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Geometry structures

According to X-ray diffraction (XRD) Rietveld refinement results reported by Asano et
al.,! the trigonal LYC with p3m1 space group and the monoclinic LYB with ¢2/m
space group not only exhibit hcp and fce anions sublattice, respectively, but also have
a third of octahedral vacancy sites in the stoichiometric LYC and LYB, and resulting
in Li partial occupancy of 6h/6g sites in LYC and 4h sites in LYB, respectively. To
determine the Li configurations with lowest energies, we first generated 16 and 3
independent structures by enumerating possible site ordering of Li-ions in 6h/6g and 4h
for LYC and LYB, respectively, as shown in Figure S1 and Figure S2. Then, all
configurations were conducted DFT calculations to identify the geometries with the
lowest energy, and the total energies of all configurations are also presented in Figure

S1 and Figure S2.
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structure 1:-136. 03¢V structure 2:-135.92¢V

structure 13:-135.60eV

Figure S1 Ordering of Li-ions and corresponding total energies in LYC

structure 1:-82.14eV structure 2:-82.03eV structure 3:-81.95eV

Figure S2 Ordering of Li-ions and corresponding total energies in LYB

Mechanical properties

(a) Li,SeCl, b LiScBr,

Figure S3 The crystal structures of (a) LScC, (b) LScB, (c) LErC, (d) LErB, (e) LScl,
() LY, and (g) LErl. The pale-blue, blue, cadet-blue, yellow, green, saddle-brown, and
purple spheres represent Sc, Er, Y, Li, CL, Br, and I atoms.
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Table S1 the lattice parameters of all LMX except LYC and LYB

LMX

Li3ScClg
Li3ScBrg
LisErClg
Li3ErBrg
LisSclyg
LizYlg
LisErig

Space
Group

C2/m
C2/m
P3m1
C2/m
C2
C2
C2

a(h)

6.446
6.810
11.053
6.956
7.429
7.556
7.493

b(A)
11.004
11.780
11.191
11.975
12.954
13.154
13.018

c(d)
6.464
6.889
6.173
6.960
29.099
29.003
28.906

a(®)
90
90
90
90
90
90
90

B
109.21
107.54

90
109.45

90.34
90.25

93.90

14Q)
90
90

119.59

90
90
90
90

Table S2. The elastic constants (C) of all considered LMXs in this work, unit: GPa.

elastic

T LYC LErC LScC LYB LScB LErB LScl LYI LErl
Ciy 5049 44.62 3444 2647 2922 26.73 2346 20.64 21.95
Cp 1851 1583 1095 8.18 884 8.01 7.08 571 5.91
Cis 6.76  7.12 555 532 4.2 488 333 279 258
Cuy 252 -1.94 - - - - - -

Cis - - 1.02 1.12  -0.003 0.96 1.18 023 0.34
Cy - - 4341 30.11 32.08 30.62 23.02 20.06 22.23
Cy; - - 498 438 3.05 428 278 285 257
Css - - -3.04 256 -3.05 -202 -0.69 -1.66 -1.67
Cs; 40.76 309 265 23.81 19.94 2245 1629 15.11 15.02
Css - - 356 27 469 -2.12 -248 -1.83 -2.13
Cyu 12.56 10.05 323 4.07 261 3.69 324 265 276
Cys - - 247 -191 -236 -208 -089 -1.53 -1.63
Css - - 6.1 7.04 345 5.6 1.56 226 2.05
Ces - - 15.12 113  11.69 11.02 819 7.43 8.1

Born stability criteria:

For trigonal crystals (LYC and LErC):?
C44>0, C11>[C1a, (1

(C11+ C12)C33> 2(1s, ()
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(C11— C12)Ca4 > 2CT4, (3)

For monoclinic crystals (the rest of LMXs) are given by:3

Ci>0(i=176), 4)
[C11 4 Caz + C33 +2C12(C1z + C13 + C23)] > 0, (%)
(C33Css — C35) > 0, (6)
(Ca4Co6 — Chs) >0, (7
(Ca2 + C33— 2C33) > 0, (®)
[C22(C33Cs5 — C35) + 2C23C25C35 — C33C55 — C55C33] > 0, 9)
@
[C15C25(C33C12 — C13C23) + C15C35(C22C13 — C12C23) + C25C35(C11C23 — C12C13)]
—[€%5(€22C33 — €33) + C35(C11C33 — C13) + C55(C11C22 — C12)] + Css
g}>0, (10)

g = (C11C22C33 — C11C%3 — C23C%3 — C33C%, +2C12C13C73.

The bulk moduli and shear moduli can be obtained by the following expression:

1
By =5[(C11 + C22 + C33) + 2(C12 + C23 + C31)], (11)
1 1
Gy =12[(C11 + C2z + C33) — (C12 + Ca3 + C31)] + 5(Cas + Css + Cge). (12)
1
By = (S11+ S22+ S33) + 2(S12+ S23 + S31) (13)

1 4 1
= 151(S11 + S22 + S33) — (S12 + S23 + S31)] +5(Saa + S5+ Sge) > (14)

By + Bp

B=——, (15)

Gy + Gg

G="5". (16)

Where By, By, B, and G, Gy, G are bulk moduli and shear moduli obtained from the
Voigt (V), * Reuss (R), > and Hill schemes, respectively. S are the elastic compliance
constants, and are described by S;; = C ifl. For trigonal crystals, C;;=C5,, C;5=C53=Cj3,
Cy=Css, Co=(C11-C12)/2, and S§;;=82, 81578257831, S4=Ss55, S6672(S1:-S12). For
monoclinic crystals, C;3=Cj3;, and S;3=S3;.
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Li-ion diffusion mechanism
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Figure S4 The migration energy barrier of Li-ion along P2'.

(2) AE=0.82¢V (b)  AE=0.83e

Figure S5. The representative disorder structures and energy differences of single Y
and Li anti-site referencing to the lowest energy configure for (a)-(b) LYC and (c)-(d)
LYB.
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Figure S6. (a) The migration pathway along ¢ direction, and (b) the corresponding
energy barrier in single Y and Li anti-site configuration for LYC.
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Figure S7. (a) The migration pathways and (b) the corresponding migration energy
barrier of single Y and Li anti-site in LYB.
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Figure S8 (a) Schematic drawing of single Li-ion migration along (001) plane, (b)
energy profile of a Li-ion along P4, (c¢) the Li-ion local migration image along P4
pathway.
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