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Fig. S1 The metastable isomers of Al,Sb ( n=1-16) clusters, together with point
symmetry and relative energies.
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Fig. S2 The metastable isomers of Al,Sb™( n=1-16) clusters, together with point
symmetry and relative energies.
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Fig. S3 The clusters possess different ground state structure for neutral and anion
Al,.; and Al,Sb ( n=1-16) clusters based on different functionals.
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Fig. S4 Calculated molecular orbital energy levels and ANDP chemical bonding
analysis of the most stable structure of Al;3 clusters together with the molecular

orbital maps of the HOMOs. where, ON presents for occupation number.

sS4



Table S1. Electronic states, symmetries, average binding energies E, (eV) and

HOMO-LUMO energy gaps Egqp (€V) of the most stable structures for Aly.1%(g=0,-1,

n=1-16) clusters.

clusters  State  Symm Ep Egap n clusters  State  Symm = Egap
Al, D.,, 072 131 360 Al P D, 125  2.06
Al; ’A)' Da 120 163 255 Aly A Dan 1.62 157
Al, ‘A, Ca 135 115 214 Al Ay Cn 1.83 153
Als ’B, Cov 1.62 178 235 Al A Cs 1.95 136
Alg 'Ajy Dy 181 164 229 Al Ay Da 215 219
Al; A Cav 203 180 227 Al- A, Cav 227 161
Alg ‘A, Ca 206 186 229  Alg- A Cs 228 151
Alg A Cs 211 086 224 Al A C, 235 149
Alyg A Cs 217 153 205 Al A Cs 238 150
Aly A Cov 222 178 191  Aly- A Cs 242 154
Al A Cav 283 199 224 Al A Cs 245 119
Al A Dag 237 132 1.88 Al A In 259 274
Alyy A Cs 240 175  2.02 Al ’B, Cov 255 134
Al By, Dop 241 149 185 Al A Dag 256 151
Algg A Cs 243 160 190 Al A Cs 257 148
Al B,y Do 245 143 168  Aly- A Don 258 141
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Table S2. The calculated ADE and VDE values of the most stable structures for
Al.Sb (n=1-16) clusters based on different functionals, together with available

experimental data.

ADE VDE

mPW1PW91 PBEO B3PW91 Expt’ mPW1PW91 PBEO B3PW91 Expt.'

1 1.92 1.96  1.99 1.89 2.01 2.04 2.03 2.13

2 2.28 225 231 2.34 2.49 248 250 2.57

3 1.64 1.62 2.00 1.88 2.31 231 2.67 2.27

4 2.36 235 2.16 1.96 2.50 250 251 2.62

5 2.35 235 2.32 2.21 2.78 277 275 2.87
6 2.24 222 227 2.57 254 2.63
7 2.60 2.60 2.54 2.87 2.87 2.84
8 2.47 247 249 2.64 2.63 2.66
9 2.18 217 217 2.43 241 242
10 2.65 2.65 2.66 2.75 2.74 276
11 2.95 294 3.0 3.02 3.00 3.8
12 2.42 240 2.44 2.80 277 281
13 2.70 2.74  2.67 2.98 297 2.96
14 2.80 2.80 2.82 3.12 312 3.14
15 2.30 229 229 2.51 249 250
16 2.63 261 2.64 2.83 2.80 283
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Table S3. The calculated VIP and VEA values of the most stable structures for Al,,Sh

(n=1-16) clusters based different functionals, together with available theoretical data.

VEA VIP
Slze mPW1PW91 PBEO B3PW91 Theor® mPW1PW91 PBEO B3PW91 Theor.
1 1.92 1.93 194 1.98 7.13 757 717 6.99
2 1.98 1.96  2.00 1.90 7.46 744 745 7.09
3 1.75 1.74 171 1.44 7.46 7.45  7.47 7.18
4 2.18 217 1.99 1.88 6.93 6.82 6.50 6.29
5 1.80 1.78  1.79 1.63 6.79 6.78 6.79 6.58
6 1.97 1.96 2.01 1.96 6.42 6.41 6.41 6.15
7 2.32 231 176 6.56 6.56  6.59
8 2.32 232 234 6.49 6.49 6.46
9 1.99 1.99 1.98 6.57 6.57 6.57
10 2.54 255 255 6.28 6.28 6.26
11 2.89 288 211 6.63 6.63 6.44
12 2.06 2.05 2.08 6.18 6.17 6.16
13 2.05 2.03 2.06 6.42 6.42  6.40
14 2.48 248 251 6.26 6.26 6.24
15 2.08 2.08 2.08 6.21 6.19 6.22
16 2.40 239 241 5.83 580 5.81

Table S4. The calculated ADE and VDE values of the most stable structures for
Alni (n=1-16) clusters based on different functionals, together with available
experimental and theoretical data.

_ ADE VDE
Slze mPW1PW91 PBEO B3PW91 Expt*®*  mPW1PW91 PBEO B3PW91 Expt*®.  Theor”.
1 1.60 1.60 1.54 1.20 1.62 1.62 1.62 1.61 1.45,1.47
2 1.73 1.72 1.75 1.40 1.73 1.72 1.75 1.92 1.52,1.53
3 2.43 242 241 1.80 2.54 253 253 220  2.38,2.39
4 2.11 211 213 1.92 2.16 215 219 2.13 1.97
5 3.81 256 2.52 2.31 2.81 281 279 263  2.63,2.62
6 2.10 210 211 2.08 2.40 239 241 249 213214
7 2.15 228 2.26 2.11 2.34 254 245 245  2.03,2.05
8 2.84 2.83 2.63 2.57 3.04 3.02 3.05 291 267,268
9 2.65 2.65 2.62 2.42 2.86 2.86 2.83 294 249
10 2.73 271 2.70 2.51 2.80 2.78 2.80 2.92
11 1.77 259 253 2.55 2.85 2.85 2.82 2.85
12 3.41 3.42  3.40 3.42 3.66 3.65 3.66 3.68
13 2.55 254 252 2.38 2.76 275 2.74 2.68
14 2.79 2.78 2.77 2.39 2.98 297 296 3.02
15 2.65 2.65 2.63 2.64 3.02 3.02  3.00 2.97
16 2.69 2.68 2.72 2.78 2.87 2.86 2.89 2.98
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Table S5. The calculated VIP and VEA values of the most stable structures for Al,+1

(n=1-16) clusters based different functionals, together with available theoretical data.

_ VEA VIP
Slze mPW1PW91 PBEO B3PW91 Theor® mPW1PW91 PBEO B3PW91 Theor.*
1 1.59 157 148 6.69 6.67 6.27 6.29

2 1.73 1.72 175 1.63 6.86 6.84 6.85 6.08,6.76,6.78
3 2.26 224 224 2.13 6.50 6.49 6.52 6.50,6.69,6.70
4 2.05 2.05 2.07 2.00 6.78 6.78 6.76 6.66,6.63,6.64
5 3.09 228 2.25 2.22 6.82 6.82 6.83 6.82,6.61

6 1.80 1.80 1.82 1.81 6.37 6.37 6.35 6.32,6.14,

7 1.98 1.97 1.97 1.96 6.56 6.55 6.55 6.48,6.24,6.25
8 2.66 2.65 2.45 2.36 6.70 6.69 6.93 6.57,6.37

9 2.39 239 2.36 2.29 6.46 6.45 6.47 6.32,5.96
10 2.60 258 251 2.52 6.32 6.30 6.34 6.30

11 1.91 191 191 2.12 7.16 6.36 6.39 6.29

12 3.13 3.14 311 3.10 6.90 6.93 6.87 6.84

13 2.32 232 2.29 2.22 6.16 6.15 6.34 6.31

14 2.58 257 2.29 2.53 6.17 6.16 6.00 6.09

15 221 224 2.21 6.04 6.03 6.04 6.02

16 250 254 2.51 5.90 5.89 5.89 5.86

S3



Table S6. The average binding energies Ep, (eV) of the most stable structures for Al,Sb? and pure Al,+1%(g=0,-1,n=1-16) clusters.

_ Al,Sb Al,Sb Al Al
S T PWIPWO1 PBEO B3PW9L mPWIPWOL PBEO B3PWOL mPWIPWOL PBEO B3PWOL Theor’ mPWIPWOL PBEO B3PWOL  Theor”
1 0.77 079 079 1.42 156 154 0.69 071 072 076075 1.23 127 125 137,135
2 1.35 138 135 1.73 199  1.96 1.21 124 120 127,124 1.63 166 162  1.73,1.69
3 1.73 176 173 1.72 206 210 1.36 139 135 148144 1.84 188 183 1951091
4 1.74 178 177 1.79 217 210 1.65 169 162  1.70,1.66 1.97 201 195  2.07,2.02
5 1.99 205  1.98 1.96 237 228 1.62 188 181 191,186 2.18 223 215 230,225
6 2.07 212 204 1.94 238 229 2.07 213 203 215209 2.30 235 227 241235
7 2.13 218  2.09 2.00 245 235 2.09 215 206  2.16,22.10 2.30 237 228 240234
8 2.23 228 219 2.05 251 241 2.13 219 211 213217 2.39 245 235 249243
9 2.29 235 225 2.05 252 241 221 227 217 227221 2.42 248 238 252,246
10 2.30 236 225 2.08 256 245 2.26 232 222 2.47 253 242
11 2.35 242 231 2.14 263 252 2.40 239 283 2.50 257 245
12 2.44 252 239 2.17 267 254 2.42 249  2.37 2.65 272 259
13 2.47 253 241 2.20 270 257 2.45 253 240 2.60 267 255
14 2.52 259 246 2.24 275 261 2.46 253 241 2,61 269 256
15 253 260 247 221 272 247 2.49 256 243 2.62 273 257
16 2.49 256 244 2.18 260 256 251 257 245 2.64 274 258
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Table S7. The most possible dissociation channels and the corresponding dissociation
energies (eV) of the Al,Sb"(q=0,-1, n=1-16) clusters.

clusters DC Ep clusters DC Ep

AlSb Al+ Sb 1.58 AISb Al'+ Sh 3.07
Al,Sb Al+AISb 2.49 Al,Sb’ Al+AISh 2.80
AlsSb Al+Al,Sh 2.84 Al;Sb’ Al+ALSH 2.53
Al,Sb Al+Al;Sh 1.94 Al,Sb’ Al+Al;Sb’ 211
AlsSb Al+Al,Sb 3.01 AlsSb’ Al+Al,Sh’ 3.17
AlgSb Al+AlsSh 2.39 AlsSb’ Al+AIlsSh 2.34
Al;Sb Al+AlgSh 251 Al;Sb’ Al+AlgSb’ 2.77
AlgSb Al+Al;Sh 2.92 AlgSb Al+AI;Shb 2.87
AlgSb Al+AlgSh 2.80 AlgSh” Al+AlgSh’ 2.48
AlSh Al+AlgSh 2.31 AlySh’ Al+AIlSh 2.81
Aly;Sb Al+AlSb 291 Aly;Sb Al+Al,Sb 3.34
Al,Sh Al+Al;Sh 3.40 Alp,Sh’ Al+Al;Sh’ 2.75
Al5Sh Al+Al1,Sh 2.71 AlsSh’ Al13+Sh 2.26
Aly,Sh Al+Al3Sb 3.09 Aly,Sh’ Al+Al3Sh 3.23
AlsSh Al+Al4,Sb 2.69 AlysSh’ Al+Al,Sb 2.16
AlSh Al+AlsSb 1.85 AlSh’ Al+AlsSh 2.20

Table S8. The most possible dissociation channels and the corresponding dissociation
energies (eV) of Aln.1? (q=0,-1, n=1-16) clusters.

clusters DC Ep clusters DC Ep

Al Al+Al 1.45 Al Al+Al 2.49
Al3 Al+Al, 2.15 Alj Al+Al, 2.37
Aly Al+Al; 1.79 Aly Al+Alz 2.45
Als Al+Al, 2.74 Als Al+Al, 2.46
Alg Al+Als 2.73 Alg Al+Als 3.12
Al; Al+Alg 3.38 Al; Al+Alg 2.98
Alg Al+Al; 2.20 Alg Al+Al, 2.35
Alg Al+Alg 2.58 Alg Al+Alg 2.94
Alyg Al+Alg 2.63 Al Al+Alg 2.62
Alyy Al+Aly 2.76 Alyy Al+Alg 2.84
Al Al+Aly 2.98 Al Al+Aly 2.82
Al Al+AlL, 3.41 Al Al + Aly, 4.28
Aly Al+Al3 2.82 Aly Al+Al3 1.94
Alys Al+Aly, 2.45 Algs Al+Aly, 2.70
Al Al+Als 2.83 Al Al+Als 2.69

Al Al+Aly; 2.69 Al Al+Alg 2.77
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Table S9. The natural charge (NC) of Sb atom, the local magnetic moments of the 5s
and 5p states for Sb atom, 3s and 3p states for Al atom in the most stable structures of
Al,Sb%(g=0,-1, n=1-16) clusters, together with the total magnetic moments.

Al,Sh Al;Sb

Size(n) Sb Sb(M/ug) Al(M/ug)  Tot. Sb Sb(M/ug) Al(M/ug)  Tot.

NC(e) 5s 5p 3s 3p (uB) NC 5s 5p 3s 3p (uB)
1 -0.34 0.00 146 0.5 0.38 201 -0.81 -0.01 048 014 045 1.08
2 -048 0.00 050 022 030 1.00 -1.13 0.00 000 0.00 0.00 0.00
3 -0.55 0.00 0.00 0.00 0.00 0.00 -058 0.01 009 0.05 085 1.02
4 -081 0.01 -0.02 006 092 093 -0.50 0.00 000 0.00 0.00 0.00
5 -0.27 0.00 0.00 0.00 0.00 0.00 -029 -001 022 016 066 1.03
6 -009 0.00 021 018 061 0.98 -0.29 0.00 000 0.00 0.00 0.00
7 -0.06 0.00 0.00 000 0.00 0.00 -0.33 -0.01 020 0.28 050 0.94
8 -0.13 0.01 -0.03 023 082 1.04 -0.28 0.00 000 0.00 0.00 0.00
9 -0.02 0.00 0.00 000 0.00 0.00 -021 0.00 003 019 0.76 0.98
10 -0.09 0.01 -002 023 076 0.95 -0.16 0.00 000 0.00 0.00 0.00
11 0.01 0.00 0.00 000 0.00 0.00 -0.13 0.01 -0.04 029 073 1.04
12 004 000 016 026 062 1.10 -0.11 0.00 000 0.00 0.00 0.00
13 0.04 0.00 0.00 000 0.00 0.00 -0.12 0.00 026 024 053 0098
14 001 -001 020 033 040 0.96 -0.15 0.00 000 0.00 0.00 0.00
15 0.02 0.00 0.00 000 0.00 0.00 -0.12 0.00 000 024 070 094
16 -0.09 000 0.05 017 071 0.95 -0.22 0.00 000 0.00 0.00 0.00
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