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Creation of Stable and Functionalized Nanomaterials based on the Functionalization
of Magic Gold Clusters

Yuichi, Negishi
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In this work, we aimed to creation of novel stable and functionalized
nanomaterials by using magic numbered gold clusters as basic materials. As a result, we have succeeded in
synthesizing thiolate protected novel trimetallic (gold, palladium, silver or copper) clusters and
tetrametallic (gold, palladium, silver and copper) clusters. In order to investigate the substitutional
effects of heteroatom, ligand-exchange reaction rates were explored. The results showed
that incorporating silver and copper atoms enhanced the ligand-exchange reactivity of the clusters.
Furthermore we could also change the properties of clusters by controlling the interfacial structure by
substituting thiolate with tellurolate. Finally, the substituted site of tellurolate was revealed by

X-ray crystallography.



RS Au:SR
Au:SR
Au:SR
J. Am. Chem. Soc.,
(2003)(2004) (2005)
Au:SR

AU,5(SR) 15 AUzs(SR)4
AUL30(SR)so AU (SR)e0  AUig(SR)es

J. Am. Chem. Soc., (2005)(2007)(2008),
J. Phys. Chem. Lett. (2012)
Au:SR 50

Au:SR

Au,Pd,Ag or Cu
Au,Pd,Ag,Cu

X EXAFS

DFT
(Au,5(SC,HPh) 4
AU ,AG,(SCH,PN) g AU LU (SCH,Ph) 1)
CgH,7SH
MALDI
RTe
AUL5(SCeH17) 16
4.5 6.5
8.0 (TePh),
1 4.5 2 6.5 3 8.0
ESI
XAFS
TePh
AU, (SC,H,P) 16
0.5 (TePh),
TePh
X
Au,,PA(SR) 14
Au  Ag Cu

AU, ,AG,PA(SCyHz5) 16 1(a)

AU AG,CUPA(SCy,H,s) 16 1(b)
EXAFS

2@ (O



(a) Az, Ag P
x=6 5 4 3 2 1 0

=
8
=
% 7700 7900 8100 8300 8500
£ [(b) Al Ag,Pd
15 x=6 5 4 3 2 1 0
Auzs Ag,CuPd |
x=5 4 3

7700 7900 8100 8300 8500
Mass (Da)

1. (@)Auy Ag,PA(SCi,Hy5) 16
(0)Au,, ry‘\gXCUde(SQszs)m

MALDI
4
(a) (b)
AuAg,Pd

é AUy, ,Ag,Cu,Pd

:g 2

E ]1 AUz, AQ,CuPd

REREREEXRERWER
R(A) R(A)

2. (a)Ag K-edge
FT-EXAFS

3@ ()
MALDI

(b)Cu K-edge

Cu

Auy(SCHPN),;  Cu

Ag
Auyg
Cu Au,5(SR) 44 Ag
Au Cu Ag
2.54 1.90 1.90 Ag Cu
Au
Ag Cu
Cu
Ag

Augs(SC;HsPh)yg4(SCsHy7)n

0 min '

S 1Y

1A HE (a.u)

7300 7400 7500
(b) Az5,CU,(SC;HePh) 6. (SCoHy ),y
= 2 1 o

ne04s 048 048
Laliaby lalady Ll

°
3
5

A7 E (a.u.)

120 min
X6 X3

7000 7200 7400 7600
@ M(Da)

3.
MALDI
(b)Au,s_,Cu(SCH,PN) 4.

- (@)Au,(SCHPN) 44

12

10 :ixjizASoe M
) @ Auy;Cuyo .
B 84 AuusCugs ot i}
5, L. «
RERSs
™ a4 o x
B et
3 et
0 50 100 Ez;& . 200 250 300
4.
5 ESI
1 3
Au,s(TePh) ,(SCeH; )15, 7 =0 18
TePh
Au,s(TePh) (SCeH; )15, n=1 18
TePh
Au,5(TePh)
Au,s(TePh) (SCH )15, n =1 17
Te S
Aus(TePh),g
6 1 2
AUs(SCeHi7) s Au-Ly
XANES
1 2
AUL5(SCeH17) 15
1 2
Au 5d AU, (SCeH;7) 15

Au



2l

s
° 1L MIJWU,\A

| | |
7600 8000 8400

m/z
5. ESI
S Au
S Te Au
Au
Te Te Au
1 2 AU,5(SCgH17) 15 Au 5d
Au
2
Au,s(SCgH17)18
0.8
e
3
2
20.6-
11920 11926 11932 11938
Photon eneray (eV)
6. XANES
7 a X
Au5(SC;H,Ph) 14
AuL5(SC,H,Ph) 17 6, (TEPN) 55
Au,s(SC,H,Ph),  TePh
SC,H,Ph
TePh
TePh
1 7 b
20 Au,, 6

[-SR-Au-SR-Au-SR-]

Core Apex

7 cC

TePh

AU,5(SCH,PN) 1

(a)

@ Au

3 SfTe =

- C

TePh Core

Core

TePh

Core
Apex

X

)

SV
£ 437

1. S Te

sites 1(1') 2(2) 3(3') 4(4) 5(5) 6(6") 7(7") 8(8) 9(9)

S% 100 94.15 9509 100 100 100

100 9173 100

Te % 0 5.85 491 0 0 0 0 8.27 0
35

1. Y. Niihori, C. Uchida, W. Kurashige, Y.

Negishi, Phys. Chem. Chem. Phys.

(Perspective), 18, 4251-4265 (2016).
Selected as Outside Front Cover

DOl: 10.1039/C5CP04660B

Y. Niihori, Y. Kikuchi, A. Kato, M.
Matsuzaki, Y. Negishi, ACS Nano, 9,
9347-9356 (2015).

Highlighted in IN NANO

DI0: 10.1021/acsnano.5b03435

S. Sharma, W. Kurashige, K. Nobusada,
Y. Negishi, Nanoscale, 7, 10606-10612
(2015).

Selected as Back Cover

DOI: 10.1039/C5NR01491C

Y. Negishi, Y. Matsuura, R. Tomizawa,
W. Kurashige, Y. Niihori, T. Takayama,
A. lwase, A. Kudo, J. Phys. Chem. C, 119,
11224-11232 (2015).

Invited Article to Special Issue

DOI: 10.1021/jp5122432

Y. Negishi, T. Nakazaki, S. Malola, S.
Takano, Y. Niihori, W. Kurashige, S.
Yamazoe, T. Tsukuda, H. Hdkkinen, J. Am.
Chem. Soc., 137, 1206-1212 (2015).
Highlighted in Nature Nanotechnology



10.

11.

12.

13.

DOI: 10.1021/ja5109968

W. Kurashige, Y. Niihori, S. Sharma, Y.
Negishi, J. Phys. Chem. Lett.
(Perspective), 5, 4134-4142 (2014).
Invited Perspective Paper, Selected
as Outside Front Cover, Highlighted in
Editorial

DOI: 10.1021/jz501941p

Y. Nithori, M. Matsuzaki, C. Uchida, Y.
Negishi, MNanoscale, 6, 7889-7896
(2014).

Selected as Back Cover

DOI: 10.1039/C4NR01144A

W. Kurashige, S. Yamazoe, M. Yamaguchi,
K. Nishido, K. Nobusada, T. Tsukuda, Y.
Negishi, J. Phys. Chem. Lett., 5,
2072-2076 (2014).

DOl: 10.1021/jz500901F

Y. Negishi, Bull. Chem. Soc. Jpn (Award
Accounts), 87, 375-389 (2014).
Invited Accounts as a Winner of CSJ
Award for Young Chemists, Highlighted
in Back Cover

http://doi.org/10.1246/bcsj .20130288

Y. Negishi, W. Kurashige, Y. Nithori,

K. Nobusada, Phys. Chem. Chem. Phys.

(Perspective), 15, 18736-18751 (2013).
Invited Perspective Paper, Selected
as Outside Front Cover, Selected as
HOT article

DOI: 10.1039/C3CP52837E

I. Chakraborty, W. Kurashige, K.
Kanehira, L. Gell, H. Hakkinen, Y.
Negishi, T. Pradeep, J. Phys. Chen.
Lett., 4, 3531-3355 (2013).

DOI: 10.1021/jz401879c

W. Kurashige, S. Yamazoe, K. Kanehira,
T. Tsukuda, Y. Negishi, J. Phys. Chem.
Lett., 4, 3181-3185 (2013).

DOl: 10.1021/jz401770y

Y. Negishi, M. Mizuno, M. Hirayama, M.
Omatoi, T. Takayama, A. Iwase, A. Kudo,
Nanoscale, 5, 7188-7192 (2013)
Selected as Back Cover

DOI: 10.1039/C3NR0O1888A

175

96

2006 3 25
96
2006 3 25

High-Resolution Separation of
Thiolate-Protected Gold Clusters

Yuichi Negishi
251th ACS National Meeting
2016 3 13 17
San Diego (USA)
High-Resolution Separation of
Thiolate-Protected Gold Clusters

Yuichi Negishi
PACIFICHEM2015
2015 12 15 H~20
Waikiki USA
Toward the Creation of Stable,
Functionalized Metal Clusters

Yuichi Negishi
PACIFICHEM2015
2015 12 15 H~20
Waikiki USA
Toward the Creation of Stable,
Functionalized Metal Clusters

Yuichi Negishi

International Workshop on
Topology/Geometry-driven Electron
Systems toward New Horizon

of Functional Materials
2015 12 12 13

Toward the Creation of Stable,
Functionalized Metal Clusters

Yuichi Negishi

International Simposium on Photonics,

Applications and Nanomaterials

(ISPAN-2015)

2015 10 28

Thiruvananthapuram, Kerala (India)
High-Resolution Separation of

Thiolate-Protected Gold Clusters

Yuichi Negishi

Special Seminar in Department of
Chemical Engineering of National
University of Singapore

2015 7 3

Singapore (Singapore)



10.

High-Resolution Separation of
Thiolate-Protected Gold Clusters

Yuichi Negishi
ICMAT2015 & IUMRS-1CA2015
2005 7 2
Singapore (Singapore)
Toward the Creation of Stable,
Functionalized Metal Clusters

Yuichi Negishi

2015 MRS Spring Meeting and Exhibit
2015 4 7

San Francisco, California (USA)

17
)
p.16-25 (2015).
Gold-Based Materials and
Applications

Jie Zheng, De-en Jiang, Yuichi Negishi,
Dongil Lee, Eds.

MRS Symposium Proceedings, Volume 1802,
Cambridge University Press (2015).

, 32, p.52-53

(2015).
, 20 , p4

(2015).
Chapter 3. Controlled Synthesis:

Composition and Interface Control
Yuichi Negishi, Yoshiki Nithori,
Wataru Kurashige

Tatsuya Tsukuda and Hannu Hakkinen
Eds."Protected Metal Clusters: From
fundamental to Applicatiopns™,
Springer pp.39-71 (2015).

http://ww.rs._kagu.tus.ac. jp/negishi/ind
ex.html

€Y
NEGISHI, Yuichi

20332182



