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Asymmetric modification of carbon material surfaces using bipolar electrochemistry ('Faculty
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Asymmetric modification of carbon materials such as graphene can enable the creation of
multifunctional surfaces. A common fabrication method involves restricting the modification
area using a polymer film, such as PMMA, and performing modifications in multiple stages.
However, residual polymer films can significantly impact the functionality of the materials.
Therefore, developing methods for asymmetric modification without the use of polymer films
is essential. In this study, we aimed to achieve the simultaneous asymmetric modification of
carbon materials with ethylenediamine (EDA) and copper (Cu) particle deposition using
bipolar electrochemistry. We also investigated the effects of applied voltage on the respective
modification ranges. The range of EDA modification showed a positive correlation with the
applied voltage. In contrast, the range of Cu particle deposition exhibited a positive correlation
at voltages below 30 V but tended to decrease at voltages above 30 V.

Keywords : Bipolar Electrochemistry, Graphene; Metal Deposition; Graphite

75 7 = NRFE SN D REM B~ D I FMEAT I T I OB RE SR T & EBL T
X%, ERERTIEL PMMA O XL 9 Ze@r I CEARHIE 2 [RE L T LRI &S
TEHMW, T 72D ) RIFEFIEWE ClIms FIEOERITHE~RE < BT 5
7o D@y 1A O 72 WIERTFMERR DS M BT H 5, AWFSETIEX (@R d /31 R —
T BELACEG R LI REME~D T F L VT 2 (EDA) & Cu KiF-HriH R
IR MERfi 2 BB & L, FIINEIE DS &~ OEARFLRIC T T B L2~

B4 1(b)IZ feeder MR DOHVINE T & EAREIFHOREFR 47~ 3, EDA EAfR%LFHILFIN
BIEE EOMBER Lz, — 5T, CuhiHArH&iPE I 30V K CIZIEDOMBE 2R L
=M, 30V LA ETIEEb+ 2 Em A2 Lz, %72, EDA EfilIE TOBESMEICE
VT Carbon BPE MmN ] ~DIEF D ANEE Z > TW=dDIZxf L, Cu R F-HrHH TlE
30V LA EDOFEIEIZI VT BPE IS 2 THEHANFRIA~O& AT H HIEFHITE Z 5 7=,

(a) ox ~Aghy, (b) _ 10
. Carbon BPE b =
Cu2— ‘red aroon - f, o g ——Cu Side
Cu ) g;"
o 6
vvvvvvvvvv o
C:U o Modification o EDA c /
Side Range(mm) Side '.% 4
- @
Electric Field _ %~ }_’
-~ Yox 5 2
e P T LT i __ | ]
red ! _-=" = N
Feeder |-~ Voltage (V) Feeder 0 10 20 30 40 50 60 70

Electrode Electrode

I | Voltage (V)

Figure. 1(a) Schematic of ethylenediamine modification and copper deposition using bipolar
electrochemistry and potential gradient diagram of bipolar electrochemistry. (b) Diagram of
relationship between applied voltage and modification range.
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