Substrate Effect on Cluster-like Electrocatalyst
Materials Probed via Scanning Tunneling
Spectroscopy (STS)

N. Alonso-Vante*, M. J Giz"; E. GonzdeZ

Laboratory of Electrocatalysis, UMR-CNRS 6503
Université de Poitiers, 40 Av. Redeur Pineau, F-86022
Poiti ers Cedex, France
Y nstituto de Quimicade Sdo Carlos, Universidad de Sdo
Paulo, C.P. 780 Sao Carlos, SP 13560970 , Brasll

Investigation of multi-electron charge transfer
medhanisms, such as, the oxygen reduction readion
(ORR), or methanol oxidation readion (MOR) is of
relevance for both fundamental eledrochemistry and
material science Both approaches are the basis for the
development of energy converting systems (fuel cdls).
Therefore, from a fundamental point of view, it is
interesting to learn about the density of states (DOS) of
the resulting cluster-like material surfacesystems used for
such a purpose. In caalysis or eledrocaalysis, materials
in the nanodivided form (particles) are frequently used.
These materials are supparted on substrates with defined
physicd-chemicd properties (conductivity, addity,
basicity, etc.). However, interfaces between dissmilar
materials may exhibit size dependent properties that affed
eledricd, mechanical and electrocaalytic responses, and
further the thermodynamic stabili ty. This communicaion
isaimed at probing the interfacebetween cluster and the
substrates, as nea as possible to the condition employed
in red world, using the scanning tunneling microscopy
(STM) and spedroscopy (STS).

The cdalyst materials were prepared via the low
temperature synthetic procedure to obtain Pty7Rug 3 (from
Pt and Ru)' and Ru,Se,” colloidal solutions. Fluor-doped
tin oxide layer (FTO,10Qm), glassyy cabon (GC) and
highly oriented pyrolitic graphite (HOPG) were used as
substrates. The materials were deposited by dipping the
substrate in the colloidal solution, theredter anneded in
air for Pt-Ru (300°C) and under Ar for RuSe, (230°C).
This treament provided the formation of ultra-thin layers.
Infad, asreveded by STM the morphology of such layer,
in the nanometer scde range, is esentialy based on a
network of interconneded nanoparticles.

The olledion of locd 1+(V) curves was of spedal interest
to probe the interface properties. All curves were
measured with the feedbad loop df, at a preseleded
voltage set point by STM operated in air, with the tip
(Ptoglro.) placed on various places in a surfaceof 50rm x
50m. STM images were obtained before ad after
spedroscopy to verify the spatial region.

All tunneling spedra were acquired with an averaging
during acquisition at a tip hias voltages of 0.2, and -0.2V
with a set point current of 0.5nA. Differentia
conductivity (propational to locd density of states
(LDOS)) was determined from a 15-points smoacthing
routine of 11(V) followed by a numericd differentiation.
Figure 1 shows the spedra of substrates FTO, GC and
HOPG (sample bias = -0.2V). Above the Fermi level (Ep)
the conduction band of FTO can be identified. Slightly
filled levels below Er is observed, as expeded for a
degenerate n-type semiconductor. GC and HOPG the
conduction and valence band can be identified. GC, a
variety of graphitic dedrodes, has a higher conductivity

below and above Eg. The situation looks different when
such substrates are modified by the deposition of
Ruo 7Ptos (Figure 2) and Ru,Se, (Figure 3). A preliminary
evaluation o these spedra shows: (i) that the locd
density of states at the Fermi level increases by a factor of
2 on HOPG and 03 on GC. (ii) the @nduction and
valence bands of carbon materials are dfeded by the
eledronic properties of the cdalysts. Thisis more evident
on the semiconducting substrate (valence side).

The ladk of sensitive of such measurements to locd
variations on these substrates (in a range of 50mM Xx
50nmm) puts in evidence that an homogeneous surface
conductivity exists among the nanoparticles. Furthermore,
since STS is ®nsitive to surface properties, apparently a
strong interacion with the substrate may exist in the case
of HOPG, but the metal-substrate surfaceinteradion on
this gabstrate is known to be smal. In fad, the
nanoparticles were preferentially deposited on edges
(defeds) of HOPG. This might explain these results.
Therefore, these investigated substrates constitute a model
to understand eledrocaalysis of nanodivided materials.
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Figure 1. Tunreling spedra of substrates (top); Figure 2.
Tunreling spedra of surface modified substrates by
Rup 7Ptos(middle); and Figure 3. Tunreling spedra of
surfacemodified substrates by Ru,Se, (bottom). All data
were mlleded under similar conditi ons.
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