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Figure S1. MSD for Li, M and X ions in the halide compounds at 1200 K.
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Figure S2. The direct Oct-Oct channels in T4-LizAlFs.



@Science

Table S1. Energy above hull (Ehui, meV/atom) for T1 compounds.

TI-LisMXs  Enn | T1-LisMosMsCls  Enan | T1-LisMosMosCls  Ehun
Li3AlBrs 47 Li3Sco.5Y0.5Cls 25 LizMgo.5Geo.sCls 91
LizAlCls 53 Li3Sco.5AlosCls 42 Li3Mgo.5Sno.sCls 48

LizAlFs 51 Li3Sco.5Gao.sCls 59 Li3Mgo.5Tio.5Cls 62
Li3GaBrs 99 Li3Sco.5In.5Cle 40 Li3Mgo.5Zr0.5Cls 25
Li3GaCls 87 Li3Y0.5Al0.5Cls 35 LizsMgosHfo.5Cls 31
LizGaFs 54 Li3Y0.5Gao.sCls 52 LizCao.5Geo.sCls 84
Li3InBrs 50 Li3Y0.5Ino.5Cls 33 Li3Caq.5Sno 5Cls 40
LizInCle 0 LizAlo.5Gao.sCls 70 Li3Cao.5Tio.5Cls 46

LizInFs 84 Li3Alp.5Ing 5Cle 51 Li3Cag.5Zr0.5Cls 18
Li3ScBrs 7 Li3Gao 5sIng.5Clg 68 Li3Caq.sHfo.5Cls 23
Li3ScCle 32 Li3Sr0.5Geo.5Cle 87

Li3ScFs 82 Li3Sr0.5Sno 5Cls 42
Li3YBrs 23 Li3Sro.5Tio5Cls 49

Li3YCls 18 Li3Sro.5Zro.5Cls 20

Li3YFs 99 Li3Sro.sHfo5Cls 26

Li3Zno.5Geo.5Cls 111
Li3Zno.5Sno.5Cls 67
LizZno.5Tio.5Cle 72
Li3Zng 5Z10.5Cls 46
Li3Zno sHfo.5Cls 32
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Table S2. Energy above hull (Ehui, meV/atom) for T2 compounds.

T2-LisMXs  Enan | T2-LisMysMosBrs  Enan | T2-LisMysMosBrs  Ehun
Li3AlBrs 17 Li3Sco.5Y0.5Brs 25 Li3Mgo.5Geo.sBrs 80
LizAlCls 24 Li3Sco.5Alo.5sBrs 42 Li3Mgo.5Sno sBrs 42
LizAlFs 41 Li3Sco.5Gao.sBrs 59 Li3Mgo.5Tio.5Brs 45
Li3GaBrs 70 Li3Sco.5Ing 5sBrs 40 Li3sMgo.5Zro.5Brs 11
Li3GaCle 59 LizYo.5Alo.sBrs 35 LizMgo sHfo sBrs 14
LizGaFg 48 Li3Y0.5Gao.sBrs 52 Li3Cao.5Geo.sBrs 81
Li3InBrs 29 Li3Y.5Ing 5sBrs 33 Li3Cao.5Sno 5sBrs 43
Li3InCls 0 LizAlo.sGao.sBrs 70 Li3Cao.5Tio.5Brs 47

LizInFs 100 Li3Alo.5Ing 5sBrs 51 Li3Caq.5Zro.5Brs 11
Li3ScBrs 0 Li3Gao.s5Ing 5Brs 68 Li3Caq.sHfo.5Brs 15
Li3ScCle 19 Li3Sr0.5Geo sBrs 94

Li3ScFs 94 Li3Sr0.5Sno.5Brs 55
Li3YBrs 0 Li3Sr¢.5Tio.5Brs 60
Li3YCls 16 Li3Sro.5Zr0.5Br6 23

Li3YFs 132 Li3Sro.sHfo.5Brs 27

Li3Zno.5Geo.sBrs 97
Li3Zno 5Sno 5sBrs 60
Li3Zno 5Tio.5Brs 62
Li3Zng 5710 5Brs 29
Li3Zno sHfo.5sBrs 39
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Table S3. Energy above hull (Ehui, meV/atom) for T3 compounds.

T3-LisMXs  Enn | T3-LisMosMsCls  Enn | T3-LisMosMosCls  Ehun
Li3AlBrs 45 Li3Sco.5Y0.5Cls 25 LisMgo.5Geo.sCls 81
LizAlCls 52 Li3Sco.5AlosCls 42 Li3Mgo.5Sno 5Cle 36

LizAlFs 69 Li3Sco.5Gao.sClg 59 Li3sMgo.5Tio.5Cls 43
Li3GaBrs 97 Li3Sco.5In.5Cle 40 Li3Mgo.5Zr0.5Cls 16
Li3GaClg 86 Li3Y0.5Al0.5Cls 35 LizsMgosHfo.5Cls 21
LizGaFs 217 Li3Y0.5Gao.sClg 52 Li3Cao.5Geo.sCle 86
Li3InBrs 46 Li3Y0.5Ino.sCls 33 Li3Cao.5Sn0.5Cls 38
LizInCle 0 LizAlo.5Gao.sCls 70 Li3Caq.5Tio.5Cls 48

LizInFs 0 Li3Alp.5Ing 5Cle 51 Li3Cag.5Zr0.5Cls 18
Li3ScBrs 60 Li3Gao 5sIng.5Clg 68 Li3Caq.sHfo.5Cls 23
Li3ScCle 5 Li3Sr0.5Geo.5Cls 99

Li3ScFs 33 Li3Sr0.5Sn0.5Cls 51
Li3YBrs 14 Li3Sr0.5Tio5Cls 60
Li3YCls 23 Li3Sr0.5Z10.5Cls 31

Li3YFs 152 Li3SrosHfo 5Cls 35

Li3Zno.5Geo.5Cls 99
Li3Zno.5Sno 5Cle 54
Li3Zno 5Tio.5Cls 61
Li3Zng 5Z10.5Cls 34
Li3Zno sHfo.5Cls 51
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Table S4. Energy above hull (Ehui, meV/atom) for T4 compounds.

T4-LisMXs  Ena | T4-LisMisMisFs  Enar | T4-LisMysMisFe  Enan
Li3AlBrs 50 Li3Sco.5Y0.5Fs 25 LisMgo.sGeo.sFs 76
LizAlCls 140 Li3ScosAlosFs 42 Li3Mgo.5Sno sFs 78

LizAlFs 0 Li3Sco.5Gao.sFs 59 Li3Mgo 5Tio.5Fs 64
LizGaBre / Li3Sco.5Ing sF¢ 40 Li3sMgo 5Zro.5F6 56
LizGaCls 180 Li3Yos5AlosFs 35 LizMgo.sHfo sF¢ 41
LizGaFg 18 Li3Y0.5GaosFs 52 Li3Cao.5Geo.5Fs 105
Li3InBrs / Li3Y0.5Ino 5Fs 33 Li3Cao.5Sno sFs 104
LizInCle 109 LizAlosGao.sFs 70 Li3Caq.5Tio.5Fs 85

LizInFs 73 LizAlo.sIno sFs 51 Li3Cag.5Zro5F¢ 84
Li3ScBrs 172 Li3Gao.sIno 5Fs 68 Li3Cag.sHfo 5Fs 99
Li3ScCle 137 Li3Sro.5Geo.sFs 119

Li3ScFs 64 Li3Sr0.5Sn0.5F¢ 122
Li3YBrs / Li3Sro.5Tio.5F¢ 111

LizYCls 132 Li3Sr0.5Zro.5F¢ /

Li3YFs 5 Li3Sro.sHfo sF¢ /

Li3Zno 5Geo.sFs 80
Li3Zno 5Sno sFs 82
Li3Zno 5Tio.5F¢ 69
Li3Zno 5Zro.5F6 60
Li3Zno sHfo.sFs 45
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Table S5. DFT-PBE bandgaps (eV) of the 36 halides that exhibit Enan below 25

meV/atom.
Halide Bandgap (eV) Halide Bandgap (eV)

T2-LizAlgsIng sBre 2.74 T1-Liz;InClg 3.38
T3-Liz;InClg 4.08 T1-Li3ScBrs 2.98
T2-Li3Sco.5Ing sBr 4.89 T3-Li3ScBrs 3.55
T2-Li3Y.5Ing sBrg 3.38 T2-Li3Y0.5Sco.5Br6s 3.00
T2-Liz;InClg 2.95 T2-Li3ScBrs 3.72
T2-Li3Cag.5Zro 5Brs 3.72 T1-Li3CaosHfo 5Cls 2.52
T2-Li3Mgo 5sZro sBrs 4.94 T3-LizHfy sMgo sCls 2.93
T2-Li3Sro 5Zr0 5Brs 3.56 T3-Li3Cao.sHfo 5Clg 2.92
T2-Li3AlBrs 3.15 T1-LizsYBrs 2.32
T2-Li3Sco.sAlo.sBrs 4.90 T3-LizYBrs 2.31
T2-Li3Y.5AlosBrs 3.833 T2-Li3YBrs 4.24
T2-LizHfy sMgp sBrs 3.52 T2-Li3ScCls 2.54
T2-Li3CagsHfo sBrs 8.20 T1-LizYCls 2.95
T1-Li3Cag.5Zro5Cls 6.51 T2-Li;YCls 3.16
T1-Li3Sro.5Z10.5Cls 7.61 T3-LisYCls 5.02
T3-Li3Cag.5Zr05Cls 3.92 T4-LizGaFg 3.71
T3-Li3Mgo.5sZro.5Cls 3.18 T4-LizAlFs 2.73
T2-LizAlICls 5.51 T4-LisYFs 3.15
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Table S6. Reaction energy (AEr, meV/atom) at the interface between the cathodes

and the 36 halides that exhibit Enun below 25 meV/atom.

LiCoO2 LiFePOs  LiMn2O4 LiMnO» LiNiO2

T2-LizAlo.sIno.sBre =59 —23 —46 —63 —118
T3-LizInCls —65 —14 =52 —64 —121
T2-Li3Sco.5Ino.sBre —14 0 0 —34 —82
T2-Li3Yo.5Ino.sBre —58 —23 —46 —63 —118
T2-LizInCls —95 —-15 =72 -89 —173
T2-Li3Cao.5Zro.5Brs =54 —29 —21 =79 —127
T2-LisMgo.5Zro.5Brs —14 0 0 —34 —82
T2-Li3Sro.5Zr0.5Br6 —105 —69 —63 —128 —181
T2-Li3AlBre =77 —48 —48 —99 —139
T2-Li3Sco.5Alo.sBrs —96 —14 =73 —88 -179
T2-LizYo.5Alo.sBrs —42 —36 =22 —65 —100
T2-LizHfo.sMgo.5Bre —41 —36 —21 —64 —100
T2-LizCao.sHfo.sBrs —87 -10 —65 =81 —168
T1-LizCao.5Zr0.5Cls —65 —38 =35 —87 —126
T1-Li3Sro.5Zr0.5Cls =76 —48 —48 —99 —138
T3-Li3Cao.5Zr0.5Cls —-16 —6 —6 —23 —24
T3-LisMgo.5Zr0.5Cls =30 0 0 —45 =53
T1-LizInCle —98 —23 —80 -92 —158

T1-Li3ScBre —14 0 0 —34 —82
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T3-Li3ScBrs =72 —-11 —53 =72 —140
T2-LizYo.5Sco.5Brs —130 —37 —103 —111 —215
T2-Li3ScBrs —97 —-15 =74 —90 —181
T1-Li3Cao.sHfo.5Cle —110 —34 —92 —102 -172
T3-LizHfosMgo sCle —67 —40 —36 -89 —128
T3-LizCao.sHfo.5Cls =50 -1 —-10 =72 —85
T1-LizYBre -174 —63 —146 —152 —260
T3-LizYBre —43 —23 —38 —49 —97
T2-LizYBre —-119 =52 —96 —103 —170
T2-Li3ScCls —60 —26 —47 —64 —120
T1-LizYCls -89 —-16 =72 -84 —148
T2-Li3YCls —-119 —48 —91 —102 —193
T3-LizYCls —111 —33 —92 —103 —194
T4-LizGaFe —45 —38 —24 —68 —103
T4-LizAlFs —82 —47 —47 —100 —144
T4-Li3YFs =73 =37 —34 —90 —134

T1-LizInCls —65 —38 —35 —87 —126
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Table S7. Volume per formula unit (Vt.u.) for the promising halides.

Halide Veu (A%) Halide Veu (A3) Halide Veu (A3)
T1-LisInCls 225.5 | T1-LisCaosHfosCls  234.4 T2-LizYBrs 275.8
T2-Li3ScCls 217.9 T2-Li3ScBre 263.7 T2-LizYCls 231.3

T2-LisYosScosBre  270.8 T3-LisYCls 258.0 | T3-LisMgosHfosCls  220.2
T4-LisAlFs 100.5 T4-LisGaFs 104.4




