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Abstract. This paper presents the results of investigating the influence of design parameters of 

an electrochemical flow cell based on film interdigitated microelectrodes on its cell constant. 

This investigation is performed by the analytical method. To determine the cell constant the 

linear resistance between the adjacent fingers of the interdigitated microelectrodes is used. In 

its turn this resistance is found from the potential distribution in the unit subdomain of the 

interdigitated microelectrode system of the cell with the limited height. The dependencies of 

the cell constant on the cell height and the design parameters of the interdigitated 

microelectrode system (the spacing between fingers and the finger width) are determined. The 

cell height at which the change of the design parameters of the interdigitated microelectrode 

system has the least effect on the cell constant is found.      

Keywords: impedance measurement, electrochemical flow cell, interdigitated microelectrode 

system, cell constant  

1. Introduction 

Impedance measurement is one of promising methods for investigating various substances in 

chemical, biochemical and biological fields [1-2]. One of the advantages of this method is the ability 

to study small volumes of liquid substances. For this purpose, special electrochemical cells with 

various microelectrode systems are used. These cells can be either of a conventional type, designed for 

the study of a certain amount of a substance, or of a flow-through type, used in microfluidic analytical 

systems. Most often, film interdigitated microelectrodes (IDME) [3-5] are used as a system of 

microelectrodes in such cells. Important factors influencing on the results of the studies when using 

such an electrochemical cell are the geometry of the cell itself and the geometry of the electrode 

systems used. These factors are taken into account with the help of a cell constant [6-11]. For the cells 

with IDME it is difficult to determine a cell constant due to the complex geometry of the electrodes 

and their location on one plane of the substrate. In addition, for cells used to study small volumes of 

substances, the value of the cell constant depends on its size. The experimental determination of the 

cell constant by using the saline concentration measurement can be used only the concrete cell and 

does not allows one to evaluate the influence of the dimensions of a cell and a geometry of IDME on 

the cell constant.  

The present paper is aimed to study the influence of the dimensions of a cell and a geometry of 

IDME on the cell constant. This investigation is based on the analytical method proposed for the 

analysis of electrophysical processes in the system of interdigitated microelectrodes [12].  
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2. Analytical approach to study cell constant 

The cell constant characterizes the geometry of the electrochemical cell and relates its measured 

impedance and the main electrophysical parameters of the investigated substance as conductivity and 

dielectric permeability 

  r0cc  jZK  , (1) 

where cK  is the cell constant; cZ  is the cell impedance;   is the frequency; 0  is the dielectric 

constant;   and r  are the conductivity and the relative dielectric permeability of the substance, 

respectively.   

When using a measurement on direct current the cell constant is equal to the ratio of the resistance 

of the electrochemical cell to the resistivity of the substance 

 


 c
cc

R
RK  , (2) 

where cR  is the resistance of the electrochemical cell;   is the resistivity of the substance.  

As follows from (2) to analytically find the cell constant values it is necessary to determine the 

resistance of the electrochemical cell at a given value of the specific conductivity of the material under 

study. For this purpose, we will consider the electrochemical cell with the film interdigitated 

microelectrodes. The structure of the cell is shown in figure 1. Because of the planar disposition of the 

interdigitated microelectrode system, the electrical field of the cell is non-homogeneous. The cell 

resistance at the direct current can be presented as follows 

 
 12f

id
c




NL

R
R , (3) 

where idR  is the linear resistance between the adjacent fingers of the interdigitated microelectrode 

system; fL  is the microelectrode finger length; N  is the number of the fingers in each 

microelectrode.   

To determine the linear resistance between the adjacent fingers of the interdigitated 

microelectrodes it is necessary to know the potential distribution between them with taking into 

account the dimensions of the cell itself, in particular its height. The method for determining the 

potential distribution in the unit subdomain of the interdigitated microelectrode system of the cell with 

the limited height was described in [12]. The indicated subdomain of the cell is shown in figure 1c. 

Using the above-mentioned method we can determine the potential distribution in the three rectangular 

regions of the unit subdomain (regions with the electrodes and region between them) and the current 

density distribution on the right and left electrodes.  The 2D rectangular regions have the following 

dimensions 

– region with the left electrode – length: 2l bl  ;  width: hb l ; 

– region between the electrodes – length: al b ; width: hb b ; 

– region with the right electrode – length: 2r bl  ; width: hb r , 

where fb  is the microelectrode finger width; a  is the spacing between the adjacent fingers of the 

interdigitated microelectrodes; h  is the electrochemical cell height. 

According to the analytical method [12] the potential distribution in the regions is (e.g. region with 

the left electrode) 
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Figure 1. System of the interdigitated 

microelectrodes: (a) general view; (b) cross 

view of two adjacent fingers with an unit 

subdomain; (c) cross view of the unit 

subdomain; 1 –  substrate; 2, 3 – 

microelectrodes; 4 – microchannel upper 

wall. 
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where l  is the potential distribution in the left region; lx  and ly  are the coordinates of the left 

region; k  and m  are the summation indices for x  and y  coordinates, respectively; 
 bl
m

,  and  le
k  

are the weighting coefficients which determine the current densities on the following boundaries of the 
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left region: the boundary with the region between the electrodes and the boundary with the left 

electrode, respectively. 

The current density on the electrodes can be determined using the expression for the potential 

distribution in the regions with electrodes (e.g. region with the left electrode) 

 
l

l
le

y
j







 , (5)  

where lej  is the current density on the left electrode. 

Using (4) and (5) we obtain the expression for the linear current through left electrode. 

  le

b

xjI 0

2

0

llele   ,  (6) 

where leI  is the linear current through the left electrode. 

Knowing the linear current through one of the electrodes (e.g. left electrode) one can determine the 

linear resistance between the adjacent fingers of the interdigitated microelectrodes 

 
le

rele
id

I
R

 
 ,  (7) 

where le  and re  is the potential of the left and right electrodes, respectively. 

Using (3) and (7) in (2) one can analytically investigate the influence of the electrochemical cell 

height and the interdigitated microelectrodes geometry on the cell constant. 

3. Results and discussion 

All the analytical studies of the cell constant have been performed for the electrochemical cell with the 

interdigitated microelectrodes having the following design parameters the values of which presented in 

table 1. 

Table 1. Design parameter of the electrochemical cell 

Parameter Variation Value 

Cell height, mm yes 0.25 – 15.0 

Number of fingers no 25 

Finger length, mm no 10.0 

Finger width, mm yes 0.1 – 1.0 

Spacing between fingers, mm yes 0.1 – 1.0 

Conductivity of substance, Sm/m no 1.010
-4 

Voltage between electrodes, V no 4.0 

 

 

The dependences of the cell constant of the electrochemical flow cell on its height for the various 

values of the design parameters of the interdigitated microelectrode system (the spacing between 

fingers and the finger width) are shown in figure 2. The presented dependences indicate that with 

increasing the cell height the cell constant decreases regardless of the spacing between fingers and 

their width. These dependences have the two sections with the various slopes. For the small cell height 

(up to 0.5 mm) dependences of the cell constant on the cell height are characterized by the strong 

slope. This slope is greater, the greater the spacing between fingers and the finger width in the 

interdigitated microelectrode system. The gentle slope of the dependences begins at approximately the 

cell height of 0.5 mm and continues up to 15 mm. In this section, on the contrary, the greatest slope is 
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observed in the system of the interdigitated microelectrodes with the smallest spacing and the smallest 

width of the fingers. 
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Figure 2. Dependences of the cell constant 

of the electrochemical flow cell on its 

height for the following values of the 

design parameters of the interdigitated 

microelectrode system (the spacing 

between fingers (a) and the finger width 

(b) (a=b)):  1 – 0.1 mm; 2 – 0.2 mm; 3 – 

0.3 mm; 4 – 0.4 mm; 5 – 0.5 mm; 6 – 1.0 

mm.  

 

 

The dependences of the cell constant of the electrochemical flow cell on the spacing between 

fingers and the finger width in the system of the interdigitated microelectrodes for various values of 

the cell height are shown in figure 3. As it can be seen, with increasing the spacing between fingers 

and the finger width the value of the cell constant increases. However this increase has the different 

character depending on the cell height. For the cells with the small height (up to 0.5 mm), the largest 

increase of the cell constant with increasing the spacing between fingers and the finger width is 

observed at large values of these parameters (from 0.3 to 1.0 mm). For the cells whose heights are 1-2 

mm the modest increase is observed for the all range of the spacing between fingers and the finger 

width. Finally, at large values of the cell height (more than 2 mm), we observe a significant increase in 

the cell constant at small values of the spacing between fingers and the finger width. 

The presented dependences in figure 3 show that at the certain values of the cell height, the cell 

constant weakly depends on the design parameters of the interdigitated microelectrode system. Since 

the all dependences of the cell constant on the design parameters of the interdigitated microelectrode 

system are monotonically increasing functions (see figure 3), their slope can be characterized by the 

ratio between the cell constant at the maximum values of the design parameters of the interdigitated 

microelectrode system and the cell constant at the minimum values of these parameters. The 

dependence of this ratio on the cell height allows one to determine the cell height at which the change 

of the design parameters of the interdigitated microelectrode system has the least effect on the cell 

constant. The given dependence is presented in figure 4. As it can be seen from this dependence the 

minimum ratio of the cell constant at the maximum values of the design parameters of the 

interdigitated microelectrode system to the cell constant at the minimum values of these parameters is 

observed in the cell with the height equal to 1.0 mm. 
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Figure 3. Dependences of the cell constant 

of the electrochemical flow cell on the 

design parameters of the interdigitated 

microelectrode system (the spacing 

between finger (a) and the finger width (b) 

(a=b)) for various values of the cell height:  

1 – 0.25 mm; 2 – 0.375 mm; 3 – 0.5 mm; 4 

– 1.0 mm; 5 – 2.0 mm; 6 – 7.0 mm; 7 – 

15.0 mm. 
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Figure 4. Ratio between the cell constants 

at the maximum and minimum values of 

the design parameters of the interdigitated 

microelectrode system as a function of the 

cell height. 

 

 

4. Conclusion 
In this paper, the influence of the design parameters of the electrochemical flow cell based on the film 

interdigitated microelectrodes on its cell constant was investigated with using the analytical method. It 

was found that the cell constant decreases with increasing the cell height and increases with increasing 

the values of the design parameters of the interdigitated microelectrode system: the spacing between 

fingers and the finger width. It was also found that at the certain cell height, the weak dependence of 

the cell constant on the design parameters of the interdigitated microelectrode system is observed. The 
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presented results can be used to create electrochemical flow cells with the low sensitivity to errors of 

design parameters.     

References 

[1] Lvovich V F 2012 Impedance spectroscopy: applications to electrochemical and dielectric

 phenomena (Hoboken, New Jersey: John Wiley & Sons) p 353 

[2]  Orazem M E and Tribollet B 2017 Electrochemical Impedance Spectroscopy (Hoboken, New

  Jersey: John Wiley & Sons) p 768 

[3] Sheppard N F, Tucker R C and Wu C 1993 Analytical Chemistry 65 1199  

[4] MacKay S, Hermansen P, Wishart D and Chen J 2015 Sensors 15 22192 

[5] Afsarimanesh N, Nag A, Alahi M E E, Han T and Mukhopadhyay S C 2020 Sensors and

 Actuators A. Physical 305 111923 

[6] Jacobs P, Varlan A and Sansen W 1995 Medical & Biological Engineering & Computing 33

  802 

[7] Olthuis W, Streekstra W and Bergveld P 1995 Sensors and Actuators B. Chemical 24-25 252 

[8] Lvovich V F, Liu C C and Smiechowski M F 2007 Sensors and Actuators B. Chemical 119 490 

[9] Ibrahim M, Claudel J, Kourtiche D and Nadi M 2013 Journal of Electrical Bioimpedance 4 13 

[10]  Hong J, Yoon D S, Kim S K, Kim T S, Kim S, Pak E Y and No K 2005 Lab Chip 5 270 

[11] Ma H, Su Y and Nathan A 2015 Sensors and Actuators B. Chemical 221 1264 

[12] Kozlov A G and Fadina E A 2016 Proc. Int. Conf. Dynamics of Systems, Mechanisms and

 Machines (Dynamics-2016) pp 1–5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


