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1. Average distances.

Table S1: Average distances for Cu—Cu and In—In bonds for the Cuz and In, dimers

compared with experimental and theoretical data obtained from literature.

Cu; Distance (A) In; Distance (A)
Exp. 225 Exp. 3.07
Theo. 2.22°3 Theo. 2.91*
Ours 2.22 Ours 3.06

2. Energies, point groups, and the optimal spin states and average distances.

Table S2: The energies, point groups, and optimal spin states of mono- and bimetallic

clusters.

Cluster Energy (eV) Point Group 2S+1
Cuy -2.753 Coy singlet
Cus -4.431 Cay doublet
Cuy -7.350 Do singlet
Cus -9.856 Cay doublet
Cus -12.969 Dsp, singlet
Cuy -16.006 Dag doublet
Cug -19.095 Cs singlet
Cug -21.454 Do doublet
Cuyo -24.589 Cs singlet
Cun -27.341 C doublet
Cun -30.491 Cay singlet
Cuis -33.373 Cay doublet
Ino -1.815 Cov triplet
In; -3.711 Cay quartet
Ing -5.951 D triplet
Ins -7.966 Coy doublet
Ine -10.607 Cs doublet
In; -13.158 Cs doublet
Ing -15.596 Cs singlet
Ing -17.364 Cs doublet
Injo -19.838 Cs singlet
Iny; -22.212 Cs doublet
In;, -24.674 Cs singlet
In;3 -27.228 Cs doublet

Culn -2.9122 Coy singlet
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Cuzln -5.0152 Coy doublet
Cusln -7.8788 Cay singlet
Cuwln -10.423 Csy doublet
Cusln -13.450 Csy doublet
Cugln -15.749 Cs doublet
Cusln -18.599 Cs doublet
Cusln -20.616 Cs doublet
Cuwln -24.407 Cs singlet
In,Cu -4.681 Coy doublet
In3Cu -6.748 Coy triplet

InsCu -9.046 Csy doublet
InsCu -11.012 Csy singlet
In¢Cu -13.853 Dan singlet
In;Cu -16.182 Cs singlet
IngCu -18.421 Cs singlet
InyCu -20.628 Cs singlet
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Table S3: Average bond distances of Cu-Cu, In-In, and Cu-In (in A).

Cluster Average Bond Distance (A)
Cu-Cu In-In Cu-In
Cu, 2.225 - -
Cus 2277 - _
Cus 2.366 - _
Cus 2.353 - _
Cus 2.345 _ _
Cus 2.420 - -
Cus 2.394 - _
Cuo 2.458 - _
Cuio 2.443 - -
Cuis 2471 - -
Cun 2369 - -
Cun 2.404 - _
In, - 3.062 -
In; - 3.661 -
Tna - 2.975 B
Ins - 2.950 -
Ing - 2.928 -
In; - 3.048 -
Ing - 3.093 _
Ino - 2.935 _
Tnio i 3.035 -
In, i 3.012 -
In» - 3.271 -
Inis - 2.974 -
Culn - - 2.534
Cu,In 2.309 - 2.645
Cusln 2.306 - 2.640
Cwln 2.374 - 2.715
Cusln 2.385 - 2.602




Cugln 2.406 - 2.692
Cu-In 2.406 - 2.663
Cusln 2.442 - 2.667
Cuoln 2413 - 2.634
In,Cu _ 3210 2.649
In;Cu - 3.057 2.598
In,Cu - 3.079 2.754
InsCu - 2.990 2.696
IneCu _ 2.924 2.716
In,Cu _ 3.012 2.702
InsCu - 3.150 2711
InoCu - 3.168 2.628

3. Energies of Cu and In and GM of bimetallic systems:
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Table S4: Energies, binding energies, excess energies and second difference in
energy for all compositions of Culn systems, N=2-8.

Composition | Ey/eV | AleV | AE /e V
N=2
Cuy 1.37 0.00 —
Cu11n1 1.45 -0.94 --=
In, 1.31 0.00 —
N=
Cu; 2.24 0.00 -1.24
In;Cuy 1.97 -0.82 -0.76
In,Cu; 1.40 -0.73 -0.29
In; 1.84 0.00 -0.34
N=
Cuy 2.85 0.00 0.41
In;Cus 1.82 -0.87 0.31
In,Cuy 1.93 -1.18 -—-
In;Cuy 1.77 -0.44 -0.23
Ing 2.30 0.00 0.22
N=
Cus 3.24 0.00 -0.60
In;Cuy 1.92 -0.94 -0.48
In,Cus 1.97 -3.43 -—-
In3Cu2 2.55 -3.94 -—-
In4Cu 1.92 -0.70 0.33
Ins 2.61 0.00 -0.62
N=
Cus 3.68 0.00 0.07
In;Cus 2.06 -0.87 0.72
In,Cuy 2.13 -1.22 ==
In3Cus 2.08 -0.88 -—-
InsCus 2.03 -0.49 --==
InsCuy 1.96 -0.01 -0.87
Ine 2.99 0.00 0.08




=7
Cuy 4.06 0.00 -0.05
In;Cus 2.06 -0.14 0.83
In,Cus 2.11 -0.48 ---
In;Cu4 2.15 -0.68 --=
In4Cu3 2.11 -0.35 -—-
In5Cu2 2.07 -1.95 -—-
InsCuy 2.11 -0.28 0.51
In; 3.30 0.00 0.11
N=
Cus 4.42 0.00 0.73
In;Cuy 2.12 0.05 0.83
In>Cuse 2.19 -0.48 ---
In3Cus 2.20 -0.49 ---
InyCuy 2.20 -0.48 ---
InsCus 2.18 0.05 ---
InsCu, 2.24 -0.75 ---
In;Cuy 2.16 -0.14 -0.11
Ing 3.37 0.00 0.66
4. Band gaps, PDOS, TDOS calculated at the HSEO6 level.
Table SS: Band gaps of mono- and bimetallic clusters.
Clusters | Cuz Cus Cus Cus Cus Cur Cus
Band 3.12 0.881 1.724 1.124 3.078 0.998 2.393
gap (eV)
Clusters | In2 In3 Ins Ins Ine Inz Ins
Band 0.734 1.168 0.791 0.881 0.995 0.963 1.274
gap (eV)
Clusters InsCu Cusin Cusin Cuzin
Band
0.674 2.868 2.521 2.103
gap (eV)
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Figure S1: Partial and total density of state.
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5. Calculated quantum molecular descriptors for Culn systems

Table S6: Calculated quantum molecular descriptors for atoms, dimers and clusters (N = 2-5).

Cluster | Any | 1/eV |AleV | x/ev | w/ev | n/ev [S/eV | w/ev
N=2

Iny 1.92 2.53 6.65 4.79 -4.79 -0.12 -8.33 -95.60
Cuilny 1.70 3.47 4.18 3.33 -3.33 -0.70 -1.42 -7.92
Cuy 1.56 3.02 4.56 3.78 -3.78 -1.56 -0.64 -4.57
N=3

Ins 0.90 2.75 3.66 1.93 -1.93 -0.90 -1.11 -2.06
Cuplny 1.50 4.44 4.94 4.19 -4.19 -0.50 -2.00 -17.55
Cus 1.48 3.22 4.70 3.96 -3.96 -1.48 -0.67 -5.29
N=

Iny 0.26 3.21 3.47 1.82 -1.82 -0.26 -3.84 -6.37
Cusln 1.30 3.73 4.03 3.38 -3.38 -0.30 -3.33 -19.04
Cuy 0.94 3.42 4.37 3.89 -3.89 -0.94 -1.06 -8.04
N=

Ins 0.42 3.18 3.61 1.89 -1.89 -0.42 -2.38 -4.25
Cuasln, 1.69 3.45 4.15 3.30 -3.30 -0.69 -1.44 -7.89
Cus 0.88 3.77 4.65 4.21 -4.21 -0.88 -1.13 -10.07

6. Topological parameters

Table S7: Topological analysis of selected Culn, Cu, In Clusters, calculated using the
B3LYP/WTBS Method.

Bond

Cul-In

Cu2-In

Cu3-In
Cul-Cu2
Cu2-Cu3

Cul-In
Cu3-In
Cu4-In
Cu5-In
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po(eA)

0.034
0.032
0.035
0.041
0.04

0.038
0.038
0.037
0.038

V2pu(eA®) Gp(he?)

0.067
0.06
0.07

0.154

0.147

0.075
0.073
0.073
0.074

Cusln
0.022
0.02
0.023
0.047
0.044
Cusln
0.026
0.025
0.025
0.025

Hb(he'l)

-0.006
-0.005
-0.006
-0.008
-0.008

-0.007
-0.007
-0.007
-0.007

V(he?)

-0.028
-0.025
-0.029
-0.055
-0.052

-0.033
-0.032
-0.032
-0.032

VIG

1.273
1.250
1.261
1.170
1.182

1.269
1.280
1.280
1.280




Cul-Cu2
Cul-Cu3
Cul-Cu4
Cu2-Cu3
Cu2-Cu4
Cu2-Cub
Cu3-Cu5
Cu4-Cub

Cul-In

Cu2-In

Cu3-In
Cul-Cu2
Cul-Cu3
Cul-Cu4
Cul-Cu6
Cu2-Cu3
Cu2-Cu4
Cu2-Cu5
Cu3-Cub
Cu3-Cub
Cu4-Cub
Cu4-Cub
Cu4-Cu7
Cu5-Cu6
Cu5-Cu7
Cu6-Cu7

Cul-Cu2

Cul-Cu2
Cul-Cu3
Cu2-Cu3

Cul-Cu2
Cul-Cu3
Cul-Cu4
Cu2-Cu3
Cu2-Cu4

Cul-Cu2

Cu2-Cu3
Cu2-Cu5
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0.036
0.03
0.03

0.036

0.035

0.037

0.029
0.03

0.031
0.032
0.031

0.03

0.03
0.036
0.036
0.029
0.036
0.036
0.036
0.036
0.032
0.031
0.035
0.031
0.035
0.036

0.047

0.043
0.043
0.028

0.044
0.037
0.037
0.036
0.037

0.036
0.037
0.037

0.13
0.099
0.097

0.13
0.123
0.134
0.091
0.099

0.065
0.067
0.064
0.097
0.097
0.118
0.119
0.096
0.119
0.119
0.12
0.118
0.106
0.105
0.119
0.102
0.117
0.121

0.159

0.155
0.154
0.085

0.182
0.123
0.12
0.119
0.122

0.127
0.125
0.125

Cuzln

Cu;

CU3

CU4

CUs

0.039
0.029
0.029
0.039
0.037
0.04
0.027
0.029

0.021
0.022
0.021
0.029
0.029
0.036
0.037
0.028
0.036
0.036
0.037
0.036
0.032
0.031
0.036
0.03

0.035
0.037

0.049

0.047
0.047
0.025

0.054
0.038
0.037
0.036
0.037

0.038
0.038
0.038

-0.006
-0.005
-0.004
-0.007
-0.006
-0.007
-0.004
-0.005

-0.005
-0.005
-0.005
-0.005
-0.004
-0.007
-0.007
-0.004
-0.007
-0.007
-0.007
-0.007
-0.005
-0.005
-0.006
-0.005
-0.006
-0.006

-0.01

-0.008
-0.008
-0.004

-0.009
-0.007
-0.007
-0.006
-0.007

-0.006
-0.007
-0.007

-0.045
-0.034
-0.033
-0.046
-0.043
-0.047
-0.031
-0.034

-0.026
-0.027
-0.025
-0.033
-0.033
-0.043
-0.043
-0.033
-0.043
-0.043
-0.043
-0.043
-0.037
-0.036
-0.042
-0.035
-0.041
-0.043

-0.059

-0.056
-0.056
-0.029

-0.063
-0.044
-0.043
-0.043
-0.044

-0.045
-0.045
-0.045

1.154
1.172
1.138
1.179
1.162
1.175
1.148
1.172

1.238
1.227
1.190
1.138
1.138
1.194
1.162
1.179
1.194
1.194
1.162
1.194
1.156
1.161
1.167
1.167
1.171
1.162

1.204

1.180
1.180
1.151

1.167
1.158
1.162
1.194
1.189

1.169
1.179
1.176



Cul-Cu5
Cul-Cu3
Cul-Cu4
Cu3-Cu4

Cul-Cu2
Cul-Cu3
Cul-Cu4
Cul-Cu5
Cu2-Cu3
Cu2-Cu4
Cu2-Cub
Cu3-Cub
Cu3-Cu6

Cul-Cu3
Cul-Cu4
Cu3-Cu4
Cu4-Cub
Cul-Cu7
Cu2-Cu3
Cu5-Cub
Cu3-Cub
Cu2-Cu5
Cu3-Cu7
Cu2-Cu7
Cu3-Cub
Cul-Cu6

Cul-Cu3
Cul-Cu4d
Cu3-Cu4d
Cu4-Cub
Cul-Cu7
Cu2-Cu3
Cu5-Cu6
Cu3-Cu6
Cu2-Cu5
Cu3-Cu7
Cu2-Cu7
Cu3-Cu5
Cul-Cu6
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0.040
0.036
0.041
0.037

0.036
0.035
0.04
0.04
0.036
0.039
0.039
0.04
0.04

0.027
0.035
0.034
0.033
0.034
0.034
0.034
0.034
0.033
0.035
0.033
0.034
0.034

0.027
0.035
0.034
0.033
0.034
0.034
0.034
0.034
0.033
0.035
0.033
0.034
0.034

0.126
0.126
0.130
0.125

0.122
0.117
0.126
0.128
0.122
0.123
0.125
0.127
0.126

0.090
0.120
0.113
0.114
0.115
0.112
0.116
0.115
0.114
0.119
0.112
0.113
0.111

0.090
0.120
0.113
0.114
0.115
0.112
0.116
0.115
0.114
0.119
0.112
0.113
0.111

Cus

Cuy

CUg

CLIg

0.039
0.038
0.040
0.038

0.037
0.035
0.039
0.039
0.037
0.038
0.039
0.039
0.039

0.026
0.036
0.034
0.034
0.035
0.034
0.034
0.035
0.034
0.036
0.033
0.034
0.034

0.026
0.036
0.034
0.034
0.035
0.034
0.034
0.035
0.034
0.036
0.033
0.034
0.034

-0.008
-0.006
-0.008
-0.007

-0.006
-0.006
-0.007
-0.008
-0.006
-0.007
-0.007
-0.007
-0.007

-0.004
-0.006
-0.006
-0.006
-0.006
-0.006
-0.006
-0.006
-0.006
-0.006
-0.005
-0.006
-0.006

-0.004
-0.006
-0.006
-0.006
-0.006
-0.006
-0.006
-0.006
-0.006
-0.006
-0.005
-0.006
-0.006

-0.047
-0.044
-0.048
-0.045

-0.043
-0.042
-0.047
-0.047
-0.043
-0.045
-0.046
-0.047
-0.047

-0.030
-0.042
-0.040
-0.040
-0.041
-0.040
-0.040
-0.041
-0.040
-0.042
-0.039
-0.040
-0.039

-0.030
-0.042
-0.040
-0.040
-0.041
-0.040
-0.040
-0.041
-0.040
-0.042
-0.039
-0.040
-0.039

1.195
1.169
1.194
1.176

1.162
1.200
1.205
1.205
1.162
1.184
1.179
1.205
1.205

1.143
1.172
1.171
1.162
1.171
1.172
1.162
1.172
1.162
1.172
1.162
1.171
1.171

1.143
1.172
1.171
1.162
1.171
1.172
1.162
1.172
1.162
1.172
1.162
1.171
1.171



Cul-Cu3
Cul-Cu4
Cul-Cu5
Cul-Cu7
Cul-Cu8
Cu2-Cu3
Cu2-Cu4
Cu2-Cu6
Cu2-Cu7
Cu2-Cu8
Cu3-Cub
Cu3-Cu7
Cu4-Cub
Cu4-Cub
Cu4-Cu8
Cu5-Cu6
Cu7-Cu8

In1-In2
In1-In3

In1-In3
Inl-In4
In2-In3
In2-In4

In2-In4
In3-In6
In1-In5
In1-In6
In4-In6

In2-In3
In4-In5
In2-In7
In4-In4
In2-In6
Inl1-In6
In3-In5
Inl1-In2

In1-In2
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0.034
0.033
0.038
0.035
0.035
0.034
0.034
0.038
0.035
0.035
0.033
0.036
0.034
0.034
0.036
0.03
0.027

0.023
0.023

0.026
0.026
0.026
0.026

0.027
0.027
0.027
0.024
0.022

0.024
0.025
0.024
0.023
0.018
0.026
0.028
0.018

0.021

0.115
0.113
0.13
0.12
0.121
0.115
0.114
0.131
0.118
0.118
0.111
0.121
0.112
0.113
0.12
0.097
0.083

0.038
0.038

0.026
0.027
0.027
0.026

0.033
0.034
0.037
0.024
0.026

0.026
0.031
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0.024
0.014
0.033
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0.014

0.021

Ing

Ing

Ing

In;

Ing

0.035
0.034
0.039
0.036
0.036
0.035
0.034
0.04

0.036
0.036
0.033
0.037
0.034
0.034
0.036
0.029
0.025

0.012
0.012

0.01
0.01
0.01
0.01

0.012
0.012
0.013
0.009
0.009

0.009
0.011
0.010
0.009
0.005
0.011
0.013
0.005

0.008

-0.006
-0.006
-0.007
-0.006
-0.006
-0.006
-0.006
-0.007
-0.006
-0.006
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-0.006
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1.176
1.179
1.167
1.194
1.143
1.176
1.175
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1.162
1.147
1.176
1.194
1.138
1.120

1.192
1.188

1.300
1.400
1.400
1.400

1.310
1.299
1.266
1.350
1.271

1.302
1.293
1.300
1.327
1.344
1.285
1.304
1.345
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Figure S4: Molecular graph of Culn, Cu and In Clusters. Solid lines indicate the presence of bond
paths, whereas small red dots illustrate the bond critical points.
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Figure S5: Laplacian maps of the electron density for clusters.
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Figure S6: 5 lowest energy configurations of each system and the corresponding energies (in eV).
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8. the convex hull diagram for the Cu-In clusters

Convex Hull Diagram for Cu-In Clusters
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Figure S7: the convex hull diagram for the Cu-In clusters. The x-axis represents the indium fraction
(Xin), and the y-axis represents the energy (eV). The points connected by solid lines form the convex
hull, indicating the thermodynamically stable configurations. Clusters lying on the convex hull are stable,
while those above are less stable or metastable.
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9. XYZ coordinates of minimum-energy structures
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6.822640 7.787789 7.752378

9.783240 7.726488 6.387178

7.614830 10.797335 8.673216

9.094826 5.648501 8.535097

6.863311 8.751091 10.845781

8.951028 6.664914 11.363998
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In 10.154225 10.829216 6.760290
In 7.509020 9.825197 5.663932

Cu 6.786511 6.206577 9.851397
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