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Abstract : Nanomaterial electrodes are used to improve the analytical performances of electro-
chemical measurements in biological and chemical field. Frequently used methods for fabri-
cating metal nanostructures are solution processing and electrodeposition. In the solution
process, it is possible to control the characteristics (e.g., direction) of metal growth by using
capping agents, thereby fabricating nanoparticles of specific structures. In the electrodeposition,
the electrode surface and the deposited metal atoms are in direct contact. Each process has
its own limitation as well, and many studies are conducted to overcome such limitation. In
this paper, we report an integration of the two fabrication methods and the characteristics, such
as structural and electrochemical properties, of the fabricated electrodes. Lastly, we discuss the
possibility of using the fabricated nanostructured electrode as a sensor.

Keywords : Electrodeposition, Modulation of electrodeposition potential, Capping agent, Cys-
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Fig. 1. Scanning electron microscope images of Au film electrodes before (a) and after (b—e) electrodeposition. (b)
Electrodeposited (by alternative applications of +0.5 V and —1.0 V for 0.1 s each, total application time: 10 min) Au in the
solution of AuCl,". Electrodeposited Au in the solution of AuCl,” and cysteamine by applying (c¢) +0.5 V and -1.0 V
alternatively for 0.1 s each (total application time: 10 min), (d) +0.5 V for 10 min, and (e) —1.0 V for 10 min.
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Fig. 2. Chronoamperometry (CA) curves obtained during the electrodeposition for fabricating Au nanostructure. (a)
Potential profile used in CA. CA curves obtained from the solution of (b) cysteamine, (c) AuCly", and (d) cysteamine and

AuCly.



718181,

Au
Au film (electrode)
Growth Ao
A
A Au3+—>ﬁ' \
. Au atom
f Capping agent
s (with thiol)
Au
Capping agent Absent
Electrode potential +05V 1.0V

(vs. Ag/AgCl)

Growth

A 2748, A3, 2024 85

Reductive

cleavage
[ Growth

[ o G Y-
: &ii!
4 [
Present Present

-1.0V +0.5V

Fig. 3. Fabrication method integrating solution process and electrodeposition for making Au nanostructure.

HAAL, +0.5 VellX = HFgdle] AFve] Z=HSIA
t}. 1.0 VA= AuClU} AAog P
+0.5 VollA AuCly $Helo] dofjubA] Ls‘_E‘rJ_ BT
e} ol A —'—ZH k= cysteamine®] A= Ltﬂ
ol W‘FM A=A AuCly EAIZS] HA} o5&
Welstke o R 2Rg3l7] wiwel, cysteamine®] $H
3 G2l o3l A= f¥o| =&d F U= -1.0 Vel
AR AuCly o] H71818H4 ghglo] ot 7o 2 5
€t o] o, Mol&7E /IRl 2] YA Yo
dojus A= 2 BAVE F2E & 3He A4
o] (111)81 #ASe] Hhz vehdeh —1.0 VoA &
(111l &&= cysteamine®] 2 22tE|w, 1 Ho
1\1 :-o] Hx}g]gir/b—/_ ,7_561- °}\ﬂ' A= =+ F
zo] e g F= o /K 842 A
(seed)® & 7+ Ut} Aol BiAE & Fed
a25E A wekes Fo] 43 4 =" Fig.
ledlA & & %ol |5 W= F2A9] 3% ko]
Al el Zeg Hol X752 27]d F4H EA
dlo] ity o Fud Aoz FEH.

Cysteamine?] ¥UA A3 Ed % #
cysteamine-= ZAgro] & W 124 AH| FE 9
S B} HEe] ERlsh] 3l AuCly & 233

1057 A7FIAY 1.0 VE 431 1087+
Botl +0.5 VE Q7S HHOﬂ A717F 1
olgto]aL B G| v ?szﬂﬂ = 7]{%
Aol Ak AAAATHFig. 1d). o] AFlM= A9
QI7bslr] AREH & 71 ZHol= cysteamine©]
FAEo] A=, 2 cysteamine o) ZAjeks 2
Hel: hole), & &l =29 4 JoA AuCly
o] gelo] AE F Atk 2 FAelAFEH Fol

7152 gAo) cysteamineS ¥ +0.5 VE 43}
Q17 H
00 n

ﬂllﬂl rE

o

o

A2} Aol wel 2 24 &9 ) cysteamineo)
F melo] F2E F714e B wso] 4 A

J=7F w2
AE Aeg

0 V= (Fig. le) -1 Ve} +0.5
I E VLS o AdEE FERAS} FALS
°|7F 100 nm °©]&k}] 7HAE zke= F2A HH”} 0}‘4
2} Zol7F 200 nm o3l THIE Zte FRAE 9
ARG -1 vallE & (11130l FAE cysteamine—
T A4S Be ksl dojukrRE AuCly o] ol
oJg & e F2A Aol (11D)H WEkeR d4gs
dojtiar & 4 vk, 2eidt S BE Ao
A YT HEE o] eskeS & & e,
o= AuCly 2 % A (mass transfer) =7} A3
22l AN dFE AXdNo] AFRow wEA A
st =o] Efﬂx—io] AxF F7Fgel whet 2 F2A|
X F Aol B HFHW] WEer F5Hh
Fig. 12%E & A9} cysteamine®] 23HE 7]
Zz gl AFES 9y F AEAe FY wew
cysteamine-=2] 3|2 ¥H-3o] wAE F UEE A9
£ SUtsted & v FRAIY] A4S A + 3
5 & & UtkFig. 3).

rot
it}
¥
%0,
&
0,
:OL
o
o
oft 10
N

o,

\‘mlm—YlL

l‘ll‘

32 U =9 & M3E o8¢t
iRt 2 AzkE F Url-——

E
Z A=59 EHEE.‘?_] %%‘ 3
(glucose) AZEo|th. T2 715e4 o= E’}%%PE e
Aol A5 FHol9] FFe] Ay ofof sk w4+ &
SRR 2] AFelr Az 7 v ‘?7\ A=¢]
FH2 cysteamine® Z B glo] ge] H7|skek At
st W&ol 2 dojd & itk olgd EAl=
cysteamineS %17 ]ﬂﬂﬂi ELZWP*A—S‘—”H AL
AT} Fig. 4= HH & AF, cysteamine®] A= o]
UE F U FF AF, cysteamineS EAS & U



86 J. Korean Electrochem. Soc., Vol. 27, No. 3, 2024

44 Au nanostructure (uncapped)
---Blank — 5 mM glucose
Au nanostructure (capped)
---Blank — 5 mM glucose

Current (A)
N

Flat Au
---Blank — 5 mM glucose

00 01 02 03 04 05
Potential (V vs. Ag/AgCl)

Fig. 4. Linear sweep voltammetry curves obtained from
the flat Au electrode (black), Au nanostructured electrode
with the cysteamine adsorbed on the surface (red), and Au
nanostructure electrode after desorbing the cysteamine
(blue) in the solutions of PB (dashed line) and PB
containing S mM glucose (solid line). Scan rate: S50 mV/s.
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