J. Technology and Education, Vol.21, No.1, 2014

J. Technology and Education, Vol.21, No.1, pp.1-7 (2014)
ZE R

EBEOREBHNTRAILEVBOBRILENREICRIZTER

g EE, KRR B, TEE AT E, R OBET, A HEA
E Rk A% (T940-2188 HinRE M & MHT 1603-1)

* kuwataka@vos.nagaokaut.ac.jp

Influence of Surface Modification of Gold Electrodes on Electrochemical Oxidation
of Ascorbic Acid

Masatoshi KATO, Toshimasa HOMMA, Mizuki KONDO, Takashi KUWAHARA
and Masato SHIMOMURA
Department of Bioengineering, Faculty of Engineering, Nagaoka University of Technology

(1603-1, Kamitomioka-machi, Nagaoka 940-2188, Japan)
(Received November 29,2013; Accepted December 26, 2013)

Abstract

For ascorbic acid fuel cells, an electrochemical oxidation of ascorbic acid has studied by using gold electrodes
modified with self-assembled thiol monolayers. The thiol monolayers were formed by immersing the gold electrode
into aqueous or ethanolic solutions containing 10 mM of thiol. The surface modification of the electrode with
positively charged thiol monolayers shifted the onset potential for electrochemical oxidation of ascorbic acid to
negative values. In contrast, modification of the hydrophobic thiol monolayer shifted the onset potential to positive
values. The reaction kinetics for the electrochemical oxidation of ascorbic acid were analyzed with the rotating disk
electrode technique. The kinetic currents obtained using electrodes modified with hydrophilic thiol monolayers
were higher than those obtained using bare gold electrodes. The modification of the surface of the electrode with
negatively charged monolayers and the hydrophobic monolayer decreased the kinetic current. Therefore, the
positively charged electrode materials are effectively employed as an anode of the ascorbic acid fuel cell.
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Figure 1 Electrochemical oxidation of ascorbic acid.
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Table 1 Thiols and SAM electrodes

Thiols Electrodes
2-Dimethylaminoethanthiol Au-N(CHz3).
2-Aminorthanthiol Au-NH»
2-Mercaptoethanol Au-OH

— Au
3-Mercaptopropionic acid Au-COOH
2-Mercaptoethanesulfonic acid Au-SOzH
1-Propanethiol Au-CHs

AREKTHE LIZ. ®IZ, EW%E 10 mM F 4 — WFHK
IR T T 24 FERE L7, T4 — VRO BB,
2T I ) THEFE I, 2(PAFAT ) THF
F—=NBILOQ FANVI T h-1-Ta X 2R MY
U LDBREITKEK, BANLD T NI a A W, 2-A
NAT TR )= NVBIWN -7 R F 4 — VDA
T )= NEAWL. ERENDOTF A VERPNHIY
HL72Em I & ) —b, ZAEKDIEIZT 3T TV
&P, SR TR L.

He

V.
1=,

2.3. ERALFHEHE

T Aan e rmoBERLFREBC T 5 SAM B4
DOFEBL, 1mMOT AaLE UEREET 0.10 M 7 =
AR (pH 4.0) ZHW ) =7 XA —FHR)LZ R
FUAZ Ko TRl L7z, MEHPHIZ—0.1 V225 +0.7 V
vs. Ag/AgCl (sat. KCD, #@51#EIX 2 mV/s & L=, &
7o, BEREEEEZ WD 5613, BEBOREEGHE 2 50
rpm 72> 5 400 rpm OFIFAN THEI L7z, 723, Figure 2
BLOBET7TAavErBEG £ 010 M 7 =%
FEER A W CRIE LNy 7 77 v REREZ LS
Wb DERLTWD.

3 MEABIUBE

3.1. SAM EEF BB D /EHL

J. Technology and Education, Vol.21, No.1, 2014

0.081 ,

Py Au-OH
S 0.06f
<
E, Au
2 0.04F+
(2]
c
()
©
5 002 Au-CH,
= 3
O

O -

1 1 1 1 |

1
-0.2 0 0.2 04 06 0.8 1
Potential [V vs. Ag/AgCI]

0.081
Au-NH,

0.06[
Au

0.041

Au-SOSH
0.02[

Current density [mA/cnt]

1 1 1 1 1 1
-0.2 0 02 04 06 038 1

Potential [V vs. Ag/AgCl]

Figure 2 Linear sweep voltammograms for the
electrochemical oxidation of ascorbic acid (1 mM) at
the electrodes modified with various thiol monolayers
in 0.10 M citrate buffer (pH 4.0). Potential scan rate
was 2 mV/s.
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Table 2 Onset potential of ascorbic acid oxidation at
thiol monolayer modified electrodes

Onset potential
[V vs. Ag/AgCI (sat. KCI)]

Au-N(CHs); 0.12
Au-NH; 0.12
Au-OH 0.17
Au 0.20
Au-COOH 0.22
Au-SOsH 0.22
Au-CH3 0.42
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Figure 3 A: Rotating disk voltammograms for the electrochemical oxidation of ascorbic acid (1 mM) at Au-NH; in 0.10

M citrate buffer (pH 4.0).

Potential scan rate was 2 mV/s.

Electrode rotation rates were from 50 to 400 rpm. B:

Koutecky-Levich plots for the electrochemical oxidation of ascorbic acid at Au-NHs.
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Table 3 i, for oxidation of ascorbic acid

i, [MA]
Au-N(CHs) 0.25
Au-NH> 0.25
Au-OH 0.25
Au 0.14
Au-COOH 0.14
Au-SO3H 0.06
Au-CHs 0.05
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Figure 4 Relation between Aonset potential and Ai,
electrodes modified with thiol monolayers.
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