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Electrical conductivity (σ) is a measure of the ability of a material to carry a current. Testing 
for σ is particularly significant when defining physico-chemical properties of electrolytes 
since it is related to ionic strength, mobility and valence, and is sensitive to shift in 
temperature, CO2 content, and therefore pH. For this reason, σ and its variation over time 
convey a high degree of information, not only about inorganic and organic solutions, but more 
importantly about dynamics of biological processes. 
The simplest approach to determine σ is by applying an alternating electric field between two 
electrodes and measuring the impedance value at the frequency for which phase angle value is 
equal to 0˚. Modern instruments automatically adapt the frequency of analysis to the 
particular measuring conditions1. 

Here, an electrochemical impedance spectroscopy (EIS) based conductometer is presented as 
a sensitive, low cost instrument able to correlate the whole impedance spectrum to the σ value 
of solutions. The device can be easily 3D printed in acrylonitrile butadiene styrene (ABS) and 
incorporates two rectangular gold plate electrodes (Fig. 1). 

 
Figure 1: The EIS based conductometer interfaced with Reference 600 potentiostat (Gamry). 

The cell constant of the measurement cell was determined to be 1.77±0.06 cm-1 by EIS 
analysis on different σ standard solutions and then confirmed by geometrical measurements. 

The device was tested by measuring σ of several dilutions of physiological phosphate 
buffered saline (PBS) solutions in the range 10-4-10x exploiting both EIS and single 
frequency analysis. Reproducible results were obtained and validated against a commercial 
conductometer and literature search. 
Taking together, all the results prove that the performance of the 3D printed conductometer 
described here is comparable to that of the commercial instrument and serves as an 
inexpensive and innovative alternative for quick evaluation of σ. 
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