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Abstract

Abstract

Platinum-group metal nanoparticles supported on carbon are the irreplaceable catalysts
in direct alcohol fuel cells (DAFC). Fundamental studies of single-crystal model catalysts
have demonstrated that high-index faceted platinum-group nanocrystals with high density
of atomic steps and kinks usually exhibit much higher catalytic reactivity and stability
than those of low-index {111} and {100} facets. However, due to high surface-energy of
high-index factes, it is rather challenging to synthesize high-index faceted Pt nanocrystal
catalysts by conventional methods.

In this thesis, we successfully apply an electrochemical square-wave potential method
to prepare carbon-black-supported high-index faceted Pt nanocrystal catalysts

(HIF-Pt/C) with a comparable size to commercial Pt/C catalysts. Besides, we
preliminarily explored preparation conditions of high-index faceted Rh nanocrystals. The
main results are listed below.

1. We have synthesized HIF-Pt/C (I) catalysts by employing electrochemical
square-wave potential method to treat Cs,PtClg precursor prepared at room temperature.
Pt nanoparticles are tetrahexahedral nanocrystals with an average size of 76.7 nm.

2. We have synthesized HIF-Pt/C (II) catalysts by employing electrochemical
square-wave potential method to treat Cs,PtClg precursor prepared at room temperature
with polyethylene glycol 20000 as capping agent. Pt nanoparticles are tetrahexahedral
nanocrystals with an average size of 9.9 nm. The experimental results of the oxygen
reduction reaction (ORR) in perchloric acid demonstrate that HIF-Pt/C (II) catalysts
exhibit lower mass activity than commercial catalysts as well as the same specific
activity toward ORR.

3. We have synthesized HIF-Pt/C (III) catalysts by employing electrochemical
square-wave potential method to treat Cs,PtCls precursor prepared with liquid nitrogen
cooling method. The experimental results of aberration-corrected HRTEM and cyclic
voltammograms indicate that Pt nanocrystals with an average size of 5.1 nm possess a
high density of atomic steps. Electrocatalytic tests of ethanol oxidation demonstrate that

the HIF-Pt/C (III) catalysts exhibite catalytic activity and selectivity to CO, at least 2
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Abstract

times higher than those of commercial Pt/C catalysts. Furthermore, HIF-Pt/C (III)
catalysts exhibite obviously higher electrochemical stability than that of commercial Pt/C
catalysts.

4. We have synthesized HIF-Pt/C (IV) catalysts by employing electrochemical
square-wave potential to treat Cs,PtCls precursor by combining liquid nitrogen cooling
method with polyethylene glycol 20000 as capping agent. The experimental results of
cyclic voltammograms indicate that Pt nanocrystals with an average size of 2.8 nm also
possess a high density of atomic steps.

5. Rh nanoparticles are prepared by square-wave potential electrodeposition. It has
been demonstrated that the shape and surface structure of Rh nanoparticles can be altered
by varying the lower (EL) and upper (Ey) limit of the square-wave potential. It has shown
that only when the Ey is higher than 1.00 V, non-spherical Rh nanoparticles such as
branched Rh nanoparticles and five-fold twinned Rh nanorods occur by significant
oxidation-reduction-induced growth.

High-index faceted Pt nanocrystals with small size supported on carbon black exhibite
enhanced catalytic activity and stability, and will be used as promising catalysts applied

in fuel cells and a variety of other electro-catalytic applications.

Keywords: Platinum-group metals; high-index faceted nanocrystal catalysts; Pt/C

catalysts; ethanol electrooxidation; electrochemical stability
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