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ABSTRACT

Pt nanoparticles were synthesized by polyol method and
then deposited on a highly orientated pyrolytic graphite
(HOPG) substrate. They also were obtained by direct
reduction of chloroplatinic acid on HOPG in a H, flow and
by immersing the graphite electrode into a platinum plating
solution, 0. 1 mM H,CI¢Pt and 0.1 M H,SO, solution. The
density of particles as well as their dimension depend in
this case on the time of immersion in the hexachloroplatinic
solution. Pt nanoparticles formed for these methods are
mainly quasi hemispherical small Pt nanoparticles in size.
The characterization of these systems was studied by high
angle annular dark field (HAADF) technique and
transmission  electron microscope (HRTEM). The
combination of these experimental techniques allowed, the
determination of the structure and the distribution of Pt
nanoparticles on HOPG. A rotation between the layers of
HOPG was observed in the direction perpendicular to the
basal plane by effect of heating in H,.
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INTRODUCTION

Platinum is considered one of the best electrocatalyst for
low temperature reactions in a H,/O, fuel cell. Metallic
nanoparticles are of great interest because of the
modification of properties observed due to size effects,
modifying the catalytic, electronic, and optical properties of
the monometallic nanoparticles. Interest in platinum
nanoparticles derives mostly from the importance of highly
dispersed platinum in catalysis. An “ideal” model system
for investigating a particle size effect in electrochemical
reactions-such as the methanol oxidation and oxygen
reduction reactions- would possess all of the following
characteristics: (1) Platinum nanocrystals should
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be size and shape monodisperse. (2) Nanocrystals should be
dispersed on, and electrically connected to, a
technologically relevant support surface that facilities
spectroscopic characterization of the particles and of
adsorbed intermediates. For many electrocataysis reactions
the preferred support material is graphite. (3) Individual
platinum particles on this support should be well-separated
from one another. (4) The structure of the platinum
nanocrystals on the support surface should be accessible
both before and following the involvement of these
particles in the catalytic process of interest. (5) Supported
and platinum nanoparticles should be stable for days [1-5].

In this paper, a colloidal method of synthesis has been
proposed to obtain metallic nanoparticles; the polyol
method has been reported to produce small nanoparticles as
the final product, easily changing composition and surface
modifiers [6-9].

The gas-phase method of platinum salt particles
disposed on a graphite surface by H, was used in this work.
This method has the potential to yield nanocrystals that are
disposed in direct contact with a substrate surface [10].

We describe also, an electrochemical method for
preparing dispersions of platinum nanocrystals on a
graphite basal plane surface involving the pulsed
potentiostatic deposition of platinum from dilute PtCls>
using large overpotentials (Eovervoltage™ 500 mV) [11-13].

A novel approach to characterize this kind of particles is
based on the use of HAADF technique, in a high resolution
transmission electron microscope (HRTEM), which
allowed us the observation of the elements due to atomic
number, densities, or the presence of strain fields due to
differences in lattice parameters, structure, the presence of
surfactants or any other surface modifier besides the size of
the particle [14].

The HOPG is described as consisting of a lamellar
structure The freshly cleaved surface consists of atomic
steps and steps of several or dozens of atomic layers. The
crystallographic planes do have a definite structure and the
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height of a single step is 0.34 nm [15]. The Moir¢é patterns
were observed and rotations between the first and second
layers of HOPG in the direction perpendicular to the basal
plane by effect of heating Pt nanoparticles on HOPG in H,
flow [14, 16].

EXPERIMENTAL SECTION

The polyol method was followed to obtain platinum
metallic nanoparticles passivated with
poly(vinylpyrrolidone) (PVP). Hexachloroplatinic (IV) acid
(H,PtCls) hydrate (99.99%), and poly (N-vinyl-2-
pyrrolidone) (PVP-K30, MW = 40000) were purchased
from Sigma Aldrich, and 1,2-ethylenediol (99.95%) was
purchased from Fischer Chemicals; all the materials were
used without any further treatment.

A 0.4 g sample of Poly (N-vinyl-2-pyrrolidone) (PVP)
was dissolved in 50 mL of 1,2-ethylenediol (EG) under
vigorous stirring, heating in reflux, until the desired
temperature was reached (working temperatures ranged
from 100 to 190 °C in increments of 10 °C). For the Pt
metallic nanoparticles, a 0.1 mM EG-solution of the metal
precursor was added to the EG-PVP solution, with
continuous agitation for 3 h in reflux. When preparing the
Pt metallic nanoparticles, the following criterion was used:
after complete dissolution of PVP in EG, 2 mL of an EG
solution of H,PtClg (0.05 M) was added to the EG-PVP
solution in a period of 1 h. The reaction was carried out for
3 h at constant temperature. For this work the Pt
nanoparticles presented the smaller average size for a
synthesis performed at 130 °C. These Pt nanoparticles in a
solution of ethanol were impregnated on HOPG and dried
in a oven at 80°C.

The Pt nanoparticles preparation on HOPG by direct
reduction of Platinum salts in H, flow on HPOG (the gas
phase method) consisted in the partial oxidation of the
support in a muffle furnace at 600°C for 24 hours. Then the
impregnation of preoxidized HOPG with chloroplatinic
acid solution in a four to one mixture of benzene to ethanol
(absolute). The metal concentration was adjusted to
produce the desired total metal loading (10 Wt % Pt). The
amount of solvent was fixed using 50 ml/g of HOPG. A
mixture of salt solution and HOPG was shaken while
nitrogen was bubbled through the suspension at flow rate of
200-500 cc/min until to solution evaporated to dryness, i.e.,
after 40-60 hr for a 10 g sample in 500 ml of solution.

The samples prepared by these methods (Pt
nanoparticles on HOPG) were heated in a H, flow at a
temperature range from 450 °C to 1000 °C during time
intervals from 2hr to 5 hr. Samples were then exfoliated
with a scotch tape for TEM observation.

Pt nanoparticles were electrochemically deposited on a
highly ordered pyrolytic graphite (HOPG, grade-1) which
was obtained from SPI Supplies (West Chester, PA).
Platinum deposition was carried out by immersing the
potential in which electroless platinum deposition was not
observed ), followed by stepping the potential of the
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graphite surface to a deposition potential of -0.6 V, for 100
ms. Following the application of the deposition pulse, the
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Figure 1. A microscopy images by HRTEM, shows a
platinum nanoparticle synthesized by polyol method at: (a)
and (b) synthesized at 145 °C. (c) HAADF shows of Pt
nanoparticles and EDX HAADF analyze of Pt
nanoparticles.

electrode potential was stepped back to 0.2 V, and the
working electrode was removed from the plating solution.
All electrochemical experiments were performed using a
CH Instruments potentiostat model CHI 900B (CH
Instruments, Austin, TX). A platinum coil (d=0.5 mm)
and a Hg/Hg,SO, were used as the counter and reference
electrodes, respectively.

The Pt nanoparticles on HOPG for the electron
microscopy analysis were prepared over lacey carbon TEM
grids. HAADF images were taken with a JEOL 2010F
microscope in the STEM mode, with the use of a HAADF
detector with collection angles from 50 mrad to 110 mrad
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Figure 2. HRTEM image of Pt nanoparticles on
HOPG synthetized by polyol heated in H, flow
at 450°C.

Figure 3. HRTEM image of Pt nanoparticle synthesized
on HOPG graphite by direct reduction of chloroplatinc acid
impregnated on HOPG and heated in H, flow at 950 °C.
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Figure 4. HRTEM image of Pt nanoparticle synthesized
on HOPG by the electrochemical method.

RESULTS AND DISCUSSION

By the polyol method with ethylene glycol as solvent-
reductor, was possible to obtain monometallic platinum
nanoparticles with narrow size distributions in systems with
small particles (2-4 nm) and different structures depending
on the temperature of reaction. The structure of a platinum
nanoparticle is cubic, face centered has can be seen from
Figure 1 (a). The monometallic synthesis of Pt
nanoparticles by itself showed a distinctive morphology of
quasi hemispherical small Pt nanoparticles, which does not
depend on the temperature of reaction has can be seen from
Figure 1 (a) and (b). In the figure (c) a image of HAADF of
Pt nanoparticles with its respective analyze is shown.

The Pt nanoparticles synthesized by polyol method,
were deposited successfully on the HOPG has can be seen
from figure 2.

In the case when the Pt nanoparticles were synthesized
by direct reduction of platinum salt in H, flow on HPOG
we obtained nanoparticles with a considerable size
distributions in systems of Pt nanoparticles and different
structures depending on the temperature of reaction [17-
18]. We obtained good results also in the preparation of Pt
nanoparticles on HOPG by this method as can be seen in
figure 3.

By immersing the graphite electrode into a platinum
plating solution were obtained Pt nanoparticles in a
narrow particle size distribution also for mean crystallite
diameters smaller than 4 nm.
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It is important to observe that several patterns of
diffraction of the samples Pt nanoparticles on HOPG
presented rotations of some degrees between the layers of
HOPG in the direction perpendicular to the basal plane by
effect of heating these samples in H,. Also Moire patterns
were observed in some of these samples. Honeycomb
structures were observed on the HOPG surface.

For preparing supported platinum nanoparticles on
HOPG graphite for investigations of electrocatalysis, the
advantage of the polyol method is the small size of the
particles and the narrow distribution sizes of them. The
second method have the potential to yield nanocrystals that
are disposed in direct contact with HOPG; however, in
neither case has it been possible to achieve good particle
size monodispersity for platinum across a wide range of
particle sizes.

Electrochemical deposition resulted an effective method
to obtain directly nanoscale platinum particles on HOPG
with a narrow distribution sizes.
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