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Fig. 1 Structure diagram of a CoSTe monolayer
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Fig.2  Change in the total thermokinetic energy of a

Janus CoSTe monolayer at 298 K
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Table 1  Key parameters of the adsorption configuration at the S and Te surfaces
28 Gl

Sg Li, Sg Li, S¢ Li,S, Li,S, Li,S
hS,min/A 2. 862 2.949 3.074 2.773 2.702 2.627
B min” A — 2.470 2.482 2.508 1.615 1. 564
Te 2 E ./eV 0. 88 1. 41 1.44 1. 86 2.37 2.85
E,./eV 0.82 0.95 0.84 0.76 0.59 0.42
hs.mi"/A 2. 645 2.540 2.512 2.510 2.340 2.325
Limin/ A — 3.731 3. 820 2.421 2.284 2.175
S R E . /eV 1.32 1.93 2.04 2.02 2.45 2.70
E,./eV 1.26 1.58 1.55 1.21 1.10 0.86
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Fig. 3 The adsorption energies of Sg and Li,S, clusters on S/

Te/graphene surfaces compared with DME and DOL

electrolytes
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Fig.4 Final adsorption configuration of Li, S, clusters

on the surface of a Janus CoSTe monolayer
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Fig.5 Co-adsorption diagram of Li,S, on the surface
of a CoSTe film
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Table 2 Adsorption and decomposition energies at the

S and Te surfaces of a Janus CoSTe monolayer
Hufe
Li,Sy  Li,S, Li,S, LS, LiS

W

(E, -E,)/eV 2.18 1.86 1.81 0.84 0.38

Te £M (E, —Ey)/eV 4.45 3.96 3.54 1.85 1.06
Adj; /A 0.018 0.032 0.059 0.223 0.235

(E, -Ey)/eV 2.42  2.13 2.02 1.15 0.45

SHKM (E,-Ey)/eV 4.87 429 3.95 298 1.23
Ady; /A 0.005 0.009 0.042 0.123 0.165
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Fig. 6  Dissociation paths and dissociation energies of Li,S on different surfaces
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Table 3 Diffusion energy barriers and diffusion coefficient ratio for S and Te surfaces along different paths on

Janus CoSTe monolayers

Te [f S [fi
Zi)73
pl ¥ HEEZ/ eV p2 P BEZ eV D,/D, pl ¥ HlGES eV p2 P BEZ/ eV D,/D,

Li,S 0.41 0.49 22.1 0.32 0.39 15.0
Li,S, 0.45 0.55 47.9 0.35 0.43 22.1
Li,S, 0.53 0. 68 331.9 0.50 0. 62 103.9
Li, Sg 0.58 0.86 5.08 x 10* 0.56 0.75 1.56 x10°
Li, Sg 0. 64 1.03 3.58 x 10° 0.61 0.87 2.34 x10*

Li 0.21 0.25 4.7 0.17 0.20 3.2
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Fig.7 Energy band lines and density of states diagrams before and after surface adsorption of Li,S, clusters
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Application of Janus CoSTe monolayers in Li—S batteries

WEN XinZhu ZENG FengSheng PENG YuYan

(Institute of Engineering and Technology, Yang’en University, Quanzhou 362014, China)

Abstract; Developing new thiophilic catalytic materials is an effective way to solve the problems of the serious shut-
tle effect and slow kinetic transformation of the lithium polysulfide positive electrode in lithium—sulfur batteries. A
potential cathode anchoring material for lithium—sulfur batteries based on a Janus transition metal disulfide CoSTe
monolayer has been investigated. First-principles calculations show that the adsorption energy of polysulfide Li,S,
clusters on the surface of the CoSTe monolayer is between 0. 88 and 2. 85 eV. These values are higher than those for
adsorption on the surface of graphene and for organic electrolytes. The surface adsorption of high-order Li,S, was
optimized in a certain range. The analysis showed that; the decomposition of Li,S, groups does not occur spontane-

ously on the CoSTe monolayer; the diffusion of Li,S, clusters on the surface of a CoSTe monolayer has its own mi-

croscopic “channel” ; the dissociation energy of Li,S is better than that for graphene, and the dissociation energy of
the CoSTe monolayer is better than that of graphene ; the metallic properties of the CoSTe monolayer are retained af-
ter the adsorption of Li,S, clusters. The results show that the surface of the Janus CoSTe monolayer has an excellent
theoretical electrochemical performance as a lithium—sulfur battery electrode and suggests it has potential for practi-
cal application in batteries.

Key words: first-principles calculations; Li,S, clusters; Janus CoSTe monolayer; anchoring materials; lithium —

n

sulfur battery

(AL H . X T )



