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The purpose of this research is to create a 
biomimetic excitable medium using synthetic 
polymers based on the characteristics of an 
actual excitable cardiac myocyte cell. We 
achieve this goal using electroactive polymers 
in combination with electrodes to drive and 
control the flux of ions within the artificial cell. 
We will then characterize the artificial excitable 
cell’s response to electrical stimulus, the length 
of its refractory period, and quantify the 
threshold for its excitation.  
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Experiments performed: 
• IFPG formation using BMIBF4 and KCl 
• Bucky gel formation using IFPG and carbon 

nanotubes 
• Electrochemical deposition of PPy onto gold 

electrode 
• Electrochemical deposition of PPy with carbon 

nanotubes as counterion 
• PPy deposition onto Bucky gel as a novel 

electrode. 
• Scanning electron microscopy (SEM) 

characterization of membranes. 
 

 
 

The preliminary work for a novel synthetic cell has 
been demonstrated, including the conceptual 
development of the cell, and experiments on the 
feasibility of each component have been performed.  
 

The heart is a highly efficient biological pump 
composed of millions of electrically excitable cells 
that contract in unison to send blood throughout 
the body. These excitable cells, known as cardiac 
myocytes, were the inspiration for our project, 
which consists of producing artificial polymer-
based cells which will ultimately combine to form 
a synthetic excitable medium capable of electrical 
and mechanical wave propagation. The 
development of such an artificial excitable medium 
has never been done before, and the possible 
applications are very broad – ranging from cardiac 
fibrillation studies to the creation of tube pumps.  
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Figure 4. Cyclic Voltammogram and potentiostatic 

 deposition of PPy onto Gold 
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Figure 7. Left: SEM of PPY/CNT at 500X.  

Right: SEM of PPY/CNT at 200,000X 
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The polymer cell consists mainly of ionic fluid 
polymer gel (IFPG), a medium which mimics the 
intra and extracellular spaces in vivo by being rich 
in mobile ions. The upper half of the polymer cell 
(Fig. 2) reproduces what would be the extracellular 
space in vivo, whereas the lower half the 
intracellular space. Although several different ions 
are available in living cells, our setup only uses 
potassium cations as a tracer ion. These tracer ions 
are guided to flux between the upper and lower 
chambers in a series of steps which mimic the 
excitation of a cardiac myocyte (Fig 3). The 
incorporation of an electroactive polymer gating 
membrane called polypyrrole (PPy) allows for the 
control of ion flux within our cell. By growing this 
membrane through electrochemical deposition 
onto an electrode made of IFPG with embedded 
carbon nanotubes, it interfaces the two chambers 
and selectively allows ion permeation at our 
control. The other side of the partition between 
upper and lower chambers in the polymer cell is 
simply a lower ionic conductivity IFPG. The 
combination of these elements allows for the ionic 
cycling shown in Figure 3.  

Figure 3. Polymer cell cycle is biomimicry of cardiac myocyte  

cell activation 

Figure 2. Polymer cell schematic. 

Figure 6. Left: SEM of PPy membrane 

at 500X. Right: SEM of PPy membrane at 200,000X 

•Nuclear Magnetic Resonance (NMR) 
quantification of ionic distribution in IFPG 

 
•Impedance Spectroscopy (EIS) analysis of ionic 
movement and PPy breakthrough time resolution. 

 
•Transmission electron microscopy (TEM) of PPy 
membrane thickness and resolution. 

 
•Production of Potassium Selective microelectrodes 

 
•Development of the Ion Sensitive Switch 

 
•Assembly of the final IFPG/PPy/Bucky Gel 
artificial cell 

  
 

Future Work 
Figure 1. Development of a biomimetic artificial  

cell based on cardiac myocytes. 

Figure 5. Varying polymer to ionic fluid ratios in IFPG 


