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Fig. 1. Unrelaxed bulk structures of LLTO: (a) Lij195Lag 65T103; (b) Lig 35Lag 55Ti0s.
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Table 1.  The calculated lattice parameters (a, b, ¢) and

band gap (E,) of Li-poor LLTO bulk with different func-

tional.

Functional a b c E,
GGA+PBE 7.842 7.771 7.843 1.630
GGA+PWI1 7.835 7.768 7.838 1.585
LDA 7.705 7.638 7.697 1.624

PBE+U (Up; = 2.3 V) 7.892 7.822 7.871 1.861

PBE+U (Up; = 2.5 eV) 7.897 7.827 7.834 1.851

PBE+U (Up; = 4.0 eV) 7.935 7.852 7.899 1.853
B3LYP 7.828 7.812 7.902 —
PBE+U (U, = 7.5 eV) 7.828 7.754 7.871 —
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2 WEA LLTO ARR MM RIEE (B, ALK (SFs), 1785 PR ST HLAT

Table 2.  Surface energy (FEy,s) and structural formulas (SFs) of Li-rich LLTO surfaces with different terminations. The

data of Li-poor LLTO (001) is shown in parentheses.

Facets Termination SFs Eyui/(Jm?)
La/O- LisLay, Ti;gOs; (LisLay,TijgOs) 2.89 (1.95)
Ti/O- LisLagTi 5040 (LiLagTi;04,) 1.40 (1.33)
(oD La/O/Li LisgLasy iy Ogs (LigLay Ty Os) 0.69 (0.78)
Li/O- Li;;Lay; TiggOgs 0.78
La/O- LizLay3TisOgy 0.93
(010) Ti/O- LizLay; Tip Ogs 0.87
La/O/Li- LigLay3TipOg4 0.82
La/O- Li;La,3TisOp 1.05
(100) Ti/O- LizLay TigyOgs 0.90
La/O/Li- LigLay3Tig0g4 0.83
O- Li;Lay; TigOgg 0.98
(110) Ti/La/O- Li;Lay3TipOgy 3.40
Ti/O/La/Li- LigLa4TiyOx 1.21
La/O- LigLa;3Ti5,O0x 2.21
(111) Ti/O- LizLay; TizOg0 0.85
Ti/O/La/Li- Li;Lay; TigOgg 0.93

K2 HA La/O/Li-# 3K LLTO(001) KL HIIE  (a), (b) 2050 8 5B AR FIE BLAR B MIALIEL; (c), (d) Z33) 2 23 S AR RS $AH

HA A L ]

Fig. 2. La/O/Li-terminated LLTO(001) surfaces: (a), (b) The side views of Li-poor and Li-rich phases, respectively; (c), (d) the top

views of Li-poor and Li-rich phases, respectively.
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faces at different temperatures.
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Effects of Li content on stability, electronic and Li-ion
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Abstract

Lig,Lag/s) ot (1/3) 2, T103(LLTO) is a promising solid-state electrolyte for Li-ion batteries. We study the
effect of Li content on the stability, electronic and Li-ion diffusion properties of LLTO surface based on first-
principles and molecular dynamics simulations. We consider both Li-poor and Li-rich LLTO surfaces. The
results show that La/O/Li-terminated LLTO (001) is the most stable crystal surface. Further, LLTO (001)
surface gives better stability when Li content is 0.17, 0.29, and 0.38 for Li-poor phase, while 0.33, 0.40, and 0.45
for Li-rich phase . Electronic structure calculations infer that in both Li-poor and Li-rich LLTO(001) surfaces
there occurs the transition from conductor to semiconductor with the increase of Li content. Besides, we find
that Li-ion always keeps a two-dimensional diffusion path for different Li content. As Li content increases from
0.17 to 0.38 for Li-poor LLTO (001) surface, Li-ion diffusion coefficient increases gradually and Li-ion diffusion
barrier decreases from 0.58 eV to 0.42 eV. Differently, when Li content increases from 0.33 to 0.45 for Li-rich
LLTO(001) surface, it does not follow a monotonic trend for diffusion coefficient nor for diffusion barrier of Li-
ion. In this case, Li-ion diffusion coefficient is the largest and Li-ion diffusion barrier is the lowest (0.30 eV)
when Li content is 0.40. Thus, our study suggests that by varying Li content, the stability, band gap, and Li-
ion diffusion performance of LLTO (001) can be changed favorably. These advantages can inhibit the formation
of lithium dendrites on the LLTO (001) surface.

Keywords: all-solid-state lithium-ion batteries, Li contents, Lig,Lag /3, (1/3)-2,T103 surface
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