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FIG. S1. Photoelectron spectra of LiS3™ recorded at different wavelength.
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FIG. S2. The NPA charge distributions of the most stable structures of LiS, ™ (n = 3-5) based on the
fixed anions’ geometries. The calculations are conducted at the B3LYP/6-311+G(d) level. The
brown and yellow balls represent lithium and sulfur atoms, respectively.
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3A (Cay, A1) 0.00 eV 3B (Ca, °B1) +0.70 eV 3C (Cs, %A") +1.21eV
U& ‘E')‘Q., ‘74,‘ ‘
' Vi i
4A(Cz, 'A)  0.00 eV 4B (Daq, 3B2) +0.27 eV 4C (Dzq, 'A1) +0.60 eV 4D (Cs, 'A")  +0.69 eV

4E (Cav, %A2)  +0.99 eV 4F (Cav, 'A1) +1.01eV 4G (C1,%A) +1.92 eV
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2-4E (Co,?AY) +0.636V  2-4F (Ca ?By) +0.876V  2-4G (Cy,?A) +0.90 eV

FIG. S3. Typical low-lying isomers of LiS,~ (n = 3-5) and Li>S4™. The relative energies were
calculated at the CCSD(T)/aug-cc-pVTZ//B3LYP/6-311+G(d) level and by including the zero-point
energies (ZPEs) calculated at the B3LYP/6-311+G(d) level. The brown and yellow balls represent
lithium and sulfur atoms, respectively.
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3A' (C2v, 2B1) 0.00 eV 3B' (Cs, “A") +2.09 eV 3C' (Cs, 2A") +2.42 eV

4A' (Cy, 2A) 0.00 eV 4B' (Cav, *A1) +0.93 &V 4C' (Cs, 2A)  +1.01 eV 4D' (Dag, 2B1) +1.66 eV
‘*L‘
4E' (Cs, *A’) +1.88 eV 4F' (Cs, “A') +2.57 eV 4G'(C1,2A) +3.49 eV

©

5A' (Cs, 2A")  0.00 eV 5B'(C1, 2A) +0.02 eV 5C' (C, 2A) +0.36 eV 5D' (C1, “A) +0.50 eV
5E'(C1,2A) +0.84 eV 5F' (C1, 2A) +1.00 eV 5G' (Cs, “A") +1.38 eV

2-4A' (Co, 'A)  0.00 eV 2-4B' (Cs, 'A")  +0.72 eV 2-4C' (C2,%B) +1.15eV 2-4D' (Cav, 'A1) +1.18 eV
2-4E' (Cs, 3A") +1.26 eV 2-4F' (Cp, 'A) +1.43 eV 2-4G' (C1,%A) +1.46 eV

FIG. S4. Typical low-lying isomers of LiS, (n = 3-5) and Li»Ss. The relative energies were
calculated at the CCSD(T)/aug-cc-pVTZ//B3LYP/6-311+G(d) level and by including the zero-point
energies (ZPEs) calculated at the B3LYP/6-311+G(d) level. The brown and yellow balls represent
lithium and sulfur atoms, respectively.
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TABLE S1. The Cartesian coordinates for the low-lying isomers of LiS, " (n = 3-5) and Li>S4+™"°
calculated at the B3LYP/6-311+G(d) level.
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0.00000000
-1.60597300
1.60597300
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0.00000000
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Z
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X
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Y
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2-4D'

Y
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X
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2-4E'

Y
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Z
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Z
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X
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0.0000000
-1.3460600
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Y
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Z
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