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Selective oxidation of alcohol to the corresponding carbonyl compounds is an important
transformation in industry and academia. Conventionally, stoichiometric amount of heavy metal
reagents or water sensitive organic reagents, which are environmentally hazardous, have been
used in this process. Recently, aerobic oxidation using molecular oxygen as an oxidant in water
has gained much attention from the viewpoint of green chemistry. One of the potential
candidates for the catalysts is a metal nanoparticle whose chemical property strongly depends on
size. However, the size-controlled synthesis of metal nanoparticles is still a challenging task.
This study aims to reveal the correlation between the structures and catalytic properties of Pt
nanoparticles (PtNPs) stabilized by poly(vinylpyrrolidone) (PVP) for the aerobic selective-
oxidation of benzyl alcohol.

Chapter 2 describes the efficient synthesis of small, monodispersed PtNPs stabilized by
PVP. Major problems in preparing PtNPs by reducing Pt*" precursor ions with NaBH, are (i) low
yield due to rapid decomposition of NaBH,4 by produced PtNPs and (ii) polydispersity due to
inhomogeneous mixing of both solutions by the conventional batch method. I demonstrated that
these problems were overcome by using microfluidic method; monodisperse PtNPs with an
average diameter of 1.4 = 0.3 nm were efficiently produced (Fig. 1). Extensive characterization
using various spectroscopic methods including EXAFS, FTIR of CO and XPS revealed that the
microfluidically synthesized PtNPs (1.4 = 0.3 nm) were negatively charged and had a high
population of low coordination sites on their surface.
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Fig. 1. Micromixer and microfluidic synthesized Pt:PVP NPs.
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In chapter 3, I studied the relationship between the geometric and electronic structures of
PtNPs and their catalytic properties for aerobic oxidation of benzyl alcohol. It was found that
smallest PtNPs (1.4 + 0.3 nm) dispersed in water selectively oxidized benzyl alcohol to
benzaldehyde in the presence of atmospheric pressure of O, as shown in Fig. 2. In order to study
the size effect of PINPs, I prepared a series of PVP-stabilized PtNPs with an average diameter of
14, 1.8, 3.2, 3.9 and 4.8 nm. Turn-over-frequency (TOF) were increased with increase in size
(Fig. 2), whereas selectivity to the aldehyde formation was not dependent on the size. The size
dependent behavior of TOF was ascribed to the geometric structures of the PtNPs. I proposed
that the presence of terrace Pt atoms facilitate the adsorption of benzyl alcohol via attractive
interaction with the phenyl ring and that adsorbed benzyl alcohol can migrate to the low
coordination site for further catalytic reactions (Fig. 2). The effect of electronic structure was
studied using Ag-doped (1 and 10%) PtNPs with similar sizes (8-9 nm). The catalytic activity
was reduced by Ag doping, in sharp contrast to the case of PVP-stabilized AuNPs, suggesting
that the activation of molecular oxygen by PtNPs is not involved in the catalytic process.
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Fig. 2. Selective oxidation and enhancement of catalytic activity due to attractive interaction of
phenyl ring with terrace of PtNPs.

In summary, PtNPs with an average diameter 1.4 + 0.3 nm were efficiently synthesized
by microfluidic method. The PtNPs thus prepared were negatively charged and had high
population of low coordination sites (edge and cormers) on their surface. These PtNPs selectively
oxidized benzyl alcohol to benzaldehyde irrespective of their size. Interestingly, larger particles
showed higher activity which is ascribed to the attractive interaction of phenyl ring and terrace of

PtNPs.
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