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Abstract: Using the density-functional theory (DFT) combined with the projector augumented wave (PAW)
method, we have investigated the crystal structure, electronic structure and electrochemical property of LiVPO,F.
The change of structural parameters after the release of Li atom is obtained. Analysis of the density of states
(DOS) show that V atom is ionized and its valence varies from +3 to +4 in the process of discharge. Also, the
electron transfer between P and O atoms does not occur and the 3d-space structure of (PO, keep changeless
approximatively. The band gap of LiVPOF is 1.63 eV, which means that it has good conductivity and the
electron transfer is facilitated in discharge. Our results also indicate that LiVPO,F is a ferromagnetic phase and
its ferromagnetic moment is 2up, but VPOLF is a anti-ferromagnetic phase. Furthermore, it was found that the

average intercalation voltage of LiVPO,F has the value of 4.0 eV.
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Fig.1 Schematic representation of the structure of LiVPOF (a) and VPO,F (b)
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Fig.2  Crystal structures of cells for (a) LiVPO,F and (b) VPO,F

INR IR BN, FEAT IR T 25 F st R it | 24 A I T
EWER J178F 0.01 eViatom B SRS A5 T 7E
TR BT 02s,2p).F(2s,2p) . Li(25).V(3d,4s)
1 P3s ,3p) L T & il i 7 Ab 3

2 @RS
2.1 LiVPOF Rk
B, AT =R A LiVPOF kT T

R A, TH R AR AT R T WURE (NM), Sk
(FM) EA B B2 B il (AFM) JL AR A B0, B il i 3 45 2R

nFE 1 Pros, LT, R LiVPOF M FM &5
AFM B RERAHZ AR/, B LiVPOF I8 2 £ 3 FM
A MAEN Li /5, VPOF #78  AFM 25,3 2 24 FM
1) LiVPO,F VLK AFM 9 VPOF 4 fii& w51, 5
ARSI B fiA% o ES SO0 (B I 25 7E 2%, Tl AR
H5 LR 22 TE 5% W B 5 HAb T3 25 4500 i
FEIEH T GCA+U THA MRS i % & T 50 5
H2 AR R YIFRATI R W53 7 B 5
TR SR B R SRR, R 3 2 LIVPOF 5
VPO,F 1 V-F, V-0 1 O-P M8 K LA & 0-P-O 1Y &

F1 HZMMHWAE LIVPOF EM7E NM,FM 1 AFM TH S8 E

Table 1 Total energies of the optimized structures of LiVPO,F in NM, FM and AFM

x NM / eV FM / eV AFM / eV

1 -107.819 -111.028 -111.022
Li,VPOF

0 -95.632 -99.393 -99.432

F2 SHHMEWKEFM 8 LiVPOF & AFM B VPOF SR 818 % HUIL R &R
Table 2 Calculated lattice constants and volumes for the optimized structure of LiVPO,F in FM and VPO,F in AFM

x a/ nm ¢/ nm ¢/ nm al (%) B/(°) v/ (°) V/ nm? Reference
1 0.523 0.538 0.745 70.301 73.502 82.251 0.183 This work
0.517 0.531 0.750 66.856 67.004 81.583 0.174 Experiment™
Li, VPO,F
— — — — — — 0.179 Theory*
0 0.518 0.518 0.728 71.129 71.242 87.995 0.173 This work
%® 3 LiVPOJF 5 VPOF # V-F, V-O #1 P-O K $# K
Table 3 Bond length of V-F, V-O and P-O in LiVPO,F and VPO
x V-F / nm V-0O(1) / nm V-0(2) / nm P-O / nm
1 0.204 1 0.199 9 0.201 5 0.155 8
Li,VPOF
0 0.197 0 0.195 2 0.186 3 0.155 4
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