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Abstract

Abstract

Noble metallic nanocrystals (NC) are widely used as catalysts, Catalytic
performance of nanocrystals can be finely tuned by altering their shape. Noble
metallic NCs with high index facets have drawn more and more attention in recent
years. Solution-based methods are widely used for the preparation of noble metallic
NCs. In most cases, a metallic salt precursor is reduced in solution in the presence of
surfactant, However, as the surfactant always strongly adsorb on the surfaces of NCs,
as the facets are composed of atoms and they are general exhibit catalytic activities
for chemical reactions. So the surfactant distort and hinds the good catalytic
properties of metallic NCs. If choosing a surfactant, it can both synthesis NCs
bounded by crystalline facets with an open structure, and remove the surfactant easily.
It is highly challenging.

Pd Metal Nanocrystals is the anode catalyst in direct formic acid fuel cells. The
mechanistic studies of the electrocatalytic oxidation of formic acid on Pd have
fuandamental valuable.

In this thesis, Choline Chloride are used as surfactant for Pd Metal Nanocrystals,
The sturcture of the synthesized nanoparticles were studied by SEM andTEM .
Oxidation of formic acid on Pd nanocrystals was studied by using cyclic voltammetry
(CV) and in situ FTIR spectroscopy (in situ FTIRS). The main results are as follows.

1. We developed a novel surfactant to synthesis Pd Metal Nanocrystals with
Choline Chloride. The structure of the Pd,™™ was characterized by scanning electron
microscopy (SEM) and high resolution transmission electron microscopy (HRTEM).
The results demonstrated that Pd,"™™ were bounded with thorn and step facets.
Choline Chloride can removed easily, and don’ t hind the catalytic properties. The
catalytic properties of Pd,™™ toward CO.CH3;CH,OH and HCOOH were investigated
by CV and chronoamperometry (CA) methods, The results demonstrated that Pd,™™

exhibits an enhanced catalytic activity, and the oxidation current density on Pd,™"™

I



Abstract

has been enhanced to 2 times .

2. The procedure of the self dissociation and electrooxidation of HCOOH on Pd
nanometer electrode (Pd,) was studied by means of CV and in situ FTIR in different
concentrations of HCOOH and different reaction time at 0 V. The adsorbed CO
species (CO,q) have been identified when the reaction time of HCOOH oxidation is
more than 20 hours and concentration less than 2 M at 0 V. When the formic acid
concentration was higher than 8 M, CO,q4 species were detected an hour later. From
the in situ FTIR we found bridge-bonded CO (COg) was significantly higher than
linear-bonded CO (COy). The activity decays of Pd, to HCOOH oxidation with time
is due to accumulation of CO,q species on Pd surface.

3. At room temperature ionic liquid analogue — deep eutectic solvent (DES), we
attempted to synthesize Pd. Au nanoparticles. First, two sorts of DES were
synthesized using choline chloride and urea, as well as choline chloride and oxalic
acid, and then Pd and Au nanoparticles were prepared in DES without adding
surfactant. Small amount of octahedral shape of Pd nanoparticles and plate Au
nanoparticles were observed from SEM images.

Key words: Pd nanoparticles; electrocatalytic; choline chloride; HCOOH
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