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Design and preparation of supported Au clusters and single atoms for development of
their catalysis
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Size-effect of a supported Au catalyst was studied in atomic scale using
spherical aberration corrected scanning transmission electron microscopy (Cs-STEM). To evaluate size of
all of Au particles including single Au atoms, a Cs-STEM image processing method using morphological
operations was developed. Based on the global observation and the image processing, the size effect on
hydrogenation activity of Au/Al203 for aldehyde and nitro_compounds was investigated. As a result, the
size effect was varied with the functional groups in atomic scale. It was also found that the size of Au
nanoclusters is controlled by addition of FeOx to AlI203 support, which enhances hydrogenation activity.
Furthermore, when HMF, which is a platform chemical in biorefinery process, was used as a reactant, a

cyclopentanone derivative was obtained through selective hydrogenation over Au nanoparticles and
ring-rearrangement over acid-base sites of supports.
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Figure 1. (a) HAADF STEM image of
Au/AlO;, (b) background image created by
morpho- logical opening operation, (c) binary
image after background subtraction ((b)-(a)),
(d) final image created by closing
operation.
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Figure 2. HAADF-STEM images (left) and
Au particle-size distributions with respect to
the counted particle number (right): Au/Al,O3
prepared at (a) 473, (b) 573, (¢) 623, (d) 673,
and (e) 773 K.
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Figure 3 Plots of the reaction rate for the
hydrogenation of (a) BA (red circle) and HMF
(orange triangle) and (b) NB (blue square)
against the average particle size.
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Figure 4 Proposed adsorption of the reactants
and H, on Au clusters ((a) Auyg, (b) Auggs)
supported on Al,O3: (a) BA is adsorbed on a
corner; (b) NB is adsorbed at the interface of Au
edge atoms and AlO;; H, dissociates at the
interface of a Au corner and Al,Os.
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Figure 5 Illustrations of (a) Au/FeO,/Al,0; and
(b) AU/A1203.
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Figure 6. Yield of products for conversion of
HMF.
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Scheme 2. Ring rearrangement of HMF to
HCPN.
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