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Table S1 The electronic states, symmetries, averaged binding energy (E,, eV), and
HOMO — LUMO energy gap (E,,,, €V) for the lowest-energy structures of neutral and
anionic Al, (n = 3-20) clusters.

Cluster  State Symm. E, Ey,, Cluster State Symm. E, Eqqp

Al; ’A)"  Djy, 0.72 1.63 Aly 'A)" Dy, 1.10 1.57
Aly 1A, Con 1.08 1.16 Al, 2A, Con 1.59 1.52
Als ’B, Cy, 1.62 1.86 Als A, Cy, 2.08 1.35
Al 1A, Con 1.81 1.64 Als 2A, Con 226 1.39
Al; 2A, Cs, 203 1.80 Al; A, Cs, 236 1.61
Alg 1A, Con 206 1.86 Alg ’B, Con 234 1.39
Aly ZA’ C 211 1.61 Aly A 6} 242 1.50
Al A’ C; 217 1.53 Al ZA’ C; 244 1.50
Aly; ZA C 222 1.81 Al TA! C 248 1.79
Aly, A, Cy, 228 2.00 Al ZA’ C; 251 1.19
Alyjs ZA C 237 2.60 Al; 1A, Iy 2.64 274
Aly4 A &) 240 1.61 Aly ’B 6} 2.59 134
Alys By, Dy, 241 029 Als 1A, Dy, 2.59 1.66
Alyg A’ C 243 1.60 Al ZA’ C; 2.61 148
Aly; By, Dy, 245 1.19 Al 1A, Dy, 2.62 140
Alyg A’ C 246 1.62 Alg ZA C 2.60 1.01
Alyg ZA C 244 097 Al A C 259 1.23

Aly 'A C 2.50 1.55 Aly ZA C 2.64 1.55




Table S2 The electronic states, symmetries, averaged binding energy (E,, eV), and

HOMO — LUMO energy gap (E,,,, €V) for the lowest-energy structures of neutral and

anionic Al,Mg (n = 3-20) clusters.

Cluster  State Symm. E, E,,, Cluster State Symm. E, Eqqp

AlsMg A" (i 1.09 1.56 AlLMg A Csy 1.52 142
Al,Mg A, Cyy 1.38 1.81 AlMg A G 1.61 1.44
AlsMg A" (i 1.52 170 AlsMg A’ C; 191 1.47
AlgMg A, Cs, 1.85 2.60 AlMg  2A’ C; 2.12 1.38
Al:Mg A" G 1.87 1.56 AlMg A’ G 2.13 1.55
AlgMg (A" 1.94 1.67 AlgMg A G 222 1.49
AllMg A" (i 201 141 AlMg N C; 227 141
Al Mg A’ C; 206 1.51 AL Mg A G 230 1.24
Al Mg A’ C; 213 131 AL Mg A G 237 1.85
Al Mg A, Cs, 220 1.19 AlpMg A, Cs, 246 1.52
AljsMg  2A’ C; 231 1.58 AlsMg A’ C; 249 1.6l
Al Mg A’ C; 231 1.79 ALsMg A’ C; 248 1.54
AlsMg  2A’ C; 232 143 AlsMg A’ C; 2.50 1.62
AliMg A’ C; 236 135 AligMg A’ C; 2.53 1.38
AlsMg A G 235 115 Aly;Mg A G 2.51 1.61
AljgMg A G 236 175 AljsMg A’ C; 2.50 1.4l
AljgMg A G 241 136 AllMg A G 2.56 1.85

Al,)M 'A C 240 120 ALMg A C 2.54 1.29
g g




Table S3 Electron Density (o (rscp)), Laplacian (V2p (rgcp)), Bond Ellipticity (&), and
Curvature A; at Bond Critical Points (BCP) for Mg-Al bond in the lowest-energy
Al,Mg (n = 3-20) clusters.

p/au. VZp/a.u. £ A3/ a.
Al;Mg Mg4-All 0.042 -0.025 0.376 0.010
AlMg Mg5-All 0.025 0.002 3.081 0.006
Mg5-Al2 0.025 0.002 3.081 0.006
AlsMg Mgl-Al3 0.024 0.013 1.001 0.022
Mgl-AlS 0.024 0.013 1.001 0.022
AlgMg Mg7-Al2 0.025 0.019 0.148 0.037
Mg7-Al4 0.025 0.019 0.148 0.037
Mg7-Al5 0.025 0.019 0.148 0.037
Al;Mg Mg8-Al6 0.024 0.030 0.194 0.043
Mg8-Al7 0.025 0.024 0.250 0.037
AlgMg Mgl-Al2 0.023 0.023 3.128 0.031
Mgl-Al3 0.023 0.023 3.128 0.031
Mgl-Al5 0.023 0.027 1.795 0.036
Mgl-Al4 0.026 0.028 0.170 0.046
AlgMg Mgl-Al2 0.024 0.023 0.726 0.036
Mgl-Al3 0.024 0.023 0.726 0.036
Mgl-Al4 0.027 0.027 0.197 0.050
Al Mg Mgl-Al2 0.024 0.026 1.209 0.033
Mgl-Al3 0.025 0.026 0.542 0.043
Mgl-Al4 0.025 0.028 0.531 0.038
Mgl-Al5 0.025 0.026 0.542 0.043
Al Mg Mgl2-Al2 0.023 0.027 0.660 0.032
Mgl2-Al4 0.023 0.021 1.412 0.026
Mgl2-Al6 0.023 0.023 2.021 0.031
Mgl2-Al7 0.023 0.023 2.021 0.031
Mgl2-Al10 0.023 0.021 1.412 0.026
Al,Mg Mg2-All 0.030 0.055 0.000 0.072
Al;Mg Mgl4-Al5 0.024 0.032 0.590 0.045
Mgl4-Al6 0.023 0.024 0.307 0.032
Mgl4-Al8 0.023 0.033 1.819 0.039
Mgl4-Al13 0.022 0.024 0.307 0.032
Al Mg Mgl5-All12 0.023 0.032 0.079 0.037
AlsMg Mgl6-Al4 0.023 0.031 0.140 0.045
Mgl6-Al7 0.022 0.017 0.000 0.027
Al Mg Mgl7-All4 0.021 0.022 1.404 0.025
Mgl7-All15 0.022 0.032 0.754 0.039
Mgl7-All6 0.019 0.017 0.135 0.029
Al;Mg Mgl8-All12 0.024 0.029 0.167 0.051
Mgl8-All7 0.026 0.031 0.077 0.056

Mgl8-All13 0.026 0.031 0.083 0.058



Al;sMg

Al;oMg

AlzoMg

Mg19-Al6

Mgl19-All1
Mg20-Al4

Mg20-Al5

Mg20-Al11
Mg20-Al12
Mg21-Al12
Mg21-All5
Mg21-All1
Mg21-Al120

0.020
0.021
0.021
0.021
0.022
0.022
0.021
0.021
0.025
0.022

0.025
0.013
0.025
0.025
0.020
0.020
0.020
0.021
0.023
0.026

3.494
1.839
5.011
5.194
2.583
2.561
6.452
7.193
0.272
8.654

0.032
0.018
0.033
0.033
0.030
0.030
0.030
0.031
0.045
0.038




Table S4 Electron Density (o (rscp)), Laplacian (V2p (rgcp)), Bond Ellipticity (&), and
Curvature A; at Bond Critical Points (BCP) for Mg-Al bond in the lowest-energy
Al,Mg (n=3-20) clusters.

p/au. V2p/a.u. £ A3/ a.u.
AlMg Mg4-Al3 0.026 0.011 0.000 0.018
AlMg Mg5-All 0.025 0.018 1.276 0.028
Mg5-Al3 0.025 0.018 1.276 0.028
AlsMg Mg6-All 0.023 0.013 0.705 0.023
Mg6-Al3 0.023 0.013 0.705 0.023
AlgMg Mg7-Al2 0.024 0.020 0.570 0.033
Mg7-Al4 0.024 0.020 0.570 0.033
Mg7-Al5 0.025 0.022 0.208 0.041
AlLMg Mgl-Al2 0.026 0.026 0.182 0.049
Mgl-Al3 0.026 0.026 0.182 0.049
AlgMg Mgl-Al4 0.026 0.029 0.002 0.047
Mgl-Al5 0.024 0.029 0.937 0.040
AloMg Mgl-Al2 0.026 0.032 0.232 0.053
Mgl-Al3 0.026 0.032 0.232 0.053
Mgl-Al4 0.024 0.025 0.225 0.040
Al;,oMg Mgl-Al3 0.024 0.024 0.506 0.042
Mgl-Al4 0.021 0.020 12.900 0.023
Mgl-AlS 0.023 0.023 0.567 0.040
Al Mg Mgl-Al2 0.026 0.024 0.247 0.049
Mgl-AlS 0.026 0.031 0.146 0.052
Al;,Mg Mg2-All 0.026 0.044 0.000 0.055
Al;sMg Mgl4-Al5 0.024 0.034 1.633 0.045
Mgl4-Al8 0.024 0.037 0.669 0.046
Al Mg Mgl5-All12 0.023 0.034 0.175 0.041
Al;sMg Mgl6-All4 0.024 0.031 0.153 0.048
Mgl6-Al9 0.022 0.020 1.854 0.028
Mgl6-Al10 0.022 0.020 1.854 0.028
Al;gMg Mgl7-All5 0.022 0.035 0.283 0.041
Mgl7-All6 0.020 0.012 0.772 0.017
Al;;Mg Mgl8-Al2 0.024 0.029 0.175 0.051
Mgl8-Al7 0.026 0.030 0.119 0.054
Mgl18-Al13 0.025 0.031 0.135 0.055
Al;sMg Mgl19-Al6 0.021 0.025 0.558 0.035
Mgl9-Alll 0.023 0.021 0.140 0.041
Mgl19-Al18 0.021 0.025 0.558 0.035
Al;oMg Mg20-Alll 0.022 0.022 1.352 0.034
Mg20-Al16 0.020 0.024 2.892 0.033
Mg20-Al19 0.021 0.024 8.405 0.033
Al,yMg Mg21-All12 0.022 0.023 1.790 0.037

Mg21-Alll 0.024 0.019 0.267 0.039



Mg21-Al20 0.023 0.031 1.944 0.046
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AlLMg, 2 ALMg , 1 Al Mg, 1 Al Mg , 4 AlMg, 2 AlMg , 3
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Fig S1 The metastable isomers of neutral and anionic Al,Mg (n = 4-20) clusters,
together with spin multiplicity, point symmetry and relative energies.



