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Table S1. Symmetry Point Group, the Lowest Vibrational
Frequencies (v1, in cm™), HOMO-LUMO Gaps (in eV) of the
C3XsLis (X=0, S, Se, NCN, and C(CN),) species.

Species Symmetry vi(cm-1) Gap(eV)
C30sLi3 Ca 42.6 1.88
C3SsLis Dsp, 48.9 3.83
CsSeslLis Cs 46.0 6.99
C3NCN; Cs 39.2 1.58
C30ONCN;, Cs 43.6 4.64
C3SNCN; Cs 42.5 1.97
C3SeNCN, Cs 42.2 1.98
C3[C(CN),]sLis Cs 471 6.10
C3NCN[C(CN),]»Li3 Cs 56.6 6.29
C30O[C(CN),],Li3 Coy 8.5 2.96
C3S[C(CN),].Liz C, 43.3 6.22
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Table S2. Dissociation Channels and Calculated Energies of Dissociation.

dissociation channel AE (kcal/mol)
C40sLis" —3CO + Lis" 102.8
C40sLis" —C305° + 3Li* 481.4
C3SsLiz” —C5S; + Lis" 162.3
C3SsLis” —C3S5™ + 3Li" 417.0
CiSeslis” —C3Se; + Lis" 161.3
CsSesLis” —CsSes” + 3Li" 407.4

Table S3. Dissociation Channels and Calculated Energies of Dissociation.

dissociation channel AE (kcal/mol)
CsNCNjLis" —C3NCN; + Lis" 191.3
CsNCNsLis" —CsNCN4*™ + 3Li* 402.7
C30NCN,Li5" —C30NCN, + Lis" 185.5
C3ONCN,Lis" —C30NCN,> + 3Li* 420.4
C3SNCN;Lis" —C3SNCN; + Lis" 184.6
C35SNCN,Liz" —C3SNCN,™ + 3Li* 410.5
C3SeNCN,Lis" —C3SeNCN, + Lis" 184.0
C3SeNCN,Lis" —C3SeNCN,> + 3Li* 407.4

Table S4. Dissociation Channels and Calculated Energies of Dissociation.

dissociation channel AE (kcal/mol)
C3[C(CN),]sLis" —C3[C(CN),]s + Lis" 220.7
C3[C(CN),]sLis" —C3[C(CN),]s* + 3Li* 417.5
C3NCN[C(CN),],Liz" —C3NCN[C(CN)], + Lis" 210.1
CsNCN[C(CN),],Liz" —C3NCN[C(CN),],> + 3Li* 411.2
C30[C(CN),],Liz" —C30[C(CN),], + Lis" 187.7
C30[C(CN),]oLis" —C30[C(CN),],> + 3Li* 406.2
C3S[C(CN),]zLis" —C3S[C(CN),], + Lis" 190.7
C5S[C(CN),]oLiz" —C3S[C(CN),],*~ + 3Li* 404.1
C3Se[C(CN),],Lis" —C3Se[C(CN),], + Lis" 190.7

C3Se[C(CN),],Liz" —C35Se[C(CN),],> + 3Li* 402.7
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Figure S1. The minimum energy structures of three polynuclear superalkali species (1A)C30sLis,
(1B)C3SsLis, and (1C)CsSeslis. For common atoms, grey color is for carbon, light purple for
lithium, blue for nitrogen.
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Figure S2. The minimum energy structures of four polynuclear superalkali species:
(2A)C3NCN3L|3, (ZB)C3ONCN2L|3, (2C)C3SNCN2L|3 and (2D)C38€NCN2L|3 For common
atoms, grey color is for carbon, light purple for lithium, blue for nitrogen.
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Figure S3. The minimum energy structures of five polynuclear superalkali species:
(3A)C3[C(CN).]sLi, (3B)CsNCN[C(CN).]oLis, (3C)C30[C(CN).].Lis, (3D)C3S[C(CN),],Lis and
(BE)C3Se[C(CN),],Lis. For common atoms, grey color is for carbon, light purple for lithium, blue
for nitrogen.
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Cartesian atomic coordinates and total energies of all calculated structures:
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