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The search algorithm of thirty studied clusters:
The genetic algorithm and basin-hopping algorithm are combined to search the minimum geometry more efficiently. The basin-hopping algorithm converts the rough potential energy surface into a serials of basins and explores the whole potential energy surface through Monte Carlo random moves which are accepted with certain probability based on the Metropolis criterion. Usually, the search based on the basin-hopping algorithm is easily restrained in some deep valleys of the PES, i.e. the local minima, which results in the wrong global minimum. To avoid this mistake, the genetic algorithm is introduced, and the local minimums from the basin-hopping are used as the initial individuals in the genetic algorithm. Genetic algorithm is an evolution algorithm based on the “survival of the fitness” principle.
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Figure S1. The scheme of the search algorithm of thirty studied clusters.









Table S1. The charge data of S and H atoms of Aum(SR)n (m, n = 5 -12).

	m
	n
	m-n
	Charge variance of S/|e|2
	Average charge of H/|e|
	Average charge of H/|e|2
	Energy gap/eV
	with of without Au4

	6
	6
	0
	0.0000
	0.1952
	0.0000
	5.76
	0

	7
	7
	0
	0.0000
	0.1959
	0.0000
	5.7
	0

	8
	8
	0
	0.0001
	0.1949
	0.0000
	5.41
	0

	9
	9
	0
	0.0001
	0.1967
	0.0000
	5.48
	0

	10
	10
	0
	0.0003
	0.1946
	0.0000
	3.45
	0

	11
	11
	0
	0.0002
	0.1948
	0.0000
	4.28
	0

	12
	12
	0
	0.0000
	0.1947
	0.0000
	4.85
	0

	7
	6
	1
	0.0001
	0.1950
	0.0000
	3.49
	0

	8
	7
	1
	0.0001
	0.1951
	0.0000
	3.43
	0

	9
	8
	1
	0.0002
	0.1934
	0.0000
	3.04
	0

	10
	9
	1
	0.0012
	0.1927
	0.0000
	3.2
	0

	11
	10
	1
	0.0009
	0.1944
	0.0000
	3.45
	0

	12
	11
	1
	0.0007
	0.1946
	0.0000
	3.64
	0

	8
	6
	2
	0.0000
	0.1951
	0.0000
	4.76
	1

	9
	7
	2
	0.0001
	0.1950
	0.0000
	4.74
	1

	10
	8
	2
	0.0000
	0.1945
	0.0000
	4.78
	1

	11
	9
	2
	0.0003
	0.1924
	0.0000
	3.09
	1

	12
	10
	2
	0.0001
	0.1951
	0.0000
	3.68
	1

	8
	5
	3
	0.0003
	0.1937
	0.0000
	3.35
	0

	9
	6
	3
	0.0003
	0.1955
	0.0000
	2.78
	1

	10
	7
	3
	0.0003
	0.1951
	0.0000
	2.61
	1

	11
	8
	3
	0.0005
	0.1954
	0.0000
	2.64
	1

	12
	9
	3
	0.0001
	0.1950
	0.0000
	3.19
	0

	9
	5
	4
	0.0000
	0.1933
	0.0000
	3.02
	1

	10
	6
	4
	0.0000
	0.1940
	0.0000
	3.65
	1

	11
	7
	4
	0.0000
	0.1942
	0.0000
	3.84
	1

	12
	8
	4
	0.0000
	0.1944
	0.0000
	3.98
	1

	11
	6
	5
	0.0002
	0.1937
	0.0000
	2.3
	1

	12
	7
	5
	0.0006
	0.1949
	0.0000
	2.32
	1

	12
	6
	6
	0.0002
	0.1929
	0.0000
	3.14
	1






Table S2. The PCA result of charge data (in e.).
	Charge data
	Average charge of Au
	Charge variance of Au
	Average charge of S
	Charge variance of S
	Average charge of H
	Charge variance of H

	PCA parameter
	0.0014
	0.0006
	0.0003
	0.0001
	0.0000
	0.0000





Table S3.The Clustering Analysis result.
	[bookmark: _GoBack]H-L energy gap
	m – n > 2
	with or without Au4

	86.7%
	73.3%
	76.7%
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Figure S2. The bond length (Å, black) and bond strength order (arbitrary unit, blue, in parenthesis) of the Au−S and Au−Au in the four kinds of Aum(SH)n (m, n = 5 - 12): (a) twisted clusters, (b) Rings attached to two central Au3/Au4, (c) Interlocked rings and (d) Other structures.
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(b) Rings attached to two central Aus/Auy
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(c) Interlocked rings




image16.png
2.400
(1.055) 2396 2442
(1.089) (0.899)

Au6-S15 Au9-813 Au7-S13 Au2-S15 Au7-812 AuT-813 AuB-S19 AuB-S20
2512 2402 2470 2409 2396 2400 2395 2400
(0.672) (1.038) (0.811) (1.027) (1.069) (1.056) (1.070) (1.054)

AuB-Au9 Au10-Aug Au10-Au9
2731 2956 2982
(0.580) (0.267) (0.241)

Auqo(SH)g Auyo(SH)10




image17.png
Au3-S17 Au3-S13 Au9-S520 Au7-S12
2.400 2.389 2397 2548
(1.048) (1.082) (1.056) (0.641)
Au1-Au5 Au1-Au7 Au5-Aub Aub-Au7
2857 2743 2812 2.832
(0.337) (0.505) (0.371) (0.382)

Auy1(SH)g

Au9-819 Au10-S16 Au7-816 Au7-S12
2384 2469 2387 2393
(1.113)  (0.811)  (1.093) (1.073)

Aud-Au10 Auli-Aud Aul1-Au10
2685 3224 3172
(0.710)  (0.070)  (0.093)

Auy1(SH)qo




image18.png
2.437
(0.904)

‘ 2405 2.401
(

1.029) (1 osa(

2404 2393
2.403(1:037)  (1.067),
(1.043)
2.435 (1.042)
(0.914) (1.053)(1.059)
Au2-519 Au2-S18 Au3-517 Au3-516 Au7-S18 Au7-S13 Au10-S16 Au5-522
2402 2404 2405 2404 2390 2398 2472 2401
(1.036) (1.031) (1.026) (1.031) (1.087)  (1.044)  (0.811)  (1.038)

Au1-Au3 Aut-Au10 Au3-Au11 Au10-Auli
2.874 2.836 2.828 2818
(0.320) (0.366) (0.378)  (0.374)

Auq1(SH)1q Auyz(SH)1o




image19.png
2437 )./
(0.904
2437 -4 3251
(0.904) (0.122)

( )
2.396 2.403 (1.083)
(1.042) & (1.040)

Au2-819 AuB-S15 Au3-S17 Au7-§22 Au3-518 Au7-523 Au2-S20 Aug-S15
2466 2404 2399 2385 2393 2393 2392 2391
(0.818) (1.015) (1.080) (1.095) (1.070) (1.069) (1.077) (1.077)

Au2-Aué Aut1-Au2 Aul1-Aub
2702 3.067 3.091
(0.649) (0.125)  (0.104)

Auqz(SH)4q Auyx(SH)q,




image20.png
(d) Other structures
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(a) Twisted clusters
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