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The properties of the capacitance of one agarose type that were extracted 
from EIS were compared to the same properties from the other agarose type. 
The averages of each salt concentration were calculated, and the trend of the 
averages was focused on. A line plot can be used to represent the trends of 
each weight as salt concentration increases (see Graph 1). 

Materials and Methods (cont.)
Once solidified, the gel in the mold was placed into the environmental 

chamber for electrochemical impedance spectroscopy to be run. A three 
electrode method was used to measure the EIS of the gel (see Figure 2). To set 
up the software, impedance voltage control, and then potentiostatic impedance 
were selected. The amplitude was set to 5 mv, the start frequency to 1MHz, 
and the end frequency at 0.1 Hz.

The data collected displayed the percent error of the three main electrical 
properties of the gel, extracted from the EIS data, and from the values of the 
human skin distribution. The three properties are the Quasi Capacitance (Q), 
the Charge Transfer Resistance (RCT), and the Constant Phase Element 
Exponent or constant (α). These properties make up the Constant Phase 
Element (CPE) which models an imperfect capacitor.

Results

Materials and Methods
Mixing the agarose gel for testing was a very important 

method to keep consistent and accurate so as to not skew the 
results. First, the gel mold (see Figure 1) was preheated in the 
environmental chamber to 25 degrees Celsius. Then, 250 
milliliters of water were measured out in a volumetric flask. 
Next, five grams of agarose RA or LF (molecular weights, LF 
being higher) were measured out along with the proper 
amount of salt for the concentration level. The salt was added 
to the volumetric flask and mixed. The agarose was then 
added in and the suspension was put in a microwave until the 
agarose completely dissolved around 100 degrees Celsius. The 
gel was cooled to 50 degrees and poured into the mold.

The trend of the data shown was exactly what was expected 
from this type of experiment. The electrical properties 
displayed a nonlinear trend with a steep increase in RCT as the 
salt concentration approached zero. An increase in salt 
decreased RCT, and increased Q and α. The trend was the 
same for both molecular weights, but agarose LF was more 
resistant leading to higher values. A high resistance value was 
desired for the ultimate outcome of a “phantom” head, so 
adding trace amounts of salt or raising the molecular weight 
would achieve this condition.

Conclusion
With the trends noticed in the average plots of the data, salt 

concentration and molecular weight both played roles in 
adjusting the electrochemical properties of the gel. These 
trends were expected, since adding salt ions should lower the 
resistance of a material. In addition, it was concluded that 
agarose gel is a suitable material to create a model of a human 
head with due to its similar electrochemical properties. This 
model can be used for testing different types of electrode’s 
effectiveness to perfect their designs and allow them to be 
used in real-world applications. It can also be used to test 
electrodes for motion artifacts and allow for work towards 
reduction of the artifacts through the testing. Further research 
could be to find a way to put hair into the gel to test how well 
electrodes conduct through hair. That is a big problem when it 
comes to dry electrodes and it would be nice to have a way to 
test different designs. Possible error sources could be random 
voltage spikes during equipment calibration and inaccuracy in 
measuring salt and agarose amounts when mixing gel.

Results (cont.)
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Real-world neuroimaging is an important and promising 
field of study for the Army Research Laboratory on Aberdeen 
Proving Ground. Real-world neuroimaging is the act of taking 
current neuroimaging techniques and technologies and 
applying them in real-world situations to benefit the subject 
doing the certain tasks. These tasks can range from walking 
down the street, to communicating with artificial intelligence, 
as well as more complicated challenges. This field has many 
applications, yet the technologies are not perfected to do more 
complicated tasks. A model could be made to allow for 
consistent testing to perfect these technologies.

To make the model, a material that has similar electrical 
properties and texture to human skin must be used. Agarose 
gel has been found to have similar electrical properties to 
human skin, due to similar impedances and phase shifts 
(Pomfret et al., 2013). These similar characteristics are 
important since the gel is being used to create a “phantom 
head” (a head model that simulates human brain waves used 
for Electroencephalogram (EEG) testing, see Figure 1) model 
to use in real-world neuroimaging tests (Sinks, et al., 2019).

Overall, the purpose of this project was to see whether 
agarose gel could be tuned to certain electrical properties. By 
modulating the concentrations of salt and molecular weight, 
the gel could be made to replicate a desired set of properties.

Introduction

Figure 2 (above): A diagram depicting the 
electrode placement while using the three 
electrode method for running EIS.

Figure 1 (above): A screenshot of the 3D 
model of the gel mold used to make up the 
gel in and run EIS in.
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Graph 1 (left): A graph relating 
the Charge Transfer Resistance 
values of Agarose RA and LF as 
the salt concentration decreases. 
A trend can be noticed that as 
salt concentration decreases, the 
RCT increases. Zero gpl NaCl 
was omitted due to drastically 
high scale. 
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