CATALYTIC CHEMISTRY

Annual Research Highlights

(1) “Aerobic oxidation of cyclohexane catalyzed by
size-controlled Au clusters on hydroxyapatite”

In this work, we synthesized gold clusters, Au, (n = 10,
18, 25, 39), with atomically-controlled sizes on
hydroxyapatite (HAP) and studied the catalysis for
aerobic oxidation of cyclohexane. These Au,/HAP
catalysts could efficiently oxidize cyclohexane to
cyclohexanol and cyclohexanone. The turnover frequency
monotonically increased with an increase in the size,
reaching values as high as 18500 h™" Au atom™ at n = 39,
and thereafter decreased with a further increase in n up to
n~85. This finding provides a fundamental insight into
size-specific catalysis of gold in the cluster regime
(diameter < 2 nm) and a guiding principle for rational
design of Au cluster-based catalysts.
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Fig. 1 TOF values as a function of the cluster size of Au,/HAP
1.(1)-1) ACS Catal., 1, 2-6 (2011).
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(2) *“Organogold protected by

phenylacetylene”

A new class of monolayer-protected Au clusters with
Au-C covalent bonds (organogold clusters) was
synthesized by ligating phenylacetylene (PhC=CH) to
PVP-stabilized Au clusters. Matrix-assisted laser
desorption ionization mass spectrometry revealed for the
first time a series of stable compositions of the
organogold (Au:C,Ph) clusters.
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1.(1)-7) J. Am. Chem. Soc., 133, 20123-20125 (2011).
(3) “Synthesis and characterization of
Auip(p-MBA)4,”

The synthesis of Aujp(p-MBA)y on a preparative
scale in high yield is described. Various analytical
methods are shown to give results consistent with the
composition and known structure of the particles,
showing the preparation is essentially homogeneous, and
attesting to the validity of the methods as well.
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Fig.2 (A)ESIand (B) LDI masszspectra of Aujg(p-MBA )
1. (1)-3) J. Am. Chem. Soc., 133, 2976-2982 (2011).

(4) “Isolation and structural characterization of
magic silver clusters protected by
4-(tert-butyl)benzyl mercaptan”

Small silver clusters (average diameter of 1.2 nm)
protected by 4-(tert-butyl)benzyl mercaptan (BBSH) were
converted to stable, monodisperse clusters (2.1 nm) by a
ripening process with excess amount of BBSH. Multiple
characterizations of the isolated magic clusters revealed
an approximate chemical composition of Ag ,5o(SBB)_;2.
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Fig. 3 ESI mass spectrum (left) and high resolution TEM
image (right) of Ag »50(SBB)-129
1.(1)-5) Chem. Commun., 47, 5693-5695 (2011).

(5) “**"Au Méssbauer spectroscopy of Au,s(SG)sg”

Reanalysis of the '“’Au Mossbauer spectrum of
Auy5(SG)13” (SG = glutathionate) based on the structure
determined by single crystal XRD analysis gave a
reasonable fit, demonstrating that '’Au Mossbauer
spectroscopy is a powerful tool for predicting the
structural motifs of thiolate-protected Au clusters.
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Fig. 4 Au Méossbauer spectrum (left) and geometrical structure
(rlght) OfAllz5(SG)137
1.(1)-6) Chem. Lett., 40, 1292-1293 (2011).
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