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NOTE

Electrochemical Deposition of Platinum Hydrosol on Graphite Observed
by Scanning Tunneling Microscopy

Ligand stabilized metal colloids are discussed as promis-
ing candidates for metal catalyst precursors or even sup-
ported catalysts (for a review, see Refs. (1, 2)). The
protective shell around the metal particles prevents their
agglomeration and leads to a highly dispersed metal phase.
A narrow metal particle size distribution, as revealed by
transmission electron microscopy, is achieved by specific
reduction techniques (1, 2). These catalysts are generally
prepared by adsorption, i.e., by adding the support material
to the colloidal solution, followed by a drying step. Another
way to prepare supported catalysts is electrophoretic depo-
sition, which was recently demonstrated for a gold colloid
(3). For conductive supports, such as carbon, an electro-
chemical deposition of colloids can be envisioned also. To
our knowledge this has not been investigated yet.

In this note we present, first, the results of a combined
scanning tunneling microscopy (STM) and X-ray photo-
electron spectroscopy (XPS) study on the electrochemi-

FIG. 1. STM image of the HOPG substrate recorded in situ in 10−2 M Na2SO4 and Pt sol solution (see text) (2000× 2000 Å2, Utip= 0.6 V, It=
2 nA): (a) at a potential of 1000 mVSCE; (b) at 500 mVSCE, after a short potential excursion to 1300 mVSCE.

cal deposition of platinum nanocolloids with an organic
shell (hydrosol) onto highly oriented pyrolytic graphite
(HOPG).

STM measurements, both in colloidal solution and in
air, were performed with a home-built microscope (4). The
sample potential was controlled by a potentiostat; a satu-
rated calomel electrode (SCE) was used as reference (for
details, see the figure captions). STM images were obtained
with a tungsten tip, in the constant current mode, and the
tip was kept at a fixed potential. The platinum colloid, with
N(Dodecyl)Methyl2(CH2)3SO3 molecules (denoted SB12)
as the protective shell, was synthesized following the pro-
cedure described in Ref. (2). An elemental analysis of the
colloid powder gave a platinum content of 15 wt%. The col-
loidal solution was prepared by dissolving the colloid pow-
der (0.5 g/liter) in deoxygenated Millipore® water. HOPG
samples were cut with a razor blade directly before being
mounted into the electrochemical cell.
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FIG. 2. STM image of the electrochemically treated sample after annealing in vacuum at 500◦C for 15 min, recorded in air (2000× 2000 Å2,
Utip=−0.6 V, It= 4 nA).

Prior to the STM characterization, cyclic voltammograms
were recorded in the respective solutions. The obtained
curves did not display any specific adsorption peaks, inde-
pendent of the presence of SB12 or Pt/SB12. The onset of
hydrogen evolution shifted towards more positive values,
similar to those observed on pure Pt, after an excursion to
1300 mVSCE in Pt/SB12 containing solutions. Similar shifts
were not observed in Pt-free solutions. The positive shift of
the H2 evolution is interpreted in terms of hydrogen evo-
lution at deposited Pt/SB12. The cyclovoltammograms did
not indicate any additional charge transfer through the dou-
ble layer. Similarly, no decrease of the double layer capac-
itance was observed, which is explained by the dielectrical
properties of the organic shell molecules.

For the STM measurements, the samples were mounted
in the electrochemical STM cell and covered with 3 ml of
10−2 M Na2SO4 solution, at a potential of +400 mVSCE.
In the entire potential range from −400 mVSCE to +700
mVSCE the smooth surface topography characteristic of
clean graphite was observed, with large flat terraces of
about 200 nm width and monoatomic steps. Addition of
1 ml Pt colloidal solution at a potential of −400 mVSCE

into the cell did not cause any changes in the STM im-
ages, up to potentials around 1000 mVSCE (Fig. 1a). When
the potential was increased up to 1300 mVSCE, the STM
images became unstable. After returning to lower poten-
tials, the surface had changed significantly. This is demon-
strated in Fig. 1b, which shows a distinct roughening of the
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FIG. 3. STM image of “dipped” sample after anealing in vacuum at 500◦C for 15 min, recorded in air (2000× 2000 Å2, Utip=−0.6 V, It= 4 nA).

terraces. We tentatively attribute this to a densely packed
layer of Pt colloid particles/SB12 molecules adsorbed on
the graphite surface. This interpretation is supported by
XPS measurements (5, 6) which showed a large amount
of platinum, equivalent to approximately one monolayer
coverage (spectra not shown). In addition, also S, N, and
O were detected with their atomic ratios close to the ele-
mental composition of SB12 molecules. This indicates that
these molecules adsorb intact. The XPS data also revealed
that the Pt surface concentration after this electrochemical
treatment is by one order of magnitude higher as compared
to samples which have been prepared by dipping HOPG
into the same aqueous colloidal solution for 15 min without
the application of an external potential. Hence, the com-
bined STM and XPS data clearly demonstrate that Pt col-
loid particles irreversibly adsorb on the graphite surface at
potentials higher than 1000 mVSCE.

After annealing these colloid covered samples in vacuum
for 15 min at 500◦C, only Pt and C signals were observed
in the XP spectra. Apparently, the organic shell molecules
had decomposed, and S, N, and O had formed volatile com-

pounds. STM images of these annealed samples, recorded in
air, also revealed drastic modifications of the surface mor-
phology. A large number of small particles are detected
which are randomly distributed over the surface (Fig. 2).
Furthermore, small pits are clearly observed on the graphite
surface. These pits, which are not observed without a pre-
ceding electrochemical treatment, were most likely created
by oxidation of the graphite substrate in the aqueous Pt-
sol/electrolyte solution in the very positive potential range
(7). The oxidation reaction, which may be accompanied by
the evolution of gaseous products such as CO2, is likely to
be responsible for the instability of the STM images under
these conditions. The fact that these etch pits are not re-
solved in in situ STM images in solution (Fig. 1b) can be
explained by the presence of the colloid adlayer.

As displayed in Fig. 2, the particles are imaged on av-
erage about 5 nm in diameter an 4 nm in height, which is
close to the particle size of 3 nm observed by TEM (2).
The irregular, elongated shape of the observed Pt parti-
cles, as well as their preferential orientation in this image,
arises from a tip artefact; it reflects the shape of the tip. The
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comparable particle sizes observed in STM and TEM, indi-
cate that the particles have not sintered after deposition and
subsequent annealing; i.e., they are immobilized by the elec-
trochemical deposition. We attribute this to an enhanced
interaction between support and colloid particles due to
graphite oxidation. Deposition by simply dipping HOPG
into colloidal solution, on the other hand, results in signifi-
cantly weaker interaction: STM images of a “dipped” sam-
ple, recorded after subsequent annealing in a vacuum, show
much fewer particles, which are generally stabilized by steps
(Fig. 3).

In summary, we have shown by direct STM observation
that a stable and highly dispersed state of adsorbed plat-
inum on graphite supports can be obtained by electrochem-
ical deposition of platinum hydrosol. This process includes
the electrochemical oxidation of the support. It leads to a
high platinum surface coverage, much higher than obtained
by dipping techniques. Further investigations to elucidate
the mechanism of the deposition process are in progress.
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2. Bönnemann, H., Brijoux, W., Brinkmann, R., Frentzen, R., Joussen,
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G. Mestl
R. J. Behm
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