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This thesis describes designing and development of efficient carbon-based platinum nanocatalysts with
unique structure using a novel synthetic method. To achieve this goal, we employed titanium dioxide (TiOz),
which acted as photocatalyst and template simultaneously, to prepare a hollow porous carbon encapsulating
platinum nanoparticles (nPt@AC). The preparation procedures are visualized in Scheme 1. The highly active

electrons (e?) and positive holes (h*) generated in TiOz upon ultraviolet light irradiation were utilized to

reduce PtCle? and oxidize phenol, respectively, to generate platinum-loaded TiOz covered by a layer of
phenolic polymer. Subsequent calcination of this composite in vacuum to convert surface phenolic polymer
into carbon components followed by removal of TiOz core particles by chemical etching yielded the nPt@AC.
Using combination of various characterization tools such as thermogravimetry, spectroscopy,
chromatography, microscopy and porosity analyses, mechanism of the synthetic reaction and physical
properties of nPt@AC were identified.

From tomography analysis, the Pt nanoparticles are found to be embedded in the carbon matrix of
nPt@hC which contains well-developed micropore and mesopore systems. In catalytic reactions, on account of
the presence of well-developed pores inside the carbon shell that provides three-dimensional hydrophobic
channels and spaces, efficient mass transfer and preferential adsorption of the substrate adjacent to the Pt is
facilitated. These unique properties result in a high concentration of substrate in the Pt microenvironment,
leading to the efficient catalytic function when compared to that of conventional Pt-loaded activated carbon
(Pt/AC).
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Scheme 1. lllustration scheme of the preparation procedure of nPt@AC.

In Chapter 1, a general introduction of research background and strategies is described. In Chapter 2
and 3, we found that polymerization of phenol proceeded even after the surface of TiOz was fully covered.
This observation prompted us to study the irradiation time-dependent effect on the physical properties of
thus-obtained nPt@AC. By using short and prolong irradiation, remarkable alterations in properties of the
carbon shells are observed, affecting the carbon morphology, density and porosity. Short irradiation time (< 1
h) resulted in the sheet-like nPt@AC sample owing to the inadequate polymerization to covering the surface
of TiO2; sphere-type nPt@AC is obtained through moderate irradiation time (2-5 h); Prolong irradiation
induce a significant densification of the carbon matrix, resulting in a decrease in pore volume. Mainly due to
the modulation of active surface of Pt nanoparticles in each nPt@AC, changes in morphology and density of

carbon are found to influence catalytic activity for hydrogenation of normal olefins.

In Chapter 4, we focus on clarifying the location of Pt nanoparticles in nPt@AC using an electron
tomography technique. From a tomogram obtained through reconstructing 121 tilted images of nPt@AC, the
Pt nanoparticles are found to be embedded in the thin carbon shell and physically separated from each other
by the carbon matrix. Owing to this entrapment of Pt inside the porous carbon shell, they are “frozen” inside
the carbon; any possible movement of Pt is minimized. Because of this unique structure, the Pt nanoparticles

showed high resistance to sintering when subjected to thermal treatment at temperatures up to 800 °C. As a
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result, hydrogenation reactions using nPt@AC pre-heated at various temperatures indicated minimum loss of
catalytic activity. For comparison of sintering behavior, Pt/AC prepared by conventional impregnation/Hz
reduction method is prepared. From TEM images of Pt/AC treated at elevated temperatures, it was found
that the Pt nanoparticles of Pt/AC grew to bigger agglomerates and the catalytic activity was lost

significantly according to the temperature.

Oxidation of alcohols into corresponding aldehydes, ketones and carboxylic acid is a reaction of
importance in chemical industry. In Chapter 5, we evaluate the performance of nPt@AC in the oxidation of
various alcohols using molecular oxygen as oxidant. Mechanism of alcohol oxidation on Pt is also studied. By
using various catalytic tools such as Hammett plot and kinetic isotope study, mechanism of oxidation of
benzyl alcohol is verified. The mechanism pathways are found to be comprised of 3 major steps: (1) formation
of alcoholate species on Pt, (2) B-hydride transfer to generate benzaldehyde and, (3) reoxidation of Pt by
oxygen. Besides, comparing to a commercially available Pt/AC, nPt@AC exhibits longer life-time in oxidation
of alcohols where Pt/AC is deactivated rapidly under atmospheric pressure. Pt of nPt@AC is suppressed to
oxidation compared to that of the Pt/AC catalyst. General conclusions of the thesis including several research

recommendations for prospective researchers are included in Chapter 6.
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