdetector. An additional advantage is a 
possibility of rapid adjustment of the shape and 
size of the pseudoelectrodes. Presented PDMS 
microsystem can be applied to various future 
applications. 
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