Au2Si20：a honeycomb-shaped structure with short Au−Au single bond at the center coordinated by twelve Si5 pentagons and reinforced by strong Au−Si interactions and aromaticity
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Table S1. Theoretical ADEs and VDEs of the low-lying isomers of Au2Si20ˉ are calculated at the different levels of theory.
	Isomer
	VDE (eV)
	ADE (eV)

	
	B3LYP
	TPSSH
	HSE06
	PBE
	B3LYP
	TPSSH
	HSE06
	PBE
	B3LYP

	20A
	2.89
	3.00
	2.99
	2.94
	2.78
	2.70
	2.79
	2.79
	2.73

	20B
	3.06
	2.99
	2.96
	2.89
	2.96
	2.90
	2.91
	2.88
	2.95

	20C
	2.97
	2.89
	2.95
	2.90
	2.79
	2.71
	2.70
	2.69
	2.66

	20D
	3.06
	2.98
	3.01
	2.97
	2.70
	2.66
	2.61
	2.71
	2.64


TPSSH, HSE06, and PBE functionals were also tested for comparisons, which provide results agreeing well with those of the B3LYP functional.
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	(a) Optimized geometries of the typical low-lying isomers of anionic Au2Si20.
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	(b) Optimized geometries of the typical low-lying isomers of neutral Au2Si20.

	[image: image9.png]



20A((  C1  2Ag  
+0.00 eV
	[image: image10.png]



20B((  C1  2A 
+0.28 eV
	[image: image11.png]



20C((  C2v  2A1  
+0.33 eV
	[image: image12.png]



20D((  C1  2A  
+0.39 eV

	(c) Optimized geometries of the typical low-lying isomers of cationic Au2Si20.


Figure S1. Optimized geometries of the typical low-lying isomers of anionic, neutral, and cationic Au2Si20 clusters at the TPSSH/Si/6-311+G(d, p)/Au/SDD level. Yellow and pink balls stand for the Au atoms and Si atoms, respectively.
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	(a) Optimized geometries of the typical low-lying isomers of anionic Au2Si20.
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	(b) Optimized geometries of the typical low-lying isomers of neutral Au2Si20.
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	(c) Optimized geometries of the typical low-lying isomers of cationic Au2Si20.


Figure S2. Optimized geometries of the typical low-lying isomers of anionic, neutral, and cationic Au2Si20 clusters at the HSE06/Si/6-311+G(d, p)/Au/SDD level. Yellow and pink balls stand for the Au atoms and Si atoms, respectively.
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	(a) Optimized geometries of the typical low-lying isomers of anionic Au2Si20.

	[image: image29.png]



20A(  C2h  1Ag  

+0.00 eV
	[image: image30.png]



20B(  C1  1A  
+0.19 eV
	[image: image31.png]



20C(  C2v  1A1  
+0.30 eV
	[image: image32.png]



20D(  C1  1A  
+0.67 eV

	(b) Optimized geometries of the typical low-lying isomers of neutral Au2Si20.
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	(c) Optimized geometries of the typical low-lying isomers of cationic Au2Si20.


Figure S3. Optimized geometries of the typical low-lying isomers of anionic, neutral, and cationic Au2Si20 clusters at the PBE/Si/6-311+G(d, p)/Au/SDD level. Yellow and pink balls stand for the Au atoms and Si atoms, respectively.
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