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Figure S1. Relaxed geometric structures of (a) ScC, (b) TiC, (c) VC, (d) CrC, (e) MnC, (f) FeC in tetragonal and (g)
CoC, (h) NiC, (i) CuC in the orthorhombic lattice.
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Figure S4. The orbital-projected densities of states for (a) pristine and (b) Li,S cluster adsorbed ScC nanosheet at

the PBE level where Fermi levels are set to zero.
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Figure S5. The orbital-projected densities of states for (a) pristine and (b) Li,S cluster adsorbed TiC nanosheet at

the PBE level where Fermi levels are set to zero.
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Figure S6. The orbital-projected densities of states for (a) pristine and (b) Li,S cluster adsorbed VC nanosheet at the

PBE level where Fermi levels are set to zero.
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Figure S7. The orbital-projected densities of states for (a) pristine and (b) Li,S cluster adsorbed CrC nanosheet at

the PBE level where Fermi levels are set to zero.
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Figure S8. The orbital-projected densities of states for (a) pristine and (b) Li,S cluster adsorbed MnC nanosheet at

the PBE level where Fermi levels are set to zero.
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Figure S9. The orbital-projected densities of states for (a) pristine and (b) Li,S cluster adsorbed FeC nanosheet at

the PBE level where Fermi levels are set to zero.
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Figure S10. The orbital-projected densities of states for (a) pristine and (b) Li,S cluster adsorbed CoC nanosheet at

the PBE level where Fermi levels are set to zero.
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Figure S11. The orbital-projected densities of states for (a) pristine and (b) Li,S cluster adsorbed NiC nanosheet at

the PBE level where Fermi levels are set to zero.
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Figure S12. The orbital-projected densities of states for (a) pristine and (b) Li,S cluster adsorbed CuC nanosheet at

the PBE level where Fermi levels are set to zero.
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Figure S13. Integrated COHP (ICOHP) for pristine and Li,S cluster adsorbed CrC, FeC, and VC nanosheets where

Fermi levels are set to zero.

-
- ] ‘l LY L
Q.. 0 & ] e — %
=" LWy 2 b \‘_ i & - 1 'S ‘" .
. ® ) 'y ‘ !
ScC-Li;S TiC-Li,S VC-LixS
I .
p & L
L3 L 9
‘ | . :
& o g A y ot - . '
& v o © = E S ot § x oA
CrC-Li,S5 MnC-Li,S FeC-Li;S
(% b & LS 3 ®
\ . . o ; <O Ty 4
. i . s A \vtﬁ { ) =% L * [ T e % < ‘%
CoC-Li;S NiC-Li,S CuC-Li,;S

Figure S14. AIM plots for Li,S adsorption onto TMCs. The bond critical point (BCP) is represented by a small red
ball between the S atom and TMCs. In AIM plots, the interaction site’s BCP is mentioned for clarity.

The variation in Gibbs free energy is calculated by employing the following equation:
AG = AE p— TAS + AZPE (S1)
Where 4E ;5 shows the difference in energies before and after the sulfur reduction reaction, while

TAS and AZPE present the changes in the entropy and zero-point energies respectively.
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Figure S15. (a) Schematic illustrations of the discharge process and (b) free-energy profiles for the Sg and Li,S, (n =

1, 2, 4, 6, 8) conversion under the catalytic effects of VC nanosheet.

Table S1. Comparing adsorption energies (in eV) of Li,S, Li,S4, Li,S¢, and Li,Sg for different anchoring materials

with typically used organic electrolytes.

Substrate Li,S Li,S, Li,Se Li,Ss Ref

DME - 0.80 ~0.85 0.78 [1]
DOL - 0.80 ~0.83 0.77 [1]

vC 4.25 3.19 2.28 2.09 This work

CrC ~4.00 3.16 1.59 1.89 This work

FeC 3.98 2.61 1.88 0.81 This work
Graphene 0.62 0.60 0.78 0.70 [1]
C;B 1.82 ~1.15 ~1.10 ~0.90 (1]
C;N 0.74 0.73 0.99 1.11 [1]
CsN ~1.60 ~1.10 ~1.12 ~1.25 [2]
BGDY - 1.00 0.90 0.85 [2]
NDGY-C36Ng - 1.52 1.25 1.22 [2]
BC,N 1.37 0.72 0.77 1.06 [3]
Defective borophene - 2.67 2.53 2.87 [4]
Phosphorene 2.51 1.27 1.00 1.12 [5]
Boron-phosphide 2.85 1.63 0.87 0.95 [6]
TiS, - ~1.40 ~0.90 ~1.20 (71
MoS, - ~0.90 ~0.80 ~0.75 [71
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VS, 4.44 2.42 1.14 1.69 [8]

‘-’ indicates that no data is available.
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Figure S16. Migration pathways for Li-ion and short-chain Li,S molecule on the (a) ScC, (b) TiC, (c) VC, (d) CrC,
(e) MnC, (f) FeC, (g) CoC, (h) NiC, and (i) CuC.

(a) 55 (b, 55 Cre
5.0 4 5.0 4
4.5 . 451
< 3
% 4.0 4 -_‘-n 4.0+
= E
-r?: 3.5 4 w 354
[FE)
3.04 3.0+
2.5 25+
2.0 4 cuc 2.0 4
0 2 4 6 8 10 0 2 4 6 8 10
Number of d-electrons Number of d-electrons

Figure S17. The total adsorption energies of Li,S molecule with ScC, TiC, V¢, CrC, MnC, FeC, CoC, NiC, and
CuC substrates with (a) DME and (b) DOL electrolytes interface.
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Figure S18. Geometric illustration of 8Sg+nLi+8DME/DOL anchored on supercell of CrC-based model at 0 K and
300 K during AIMD calculations for 10 psec.

Figure S19. Geometric illustration of 8Sg+nLi+8DME/DOL anchored on supercell of FeC-based model at 0 K and
300 K during AIMD calculations for 10 psec.
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Figure S20. Geometric illustration of 8Sg+nLi+8DME/DOL anchored on supercell of (a) VC, (b) CrC, and (c) FeC-
based model at 300 K during AIMD calculations for 20 psec.
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Figure S21. The fluctuations in potential energy for increasing concentration of Li-ion in 8Sg+nLi+8DME anchored

on supercell of VC nanosheet during AIMD calculations for 2 psec at a temperature of 300 K. (0 <n < 15)
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Figure S22. The fluctuations in potential energy for increasing concentration of Li-ion in 8Sg+nLi+8DOL anchored

on supercell of VC nanosheet during AIMD calculations for 2 psec at a temperature of 300 K. (Where 0 <n < 15).
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Figure S23. The fluctuations in potential energy for increasing concentration of Li-ion in 8Sg+nLi+8DME anchored

on supercell of CrC nanosheet during AIMD calculations for 2 psec at a temperature of 300 K. (0 <n < 15)
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Figure S24. The fluctuations in potential energy for increasing concentration of Li-ion in 8Sg+nLi+8DOL anchored

on supercell of CrC nanosheet during AIMD calculations for 2 psec at a temperature of 300 K. (0 <n < 15).
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Figure S25. The fluctuations in potential energy for increasing concentration of Li-ion in 8Sg+nLi+8DME anchored

on supercell of FeC nanosheet during AIMD calculations for 2 psec at a temperature of 300 K. (0 <n < 15).
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Figure S26. The fluctuations in potential energy for increasing concentration of Li-ion in 8Sg+nLi+8DOL anchored

on supercell of FeC nanosheet during AIMD calculations for 2 psec at a temperature of 300 K. (0 <n < 15)
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