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Table 1 Sunmary of crystallographic data and stuctural refinement

LA Si LyALSi LigALS§
Z 4 1 1
gk F43m (N °216) F43m (N °216) 11 /amd
HEEH (7) 5.928(1) 6.115(1) 6.179(1), 12.199(4)
WARSH (2 ) 5.930 78(7) 6.112 35(9) 6.185 44(7), 12.187 7(2)
PR (2 5) 208.3 228.7 465.8
“(mm 1) 1.04 0.84 0.51
FEHY Nonius CAD4 Nonius CAD4 Oxford X calibur CCD
& 2 S 476 1625 16594
P 7 B 85 82 190
FLAISHL 6 15
R(F) (™20 (1)) 0.017 7 0.022 2 0.021 3
R, (F) (=20 (1)) 0.018 0 0.024 5 0.019 8
GOF 0.80 1.10 1.09, 0.926
Qm i Qmax(e?g) 0.23 0.42 0.63 0.73 0.35 0.54
R, (AR &4 ) 0.125 0.077 0.048
Ri e BV AR ) 0.046 0.030 0.020
X B RBUR) 0.41 4.28 1.49

R 2 LABILiALSi. LisALSi (LA WIR TR B MR SH (R TRBMRRER A expl —2° (Unha *+

U Kb 20" e 20" hka b +207hla" ¢ +20%kb ¢ ) 1)

Table 2 A tom ic positions and displacement parameters for campounds LA ISi Ly AL Si and LisALSi - General expres-
22,2 ,% 2

sion of atam ic displacement parameter is exp[ —2I” (Un Wa 2 +UKp P +u¥ T e’ 20" hka' b +20°hla ¢ +207
kb ¢ )1)

LA Si 2=5.928(1)?
5T (DA X Y zZ 0ce(% ) U.(?°%)
Si de 1/4 1/4 1/ 100 0.006 0(9)
Al da 0 0 0 100 0.016(3)
Li 41 1/2 1/2 1/2 100 0.010(2)
LiALSi a=6.0115(1)
JFF AT X Y 7 Oce(%) U, %)
Al/Li da 0 0 0 71/2(1) 0.015 3(4)
Si de 1/4 1/4 1/4 100 0.014 8(2)
Li(2) 44 3/4 3/4 3/4 100 0.029(2)
Li(3) 4p 1/2 1/2 1/2 57(6) 0.028(3)
LisALSi a=6.179(1) , ¢=12.201(4y
BT AL X Y VA Oce(%) U, @)
si(1) 4a 0 3/4 18 100 0.009 7(2)
Si(2) 4p 0 1/4 3/8 50.8(5) 0.026(1)
A/LI(3) 16 ¢ 0.237 7(3) 0 0 12.0/88.0(2) 0.013(1)

Li(4) 8e 0 1/4 0.123(1)  53.6(8) 0.059(3)
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Fig-6  Experinental X ray powder pattem (A =
1.541 872 ) of the twophase sample LyALSi (™
85%4 ) and Si refined by the R ietveld method
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(a)Representation of the K1 /amd tetragonal cell of LigA}S#; (b)Experinental X -ray powder pattem (A

=1.541 82 ) of the pure tetragonal phase LigAL S refined by the R ietveld method
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(T ) Total and projected DOS calculated for Li AL Si - Femi level for 32 electrons is represented as a dot™

ted line atE, = —7.45 &V; (Il ) Total and projected DOS calculated for hypothetical Li AL Si - Fem i level for 36

electrons is represented as a dotted line at E, = —1.16 &V
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Fig-10 (I ) The non-centrosymmetric f-c-o¢ stuctiral armngenent of LiA i with only Ihree_43m sites filled

positions are translated by (1 A 1/ 1 /4); (II) Voliage versus canposition curves obtained by galvanostatic cyc-

ling of a Li/LiA 1Si battery (1=0.05 mA, ¢ /50)
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Fig-11 (I ) Representation of the hexagonal L ASi (left) and tetragonal LA i ( right) compounds (I )
Voliage versus canposition curves obtained by galvanostatic cycling of a Li/Li A Si battery (1=0.6 mA, € /10);
(I ) Voltage versus composition cutves obtained by galvanostatic cycling of a Li/Li A 5§ battery (1=0.03 mA, C/
100)
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Table 3 DFT/GGA PBE optin ized cell parameters for bulk crystallized elements

Li Al Si
75 [a) B Fm3m Fm3m Fd3m
S SE 4 3.509 2 1.049 5 5.430 7
WAL IS5 » 3.460 9 1.048 3 5.481 9
Wz Mo —1.4 —0.03 +0.9
B IHE (Gpa) 13.8 80.5 92.5

T H (EMIE ) (Gpa) 11.1 75.2 100
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Table 4 12 different atan ic arrangements of LiA 1Si in the non-centrosymm etric F43m space group
da de 4b 4d

(0,0,0) (1/4, 1/4 1/4) (1/2,1/2,1/2) (3/4 3/4 3/4)
AT A — O Al Si Li
7 v 0 Si Al Li
AP A= O Al Li Si

F 5 FASmZsABEN LABILAY SFh F12% (W HAT, DFT/GGA PBE (UL 5 240 M AL & (K BUBLR . Mul-
liken HE, faf

Table 5 DFT/GGA PBE optin ized cell parameter total energy bulk modulus and Mulliken charges calculated for three
cF12 stmctral arrangements of LIASi i the F_43m space group

AT — A — A g

SRS 4 5.928
HeAk BB S8 # 5.943 3(+0.26% ) 5.957 7(+0.5% ) 5.762 6(—2.8%)
R Jev —354.40 —353.99 —353.27
M ulliken 3 £if Si —0.80 —0.40 —0.26

Al +0.14 —0.34 +0.33

Li +0.66 +0.74 —0.06
YRR (Gpa) 63.02 60.82 55.98
ez H Al—Si 0.690 0.732 0.500
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AT SicoA V4L A B 3 B PO I 1 2

FA3m. 3777 54 0 5 8069 e R 6.253 7
ATSEEE N 2.7087 | {ErR.OXFREEH Fmdm
H AL SUB BN MAR 254, ATSigEHa i
WA R 3.0742 FIGMSH 6.1487
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