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Requirement of semiconductor materials which are stable and efficient at nanoscale.

In depth understanding of mechanism of conductivity in atomically precise metal nanoclusters.

Knowledge on effect of ligands, cluster size, cluster shape and inter-cluster distance in the crystals to tune
nanoclusters to suit our needs.

The initiation of metal nanocluster semiconductor research.



* Provides a comprehensive analysis of how ligands, cluster size, cluster shape, and inter-cluster distance affect

the conductivity of nanocluster crystals.

 This study will assist in predicting which systems may exhibit favorable conductivity prior to performing

conductivity measurements, aiding in the selection of systems for further study.




Introduction

Moore’s Law: The number of transistors on microchips doubles every two years [SURWIE
in Data

Moore's law describes the empirical regularity that the number of transistors on integrated circuits doubles approximately every two years.
This advancement is important for other aspects of technological progress in computing - such as processing speed or the price of computers.
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Introduction

* When traditional semiconductor materials such as silicon and germanium are reduced to thicknesses below ~10
nm, they lose their conductivity and become unstable, limiting their use in ultrasmall devices.

* Gold is very stable metal with excellent conductivity, and even at sizes below Znm, it shows certain
semiconducting properties and relative stability.

» However, despite growing interest, the study of gold nanoclusters in electronics is still in its early stages, and
several fundamental issues need to be addressed. One of these issues is understanding the mechanisms of

charge transfer (CT) in gold nanocluster solids, including crystals, powders, and films.



o Size eFFect - AU25, AU44, Auss and Auisa.

 Ligand effect - series of Auzs nanoclusters with ligands 1-butanethiolate (C,), 1-hexanethiolate (Cg), 1-
dodecanethiolate (C,,), 2-phenylethanethiolate (PET), phenylmethanethiolate (PMT), and 1-naphthalenethiolate
(S-nap).

* Shape effect - Auzs, Auss and Auas.

* Inter-cluster distance effect - high pressure resistivity measurements.

* Hall measurements - type of charge carriers in the nanocluster crystals.
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All are PET protected nanoclusters.
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cJfect of interparticle distance
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Fig. S29 The crystal samples of SNap protected nanoclusters: (a) outside the DAC,
(b) just putting in the DAC, and (c) after pre-pressing to connect with the four
electrodes.



Mechanism of charge traraport
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Conclusion

» This study provides valuable insight into the charge transport of metal nanocluster solids through a combination of
precise structure analyses, high-pressure techniques, and theoretical calculations.

« This is the first study to reveal that the ligand conjugation structure benefits charge transport and that the
nanocluster structure influences the conductivity at least partially by tuning the interparticle distance.

* This comprehensive investigation not only enhances the understanding of charge transport in nanocluster solids but
also highlights the potential of metal nanoclusters as (semilconductor materials for both fundamental research and

practical applications.



JJAC'S

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

pubs.acs.org/JACS

Coexistent & Competing Tunnelling/Hopping Charge Transport
in Compressed Metal Nanocluster Crystals

— . - - - ) — . L / ;r._ ) _;r. - / .-'r'\' 1'" f T, . . :E:
Shiyu Ji, Di Peng, Fang Sun, Qing You, Runguo Wang, Nan Yan, Yue Zhou, Weiyi Wang, Qing Tang,
Nan Xia,* Zhi Zeng,* and Zhikun Wu*

Instead of

Coexistent, Competing Tunnelling, and Hopping Charge Transport
in Compressed Metal Nanocluster Crystals

Shiyu Ji, Di Peng, Fang Sun, Qing You, Runguo Wang, Nan Yan, Yue Zhou, Weiyi Wang, Qing Tang,*
Nan Xia,® Zhi Zeng,* and Zhikun Wu*

Thank You!



=

Pressure (GPa)

=1

Cad

3

L=

@ Testdata

Fitting EOS

10000

12000

14000
V (A%

16000

18000

Murnaghan equation of state

P(V) = 0.27[(

18411
|

"



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19

