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Abstract

Nanoparticles shape controlled synthesis is an important way to prepare
functional material, especially for high performance catalyst. The functional
molecules as capping agent (Citrate, PVP) and reducing agent (ascorbic acid)
play a key role in the synthesis. However, the mechanism of functional molecules
is still unclear. The adsorption of functional molecules on Pt(hkl) and Pd/Pt(hkl)
electrodes were investigated by using cyclic voltammetry, STM and in situ FTIR
spectroscopy, to understand the mechanism of functional molecules in
nanoparticles shape controlled synthesis combined with the synthesis process.
The main results are summarized below:

1. Citrate behaves as a simple, specifically adsorbing anion and is sensitive to
surface structure. On Pt(311) and Pt(100), citrate starts to desorb from surfaces
at 0.3V and complete at 0.2V; the desorption potential on Pt(111) is from 0.4V to
0.2V; which indicated the adsorption of citrate on Pt(111) is weaker than that on
Pt(311) and Pt(100). Citrate can be used to test the Pt(100) terrace contributions
on nanoparticles as the intensity increase and narrowing of H UPD features
associated with the Pt(100) terrace in the solution containing citrate.

2. It is found that the adsorption of PVP on Pt single crystal is surface sensitive.
The adsorption of PVP on different Pt surface sites has the sequence:
L(100)>S(100)%(111)=S(111)x(100)=S(111)x(111)>L(111). PVP is bonded
strongly to Pt(100), but weakly on Pt(111). The adsorption structure of PVP on
Pt(100) and Pt(111) are similar in the STM images, the polymer acts as a big
domain on the surface which is about 2-4nm. With in situ FTIRS, we can
distinguish that the bond between PVP and Pt(100) is stronger than Pt(111), as
the carbonyl band is red shift to 1663cm-1 on Pt(100) compared with 1671cm-1
on Pt(111). We also use CO as “probe molecule”, and the result supports our

conclusion. We have achieved the key of that why PVP can be served to control



the nanoparticles morphology.

3. We use “force deposit” method to achieve monolayer to multilayer Pd on Pt
single crystal surfaces. The behavior of citrate on Pd/Pt(hkl) is similar to sulfate,
as a simple, specifically adsorbing anion. PVP adsorbs strongly to Pd/Pt(100), but
weakly to Pd/Pt(111).

4. The electro-oxidation of ascorbic acid depends strongly on Pt surface structure
and is enantioselective to chiral surface. With long (100) terrace, L-ascorbic acid
gives a peak at 0.28V on the 1st cycle CV curve, which is confirmed to be the
desorption of ascorbate. L-ascorbic acid dissociates to produce CO on Pt(311) at
lower potential which would poison the surface. The R type chiral surfaces
Pt(321)R and Pt(643)R are more active to L-ascorbic acid and D-isoascorbic acid.
We have studied the adsorption of functional molecules on Pt single crystal
surfaces, combined with in situ FTIRS and STM to reveal the mechanism of these
molecules in nanoparticles shape controlled synthesis. It's of importance to

provide guidance on designing and preparing high performance nanocatalyst.

Keywords: citrate;PVP;Pt(hkl);in situ FTIR;STM
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