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요 약. 아미노실리케이트로 안정화한 금 콜로이드 용액으로부터 산화인듐주석 (ITO) 위에 전해석출법으로 금 니노입 

자의 박막을 만들고, 이 박막을 순환 전압전류법 (CV), 주사전자현미경법 (SEM), 자외선가시선 및 에너지분산 X선 분 

광법(EDXS)访로 조사하였다. 박막 위 금 나노입자의 표면덮힘율은 L2 나노몰/cn?였다. 금 박막을 心。M HC1O4 용 

액에 든 0.1 mM anthraquinone-2;6-disulfonic acid, disodium 염 (AQDS) 용액에 20시간 이상 담가서 AQDS의 자체 

조립 단막층을 생성하였다. 그 결과 690 nm에서 다중층(AQDS/금박막/ITO)의 새로운 흡수 봉우리가 얻어졌다. 또한, 

+0.5V에서 -0.5V까지 전위를 변화시키는 시간전류법과 자외선가시선 분광법으로 다중충의 표면 플라스몬 흡수를 측정 

하였다. 음의 전위를 걸어주었을 때 550 nm에서 나타나는 최대 표면 플라스몬 흡수띠가 감소하였다. 흡광도의 변화와 

AQD입의 표면덮힘율과의 상관관계로부터 AQDS층의 유사용량 표면상태가 음전위를 걸어줄 때 플라스몬 띠의 에너지준 

위와 연관되어 있음을 알았다.

주제어: 박막,금 나노입자,분광전기 화학적 연구,표면 플라스몬 흡수

ABSTRACT. Thin films of gold nanoparticles were formed on indium tin oxide (ITO) by an electrodeposition method 
from an aminosilicate stabilized gold colloid solution. The thin films were examined by cyclic voltammetry (CV), scan
ning electron microscopy (SEM); UVvisible, and energy dispersive X-ray spectroscopy (EDXS). The surface coverage 
of gold nanoparticles on the thin film was estimated to 1.2 nanomole/cm2. An anthraquinone-2; 6-disulfonic acid, dis
odium salt (AQDS) self-assembled layer was generated by immersing gold thin film into 1 mM of AQDS in 0.1 M 
HC1O4 solution for over 20 hours. As a result, a new absorbance peak from the multi-layers (AQDS/thin film of gold 
/ITO) was obtained about at 690 nm. Also, the surface plasmon absorption of multi-layers was measured by UV-Visible 
spectrometer along with chronoamperometry by applying the various potentials from +0.5 V to -0.5 V The maximum 
surface plasmon absorption band at 550 nm was decreased by applying negative potentials. The change of absorbance 
was correlated with the surface coverage of the AQDS indicating the pseudo-capacity surface state of the AQDS layer 
was coupled to the energy level of the plasmon band by applied negative potentials.
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INTRODUCTION

Nanopartiulate materials can be applied in vari- 
o탾s areas s탾ch as solar eneigy conversion, chemical 
sensors, biological labeling, ultrafast data comm탾- 

nication and optical data storage (1-3). In partis- 
lar, thin films of gold nanoparticles have been 
applied to biomedical sensors (가). The organization 
of chemical assemblies of nanoscale dimensions 
has been extensively researched beca탾se of the 
potential impact on nanotechnology and miniatur
ized devices. These materials of nanoscale dimen
sions can give 탾niq탾e electronic, optical, and 
nonlinear properties (5). A particularly intrig탾ing 
class of nanoparticles is noble metal nanoparticles 
s탾ch as gold and silver. Gold nanoparticles have 
been synthesized with varicms ligands. Gold thin 
films have been formed by an electrochemical dep
osition metfiod from an aminosilicate-stabilized gold 
colloid sohition. The electrochemical and optical 
properties of these thin films have been st탾died in 
detail (6-9). Gold nanoparticles have a characteris
tic surface plasmon absorption band tfiat arises from 
the collective oscillation of cond탾ction band elec
trons ind탾ced by interaction witfi an applied optical 
or electric field. The plasmon absorbance peak 
energies are a function of the dielectric constant of 
s탸rro탸nding medium, embedding material or inter
particle resonances. Finally, self assembled layers 
(SAM) of alkanethiols on gold nanoparticles have 
been st탾died extensively beca탾se of the possibili
ties of controlling tfie molecular architect탸re at the 
electrode-sohition interface (10-15). The spectro- 
electrochemical characterizations of tfiese tfiin films 
are highly important, as they are promising s탾b- 
strates for enzyme electrode and related biosensors. 
A novel tfie method for the detection of polyrmcle- 
otides and oligormcleotides which 탾tilizes the dis
tance-dependent optical properties of aggregated 
gold functionalized nanoparticles with an agent has 
been reported. This metfiod has tfie advantages of 
both rapid detection and good selectivity (16). The 
phenomenon of aggregation of the particles in a 
gold colloid sol탾tion 탾pon the addition of a cross
linking agent is well documented (17-19). The posi
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tion and profile of the surface plasmon resonance 
peaks on silver nanoparticles in sokition depends on 
the applied potentials (20). The optical properties of 
a colloidal gold sokition were reported in response 
to potential mod탾lation between 0.6 V and -1.0 V 
in tfie solution (21).

In 山is letter, gold thin films were formed on 
indium tin oxide (ITO) electrodes in gold colloid 
sohition by electrochemical method and tfie surface 
was characterized by SEM and EDXS. The cover
age of gold tfiin films on the ITO was evahiated by 
electrochemical measurement. The layer of AQDS 
on the gold tfiin film of ITO was formed by aself1 
assembly, and tfie coverage of AQDS calculated from 
electrochemical and spectroscopy measurements. 
The change of surface plasmon absorption of m탾Iti- 
layers was mea야ired with UV-Visible spectroscopy 
while varying applied potentials from +0.5 V to 
-0.5 V 탸sing chronoamperometry.

EXPERIMENTAL SECTION

Chemicals and instruments
Antfiraquinone-2, 6-dissulfbnic acid, disodium salt 

(AQDS), N-[3-(trimethoxysily) propyleethylene
diamine (EDAS), hydrogen tetmchloroa탸mte(III) 
trihydrate (HA탾Cl4) and sodium borohydride were 
obtained from Aldrich Chemicals. All chemicals were 
of analytical grade. Distilled water was 탾sed tfirough- 
o탾t this study. AQDS was recrystallized 탾sing dis
tilled water. Indium Tin Oxide (ITO) coated glass slides 
of 8-12 Q resistance were obtained from Delta 
Technologies, Stillwater, MN. A CHI-650A poten
tiostat (CH Instruments, Inc., A탾stin, TX) was 탾sed 
in electrochemical measurements and in the electro
chemical deposition of gold. ITO electrodes were 
cleaned with methanol and 0.1 M NaOH solution, 
then rinsed with water, dried with N, and stored 
탸ndeF dry conditions. The electrochemical deposi
tions of gold on ITO were performed in a gold col
loid solution by cyclic voltammetry 탾sing an ITO 
working electrode, an Ag/AgCl reference electrode 
(saturated KC1 sohition) and a platinum wire ccninteF 
electrode. After the electrochemical deposition, tfie 
gold electrodes were rinsed with water and dried 
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with a stream of N2. The absorption spectra of the 
gold electrodes were obtained using a computer 
controlled HP model 8425A diode array spectro
photometer (Hewlett-Packard Co., Palo Alto, CA). 
The surface of gold electrodes was examined by 
usmg Schottky Emission Scanning Electron Micro
scope (SEM) (S-4300 SE, Hitachi High - Technologies 
Corporation, Tokyo, Japan) which was mtegrated with 
Energy Dispersive X-ray Spectrometer (EDXS) (Gre
sham Sirius).

Preparation of gold colloid solutions (1-4) and self- 
assem미ed layers of AQDS

Gold solutions were prepared using previously 
reported procedures (4-7). Briefly, the EDAS was 
dissolved in 0.1 M KH2PO4 solution. Then 5 mL of 
1.0 M EDAS m 0.1 M KH2PO4, 35 mL of metha
nol, and 5 mL of 0.1 M solution of HAuCL were 
placed in a clean 150 mL Erlenmeyer flask. A clear 
yellow solution resulted, which was sonicated for 
10 mmutes. After this procedure, 0.5 mL of 0.1 M HC1 
and 5 mL of distilled water was added to hydrolyze 
and condense of the solution. The solution was son
icated for another 10 mmutes. 0.250 mL of 5% NaB— 
was then added to reduce the solution, which was 
sonicated a further 10 minutes. The pH of solution 
was adjusted to 2.5 via dropwise addition of con
centrated HC1. The self assembled 1 剪 ers were formed 
by immersmg the gold electode mto 1 mM of AQDS 
in 0.1 M HC1O4 solution for over 20 hours. The 
layer-covered gold electrode was rmsed with 0.1 M 
HCIO4 and water.

RESULTS AND DISCUSSION

A gold thin film on ITO was formed from gold 
colloide solution after about 400 cycles of cyclic 
voltammetry between -0.4 V and 1.0 V with a scan 
rate of 100 mV/s. As the cyclic voltammograms are 
shown on Fig. 1, the gold thin film of nanoparticles 
grow in a cyclic-by-cyclic fashion. The electrochemical 
properties of the gold thin film on ITO electrode 
was obtamed by CV m 0.1 M HC1O4 solution with 
a scan rate of 100 mV/s as shown on Fig. 2. The 
oxidation and reduction peaks of gold were obtamed at

1 'o O：8 0 6 0.4 0.2 O -0.2 -0.4

Potential / V vs Ag/AgCI

Fig. 1. Electrochemical deposition of gold nanoparticles on 
ITO.

Fig. 2. The cyclic voltammorgram of thin film of gold 
nanoparticles on ITO.

1.4 V and 0.7 V in 0.1 M HC1O4 solution, respec
tively. The surface coverage was calculated of 1.2 
nanomole/cm2 by measurmg the area of the reduc
tion peak of gold m 0.1 M HC1O4 solution. The UV- 
Visible spectrum of the gold film on the ITO was 
measured to mdicate a characteristic maximum 
peak about 550 nm. The SEM image presented in 
Fig. 3 show a diameter of about 20 nm with iso
lated large clusters of gold particles. Thm film gold 
nanoparticles were confirmed by EDXS.

For comparison, the cyclic voltammograms of 
10'5 M AQDS in 0.1 M HC1O4 with a 이assy-carbon 
workmg electrode were obtamed with a scan rate of 
100 mV/s. The prominent peak at -0.12 V was due 
to the reduction of AQDS. The oxidation peak was 
shown at 0.03 V with a peak separation of 150 mY 
the half peak widths of reduction and oxidation 
were 88 mV and 114 mV, respectively. The peak 
current and total charge of reduction was very close 
to that of oxidation. The CV of the self assembled 
AQDS layer on gold thm film was obtamed m 0.1 M
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Fig. 3. SEM image of the gold nanoparticles on ITO.

HC104 with a scan rate of 200 mV/s. The CV exhib
ited a redox reaction of the self assembled layer 
AQDS at -0.006V for reduction and +0.080 V for 
oxidation. The peak-to-peak separation was 86 mV. 
The reduction and oxidation peak potentials of 
assembled AQDS layer on gold thin film were shifted 
to the positive potential direction compared with 
reduction and oxidation potentials of AQDS m 0.1 M 
HCIO4 solution by the glassy carbon electrode. Also, 
the UV-Visible maximum absorption peak of AQDS 
layer was obtamed at 320 nm. The values of surface 
coverage for AQDS layer was obtamed by CV (Tcv) 
and UV-Visible measurements They were cal
culated by the fbllowmg equations: rcv=Q/2FS, and 
r^A/lOOOs, where S (cm2) is the area of electrode, 
Q (C) is the charge of the oxidation of AQDS, F (C/

mol) is the Faraday constant, A is the absorbance at 
320 nm and 8 is the molar extinction coefficient 
(2800 M^cm1) of AQDS m 0.1 M HC1O4. The rcv 
and rw were calculated as 11.5 picomole/cnf, and 
17.8 picomole/cm2, respectively. Various potentials 
were applied using chronoamperometry to study the 
effect of charge injection of AQDS self assembled 
layer on gold thm film. Gold thm film absorption 
band mexima were obtained at 540 nm, while the 
AQDS layer coupled the nanopartices on the gold 
thin film and had absorption at 690 nm. The differ
ences of surfece plasmon absorption bands were 
obtamed using UV-Visible spectrometer with vari
ous potential ranges from +0.5 V to -0.5 V of 300 
seconds potential width. The potential dependent 
surface plasmon absorption spectra were shown on 
Fig. 4. The shapes of the plasmon absorption band 
of the self assembled layer AQDS on gold were 
changed to applied various potentials. By varymg the 
potential, maximum surface plasmon band mtensity 
was observed to decrease and broaden with increased 
applied negative potential. This is a result of thin 
film particle aggregation and the electron enrich
ment on the self assembled layer AQDS. The sur
face plasmon band of nanoparticle collide solution 
has been determined by the density of electrons, the 
effective electron mass, and the size and shape of 
the charge distribution. The peak positions are related 
directly to the relative electron concentration through 
서 = 서 N/Nf where N is the conduction electron 
concentration and i and f refer to mitial and final 
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Fig. 4. The surface plasmon absorption differences of multi-layers with various applied potentials.
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states, respectively (20). The self assembled AQDS 
layer on the g이d tfiin film is able to acc탸m탾late 
charge which makes the bhie shifts of plasmon 
peak a function of potential. This is in good agree
ment with previcms observations (22). The change 
of optical properties of the multi-layers by chang
ing tfieir state of charge has been demonstrated. 
This system can be applied to meas탸re the spectro- 
electrochemical responses as a sensor for a redox 
species on gold thin films in tfie future.
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