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Fig. 1. Adsorption behavior for a single Si atom on
graphene: (a) Adsorption energy AE,; (b) length of Si—C
ds; ¢ and shift height Ah of C atom.
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Table 1.  Average adsorption energy, structural

parameters and Mulliken population for Si, clusters

on graphene.

Mulliken

n ABy/eV h/A AW/A ds o/A ds si/A population/e

1 -1.216 2.168 0.078 2.093 — 0.50
2 0312 2532 0.167 2223 2262 0.30
3 -0.116 3.365 0.007 3.456  2.187 -0.02
4 -0.152 3.235 0.010 3.246 2.335 -0.02
5 -0.088 3.314 0.005 3.403 2.316 0.02
6 -0.083 3.425 0.008 3.512 2.371 0.04
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& b 3.425 A, Si—C B dy 1 3.512 A,
Si—Si K dy; g b 2.371 AL
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Fig. 2. Configuration for Si, clusters on graphene (AF,, is the difference of total energy between metastable and steady-state config-

urations).
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Fig. 3. Density of states for isolated Si, clusters and Si,/Gr composites: (a) Partial density of states for isolated Si, clusters;

(b), (c) partial density of states for Si,/Gr composites; (d) total density of states for Si,/Gr composites.
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First-principles study of structural stability and
lithium storage property of Si, clusters
(n < 6) adsorbed on graphene
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1) (College of Materials Science and Engineering, Liaoning Technical University, Fuzin 123000, China)
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Abstract

Silicon/carbon composite is one of the most potential high-capacity anode materials for lithium-ion
batteries. The interface state between silicon and carbon of silicon/carbon composite is an important factor
affecting its electrochemical performance. In this paper, Si, (n < 6) clusters with different numbers of Si atoms
are constructed on graphene as a structural unit of carbon material. The geometric configuration, structure
stability and electronic property of Si, clusters adsorbed on graphene (Si,/Gr) are studied by the first-principles
method based on density functional theory (DFT). The results show that when the number of Si atoms n < 4,
the Si, clusters are preferentially adsorbed on graphene in a two-dimensional configuration parallel to graphene.
When n = 5, the Si,, clusters are preferentially adsorbed on graphene in a three-dimensional configuration.
With the increase of the number of Si atoms n, the thermodynamic stability of Si, clusters on graphene
decreases significantly, the interface binding strength between Si, clusters and graphene decreases, and the
charge transfer between Si, clusters and graphene becomes less. At the same time, the storage capacity of Li
atoms in Si,/Gr complex is also studied. Li atoms are mainly stored on the graphene surface near Si, clusters
and around Si, clusters. The complex synergistic effect of Si, clusters and graphene enhances the
thermodynamic stability of Li adsorption. When n < 4, storing two Li atoms is beneficial to improving the
thermodynamic stability of 2Li-Si,/Gr system, and the thermodynamic stability decreases with the increase of
Li atom number. When n = 5, the thermodynamic stability of 2Li-Si,/Gr system decreases with the increase of
Li atom number. In the zLi-Si5/Gr system, the C-C bond and Si-Si bond are mainly covalent bonds, while the
Li-C bond and Li-Si bond are mainly ionic bonds with certain covalent properties.

Keywords: graphene, Si,, clusters, structural stability, lithium storage property
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