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Electronic Structure of LiTi,,Fe,;sSO/F Positive-Electrode Material for Lithium-Ion Battery
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Abstract: By using density functional theory plane-wave pseudo-potential technique (DFT-PW-PS), the electronic
structures of LiFeSO,F and LiTigysFe:s50,F cathode materials were calculated. The computational results indicat-
ed that after lithium was intercalated into the materials, the atomic populations of S, O and F atoms are changed
slightly, and that the electrons are mainly filled on the 3d orbits of the transition metals, leading to the reduction
of the transition metals and making the transition metals being as redox centers. In the intercalation states, ionic
bonds were formed between lithium and oxygen (fluorine), while covalent bonds were formed between the transi-
tion metals (Ti and Fe) and oxygen (fluorine),and the covalency of the S-O bonds is the strongest. The results
from the density of states (DOSs) suggested that both titanium and iron take a high spin arrangement; the band
gaps for the two spin channels of LiFeSO,F are 2.88 and 2.29 eV, implying a rather poor electric conductivity; Ti
doing will result in the disappearance of the band gap, enhancing significantly the electric conductivity of the
cathode materials; As Ti-O and Ti-F bonds in LiTigsFe;s550,F system are stronger than Fe-O and Fe-F bonds in

pure phase, Ti doping cathode materials would have a much better structural stability.
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Table 1 Lattice parameters for Li FeSO,F and Li,Tij;sFe);sSOF(x=0, 1) systems

almm b/ nm ¢/nm ol () B/ y 1) V / nm’®

LiFeSO,F 0.524 0 0.553 0 0.741 7 107.073 107.512 98.020 0.189 701
Experiment value” 05175 0.549 4 0.722 2 106.520 107.210 97.790 0.182 552
FeSO,F 0.525 6 0.528 2 0.743 3 107.746 108.977 95.766 0.181 242
LiTigasFeqs80.Fa 0.521'5 0.546 1 0.738 3 107.846 107.425 98.075 0.184 599
TiasFeqsS0:Fa 0.520 4 05216 0.725 4 107.480 108.657 83.296 0.172 924

* For easy comparison, the lattice constants of the (2x1x1) suppercell structure were converted to the corresponding values for pure phase lattice
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Table 2 Atomic populations (A.P., in e) for LiFeSO,F and Li,Tij,Fe;sSO,F (x=0, 1) systems

Li Fe Ti 0 F S
LiFeSO,F A.P. 1.04 1.05 — -0.95 -0.65 2.34
FeSOF A.P. — 1.55 — -0.86 -0.53 2.24
A(A.P) — 0.50 — 0.09 0.12 -0.10
LiTigasFey75504F A.P. 1.05 1.12 0.93 -0.95 -0.66 2.32
TigasFessS04F A.P. — 1.76 (1.10) 1.80 -0.86 -0.53 2.38
A(A.P) 0.64 (-0.02) 0.87 0.09 0.13 0.06

FAERAE, XULH] Fe fEIZK R N AFAE 2 B
A, T UE R U A 8 B I M A T L K
TF5E 2R G 14 0 235 K 6 bR F Ak 22 PR R 1 B2 ) | 2
5 B R R 1) 43 BT AR ] 2

& 2(a) F1 2(b) 53 51 A LiFeSOLF Fl Li,TigssFeqss
SOJF HASE R, RGN POKBEHE A RE A,
Bl E-E=0.0 eV, TH545 5005 1 Hh L W] . 76 9 Fp AL R
M FR A T Li2s BB Yok B S H B - 1Y Bl
RPN ES  HHAEN L (-7.5.0 eV, 0.0 eV]))IF
A AT AT BTk R L4 B 1 1 T AT TE s
X5 A JE A R A — 2 B R 2(a) AT AL,
LiFeSOF R G Fe 1) 3d A 819 A etk 1k,
H o HEEIE S 207 5 g A e ALK
R A Fe BIRERE TSN 3.80us, X5 Fe B 1
(975 BE RS B (1, % 2) BT I ELAT 1 BB 3 56 W) 4

——8,——P> and— g tates for LiFeSO,F
...... S,--===-p, and ------ d states for FeSO,F

r (a) Lithium

4
2 F
0
2F
4k
4F
o5
0
e _2 .
% a4l
L 6 L
E 2k Sulfur A
L AS
2o (X
SR V AVY
g 2 ) L
A 6f Oxygen
3k
0 O
2| 5
6F X
2F Fluorine
1F
0
a1F
5|t ¥
3 . L PR - L
-25 -20 15 -10 -5 0 5] 10

Energy / eV

AN T Fe 9 A EHES 23X LiFeSOLF 75 o 1 8
I G0 AT R 2.88 F 2.29 eV HYAT B X
55 SCHR T ARGE 45 R — B 2 RS Y A B A
LiFeSO,F (-5 B MR & 22 | 3 X5 T 4k 0 4% 52 1 g
B4 AR B AR, S T AN LiFeSO,F 254 it i LA
G, RGRAEEERAET B A8 A (18] 2(a) HE 4
57), Horh Fe3d A1) B BB M2 | i H o HHEHEIE
A 5 4 5 4 1, PRl LAAE DB Fe 1 JE AL AL AR
N e LR Sy, A R43 #r, Xt —2
VEHITE LiFeSOLF 7 F v | H Ak SO A 3 1 e DA
Fe iy B 1 09 B0 x40 A4 R 17 BRAAE A P FRAIR
HEBUE R 1.21 eV, HAM, B 2(a) 3RS R LRI
Fe3d Hl O2p(F2p) S TEA AL A TR 38 1 A2 AL VR T | [W)
BT S3p A H 02p &4 [-22.0 eV, —20.0 eV].[-
10.0 eV, 7.5 eV]FI[5.0 eV, 10.0 eV]JL> B it X [H]

——s,——p; and —— g states for LiTi,,Fe, ,SO,F
------ S$,-==-=-p, and ------ d states for Ti , Fe ,.SOF

025" “0.75° 4

4 e
2[ (b) Lithium
0
21
-4
AL
0
3k
~ -6p
3 4f
5 2F
I 0
5 2f
g 4t . .
g 4r Sulfur-,
2 2r iy
z 0 /\ .
5
g af \/
4F ) X L1
10F Oxygen
5 [ -,
0
5k
-10F s
;: Fluorine
0
2F
4F
-6 . L L . L
25 =20 15 -10 -5 0 5 10

Energy / eV

52 (a) Li,FeSOLF F(b) Li,TigysFeorsS04F (v=0, 1)1A F 2 J5 1 14 53 I 25 %5 i
Fig.2 Partial density of states (PDOSs) for all atoms in (a) Li,FeSO,F and (b) Li,TijsFeq7sS0.F (x=0, 1) systems
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Table 2 Bond populations (B.P.) for Li,FeSO,F and Li,Tiy,Fey;:SOF (x=0, 1) system
LiFeSO.F LiTigasFeq7sS04F FeSO,F TipasFessS504F
Li-O 0.02 0.00 — —
Li-F -0.05 0.00 — —
F-Ti — 0.25 — 0.27
F-Fe 0.20 0.18 0.19 0.19
O-Ti — 0.26 — 0.35
0-Fe 0.21 0.23 0.23 0.22
S-0 0.58 0.58 0.59 0.60
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