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Gold has attracted great interests since the pioneering work of Haruta et al. as it can catalyze several
oxidation reactions under mild operation conditions. The size, charge state and stability of gold nanoclusters (Au
NCs) are very important factors for their catalytic activity. Several types of Au NCs stabilized on polymers, metal
oxides and carbon materials have been developed as effective heterogeneous catalysts. Although, it has been
accepted that the size, dispersion level and the interaction between Au clusters and the support are the key
parameters determining the performance of the supported Au NCs, an in—depth understanding of the origin of the
size dependence of Au NC catalysts is still lacking and identification of active species is difficult due to the wide
size distribution of conventional NCs and its complex interaction with support. To solve these fundamental
questions regarding the nature of active sites and reaction mechanism without considering the direct effect of
stabilizer, colloidal Au NCs stabilized by weakly coordinating polymers such as PVP [pol/y/{ N-vinylpyrrolidone)]
has been developed as model catalyst. In this context, experimental analysis and theoretical investigations such
as density functional theory calculations are promising ways to explore Au:PVP system. It has been extensively
used as a quasi—-homogenous catalyst in various types of oxidation reaction such as alcohol oxidation. Au is
slightly negatively charged in Au:PVP, indicating that PVP acts both as a stabilizer and an electron donor.

It is known that the molecular Oz adsorbs on the Au cluster surface which is supposed to play a key role in
the oxidation reactions. So, chapter 2 deals with the investigation of gold cluster model through mechanistic study
of the Au:PVP NCs catalyzed methanol oxidation reaction on Aus and Auzo as model clusters. It was found that
the shape of cluster model affected coordination number of the gold atom, and charge distribution on Au which in
turn affected the mode of adsorption and activation of Oz including the reaction pathways. In addition, it was
realized that Augo could be considered as a good model to represent Au:PVP system which could be applied for
further investigation of other reactions catalyzed by Au:PVP NCs.

Au-—catalyzed reactions have also been emerging as powerful synthetic tools for synthesizing many types of
C—C or C-hetero bonds under mild condition, for example Au:PVP-catalyzed aerobic homocoupling of
phenylboronic acid. Oz is essential for this reaction indicating its key role. Therefore, in chapter 3, the mechanism
of aerobic homocoupling reaction of phenylboronic acid was studied comprehensively on Auso . The results clearly
explained that Oz adsorption activated Au NCs by generating Lewis acid sites and the cooperative effect of Oz and
H20 played an important role through electron donation and hydrogen bond formation during adsorption and
dissociation steps of C—B bond for easy transmetallation. In addition, the spillover process of phenyl group on Au
NCs facilitated reductive elimination from top and facet sites with low energy barrier. Furthermore, mechanism
of phenol formation was also studied.

The new concept of activating metal NCs through bimetallic effect has attracted immense interest due to
superior catalytic activity of bimetallic NCs as compared to those of their monometallic counterparts, in which
two metals work cooperatively. Furthermore, bimetallization can result in stabilization of nanoclusters when one
metal acts as stabilizer for the other, preventing aggregation. Such stabilization effect is scarcely understood
experimentally and theoretically. Therefore, in chapter 4, bimetallic effect of the Pd and Au was studied for C—Cl
bond activation in hydrodechlorination reaction. It was revealed that the mutual influence of two metals Au and
Pd could lead to higher catalytic behavior through “synergistic effects” where, Au helped to capture and stabilize
Pd generating a bimetallic system in situ that catalyzed the reaction by a different mechanism. This could be a
potential method for stabilization of leached Pd using Au as a stabilizer in designing a new catalyst employing

bimetallic effects.
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