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Fig. 1 SEM images of the side view of ~20 pm diameter
CNT fibers used in this study
(a) The surface morphology of CNTs fiber electrode. (b—d) The surface
morphology of CNTs fiber electrode treated with PEDOT films
deposited in constant current within 50 s (b), 100 s (c), 200 s (d).
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Fig.2 Electrochemical impedance spectra of CNTs fiber electrode before and after deposition of PEDOT film
(a) EIS of CNTs fiber electrode and the electrochemical impedance magnitude at 1 kHz treated with and without PEDOT film deposited in 50 s

constant current, the impedance of PEDOT deposited electrodes is significant reduced, P=0.030. (b) EIS of CNTs fiber electrode and the
electrochemical impedance magnitude at 1 kHz treated with and without PEDOT film deposited in 100 s constant current, the impedance of PEDOT
deposited electrodes is significant reduced, P=0.026. (c) EIS of CNTs fiber electrode and the electrochemical impedance magnitude at 1 kHz treated
with and without PEDOT film deposited in 200 s constant current, the impedance of PEDOT deposited electrodes is significant reduced, P=0.028.

Data are represented as mean+SEM. *P < (.05, Student’s ¢ test.
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Fig.3 The cyclic voltammetry of CNTs fiber electrode before and after deposition of PEDOT film
(a) The CV curve of CNTs fiber electrode and CSC, value treated with and without PEDOT film deposited in 50 s constant current, P=0.105. (b) The

CV curve of CNTs fiber electrode and CSC, value treated with and without PEDOT film deposited in 100 s constant current, P=0.110. (c) The CV

curve of CNTs fiber electrode and CSC, value treated with and without PEDOT film deposited in 200 s constant current, P=0.088. Data are

represented as mean+SEM, 7.s. represent no significant difference, Student’s r-test.
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Fig. 4 Mechanical stability test of the modified coating on the electrode surface

The CNTs fiber electrode and the PEDOT modified electrode were sonicated for 5 min, respectively, and the electrochemical impedance spectra of the

modified electrode with PEDOT deposition time of 50 s, 100 s and 200 s before and after sonication were measured with the ratio of electrochemical

impedance at 1 kHz frequency. After ultrasonic treatment, the electrochemical impedance of the electrode did not change significantly. Data are

represented as mean+SEM, n.s. represent no significant difference, Student’s #-test.
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Fig. 5 Biocompatibility of the PEDOT film
Cell viability analyzed by CCK-8 absorbance value assay of PC12 cells

on ITO glass substrate and on ITO glass substrate deposited with
PEDOT. Data are represented as mean+=SEM. **P < 0.01, n.s. represent

no significant difference, Student’s #-test.
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PEDOT-modified Novel Carbon Nanotubes Fiber Electrode and Its
Electrochemical Performance Evaluation”

YANG Yu-Xi, GAO Zhong-Bao, CAO Zhen, LI Si-Wei, ZHANG Xiao,
LIU Wei, ZHU Ying~, ZHOU Jin™

(Beijing Institute of Basic Medical Sciences,Betjing 100850, China)

Abstract  Objective Implantable brain computer interface has been widely used in the treatment of
neurological diseases, where the effectiveness of the treatment depends on the electrodes in contact with the
neural tissue. Compared with the electrodes made of rigid materials, the carbon based microfiber electrodes have
small scale, good biocompatibility and small tissue inflammatory reaction. It can reduce the foreign body reaction
after implantation, improve the signal-to-noise ratio of nerve recording signals, and maintain stable electrode
characteristics for a long time. Methods A modification method of flexible carbon nanotubes (CNTs) fiber
electrode was designed in this paper. Poly(3,4-ethylenedioxythiophene) (PEDOT) films can be deposited on CNTs
fiber electrode as microelectrode coating by electrochemical polymerization. In order to prove that the modified
coating has good mechanical stability on the electrode surface, we treated the modified electrode with ultrasonic
treatment. In addition, PEDOT films were deposited on ITO glass to evaluate the biocompatibility of PEDOT
films. Results PEDOT coating deposited on the surface of CNTs fiber electrode in constant current mode
reduced the electrochemical impedance of the electrode and improved the electrochemical performance of the
electrode. The longer PEDOT deposition time, the more obvious the reduction of impedance. After ultrasonic
treatment, the electrochemical impedance of the electrode did not change significantly, indicating that there was
less peeling of PEDOT coating after ultrasonic treatment, which proved that the modified coating had good
mechanical stability on the electrode surface. Finally, cell experiments show that PEDOT film has the same cell
compatibility as ITO conductive glass. Conclusion PEDOT film can improve the stability of CNTs fiber
electrode, and is expected to improve the service life and reliability of brain computer interface system. It has the

prospect of application in long-term recording of neuroelectrical signals.

Key words implantable brain-computer interface, PEDOT film, electrode surface modification, electrochemical
properties
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