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When Au is deposited as nano—clusters {(NCs) on selected supports, it exhibits unique catalytic properties
for many reactions such as low temperature CO oxidation and so on. ™ Lately, it found that Au NCs stabilized
by poly{#vinyl-2~pyrrolidone) [PVP; (CsHsON),), abbreviated as Au:PVP, can selectively oxidize p-hydroxy-
benzyl alechol {p-HBA) to the corresponding aldehyde in water.® Moreover, Au catalysts also exhibit the
catalytic activity for the isomerization of allylic alcohols to saturated aldehydes. ¥ From previous works,
it was found that the anionic Au NCs is essential for the activation of oxygen melecule on the Au NCs, &1
Then, the reaction mechanism of aerobic oxidation of methanol on the anionic Au NCs investigated. ¥! However,
the catalytic activities of neutral Au NCs are not still investigated theoretically in detail, as it would
be presumed that neutral Au NCs are inactive. Additionally, Au NCs stabilized by poly(allylamine) [PAA;
C:HsNHs) o}, abbreviated as Au:PAA, is one of polymer—stabilized Au NC catalysts and can also catalyze the aerobic
oxidation of p-HBA under the same conditions; however, its activity is much lower than that of Au:PVP. 21 gt

present, little is known about the reason of this difference in catalytic activity between Au:PVP and Au:PAA.




Therefore, in order to elucidate the catalytie reaction mechanism and the catalytic function expression
mechanism of the polymer—stabilized Au NC catalysts, theoretical investigations were carried out.
Theoretical calculations are applied to the aerobic oxidation of p-HBA over the neutral Aus cluster as a
first step for understanding the reaction mechanismover AuNC catalysts. From the calculation results, possible
reaction pathways on neutral Au NC were proposed. Then, it was found that the formations of both a hydroperoxyl
anion and a hydride were the important steps for the aerobic oxidation of p~HBA over Aus cluster. Moreover,
DFT calculations were also carried out for the isomerization of 2-hexen—1-ol over isolated Aug cluster. From
these calculation results, a possible reaction pathway on neutral Au NC was also found in this reaction.
Additionally, it was found that the catalytic activity of isolated neutral Au NC for the isomerization of
allyl alcohol is not high, because the rate determining step had relatively large activation barrier.
Finally, to elucidate the differences in catalytic activities of Au:PVP and Au:PAA in the aerobic oxidation
of p-HBA, the characteristics of these iwe kinds of polymer—stabilized Au NC catalysts were investigated
theoretically. The results of DFT and MD calculations suggested that the difference is mainly due to the
difference in substrate accessibility on the Au NC surface, caused by the difference in the Au NC surface
coverage by the polymers, while 0, activation abilities for both Au:PVP and Au'!PAA are similar.
Consequently, it could be concluded that Au NC is capable of expressing a catalytic abilities by interacting
with the reaction substrate. The possible reaction pathways are showed by a theoretical calculations. Though,
the catalytic activity of isolated neutral Au NC is not high in some reactions. Thus, not only for the purpose
of preventing coagulation of Au NCs, but alse for the purpose of promoting the activity, the hetero—junction
between Au NC and supports or protecting agents is essential. However, depending on the choice of supports
or protective agents, sometimes it would reduce the catalytic activities. The coordination structures of the

polymers onto the Au NC play an important role for the difference in catalytic activities of Au:PVP and Au:PAA.
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