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First Principles Study on the Li Storage Performance of MoO,

Ji, Xiao Liu, Yawen Yu, Xiaowei Yang, Kai Wu, Jiangbin
Miao, Ling* Jiang, Jianjun

(School of Optical and Electronic Information, HuaZhong University of Science and Technology, Wuhan 430074)

Abstract Based on first principle calculations, MoO, as electrode for lithium storage performance was calculated, and ex-
plored the microscopic mechanism of the anomaly phenmenon that the lithium storage capacity of MoO, increase within a
certain number of cycles. All of our calculations, including geometry and electronic structure calculation are performed by
using density function theory on the basis of projector augmented wave (PAW) method implemented in the VASP package.
Generalized gradient approximation (GGA) was employed to describe the exchange-correlation interactions. The kinetic en-
ergy cutoff of electron wave functions is 400 eV in the calculation. The structure relaxations were carried out until all the
atomic forces in each ion were less than 0.02 eV/A. We calculated average binding energy, density of states (DOS) and aver-
age cell voltage. We find that the binding energy is large which means the structure of MoO, with Li is stable. And because
the system is disordered by Li, the average binding energy decrease as the number of lithium increase. The average cell volt-
ages show the same law with the experimental results, which show our calculation is reasonable. To explain the unusual
characteristics of the circulating volume, Mo vacancy formation energy, LiMoO, different charge density and charge distribu-
tion are calculated. The results show that the intercalation of Li weakened the Mo—O bond, on the other hand weakened the
role of the charge polarization of the Mo vacancy, and thus greatly reduce the formation energy of Mo vacancy. What’s more,
the Mo vacancy provides new adsorption for Li, improve the capacity of lithium intercalation. In a word, the intercalation of
lithium made the Mo vacancy form easily, and at the same time provides new volume for the lithium intercalation. The results
are in good agreement with experimental, can provide some theoretical guidance for the improvement of the electrode mate-
rials for lithium storage.

Keywords first principle calculations; lithium ion battery; MoO,; unusual circulating volume
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Figure 1 Atomic structures of monoclinic (a), (b) MoO, and (c), (d)
LiMoO:.. (a), (c) is the [100] side view and the (b), (d) is the [010] side
view
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Table 1 The binding energy and average binding energy of different
structures of MoO, with Li

LixMOOZ Lio_stOOz Li0_5M002 Li0_75M002 LIMOOZ
Ey/eV 0.94 1.87 1.81 1.90
Ey/eV 0.94 0.69 0.64 0.50

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 2 Density of states of monoclinic (a) MoO, and (b) LiMoO,.
The Fermi level is chosen as 0 eV
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Figure 3 Calculated cell voltages for different structure of Li,MoO,
(x=0.0625, 0.125, 0.25, 0.5, 0.75, 1)
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Figure 4 Different charge density of LiMoO, in a specific plane

# 2 MoO, #l LiMoO, Mulliken Ha i Ji
Table 2 Mulliken charge population of MoO, and LiMoO,

Mo o) Li
MoO, 0.744 —0.372 —
LiMoO, 0.684 —0.502 0.320

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences
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Figure 5 The model for calculating formation energy. The crystal of (a),
(e) MoO,, (b), (f) MoO, with Mo vacancy and O vacancy, (c), (g) MoO,
with Mo vacancy, O vacancy and Li interstitials. Green spheres are Mo
atoms, red are O atoms and purple spheres represent Li atoms

104
0.84
. 067
@ 044
fm% 02.
= — 2
2 0.07 5 \_
& 2] R
%
-0.41
-0.61
-0.81
01 2 3 4 5 6 7 8 9

[l
Be6 Mo BRIk Li IAEINRAR

Figure 6 The relationship of Mo vacancy formation energy with num-
ber of Li interstitials
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