
A novel and inexpensive bucky gel 
electrode has been investigated as 
the electrode substrate for deposition 
of a thin membrane ion gating poly-
mer called polypyrrole (PPy).  The 
PPy membrane  was successfully de-
posited and its surface morphology 
studied using scanning electron mi-
croscopy. Given the properties of the 
bucky gel electrode and its ability to 
conduct ions, this work establishes 
the first step towards a semi-solid 
ion-gating system to be used in fur-
ther applications, such as in the de-
velopment of an artificial excitable cell 
membrane.
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Introduction

Analogous to VGICs, polypyrrole (PPy) 
membranes respond to the application 
of a voltage (±1 V) by opening and 
closing to ions in a reversible process 
of oxidation and reduction (Fig. 1). As a 
voltage is supplied to the PPy mem-
brane through the electrode onto which 
it is polymerized, and this electrode 
stands directly in the path of ionic 
movement,  an ionically invisible elec-
trode was sought for the deposition of 
PPy.  Bucky gel electrodes made from 
carbon nanotubes embedded in an 
ion-saturated polymer were chosen to 
deposit PPy, while remaining perme-
able to ions. 

With hopes of eventually producing a 
complete artificial excitable cell (Fig. 
2), this work establishes a crucial first 
step towards this goal.

The ability to segregate ions on either 
side of the cell membrane is the key el-
ement to biology’s excitability. By hold-
ing a high concentration of sodium and 
calcium ions on the outside, and a high 
concentration of potassium ions on the 
inside of cardiac cells, nature allows 
for cellular activation when needed by 
opening the membrane’s proverbial 
floodgates: voltage gated ion channels 
(VGICs). When VGICs receive a 
threshold signal, they open and allow 
sodium and calcium ions to rush into 
the cell, activating intracellular chemi-
cal pathways responsible for cellular 
contraction, among others.

Experimental Details

BUCKY GEL ELECTRODES - Bucky 
gel electrodes were made by combin-
ing 1 % wt multi-walled carbon nano-
tubes with 33 % wt [BMIm]BF4, 66 % 
wt PVDF(HFP), in 2.5 ml Methyl Pen-
tanone. The mixture was heated to 80 
degrees C for 20 minutes while stirring, 
then promptly placed into a mold with 
embedded gold wires for electrical 
connectivity. The formed bucky gel 
electrode material was removed from 
the mold after drying for 48 hours.

POLYPYRROLE - A solution of 0.1 M 
distilled pyrrole, 0.1 M TBA-TFB, and 1 
% wt deionized water in acetonitrile 
was prepared, chilled on ice and dear-
ated using nitrogen gas for 30 minutes 
prior to deposition. Still under nitrogen 
atmosphere, potentiostatic deposition 
of PPy was then carried out in a 3-
electrode single-cell electrochemical 
bath using a Pot/Gal 273A (Princeton 
Applied Research). A platinum mesh is 
used as the counter-electrode, a satu-
rated calomel electrode (SCE) is the 
reference, and a working electrode of 
either gold or bucky gel as described 
above is used (Fig. 3). The potentio-
static deposition was performed at 
+1.2 V vs. SCE for one hour. A chrono-
amperometric response curve during 
deposition is shown below. 

Results

Figure 5: A working electrode of either gold or bucky 
gel was used to polymerize PPy. 

a) A scanning electron microscopy image of PPy 
deposited onto a gold substrate. 

b) SEM of the bucky gel electrode exhibiting a 
smooth morphology which is  easily distinguished 
from the cauliflower-like features of a PPy 
membrane. 

c) After a 1 hour deposition of PPy, the BG 
morphology has changed significantly  and now 
exhibits the features typical of a PPy membrane. 

Conclusion
This work has demonstrated the use of bucky gel as a viable novel electrode for the electro-
chemical deposition of PPy membranes. SEM images were taken of the BG surface before 
and after PPy growth to confirm the presence of the membrane. The successful deposition 
of these materials onto BG indicates the ability to create a gel-based ion gating system for 
use in more complex ion separation systems in a solid environment, which will eventually 
lead to the development of an artificial excitable cell membrane.
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Figure 3:  Experimental setup for the electrochemical deposition of polypyrrole (PPy) 
onto bucky gel (BG) as an electrode. A standard three-electrode bath is used, with a 
platinum mesh counter-electrode and a saturated calomel reference electrode. Gold 
wires connect the BG material to the potentiostat, making this electrode the working 
electrode in the setup. 

Figure 2: Artificial excit-
able cell cycle concept.

Figure 1: Polypyrrole membranes  in 
the reduced and oxidized states.

Figure 4: Chronoamperometric re-
sponse during the deposition of PPy on 
BG and gold electrdoes.


