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Fig. S1. Typical low-lying isomers neutral VSi;, and VSi;; clusters, their point group symmetries, and relative energies at the CCSD(T)//aug-cc-pVTZ/V/cc-pVTZ/Si
level of theory. The purple and yellow balls stand for the V and Si atoms, respectively.
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Fig. S2. The labeling of (a) VSi;, " and (b) VSi;;° clusters. The Si atoms located outside of the tetragonal

prism unit are highlighted with cyan color.
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(a) 0.04 a.u. (b) 0.055 a.u. (c) 0.065 a.u.

Fig. S3. Constant electronic charge density surfaces of the lowest-lying isomer of VSijy~ anion, with charge

density equals (a) 0.04 au, (b) 0.055 au, and (c) 0.065 au., respectively.
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Fig. S4. Spin density map of (a) the global minimum isomer 10A" of VSijneutral, (b) the global minimum

isomer 11A’ and (¢) the low-lying isomers 11B’ of VSij; neutrals (isosurface value=0.01).



Table S1. Cartesian coordinates for stable isomers of VSi o™ clusters.
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Table S2. Cartesian coordinates for stable isomers of VSi;; ™ clusters.
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-1.66814600
0.62518200
11E’
Y
0.10795400
-1.33156600
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0.24998600
2.05542700
-1.71287300
-0.16797500
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-0.33982100
-2.69270300
-0.84720400
-0.84720400
1.04055100
1.04055100
-0.63038900
1.04055100
2.43661300
1.04055100
-2.69967100
1.67662900
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-0.01451400
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Y
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-1.44246100
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0.65325500
-1.67755600
-1.55604800
-0.31189600

\

\

|
Z
0.00000000
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0.00000000
1.49119700
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Z
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-0.33508600
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0.86936500
-1.91715700
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Table S3. The natural electron configuration of the low-lying isomers of VSi;,7 and VSil17 clusters at the

B3LYP/6-311+G* level of theory.

Cluster Isomer” Atoms® NPA charges Natural electron configuration on atoms

VSijg” 10A V1 -2.73 43045346984 p0-15550.0140-14550.01
Si2(3) 0.29 351:603p2.07450.013 (00145002
Si4(5,6,7) 0.23 3s!-383p215340.0140.02
Si8(9) 0.12 381A553pz283do‘024po.02
Sil0(11) -0.01 3515432433 0.024150.02

VSiy~ 11A V1 -2.05 450-373d6-334p0-125500144021550.01
Si2(3) 0.05 3515332383 0.024150.02
Si4(5,6,7) 0.15 351:5232:28340.0241y0.02
Si8(9) 0.08 351:573p23130:024p0.03
Sil0(11) 0.01 351:533242340.024150.02
Sil2 0.16 351513 p2:3040.01340.014750.02

VSi 10A’ Vi -1.94 450443 6.1240.15550.0140.2250.01
Si2(3) 0.32 351:603p2.04450.013 (0.02450.03
Si4(5,6,7) 0.22 3s!1:343p2:20340.02450.02
Si8(9) 0.14 351A523p2303do.024p0402
Si10(11) 0.08 351:563p231300.024p0.02

VSiy; 11B’ Vi -2.19 450-393d6:4240-1555001440-20550.01
Si2 0.12 351:373p247300.024p0.02
Si3 0.14 351:333p228330.0240.02
Si4(7) 0.28 351:543p2.133d002450.02
Si5(6) 0.28 3s1513p21730.024750.02
Si8 0.23 35163321030.024150.03
Si9(10,11) 0.08 35!:523p235340.024p0.02
Sil2 0.32 351:583207450.013d0.014p0.01

@ For comparison, the isomer 11B’ of neutral VSiy; cluster is given here.

b The atom numbering is given in Fig. S2.
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