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Calculation Details
The Reduction of Sg to Li2S Process
The equations for the reduction of Sg to Li2S process (the sulfur reduction reaction)
can be presented as follows!!-;
Ss" + 16Li" +2¢ — LixSg" + 14Li"
LizSs" + 14Li" + 2" — LizSe" + Li2Sz + 12Li"
Li>Se" + LizS2 + 12Li* +2e” — Li»S4" + 2Li2Ss + 10Li"
LizSs4™ + 2LixS, + 10Li" + 2" — LizS," + 3Li2S» + 8Li*
Li>S>" + 3LixS; + 8Li* + 8¢ — LixS" + 7LixS
where the star "*” refers to the active site on the catalytic surface.

The Charge Density Difference Ap after LizS Adsorption

The Ap is calculated using the following equation):
AP = Proar ~ Pps ~PLp
where protal, pps, and pLp respectively represent the charge density after the adsorption

of polysulfide, the charge density of polysulfide clusters, and the charge density of the

substrate before adsorption.

Table S1. The adsorption energies of Ss and LiPSs in the pristine graphene and

the line-defect graphene

Liz:S Li2S2 Li2S4 Li2Se Li2Ss Ss
Graphene -0.88 -0.72 -0.59 -0.66 -0.45 -0.55
d5d7G -1.72 -1.31 -0.87 -0.74 -1.17 -0.84
t5t7G -1.74 -1.68 -1.16 -1.06 -1.21 -0.89

585G -1.86 -1.69 -1.21 -1.10 -1.25 -0.90




Energy Materials

Table S2. The variations in the Li-S bond length (AdLis) and the bond angle (Aa),

the charge transfer (AQ) and the adsorption energy (Ea) after Li2S adsorption

Aduis (A) Aa (°) AQ (e) Eaa (eV)
Graphene 0.01 1.60 -0.31 -0.88
d5d7G 0.16 4.50 -0.65 -1.72
t5t7G 0.21 5.30 -0.78 -1.74
585G 0.24 13.80 -0.99 -1.86
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Fig.S1. (a) The top and side views of the initial model of the (Li2S), cluster placed
away from the 585G line defect. (b) Total energy evolution profile of the system
during the AIMD simulation at 500 K for 10,000 fs, along with the corresponding top

and side views of the final simulation snapshot.
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Fig. S2. Changes in the average Li-S bond length correlate with the adsorption energy

and the amount of charge transfer upon Li,S adsorption.

Fig. S3. Charge density difference of Li>S molecule absorbed on (a) graphene, (b)
d5d7G, (c) t5t7G and (d) 585G. The isosurface is set to 0.005 e/Bohr”.
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Fig. S4. Density of states analysis of the p bands of graphene, d5d7G, t5t7G, and
585G.

Fig. S5. The diffusion paths of Li" transport in (a) graphene, (b) d5d7G, (c) t5t7G,
and (d) 585G.
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