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Tables 1SI, 2SI, 3SlI

Table 1SI. Energies (kcal mol™) and Boltzmann populations for WC; clusters.?

structure -AE AAE= AE AG Yopopae %0pOopPAG AEsr AEso
33, -435.61 0.00 0.00 71.36 68.00 6.20 5.99
33, -435.07 0.54 0.45 28.59 31.98 0.00 0.00
1S, -431.23 4.28 5.09 0.05 0.01 6.73 0.71
5S, -422.24 13.34 12.95 0.00 0.00 14.50 13.99
5Ss -418.32 17.38 16.85 0.00 0.00 17.73 8.00
336 -408.62 26.98 26.96 0.00 0.00 27.22 20.30
15, -400.79 34.86 35.38 0.00 0.00 34.25 34.04
3Sg -393.41 42.21 41.88 0.00 0.00 40.24 39.31

& -AE: Negative values of ZPE-corrected atomization energies. AAE: Relative ZPE-corrected atomization
energies (relative ZPE-corrected energies, AE). AG: Relative Gibbs free energies. %popae, %popac:
Boltzmann populations at standard conditions based on the relative ZPE-corrected energies and on the
relative Gibbs free energies, respectively. These values are based on calculations at PBEQ/def2-TZVP
level. AEsr and AEso are the ZORA relative energies at scalar relativistic and spin-orbit (2 components)
approximations, respectively. They were calculated using the all-electron PBEO/TZ2P model chemistry
over the PBEO/def2-TZVP geometries.

Table 2SI. Energies (kcal mol™) and Boltzmann populations for WC, clusters.?

structure -AE AAE= AE AG %6popae %6popac AEsr AEso
33, -587.58 0.00 0.00 100.00 100.00 0.00 0.00
1S, -581.13 6.50 7.01 0.00 0.00 6.21 0.40
3S3 -578.59 8.95 9.02 0.00 0.00 9.43 10.42
5S4 -575.36 12.16 11.59 0.00 0.00 12.52 11.54
°Ss -563.14 24.43 23.88 0.00 0.00 33.47 33.15
186 -559.68 27.89 28.34 0.00 0.00 27.92 11.56
%Sy -557.04 30.56 29.64 0.00 0.00 30.35 31.27
°Sg -555.85 31.75 30.86 0.00 0.00 32.16 32.60

2 -AE: Negative values of ZPE-corrected atomization energies. AAE: Relative ZPE-corrected atomization
energies (relative ZPE-corrected energies, AE). AG: Relative Gibbs free energies. %popae, %popac:
Boltzmann populations at standard conditions based on the relative ZPE-corrected energies and on the
relative Gibbs free energies, respectively. These values are based on calculations at PBEO/def2-TZVP



level. AEsr and AEso are the ZORA relative energies at scalar relativistic and spin-orbit (2 components)
approximations, respectively. They were calculated using the all-electron PBEO/TZ2P model chemistry
over the PBEQ/def2-TZVP geometries.

Table 3SI. Energies (kcal mol™) and Boltzmann populations for WC, clusters.?

structure -AE AAE= AE AG %opopae %0pOopPAG AEsr AEso
33, -127.56 0.00 0.00 99.36 99.19 0.00 0.00
33, -724.56 3.06 291 0.60 0.78 2.97 441
3S3 -722.81 4.76 4.84 0.03 0.03 4.80 5.36
33, -716.45 11.12 11.15 0.00 0.00 10.80 12.60
1Sg -715.34 12.19 12.67 0.00 0.00 12.07 11.11
IS¢ -714.88 12.82 13.68 0.00 0.00 12.58 5.95
°S; -714.19 13.34 12.80 0.00 0.00 13.61 10.49
°Sg -711.33 16.24 15.28 0.00 0.00 16.32 16.09

& -AE: Negative values of ZPE-corrected atomization energies. AAE: Relative ZPE-corrected atomization
energies (relative ZPE-corrected energies, AE). AG: Relative Gibbs free energies. %popae, %popac:
Boltzmann populations at standard conditions based on the relative ZPE-corrected energies and on the
relative Gibbs free energies, respectively. These values are based on calculations at PBEO/def2-TZVP
level. AEsr and AEso are the ZORA relative energies at scalar relativistic and spin-orbit (2 components)
approximations, respectively. They were calculated using the all-electron PBEO/TZ2P model chemistry
over the PBEOQ/def2-TZVP geometries.

Cartesian coordinates for all structures reported in the paper at PBEO/def2-TZVP
level of theory

------ --WCp-mmmmmmm e
53,
C 0.652838 -1.614461 0.000000
C -0.652838 -1.614346 0.000000
W 0.000000 0.261795 0.000000
33,
C 0.718160 -1.472091 0.000000
C -0.718160 -1.472090 0.000000
W 0.000000 0.238717 0.000000
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-1.007788 1.378218 -0.000100

C 1.570886 0.242839 0.000811
C 2.855728 0.178146 -0.000502
W -0.277202 -0.145881 -0.000017
%S13
C 1.166803 1.340068 0.214539
C -1.810293 -0.121987 0.371977
C -1.512672 0.931248 -0.311467
W 0.174824 -0.174270 -0.022301
%S14
C 1.512356 0.931630 -0.311687
C 1.809673 -0.121144 0.372476
C -1.168433 1.339530 0.214620
W -0.174616 -0.174326 -0.022330
%S15
C 1.901851 0.609007 0.000037
C -2.105692 -0.183430 0.000045
C -1.462631 0.930674 -0.000022
W 0.135119 -0.109966 -0.000005
5S16
C -0.741361 1.557556 -0.000144
C 1.581106 0.266597 0.000858
C 2.853376 0.059301 -0.000532
W -0.299442 -0.152712 -0.000015
----- --WCg--=mmmmmmmm e
381
C -1.502763 0.698706 0.000100
C -0.684612 1.764616 0.000093
C -0.730641 -1.746581 0.000245
C -1.520562 -0.659358 -0.000293
W 0.359885 -0.004653 -0.000012
1S,
C 1.758788 0.676230 0.000093
C 0.685042 1.481777 -0.000011
C -0.678550 1.485154 -0.000116
C -1.755462 0.683648 0.000134
W -0.000796 -0.350822 -0.000008
383
C 2.523958 -0.334289 -0.002472
C 1.458550 0.621098 0.003326
C 0.428557 1.573634 -0.001182
C 1.262143 -0.924636 0.001187
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S
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Sy
W 0.517581 -0.032509
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C -1.375631 -0.058283
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C -1.375470 -0.070578
----- --WCs--------mmm---
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1.008706
-0.539845

2.042767
-1.392461
-1.390047

1.487698
-1.837006

0.088301

2.686163

1.558813
0.500797
0.087336
1.522282
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0.000013
-0.661395
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-0.198946
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1.725170
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0.464761
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-1.567217
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0.299862
-0.085858

-0.047682
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-0.272711

0.507569
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-0.207837

-0.929957
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1.508799
-0.491975
-0.012384

-0.491796
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-0.000077
0.000193
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0.181493

0.748671

0.495425
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0.014763
-0.069149

-0.116064
0.220873
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0.325481
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0.087197
0.220453
0.324676
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0.908573
1.725573
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1.725403
-0.269183

0.416726
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-1.034899
-1.790662

0.474969
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-0.636017
-1.883465
-0.754346
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0.456528

0.449605
-1.495665
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-1.529454

0.165611
-1.190280

-0.947175
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-0.000031
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-0.103825
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-1.160507
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0.857825
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-1.405617
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-1.325770
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0.249207
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-0.027945
-0.027547
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-0.000287
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0.000417
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-1.194836
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1.336827
1.218192
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-0.354485
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1.555615
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-0.370867
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-0.068546

-0.056182
1.637855
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0.840706
-0.085016

-0.095030
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-0.079597 -0.000013
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0.006669
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-0.000862
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-0.001296
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Cartesian coordinates for the global minima, reoptimized using the B3LYP/def2-

0.733508 1.433148 0.714908

-2.857364
-1.115453
-2.356063
-1.462545

0.572264

-1.951060
2.713186
1.647958
0.660041
1.508416

-0.371233

-1.769535
-1.753728
1.753518
0.001103
1.768939
-0.000024

0.492186
-0.708615
-0.288700

0.287212
-0.098532

0.142726
-0.330872
0.641812
1.541675
-0.872398
-0.091049

-0.721138
-0.708788
-0.709441
1.936082
-0.722013
0.075024

TZVP model chemistry

-0.538826
0.790708
0.554830

-0.489464

-0.083688

0.906195
0.314589
0.103984
-0.052453
0.162496
-0.116336

-0.618808
0.645717
0.645650
0.014328

-0.618883

-0.005514

-1.625649 0.000000
-1.625358 0.000000

-0.000297
0.000438

-0.000297

0.000013

-0.000093
-0.000288
-0.000282

----- SRV Y/ o7 Se—

581

C 0.650741

C -0.650741

W 0.000000 0.263595 0.000000
----- SRV o S——

381

C 1.164350 -1.222960

C 1.696819 -0.000084

C 1.164633  1.222843

W -0.326416  0.000016
----- Y Vo ——

33,

C -1.524596  0.680806

C -0.726191  1.760257

C -0.729868 -1.758823

C -1.525972 -0.677719

-0.000110



w 0.365402 -0.000367  0.000063

------ B Y ———
381
C -1.167486  1.313611  0.129692
C -1.841114  0.262504  0.498274
C 1.164019 1.316376  0.129953
C 1.840258 0.266698  0.498205
C -0.002087  1.732045 -0.518297
\W 0.000520 -0.396587 -0.059824

Cartesian coordinates for the first 2 most stable WC; structures (quintuplet and triplet)
reoptimized at CCSD/def2-TZVP level of theory

C 0.653082 -1.632849  0.000000
C -0.653082 -1.632849  0.000000
w 0.000000 0.264786  0.000000

C 0.720582 -1.479293  0.000000
C -0.720582 -1.479290  0.000000
w 0.000000  0.239885  0.000000



