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Supplementary Tables

Table S1 Gupta potential parameters for Au clusters'

Parameter AleV eV p q ro/ 4

Au-Au 0.2061 1.7900 10.229 4.0360 2.884

Table S2 Energies and structures information of Aun(2-20) at pure DFT level. Size: also denoted as N, ranging
from 2 to 20.E,,;: cohesive energy of cluster. AE: the cohesive energy difference between the GM identified
in this work and those reported previously?. D,E: second finite energy difference of cluster, defined as

D2E=EN+1+EN_1-2EN. Eﬁt . by ﬁttil’lg E., to N arrived at 0.716-1.822N1-1.237N23+2.656N"1/3, AEcoh:

relative choesive energies of clusters calculated by Eg — E.,s.  Dia: effective diameter of cluster, which is
defined as the largest distance among atoms. BL: average bond length of cluster, with cutoff length be 3.3 A.

Size E . (eV) AE (eV) D,E (eV) AE,,;, (eV) Eg (eV) Dia (nm) BL (A)
2 0.948 -0.003 - -0.064 0.884 0.2512 2.6992
3 0.965 0.023 -1.375 0.196 1.16 0.466 2.8311
4 1.317 -0.02 0.413 0.015 1.332 0.4683 2.8306
5 1.445 -0.033 -0.997 0.007 1.452 0.4614 2.8295
6 1.697 -0.016 1.624 -0.155 1.542 0.5275 2.8375
7 1.646 -0.016 -1.329 -0.032 1.613 0.7054 2.8215
8 1.773 -0.013 1.249 -0.102 1.671 0.7037 2.8316
9 1.733 -0.024 -1.137 -0.014 1.719 0.8093 2.8309
10 1.815 0.003 0.629 -0.054 1.76 0.9537 2.8313
11 1.825 -0.01 -0.368 -0.029 1.796 0.9311 2.8267
12 1.863 -0.002 0.44 -0.036 1.827 0.7984 2.8227
13 1.862 -0.007 -0.844 -0.007 1.855 1.2284 2.7129
14 1.922 -0.011 0.941 -0.042 1.88 0.787 2.835
15 1.91 -0.011 -0.53 -0.008 1.902 0.7254 2.8307
16 1.934 -0.03 -0.19 -0.011 1.922 0.7595 2.8346
17 1.965 -0.008 -0.17 -0.024 1.941 0.9391 2.8347
18 2.003 -0.026 1.351 -0.045 1.958 0.7161 2.833
19 1.965 0.045 -1.337 0.008 1.974 0.8368 2.8301

[\
=

1.999 -0.098 1.828 -0.01 1.988 0.9153 2.8238




Table S3 Energies and structures information of Auy (20-300) at Gupta combined DFT level. Size: also
denoted as N, ranging from 21 to 300. E,,,: cohesive energy of cluster. D,E: second finite energy difference
of cluster, defined as D,E=Eny+En.1-2En. Eg : by fitting E,,, to N arrived at 0.716-1.822N-1-1.237N-

2342.656N13. AE,: relative cohesive energies of clusters calculated by Eg — E.op. Dia:  diameters  of

cluster, which is defined as the largest distance among atoms. BL: average bond length of cluster, with cutoff
length be 3.3 A.

Size E... (eV) D,E (eV) AE . (eV) Eg (eV) Dia(nm) BL(A)
21 1.941 -0.803 0.06 2.002 0.7087 2.824
22 1.926 -0.952 0.088 2.014 0.7421 2.8311
23 1.953 -0.142 0.073 2.026 0.8095 2.8361
24 1.984 0.377 0.053 2.037 0.8373 2.7797
25 1.998 0.307 0.05 2.048 0.8482 2.8313
26 1.998 0.514 0.059 2.058 0.8033 2.8359
27 1.98 -1.44 0.087 2.067 0.8152 2.8238
28 2.014 0.576 0.062 2.076 0.8613 2.8326
29 2.026 -0.863 0.058 2.084 0.8457 2.8351
30 2.066 1.204 0.026 2.092 0.8334 2.8256
31 2.065 -0.57 0.036 2.1 0.8168 2.8327
32 2.081 0.509 0.026 2.107 0.8282 2.8348
33 2.081 -1.515 0.033 2.114 0.8073 2.8361
34 2.126 -0.701 -0.005 2.121 0.8858 2.8321
35 2.188 7.436 -0.06 2.127 0.9484 2.7246
36 2.04 -8.277 0.094 2.134 1.0138 2.8358
37 2.124 3.172 0.016 2.139 0.9182 2.8251
38 2.12 0.204 0.026 2.145 0.8921 2.8259
39 2.11 -0.38 0.04 2.151 0.92 2.8358
40 2.111 -1.265 0.045 2.156 0.9051 2.8371
41 2.143 1.56 0.018 2.161 0.9505 2.8366
42 2.136 -0.545 0.03 2.166 1.003 2.83
43 2.142 -0.062 0.029 2.171 0.8655 2.8249
44 2.149 0.14 0.026 2.175 1.0412 2.8371
45 2.153 -0.627 0.027 2.18 1.0111 2.8296
46 2.17 0.798 0.014 2.184 1.1063 2.7715
47 2.169 -0.479 0.019 2.188 0.9647 2.8343
48 2.179 0.989 0.013 2.192 0.9703 2.8369
49 2.168 -1.993 0.028 2.196 1.075 2.8395
50 2.197 1.283 0.003 2.2 1.082 2.8343
51 2.2 0.576 0.004 2.203 0.9649 2.8427
52 2.191 -4.714 0.016 2.207 1.0738 2.8379
53 2272 10.273 -0.062 221 1.0499 2.8431
54 2.16 -11.798 0.054 2.214 1.0836 2.8283
55 2.266 11.35 -0.049 2.217 1.2459 2.8261
56 2.166 -9.219 0.054 2.22 1.0171 2.8277
57 2.231 3.382 -0.008 2.224 1.1913 2.8039
58 2.236 -0.17 -0.009 2.227 1.0836 2.8427

59 2.243 0.598 -0.014 2.23 1.0888 2.839
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-8.41
3.971
1.925
-2.247
-1.759
2.056
-0.239
1.28
-1.597
0.968
2.029
-4.289
1.1
0.667
0.974
-1.014
-0.292
1.855
-2.817
1.623
-0.896
2.951
-3.996
1.275
3.062
-5.35
5.238
-2.993
-0.598
0.72
0.85
-1.594
1.819

0.01
0.004
0.007
0.008
0.012
0.007
0.003
0.013
0.005
0.007
0.004
0.021
0.006
0.006
0.013
0.012
0.004
0.004
0.003
0.007
0.005
0.006
0.015
0.008
0.005
0.005
0.008
0.008
0.006
0.011
0.006
0.007
0.005
0.013
0.007
0.005
0.014
0.005
0.013
0.012
0.008
0.007
0.009
0.005
0.007

2418
2.419
2.419
2.419
242
242
242
2421
2421
2421
2.422
2.422
2.422
2.423
2.423
2.423
2.424
2.424
2.424
2.425
2.425
2.425
2.426
2.426
2.426
2.427
2.427
2.427
2.428
2.428
2.428
2.429
2.429
2.429
2.429
243
243
243
2431
2431
2431
2.432
2.432
2.432
2.432

2.0632
2.0615
2.0551
1.9697
2.0322
1.9531
2.0222
1.9912
1.8861
1.8384
2.0924
2.0279
1.8984
2.0506
2.0385
2.0864
2.0563
2.0789
2.1547
2.0757
2.1079
2.093
2.2127
2.056
1.9647
2.1498
1.9426
2.1954
2.0281
2.1992
2.0689
2.2374
1.9727
2.1763
2.0878
2.1015
2.0519
1.9965
2.092
2.1588
2.1246
2.0117
2.0612
2.0539
2.3497

2.8137
2.6895
2.8087
2.8189
2.8173
2.821
2.8195
2.822
2.8254
2.8241
2.8172
2.8172
2.6986
2.8212
2.8213
2.8125
2.8258
2.8241
2.8249
2.8168
2.8139
2.8205
2.8234
2.6738
2.8325
2.8263
2.8232
2.8248
2.823
2.8168
2.8251
2.8146
2.8258
2.83
2.7021
2.8137
2.8284
2.8305
2.8297
2.8309
2.8304
2.8214
2.8324
2.8307
2.8296




Table S4 Experimental result values obtained by GA, PSO, RPSO for d=30 through 50 independent runs

F GA PSO RPSO

Best Worst Mean S.D. T(s) Best Worst Mean S.D. T(s) Best Worst Mean S.D. T(s)
1 0.00E+00  0.00E+00  0.00E+00  0.00E+00  47.14 1.11E-06 3.67E-06 2.13E-06 7.04E-07 36.44 0.00E+00  0.00E+00  0.00E+00 0.00E+00  0.1586
2 1.30E-04 8,72E-04 4.23E-04 1.59E-04 53.18 1.20E-02 7.42E-02 3.42E-02 1.73E-02 42.33 0.00E+00  0.00E+00  0.00E+00 0.00E+00  2.071
3 2.89E+00 9.04E+01 7.90E+01 1.85E+01 62.66 1.12E+01 2.17E+02 5.14E+01 5.15E+01 51.47 0.00E+00  3.99E+00 1.51E+00 1.95E+00  22.98
4 0.00E+00 1.25E+03 2.64E+01 9.12E+02 68.54  0.00E+00 5.76E+04 3.45E+03 6.67E+02 54.78 0.00E+00 1.02E+02  5.21E+01 3.24E+01 12.77
5 0.00E+00 1.00E-01 2.00E-02 1.41E-01 5546  9.95E+00 2.49E+01 1.58E+01 3.54E+00 45.49 0.00E+00  0.00E+00  0.00E+00 0.00E+00  0.06321
6 5.56E-05 2.62E-04 1.13E-04 4.36E-05 67.83 1.31E-03 2.01E+01 9.70E+00 9.88E+00 57.53 0.00E+00  0.00E+00  0.00E+00 0.00E+00  5.464
7 7.40E-03 3.30E-01 1.03E-01 7.33E-02 67.62 3.95E-07 8.10E-02 1.50E-02 1.98E-02 56.28 0.00E+00  0.00E+00  0.00E+00 0.00E+00  4.253
8 0.00E+00  0.00E+00  0.00E+00  0.00E+00 124.1 1.96E-07 1.51E+01 2.25E+00 2.60E+00 108.8 0.00E+00  0.00E+00  0.00E+00 0.00E+00 16.31
9 0.00E+00  0.00E+00  0.00E+00  0.00E+00 123.1 1.87E-06 7.73E-06 3.81E-06 1.22E-06 109.0 0.00E+00  0.00E+00  0.00E+00 0.00E+00  3.391
10 0.00E+00  8.62E-07 0.00E+00 1.50E-07 57.48  0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.6021 0.00E+00  0.00E+00  0.00E+00 0.00E+00  0.1101
11 0.00E+00  0.00E+00  0.00E+00  0.00E+00  61.08 1.18E-06 4.52E-06 2.06E-06 6.30E-07 49.63 0.00E+00  0.00E+00  0.00E+00 0.00E+00  0.1674
12 0.00E+00  0.00E+00  0.00E+00  0.00E+00 7591 0.00E+00  0.00E+00  0.00E+00  0.00E+00  0.1987  0.00E+00  0.00E+00  0.00E+00 0.00E+00  0.007233
13 0.00E+00  0.00E+00  0.00E+00  0.00E+00 51.72 0.00E+00  0.00E+00  0.00E+00  0.00E+00  42.5] 0.00E+00  0.00E+00  0.00E+00 0.00E+00  0.5478
14 9.90E-02 2.72E-01 1.83E-01 4.32E-02 69.77 6.82E-02 2.72E-01 1.39E-01 4.64E-02 59.35 1.90E-02 4.57E-01 4.68E-02 8.53E-02 47.48
15 2.67E-05 2.70E-03 7.64E-04 6.12E-04 69.63 1.78E-01 2.74E+00 7.96E-01 5.78E-01 58.90 0.00E+00  0.00E+00  0.00E+00 0.00E+00  0.6101

S.D., standard deviation, T, mean CPU time. The best experimental result values are marked bold.



Supplementary Figures

Figure S1. (a) Auy, cluster in ball-and-stick view. (b) Alpha shape corresponding to Auy, cluster.



Figure S2 (a). Snapshots of structures of Auy cluster (N=21-119) obtained by RPSO.



Figure S2 (b). Snapshots of structures of Auy cluster (N=120-218) obtained by RPSO.



Figure S2 (c). Snapshots of structures of Auy cluster (N=219-300) obtained by RPSO.
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Figure S3. Average bond length for Aun(2-300) clusters obtained by RPSO.
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Figure S4. Dia (effective diameters) of Auy (N=2-300) obtained by RPSO.
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Figure S5. Schematic diagram of system energy correction. Blue square (Egypta-raw) means the original energy
of Aun(N=2-300) obtained by RPSO at the Gupta level. The red dot (Egyp-an) means recalculated energy data
point of the same structural configurations using VASP, selected Auy scatter size is 21-80, 99,
100,119,120,139,140,159,160,200,220,240,260,280,300. The green trend line reflects the revised system
energy trend.
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Figure S6. Cohesive energy of Aun(N=2-300). Horizontal dashed line represents the experimental cohesive

energy of bulk gold, which is 3.8 eV?2.
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Figure S7. D,E (Second finite difference) of Auy (N=2-20). Black label numbers correspond to more stable
sizes.
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Figure S8. Average adsorption energy of CO oxidation upon Auy cluster with effect diameter denoted as Dia.
Red dot represents adsorption energy of CO, which follows linear logarithmic relationship as
y=-1.793 +0.519In (x - 1.623) with R* = 0.88, Black dot represents adsorption energy of molecular O,, which
follows linear logarithmic relationship as ¥ =- 0.523 + 0.167In (x - 1.887) with R* = 0.88,



Figure S9. Schematic diagram of geometric site distribution using Au;g9 as a demo system. Blue atoms denote
Face sites, orange atoms denote Edge sites, and green atoms denote Kink sites.
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Figure S10. Blue line: average predicted reaction rate of surface sites. Red line: percentage of surface sites to
total number of atoms in cluster.
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Figure S11. The ratio of different types of sites (Kink, Edge and Face) to the total number of surface sites.
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Figure S12. The comparison of RPSO, RPSOLF and PSO algorithms results for different dimensions of
Rosenbrock function. Each point represents the mean values of the given dimension of the Rosenbrock

function obtained by three algorithms starting from the same initial solution. Cited from ref [3].
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