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Annual Research Highlights

(1) “Toward an atomic-level understanding of
size-specific properties of protected and stabilized
gold clusters”

Metal clusters are highly promising as a new class of
building units for functional materials because of their
novel and size-dependent properties. This account
surveys recent investigations of gold clusters focusing on
our effort toward an atomic-level understanding and
control of their size-sgecific properti‘es.
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Fig.1 Concept for the development of cluster-based materials.
2.-1) Bull. Chem. Soc. Jpn., 85, 151-168 (2012).

(2) “A new binding motif of sterically demanding
thiolates on a gold cluster”

A gold cluster, Aus(S-Eind);2, was synthesized by
ligating bulky arenethiol, Eind-SH, to preformed Au
clusters. Extended X-ray absorption fine structure, X-ray
photoelectron spectroscopy, and the fragmentation pattern
in the mass spectrometry analysis indicated that formation
of gold-thiolate oligomers at the interface was suppressed,
in sharp contrast to conventional thiolate-protected Au
clusters.

Previous study (2010) This study
. <>
bul
! Ui
alkanethiol arcy
Auss(SR)gs AuPVP Al (S-Eind)sz

Fig. 2 Scheme for synthesis of Au clusters protected by bulky
arenethiol.
1.(1)-1) J. Am. Chem. Soc., 134, 14295-14297 (2012).

(3) “Enhancement in aerobic alcohol oxidation
catalysis of Auzs clusters by single Pd atom
doping”

Auzs and PdiAus clusters on multiwalled carbon
nanotubes were developed via adsorption of
Auzs(SCi2H25)1s and PdiAuzs(SCi2Has)1s, respectively, on
the nanotubes, followed by calcination. Comparison of

their catalysis for the aerobic oxidation of benzyl alcohol
showed that single Pd atom doping significantly
improved the catalytic performance of Auys for the first
time.
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Conversion in benzyl alcohol oxidation
Fig. 3 Comparison of Auzs/CNT and PdiAu24/CNT catalysis
for conversion in aerobic oxidation of benzyl alcohol.
1.(1)-2) ACS Catal., 2, 1519-1523 (2012).

(4) “Selective synthesis of organogold magic clusters
Auss(C=CPh)z”

Organogold clusters Auss(C,Ph)zs were selectively
synthesized by reacting polymer-stabilized Au clusters
(1.2+0.2 nm) with excess phenylacetylene in chloroform.
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Fig. 4 Photographs of the phase transfer reaction and
negative-ion MALDI mass spectra of Auss(C2Ph)2s prepared
using chloroform.

1.(1)-3) Chem. Commun., 48, 6085-6087 (2012).
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(5) “Stabilized gold clusters: from isolation toward
controlled synthesis”

Bare metal clusters with fewer than ~100 atoms exhibit
intrinsically unique and size-specific properties, making
them promising functional units or building blocks for
novel materials. Here, we summarize the current state of
the art of isolation of gold clusters stabilized in various
environments and surveys ongoing efforts to precisely
control the structural parameters with atomic level
accuracy.
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Fig. 5 Precision synthesis of stabilized gold clusters.
2.-2) Nanoscale, 4, 4027-4037 (2012).



W7ENA T A b

(1) B9 R3—DH 1 XHFEEDRFLARILTO
BEZIZEITT

BB T AX =X, A AR EEZRTZ
LG, FHBEEM B O AN & L C o 2
HENTWE, &7 FAZ—DRFHEETOY A X

BRI G R OB & REMYEDOBREIRIC A 72 Zhv &
Twﬁbﬁﬁ%ﬁﬂféo
- 100 10 ‘_l
= Tlanupanicl's Clusters Atoms
Small is different .
um size eflect
Pr open‘ 2% are ___- . offect
e S eysamcounts
drastic size affect
H Application ‘;\lbwgn peinciple & precision synthesis
Nanocatalysts, Cluster-based materials

Nanodevices,...

e \') f / L7 P o
) Sk ¥ £ g
. t . o
X H)TT‘“W %ﬁ ot
lqnnd-vml ecied  Polymer-slabifzed  Sold-suppored
= chsters clusters

X1 i)ﬁﬁ TAL = AR T DAY E O
7k
2.-1) Bull. Chem. Soc. Jpn., 85, 151-168 (2012).

(2) MEEWFA—ILIZE->TRESIN=-EISR
A—DERK : FHLOREORK
MEBNT L FA— L TRESNTET T AH
— (Aun(S-Eind)) ZERELT7Z, X BRI LT X
BB ALY bL, BRBNIEREANNT MLVOR

BED) DAERRIARNG, TNETICBA SN TE 724
- FA—NF Y T — DN IE S D I &R
e Xz,

Previous study (2010) This study

- *
buI
aikanelhlol arenethiol

Augs(SR)gy AuPVP Auy(S-Eind)ys

K2 M»EEWFA—LTREIN AuS-Eind 7 7 A ¥
—DERRAF— L
1.(1)-1) J. Am. Chem. Soc., 134, 14295-14297 (2012).

(3) PdEEREFKR—TI2&D Auxs V5 RE—fED
FIILaA—)ILZREILEEDR L

AUzs(SC12H25)18 36 £ T Pd1AU(SCioHos)1s & 25 JE 7
—RrF ) Fa—7 (CNT) LETERT D Z & T,
AUz B LN PAiAUs ZFEFF L 72, 20 2 fli¥E A Ll L
T, Aly 7 7 AL —fllED R DT v a—LpZE
KERIZ I T DAEETEYEDS, Pd R 7 R—2 12k -
TEMICm ETA5Z 2 RWE LT,

Conversion in benzyl alcohol oxidation

K3 RUIATAa—LDEGIEIZRT 5D Aus/CNT
B L Pd1AU24/CNT il & M o> Hrig
1.(1)-2) ACS Catal., 2, 1519-1523 (2012).

4) FILFUIRESEY 5 RXF—Aus(C=CPh)s DFE
REIE R
BT IRE AU VT ARAR =L T 2= LT REF L

D% AT, Ausa(CoPh)s AiE )R 7 7 A &2 —
(1.2£0.2nm) ZBIRMIZAEL LT,

(54, 26) (n, m) = Au,[C;Ph)y,

Au:PVP

ion intensity (a.u.)

.

T T T
10 20
mass number (kDa)

(0h) (3h)

X 4 Auss(CoPh)s DK - 7 v v 7k /L A FE IR B OIS O R
FLAaA A MALDI HE A7 L
1.(1)-3) Chem. Commun., 48, 6085-6087 (2012).

(5) &Y SRS —: BB, o ERHHEA

100 fHLL FOJRF- SR 5887 7 A X —%, A
AU BRI E w2 D, RO FHIM B
DOEBERANT & LTI STV 5, AREE T, Bix
RIFETRENN SN T A X — O - FEfT;
MOBLIR &, HE& K 7% B CHlEd 2 5iko
BRI AT 7o B0 M A Z BT 5,

S

e

Isolation

Controlled synthesis

Development of cluster-based functional materials

M5 ©77AX—OHEENGRES
2.-2) Nanoscale, 4, 4027-4037 (2012).

(AT



1. FEwX
(1) Refereed Journals

1)

2)

3)

4)

5)

6)

7)

8)

9

J. Nishigaki, R. Tsunoyama, H. Tsunoyama, N. Ichikuni, S. Yamazoe, Y. Negishi, M. Itoh, T. Matsuo, K. Tamao, T.
Tsukuda, “A new binding motif of sterically demanding thiolates on a gold cluster”, J. Am. Chem. Soc., 134,
14295-14297 (2012).

S. Xie, H. Tsunoyama, W. Kurashige, Y. Negishi, T. Tsukuda, “Enhancement in aerobic alcohol oxidation catalysis of
Augs clusters by single Pd atom doping”, ACS Catal., 2, 1519-1523 (2012).

P. Maity, T. Wakabayashi, N. Ichikuni, H. Tsunoyama, S. Xie, M. Yamauchi, T. Tsukuda, “Selective synthesis of
organogold magic clusters Auss(C=CPh)z”, Chem. Commun., 48, 6085-6087 (2012).

M. Jakir Hossain, H. Tsunoyama, M. Yamauchi, N. Ichikuni, T. Tsukuda, “High-yield synthesis of PVP-stabilized
small Pt clusters by microfluidic method”, Catal. Today, 183, 101-107 (2012).

M. Sakamoto, D. Tanaka, H. Tsunoyama, T. Tsukuda, Y. Minagawa, Y. Majima, T. Teranishi, “Platonic hexahedron
composed of six organic faces with an inscribed Au cluster”, J. Am. Chem. Soc., 134, 816-819 (2012).

Y. Negishi, C. Sakamoto, T. Ohyama, T. Tsukuda, “Synthesis and the origin of the stability of thiolate-protected
Auizo and Ausgy clusters”, J. Phys. Chem. Lett., 3, 1624-1628 (2012).

Y. Han, D.S. He, Y. Liu, S. Xie, T. Tsukuda, Z. Li, “Size and shape of nanoclusters: Single-shot imaging approach”,
Small, 8, 2361-2364 (2012).

S. E. Huber, C. Warakulwit, J. Limtrakul, T. Tsukuda, M. Probst, “Thermal stabilization of thin gold nanowires by
surfactant—coating: a molecular dynamic study”, Nanoscale, 4, 585-590 (2012).

N. Kojima, K. lkeda, Y. Kobayashi, T. Tsukuda, Y. Negishi, G. Harada, T. Sugawara, M. Seto, “Study on the structure
and electronic state of thiolate-protected gold clusters by means of *7Au Madssbauer spectroscopy”, Hyperfine
Interact., 207, 127-131 (2012).

10) N. Ichikuni, O. Tsuchida, J. Naganuma, T. Hara, H. Tsunoyama, T. Tsukuda, S. Shimazu, “Preparation and catalysis

of supported NiO nanocluster for oxidative coupling of thiophenol”, Trans. MRS-J., 37, 177-180 (2012).

11) H. Kitagawa, N. Ichikuni, T. Hara, S. Shimazu, S. Xie, T. Tsukuda, “Size control of Ni nanocluster by the carbon

chain length of secondary alkoxide” e-J. Surf. Sci. Nanotech., 10, 648-650 (2012).

2. WA - fERL

1

T. Tsukuda, “Toward an atomic-level understanding of size-specific properties of protected and stabilized gold
clusters”, Bull. Chem. Soc. Jpn., 85, 151-168 (2012).

2) P. Maity, S. Xie, M. Yamauchi, T. Tsukuda, “Stabilized gold clusters: from isolation toward controlled synthesis”,
Nanoscale, 4, 4027-4038 (2012).

3) MAILEH - HEsk: (AR ~—{Ri# Au 7 7 2 X — D2 E 31T 2 XFFRME & Z DR
FmEFF, 33, 399-403 (2012).

3. &

1) fHEES: 22 728 —OF A XRRERK), @RI LUEET KT ORE-H LT/ R ophet

ISR (AARbZSM, (B3R, 2012) 54-59.



