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Fig. 1. Schematic diagram of atomic structures: (a) Li;sY5Clig; (b) Liz5Y35Clis; (¢) LigYsClig; (d) Lijg5Ys5Clig (The yellow, blue
and red spheres represent Li, Y and Cl atoms, the spheres with a partially white indicate the partial occupancy of the correspond-

ing atoms).
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Fig. 2. Schematic diagram of atomic structures: (a) LigY,Bri; (b) Liy Y 5Bris; (¢) LigYoBryo; (d) Liy Y 5Bris (The yellow, blue and
brown spheres represent Li, Y and Br atoms, the spheres with a partially white indicate the partial occupancy of the corresponding

atoms).
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Fig. 3. The total energies of all possible configurations n. 1x1x2 supercell: (a) Li;;Y35Clig; (b) LigY3Clig; (¢) LijgsYs5Clg.

2x1x1 supercell: (d) LiysYs5Brye; (€) LigYoBrio; (f) Liz5Y, sBris.
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Kl 4 DFT IR M B S A5 K @ /NERAER Li 2500, BREAFTE AR B AAE P I Li 255 Li 25 S A8 1 B 42

(a) LiysY7Clyg; (b) LijgYeClag; (¢) Liy Y5Clyg

Fig. 4. Ground-state structures of different configurations calculated by DFT (The grey spheres represent Li vacancies, black

arrows represent the migration paths of Li ions in the dashed box to Li vacancies): (a) Lij;Y;Clsg; (b) LijgYClsg; (¢) Lis; Y5Clsg.
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(b) LijpY,Bryy; () Lij5YsBroy

Fig. 5. Ground-state structures of different configurations calculated by DFT (Red arrows represent the migration paths of Li ions
in the dashed box to Li vacancies): (a) LigY5Broy; (b) LijsY,Bray; (¢) LijsY3Bry,.
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Fig. 6. DOS plots and band gap results for all components: (a) Lij;Y,Clys (4.35 eV); (b) LijgYClys (5.43 eV); (c¢) Liy Y5Clyg
(5.33 eV); (d) LigYsBry, (3.58 €V); (e) LijpY,Bray (4.69 €V); (f) LijsY;Bray (4.00 eV).
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Fig. 7. Crystal structures of (a) LigYsClsg, (b) LijsY,Clsg,
(¢) Liy Y5Clsg superimposed with the Li-ion potential map

calculated using BVSE (The yellow isosurfaces correspond
to Li-ions probability density, indicating Li-ion conduction
path).
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€l 8 (a) LijgY,Bryy, (b) LigYsBryy, () Lij5Y3Broy M AL 14 15 BVSE 151 Li 8 45 o 1l 44 P i & e (3 0 Xt 2 Li 8 7
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Fig. 8. Crystal structures of (a) Li;;Y,Bryy, (b) LigY;Bryy, (c) Lij;Y3Bry, superimposed with the Li-ion potential map calculated

using BVSE (The yellow isosurfaces correspond to Li-ions probability density, indicating Li-ion conduction path).
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Abstract

Ternary lithium metal halides have attracted much attention as potential solid electrolytes. In this work,
we study the structural, electronic and ionic diffusion properties of a series of Li,YCly,, (z = 2.14, 3.00, 4.20)
and Li,YBrz,, (z = 1.8, 3.0, 5.0) by using first-principles calculation based on density functional theory. The
calculation results show that the Li-ion concentration has a significant effect on the properties of the materials,
and with the increase of x value, Li-ion number becomes higher, structure turns more stable, band gap gets
larger, and migration barrier lowers, thus the performance of the material can be tuned. In addition, the
calculation results further show that Li;YClg and LisYBrg with the best balance between Li-ion carrier
concentration and vacancy concentration exhibit the highest structural stability, the largest band gaps, and the
lowest migration barriers in all similar structures. Our study provides a new strategy and idea for designing

better-performance halide solid electrolytes.

Keywords: all-solid-state lithium-ion batteries, ternary halides, concentration regulation, first-principles

calculations
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