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Measuring ionic conductivity using 
screen-printing technology 

Study of potable waters analyzed with the 11COND screen-
printed electrode

Ionic conductivity (σ) is a key factor when evaluating 

different liquid solutions. For instance, this 

parameter is directly related to water salinity, and 

may also indicate the amount of pollution present 

[1]. Therefore, it is extremely important to properly 

calculate σ. However, when using standard 

conductivity probes, large liquid volumes are usually 

required which might not always be available. 

Furthermore, contamination problems might arise 

with certain types of samples, damaging the probe. 

Considering these drawbacks, a disposable screen-

printed based solution is presented in this 

Application Note. The 11COND screen-printed 

electrode (SPE) is used to obtain the σ value of 

different potable water samples using only 100 µL of 

each type. The results are compared with those 

obtained using a standard conductivity probe, 

demonstrating the suitability and reproducibility of 

this disposable solution.
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FUNDAMENTAL CONCEPTS 

Measuring σ is directly linked to the movement of 

ions (polarization) when an electric field is applied. 

Under this condition, ions move while experiencing 

a resistance which is employed to calculate the 

solution's conductivity.  

Experimentally, electrochemical impedance 

spectroscopy (EIS) is usually employed since a DC 

potential with a certain AC oscillation is applied, 

generating the ions' movement. If the chosen 

frequency is high enough to just consider the 

resistive part of the solution (i.e., ohmic behavior), 

the impedance module (|Z|) is basically the solution 

resistance [2].  

Aside from this value, the cell dimensions, 

represented by the cell constant (Kcell), must also be 

considered. For standard probes, this parameter 

represents the length/area relationship of the cell 

where σ is measured.  

Figure 1 shows the formula that must be employed 

when using the 11COND SPEs. 

 

Figure 1. Equation employed for the ionic conductivity calculation 

in this Application Note. 

The basal (internal) electrode's resistance is 

represented by the term ro. Note that the 

temperature must be considered constant at 25 °C 

for this equation to be strictly valid. The range of 

conductivities for the use of this electrode spans 

from 84 µS·cm-1 to 111.8 mS·cm-1. 

INSTRUMENTATION AND SOFTWARE 

In this Application Note, eight different samples of 

drinking water were analyzed, including tap water 

and seven commercial mineral bottled water brands. 

The experimental setup includes 11COND electrodes 

(Figure 2). These electrodes are comprised of a 

ceramic substrate with two screen-printed carbon 

circles surrounded by dielectric ink.  

 

Figure 2. An 11COND screen-printed electrode. 

The µStat-i M8One multi-potentiostat (Figure 3) 

with impedance technology was employed for all 

measurements. This setup allowed all the EIS 

experiments to be performed simultaneously for all 

the mentioned water samples. 

Figure 3. The µStat-i M8One multi-channel potentiostat. 

The software configuration used in this study is 

shown in Figure 4. Notice that both freqBegin and 

freqEnd have the same value (10 kHz), since only the 

|Z| value at this frequency is needed. Furthermore, 

the experiment is carried out at the open-circuit 

potential (OCP) value. 

Figure 4. DropView 8400M software configuration needed to 

perform the described EIS experiment.  
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First, the liquids must be tempered at 25 °C before 

starting the experiment. Then, after completing both 

setup and software configuration, a 100 µL drop of 

each sample is placed on the electrodes, covering 

both circles.  

Once the EIS assay is finished, |Z| is extracted from 

the impedance data. Using that value, ro and Kcell 

(which are given in the SPE box), along with the 

equation shown in Figure 1, the different 

conductivities can be calculated in µS·cm-1. 

RESULTS 

Figure 5 shows the results of this study along with 

the associated error bars for each sample type. The 

values from the 11COND electrode and the standard 

conductivity probe are very similar, proving the 

suitability of using the SPE. Each water sample was 

analyzed with three different SPEs to ensure that the 

results are reproducible. 

 

Figure 5. Data comparison obtained with the 11COND electrode 

from Metrohm DropSens (green) and with a standard 

conductivity probe (orange). 

Considering the small volume required for the 

experiment and the disposability of the electrodes, 

the 11COND offers an easy and practical alternative 

to measure the ionic conductivity in moderately 

concentrated solutions. 

CONCLUSION 

This Application Note demonstrates how the 

11COND screen-printed electrode effectively 

measures the ionic conductivity values from different 

potable waters. This study includes seven 

commercial mineral bottled water brands along with 

tap water, obtaining nearly indistinguishable results 

between the 11COND SPE and a standard 

conductivity probe. These results serve as proof of 

concept demonstrating the reliability and 

practicality of the 11COND electrode for conductivity 

measurements, especially for small sample volumes, 

offering a clear advantage over conventional 

conductometers that require significantly larger 

volumes. 
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RELATED APPLICATION NOTES 

­ AN-T-076 Conductivity, pH value, alkalinity, 

hardness and chloride in tap water 

­ AN-I-032 Dissolved oxygen, conductivity, and 

pH value in liquid dairy products 

 

Analytes: Conductivity 
Matrix: Water – drinking water, tap 

water 

Method: Electrochemistry 

Industry: Energy; Environmental 
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https://www.metrohm.com/en/applications/application-notes/aa-t-001-100/an-t-076.html
https://www.metrohm.com/en/applications/application-notes/aa-i-001-100/an-i-032.html

