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Hectrochemical preparation and AFM characterization
of god nanoparticles on HOPG®
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Abgract: We present a sudy cn ithe dectrochemica proparation of Au naroparticles on HOPG from HAuG,

sl ution characterized by tgpping mode ARM. it has been shown that depostion on activated HOPG and ron

activated HOPG follows progressve and ingantaneous nucleation and growth node, regectively. The sze and

nmorphology of the naroparticles depends on the depostion condition. Au naroparticlesdof narrow sze digtribution of
50 nm can be prepared which has a tendency to arrange into a two dimendgond order on honogeneous HOPG
(ronractivated) . The dectrocata ytic properties and SERS properties of the Au naroparticles are briefly di scussed.
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Nanoszed metd particles (and thin film) show dgnificantly different physica and chemica properties
from those of their bulk'” and great fforts have been devoted to preparation and characterization of metal
nanoparticles. For exanple, massve Au is much less reactive than noble metd such as R, Rh and Pd in
hormmogeneous catdys s and electrocatalyss. However , enhanced reactivity for QO oxidation from a supported
Au naroparticles on TiO,'” has been observed due to the dectronic and sructural efect of the conposite” .
Due to its unique properties, gold naroparticles are d the candidate for sngeédectron tunneing
eperiment. To facilitate invedigation and goplication of the properties, preparation of narnoparticles on
suface becomes one of the focuses of the fidd. As the preparation method becomes increasngy
S)phisticated[4'5] , electrodeposdtion remains as an easy , dficient and controllable way for the formation of
metal naroparticles on eectrode surfaces® . With electrochemical control , proper composition of eectrolytes
aswell as suitable surface pretreatment , nucleation and growth behavior for the nanoparticle formation may
be adjuged.

In this pgper , we report eectrochemica preparation and ARM characterization of gold nanoparticles on
highly oriented pyrolytic graphite (HOPGQ of different suface conditions. Results are presented to show the
influence of eectrode potentia , depodtion time and surface pretreatment (activated and ron-activated) .
The surface norphology of the depodts is invedigated by tapping node ARM that is ussful in the gudy of
weakly attached depodt on subdrate surfaces. The eectrocatalytic properties and optica properties will a0
be discussed.

Exper imental
Hectrochemical experiments were carried out in a conventiond three-dectrode cdl. A saturated

cdomd dectrode (SCE) and a platinum wire were used as the reference eectrode and the counter
electrode, repectively. The working eectrode was a freshly cleaved HOPG. Depending on demand , the
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HOPG may be eectrochemicaly activated prior to €ectrodepogtion in phogphorous by anodic oxidetion in a
0. 1mol L phophate bufer ( pH = 7.0 ) olutions’'. Hectrodepostion was carried out in a freshly
prepared 1mmol /L HAud,. 4H,0 and 0. 1 ol /L HAO, solution following a preset potential and time control
scheme. Hectrocataytic activities of the nanoparticles were measured in a lution contairing 0. 2 nol /L
ethylene dyool and 0.1 nol/L NaOH. All reagents were of andytica grade and solutions ware made of

[a.

Results and discussion

The initid dage metd
depodtion behavior depends
drongy on the subgrate surface
sate’®. Deects of the suface M
such as geps, kinks dften serve as a
the nudledtion stes. Therdfore, we ANae

sarted with the activaled HOPG Fg.1 APRM images o dectrodeposted gold nanpparticles on activated HOPG

suface from which dense active suface potential change follows the sequence of (a) OV 10s, - 0.3 V
sites for nucleation are expected. 60s,0V 30sand (b) OV 10s, - 0.3V 10s, OV 100s. Scan sze
APRM characterization dhows that Im x m.

HOPG dter experiencing 60 min

oxidation a 1.2V in 0. 1 nol /L phogphoric acid is atomicaly rough but maintains its sToothness within the
sde of about 10 nm in a reasonably large area, which provides a suitable surface for e ectrodepodtion and
subsequent characterization by APM. Fg. 1 (a) is the ARM images showing the eectrodeposted Au
nanoparticles on the activated HOPG surface following a potentia gep sequence. Note that the open circuit
potential of the sysemis around + 0.9 V and there is no particular reason for the fird negative potentia
qep to OV inthis st of experiments. While sepping back from - 0.3V to 0V dlowsfurther gronth of the
nuclei in a dower geed. Densy didributed but isolated naroparticles of 70 80 nm were observed
presumably on the defect dtes of the HOPG surface. The time irfluence on the nuclestion and growth is
shown by Fg. 1(b). Szesd the large and the smal idand are about 50 nm and 400 nm, regectively.
From the sze digribution shownin Fg. 1(a) and (b) , a progressve nucleaion and growth node at - 0. 3
V is suggesed. Particle aggregation in Fig. 1(b) is likely due to the overlap of particles &ter prolonged
growth a 0 V.

Formetion of nore uniform Au naroparticles is dedrable on ronractivated HOPG.  Ingantaneous
nucleation and growth node is expected on the dnog ddect-free suface of HOPG. Asis sown in FHg. 2
(a) and (b) , only part of the HOPG surface were covered with nanoparticlesof 75 nm. It should be noted
that gepping into either + 0.3 V or - 0.3 V dready fal into the diffuson-controlled regime of potentia
where the gronth rate of the nucle maintains the same. Thus, the depostion potential irfluences mainly the
dendty of the particles. The formed nanoparticles have a Smilar narrow size digtribution for both Fig. 2 (a)
and (b) ocompared with those on activated HOPG surfaces shown in Fig. 1 (a) and (b) . Sme brighter or
bigger particles were seen on top of the densgly packed firgt layer of the Au nanoparticles. Thiswas because
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as the time increased the partidly
oovered surface provided a new
darting point for further nucleation
o Au on the as formed Au
namoparticles. In ether case, there
was a tendency for the particles to
arrange into order. Intereqingy ,
particles can be arranged in a long

line on me parts o the surfzce as
shown in Fg. 2(b) Fig.2 AHM imagesd dectrodeposited gold nanoparticleson noractivated HOPG

suface a (a) 0.3V for 10 sand (b) - 0.3V for 60 s.
San §ze3Im x 3m.

There are  expinenta
evidences and theoretical
caculations that small aswell aslarge meta clugers can rearrange on the surface through diffuson of metal
atoms a the peripherals of the dlusters” . For the present work , we have no definite explanation for the
norphology of the nanoparticles on surface yet , but we geculate that the driving force for this tendency is
likely due to the weak adhedon energy of the gold depost and fag diffuson of the gold atoms within the
particles on honogeneous HOPG surface. Arvia and coworkers reported in a recent paper that the shape of
the gold idandswere determined by the aniotropic diffuson , which isdf three dimensond central core and
large quas two-dimensional branching® . This is obvioudy rot the present case. Diffusion in the present
work isistropic and as a reault , round shgped narnoparticles are formed. The diffuson is nore favorable at
nore podtive potential because of the higher tendency for atoms to nove forth and back and thus higher
degree of two-dimendonal aggregation at 0.3V, Fg. 2 (a). It is, however, hard to explain why Au
nanoparticles pers g their shgpe even when they are very close to each other. It seems the activation energy
for the interdiffuson of atoms from different nanoparticles are very high. It should be noted that adheson of
the Au depost is © weak that it isonly possble to characterize the nanoparticles us ng tapping mode ARM
which looses the chance of in-Stu nonitoring.

Anong the four surface norphologies, only the one shown in Fig. 1 (b) shows surface enhanced Raman
dgnal (SERY . The main feature of the nomhology is the coexigence of large (400 nm) and smal (50
nm) Au idands that are in contact with each other somehow. It is expected that such a norphology would
generate strong electromagnetic coupling and thus surface enhanced Ramen sgnal ™

To dudy the dectrocatdytic behavior of Au naroparticles on HOPG, cyclic voltammmetric
measurements were performed us ng the € ectrooxi dation of ethylene gycool as the probe. Bhylene gyool isa
potential candidate for fud cell of comon interes whose eectrooxidation behavior on Au(hkl) has been
gudied™ . In the lution of 0.2 nol/L (CH,OH), +0. 1 nol/L NaOH , the onset of the ethylene gyool
electro-oxidation was found to be a 0. 27 V on a masdve Au dectrode, Fg. 3 (slid line 1) . Whereas on
the Au naroparticle nodified HOPG dectrode (Fig. 1(b) ) , there is about 50 mV lowering of the oxidation
potential and nore than 20 times enhancement in electrocataytic current dendty , Fig. 2 (dotted line 2) .
The enhanced e ectrocataytic property of the Au nanopoarticlesis believed to be rdated to the surface dfect
and sall size fect of the nano-sized gpld particle™ .
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Conclusion 140 ¢ 2
We have shown that Au :ig - ;’/ \\

nanoparticles on HOPG can be " 80 '
prepared by electrodepostion. The i jg b
dze and norphology of the = a0 F
nanoparticles on  HOPG drongy 0 ‘
depends on the origind HOPG jﬁ L 1\ S
suface  oondition and  the 0.2 0.0 0.2 0.4 0.6

. - . ) E/V
depodtion condition. Fag diffudon

on the homogeneous HOPG surface
provides a tendency for the
nanoparticles to  rearrange  into
order, yet the high activaion
energy for the interdiffudon of
atoms between different nanpparticles prevent the nanoparticle from being codesced. The present sudy
denongrates that preparation of metal nanoparticles of different sze and norphology on surface is dedrable
by dectrodepodtion. Sygematic sudies are under progress.

Fig. 3 Cydic woltammogram of masdve Au dectrode (olid line 1) and gold
naroparticles e ectrodeposted on nonactivated HOPG eectrode (dotted
line 2) in 0.2 nol/L ethylene gyool and 0. Inol /L NaOH olution. The
current dendty is conversed with repect to the geometric area of the
dectrode suface. Sweep rate: 50mv/s.
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