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Fig. S1 Structures of the stable gas-phase di-anion B;,(CN);,?>" and tri-anion BeB;;(CN);,>".
B12(CN);,> is a combination of two stable mono-anions B;,(CN);;” and CN". BeB;;(CN);,*"
is a combination of the stable BeB;;(CN),,>~ di-anion and the CN~ mono-anion.
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Fig. S2 Linear structures of the candidate mono-anions to be used as terminal groups to
stabilize di- and tri-anions in the gas phase. In each case, the chemical symbol corresponds to

the atomic sequence of the cluster.



Table S1. Calculated parameters for the stable mono-anions in this study, including
the length along the longest dimension (LLD), the molecular volume (MV), the radius
(r), the multiplicity (M), HOMO-LUMO gap (HLG) and the electron affinities (EA)
of the clusters.

. MV HLG EA, EA,
Mono-anion LLD (cm¥/mol) rA) M eV) (eV) (eV)
Cy 1.27 33.125 094 2 2.68 4.32 -3.56
BN- 1.28 43.050 .12 2 2.76 3.86 -3.59
BP- 1.71 59.987 1.13 2 2.52 3.36 -3.24
BeO~ 1.37 44.191 1.50 2 3.38 2.28 -3.51
BeS~ 1.82 49.734 1.96 2 2.52 2.42 -3.19
MgO~ 1.82 59.120 1.92 2 1.83 1.97 -2.79
MgS- 2.24 44.712 237 2 1.77 2.17 -2.48
O, 1.35 30.897 203 2 3.22 2.27 -6.96
SO~ 1.61 40.756 240 2 2.28 2.50 -4.91
Sy~ 2.05 45.174 286 2 1.76 2.78 -3.67
NCN- 2.46 34.250 209 2 2.70 3.94 -4.52
SBN~- 3.04 56.361 287 2 2.32 4.30 -2.94
OBeO~ 2.87 38.834 279 2 2.85 4.48 -3.16
SBeO~ 3.31 62.051 326 2 2.37 4.96 -2.21
SBeS~ 3.75 72.049 371 2 1.64 3.71 -1.66
OMgO~ 3.70 46.267 321 2 2.70 4.89 -2.72
SMgS~ 4.55 78.191 411 2 1.53 3.22 -1.28
PCP- 3.30 49.104 209 2 1.61 2.77 -3.04
SCy- 2.93 40.133 253 2 1.90 3.54 -3.04
SC,S- 4.54 61.456 411 2 1.54 2.94 -2.61
NB,N- 4.19 60.992 295 2 2.26 5.38 -1.74
O;Be,™ 5.73 64.249 422 2 2.29 5.90 -1.17
S;Bey™ 6.01 94.666 484 2 1.48 5.00 -0.18
OsMg,™ 7.33 94.334 502 2 2.29 5.34 -1.30
S;Mgy~ 9.05 84.776 6.36 2 1.30 4.87 0.05
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Fig. S3 Structures of stable gas-phase di-anions with the mono-anions in Fig. S2 as the

terminal group.



Table S2. Calculated parameters for the stable di-anions in this study, including the
length along the longest dimension (LLD), the molecular volume (MV), the radius (),
the multiplicity (M), HOMO-LUMO gap (HLG), the electron affinities (EA) and the

V' (Eq. 1) values.

Di-anion LLD MV r M HLG EA; EA, V
(A)  (cm’mol) (A) eV) (eV) (eV) (eV)
Bo(CN)L(C2)> 891 334201 504 2 245 789 528 13.17
B(CN)(NB)> 884 353326 491 2 355 993 228 1221
Bu(CN)(BP)> 954 310816 542 2 200 731 481 12.12
B(CN)(OBey- 894 239752 503 2 347 7.68 108 876
Bi(CN)(SBe)= 884 320525 528 2 252 762 144 9.06
Bi(CN)(OMg)> 888  323.096 490 2 237 7.9 125 844
Bu(CN)(SMg)>  9.07  305.660 529 2 215 675 100 7.75
Bp(CN) (0> 884 320235 528 2 418 823 498 1321
B(CN)(OS)> 884 278224 528 2 264 798 3.84 11.82
Bu(CN)(S2)>  9.02  369.107 586 2 260 800 3.89 11.89
B(CN)(NCN):-  9.67 312513 569 2 285 773 492 1271
Bi(CN)(NBS)> 1057 269701 6.63 2 183 7.56 480 1236
B,(CN);;(OBeO)> 1042 282310 632 2 242 7.03 6.03 13.06
Bi(CN)(OBeS)>  10.86 393.660 678 2 225 7.8 496 12.14
Bi(CN)(SBeS)> 1045  331.158 657 2 211 603 232 835
B12(CN);1(OMgO)>~  10.56 342256 639 2 4.02 6.08 576 11.84
Bi(CN)(SMgS)> 1131 282352  7.00 2 1.88 805 233 1038
B(CN)(PCP)>  9.86  384.566 558 2 231 734 346 10.80
B12(CN);1(C,S)*- 10.53 353326 6.61 2 189 735 449 11.84
Bi(CN)(SC,S)> 1106 354555 688 2 210 772 3.60 11.32
Bu(CN)(NB,NY- 1176 377.079 674 2 196 747 560 13.07
B(CN)(OsBen)> 1327  357.163 774 2 172 661 626 12.87
B(CN)(SsBeyy  13.00 354292 785 2 133 850 255 11.05
Bin(CN)(OsMg,)>- 1417 310.665 819 2 236 562 574 1138
B1o(CN)11(SsMgy) >~ 12.56  402.572 793 2 1.84 434 254 6.88




Table S3. Calculated relative energy (RE) of the linkage isomers (LI) compared to the
ground states (GS).

GS LI RE (eV)
--NB --BN 1.02
--BP --PB 1.51

--OBe --BeO 2.24
--SBe --BeS 0.72
--OMg --MgO 3.74
--SMg --MgS 1.22

--OS --SO 0.27
--NBS --SBN 2.18
--OBeS --SBeO 2.10

--C,S --SC, 2.32
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Fig. S4 Calculated molecular orbitals (MOs) for the stable gas-phase di- and tri-anions in the study.



