(®)
2016 2018

High-resolution separation of thiolate-protected gold clusters by reversed-phase
high-performance liquid chromatography
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We have achieved high-resolution separations of several SR-protected gold
and alloy clusters. By realizing such high-resolution separations, we have achieved a deeper
understanding of a number of issues, including: 1) the transition size from bulk to non-bulk
behavior in dodecanethiolate-protected gold clusters; 2) heteroatom substitution effects on the
electronic structures and the dependence of isomer distributions on experimental conditions in
hydrophobic SR-protected alloy clusters; 3) the mechanism of ligand-exchange reactions in
hydrophobic metal clusters; and 4) the chemical composition of products in hydrophilic metal
clusters. These results have clearly demonstrated that HPLC separation and analysis are extremely
effective in helping to understand the fundamental properties of SR-protected metal clusters.

HPLC



SR

hot topics 1

Au Ag 25
Auas_AJx(SR)1s 1 Au(SR)1s  Ag
Au 25_xAgX(S R) 18
Auzs-AJx(SR) 18 Ag
AUzs_XAgX(SR) 18
Auzs-AJx(SR) 18
AUas-,Ag,(SC,H,Ph)
AlzsAD(SR)1s  Auxs(SR)is  Ag-SR A e joenter
Ag
1 Au Ag
2.54 (Au) vs 1.93 (Ag)
Au—Ag o staple
2(a) « Ao surface
2(b) X 1. [AUzs_XAgX(SC2H4Ph)18]7
AUzs-xAgx(SR) 18 (CHPh )
Ag center,surface,staple
(a) Au chage  Ag
RP _ HPLC transfer )
254 1.93
(b) ,
electron-rich?
@ A ader S P el S
Auas_Agx(SR)1s X J N \)_’_W
2.54 258 1.93 258
4 2. Augs (SR) 18
(a)Au-Au (b)Au-SR Ag-SR
SCaHo 3(a)
(@) 1)useof sC.H,
‘1‘}‘ ;{r I 2) o)ﬂg'imon h‘(}fﬁ:
o — ==
[AUZS—xAgX(S R) 18] 0 F i g ure # 4) us"e; vlaf solventst
with low viscosity
3 (a) Auzs'xAgX(S R) 18 (b) electrospray FT-ICRMS
[AUz5-Ag«(SR)1] vt 2 _a
& [
[AUzs-Ag«(SR)15]° - me i |
Wavelength (nm) miz
CH::N (Cz::)zc g %‘
3(a) AN | NN

3(a)

Retention Time (min)

3. (d)
4 ()



@

HPLC AUZS—xAgx(SCAHg)ls 5 (a)xéu425—xA39x(SZCAH51)1E 5 5 (b) v Vi i i
uv = s
HPLC z £
; 380 nm = 2
Alzs-AQx(SCaHo) 18 6100 | 6300 | 6500 38 39 40 41 42 43 44
HPLC Mass (m/z) Retention Time (min)
ESI LC/MS () Atzh9dSCihs
3(b) A A A
4(a) [Auas-,Ag(SCaHs) 15]° i Wﬁi’; l g AuyAg ——
Xave = 2.03 ESI oz | o5k 2 —— AUzAg,
(Xave ) Ag « R ex: l g6300  AuAg,
AUzs_xAgx(SC4H9)1g x = 0—4 ‘E iig436' 6454 AuyAg,
Ag b exp: l 38 39 40 41 42 43 44
S| sl sim Retention Time (min)
4(b) S| e3d4e6 6366 (e) ZhentSSo
AUzs-AGx(SCaHe)1s  x = 0—4 uv s e
W | s s
i—iii, v —\Mﬂ%’ é — Tl chromatogram
ESI \' SZMG - W
A SClY X =08 O, SRR
C
4. [AuzsAgx(SCaHg)15] 0
Auzs-Agx(SCaHg)1s  x = 0—3 @ ES|
(buv
AU21Ag4(SCaHg) 15 ©) i-v  ESI
(d) time-dependent mass spectrum
(e)EI
Au21Ag4(SCaHo) 15
AUZS—XAgx(SC4H9)18 (Xave = 2-94) AU21Ag4(SC4H9)13
[Auzs-,Agx(SCiHe)1s]° x = 0—4
AU23Agz(SC4Hg)13 iii iv AUzzAg3(SC4Hg)13
iv v 4(c) [AUzs-A0x(SCiHo)18]° Xx=2,3
time-dependent mass spectrum 4(d) Auzs_xAgx(SCaHg)1s X = 0—4
4(6) AU25_XAgX(SC4Hg)13 xX=0-4
El 4(6) AU25_XAgX(SC4H9)13 X= 0, 1

El
AU25_XAgx(SC4H9)13 X = 2,3 El
[AUZS—XAgx(SC4H9)13]O x=2,3

[AUZS—xAgx(SC4H9)13]O x=2,3

[AUZS—XAgx(SC4Hg)13]O X = 2’3

®
AUZS—XAgx(SC4H9)13 x =04

A B —OREERIE, B OFN SR D #EE-HAEREICEI L <, itk v b —BRW R 2 15

Brust, M. Walker, M.  Bethell, D. Schiffrin, D. J.  Whyman, R. Synthesis of
Thiol-derivatised Gold Nanoparticles in a Two-phase Liquid-Liquid System J. Chem. Soc.,
Chem. Commun. 1994 pp801-802

Kurashige, W. Niihori, Y. Sharma, S. Negishi, Y. Precise Synthesis,
Functionalization and Application of Thiolate—Protected Gold Clusters Coord. Chem. Rev.
Vol .320-321 2016 pp238-250



Kumara, C.  Aikens, C. M. Dass, A X-ray Crystal Structure and Theoretical Analysis
of Auss-Agx(SCH.CH-Ph)1s~ Alloy J. Phys. Chem. Lett. Vol.5 2014 pp461-466

Negishi, Y. lwai, T. Ide, M Continuous Modulation of Electronic Structure of Stable
Thiolate-Protected Au25 Cluster by Ag Doping Chem. Commun. Vol.46 2010 pp4713-4715

Guidez, E. B. Ma“kinen, V. Ha“kkinen, H. Aikens, C. M. Effects of Silver Doping
on the Geometric and Electronic Structure and Optical Absorption Spectra of the
Augs AgA(SH)1s (n =1, 2, 4, 6, 8,10, 12) Bimetallic Nanoclusters J. Phys. Chem. C
Vol. 116 2012 pp20617-20624

Kauffman, D. R. Alfonso, D. Matranga, C. Qian, H. Jin, R. A Quantum Alloy: The
Ligand-Protected Auss ,Ag«(SR)1s Cluster J. Phys. Chem. C Vol. 117 2013 pp7914-7923

Nithori, Y. Uchida, C. Kurashige, W. Negishi, Y. High Resolution Separation of
Thiolate-Protected Gold Clusters by Reversed-Phase High-Performance Liquid
Chromatography Phys. Chem. Chem. Phys. Vol. 18 2016 pp4251-4265

Hayes, R. Ahmed, A. Edge, T. Zhang, H. Core-Sell Particles:Preparation, Fundamentals
and Applications in High Performance Liquid Chromatography J. Chromatogr. A Vol.1357
2014 pp36-52

Wang, S. Song, Y. Jin, S. Liu, X. Zhang,J. Pei,Y. Meng, X. Chen, M. Li,P.
Zhu, M. Metal Exchange Method Using Au25 Nanoclusters as Templates for Alloy Nanoclusters
with Atomic Precision J. Am. Chem. Soc. Vol.137 2015 pp4018-4021

4
Nithori, Y. Hashimoto, S. KoyamaY Hossain, S. Kurashige, W. Negishi, Y. Dynamic
Behavior of Thiolate-Protected Gold-Silver 38-Atom Alloy Clusters in Solution J. Phys.
Chem. C Vol.123 2019 ppl13324-13329
DOI: 10.1021/acs. jpcc.9b02644

Niihori, Y. Yoshida, K. Hossain, S. Kurashige, W. Negishi, Y. Deepening the
Understanding of Thiolate-Protected Metal Clusters Using High-Performance Liquid
Chromatography Bull. Chem. Soc. Jpn. Vol.92 2019 pp664—695
https://doi.org/10.1246/bcsj.20180357

Nithori Y Koyama Y Watanabe S Hashimoto S Hossain S Nair Lakshmi V. Kumar B
Kurashige W Negishi Y Atomic and Isomeric Separation of Thiolate-Protected Alloy
Clusters The Journal of Physical Chemistry Letters Vol.9 2018 pp-4930-4939
DO1:10.1021/acs - jpclett.8h02211

Niihori Y Shima D Yoshida K Hamada K Nair Lakshmi V. Hossain S Kurashige W
Negishi Y High-performance liquid chromatography mass spectrometry of gold and alloy
clusters protected by hydrophilic thiolates Nanoscale Vol .10 2018 pp-1641-1649
DO1:10.1039/C7NRO7840D

10

High-Performance Liquid Chromatography and Crystal Structure of Alloy

Clusters Departmentl Seminar in Department of Chemistry 2018
16 2018

High-Performance Liquid Chromatography Mass Sectrometry of
Thiolate-Protected Metal Cluster Asian Symposium on Nanoscience and Nanotechnology
2018 "Fundamentals and applications of Nanoclusters and Nanoparticles"

2018

High-Performance Liquid Chromatography Mass Sectrometry of
Thiolate-Protected Metal Clusters Internal Conference of Mass Spectrometry and
Proteomics 2018

High-Performance Liquid Chromatography Mass Sectrometry of
Thiolate-Protected Metal Clusters 6th International Conference and Exhibition on

Advances in Chromatography & HPLC Techniques 2018
Precise Synthesis of Platinum and Alloy Clusters and Elucidation of Their
Structures MRS 2018 Fall Meeting 2018

Precise Synthesis and Application of Metal Clusters Special Seminar in



Department of Chemistry and Biochemistry of University of Mississippi

2018

CSJ 2018 2018

Precise Synthesis and Application of Metal Clusters

Conference on Advanced Chemistry and Catalysis

Engineering” 2018
o 0
o 0

https://www.rs.kagu.tus.ac. jp/negishi/

¢y

KURASHIGE ,wataru

8 50734589
@

NITHORI,yoshiki

HASHIMOTO, sayaka

HAMADA, kota

International

"Advanced Chemistry and Catalysis

28

MRS

2018



