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Abstract : LiyTisO;, has been considered a potential material for high power lithium batteries.
Since LiyTisOy, is however an insulator having a broad band gap, various methods have been
employed to improve the conductivity. In this study, we have investigated the change of fine
structure and electronic structure by Cr doping using X-ray absorption spectroscopy and First
Principle Calculation. Doping with Cr, we could obtain an enhanced electronic conductivity by
locating the Fermi level at the center position of Cr d-band and identify the change of XANES
pre-edge and white line peak due to the increase of electron density of Ti d-band.

Keywords : Lithium secondary batteries, LisTisO15, Anode, XANES, EXAFS, LDOS

.M B o} 22 LTOoNA 7RI (Valence bandys 3735}
= 9 AEA 0 2p =9} A=t (Conduction band)
P 29d 729 LiTisOpelst LTOE 8 & 743k= Ti 3d tzg W= Alolell 2eV ool o]
T2 AT T - e R e IEY FF  EAlcke ABARA FEARE F4E Rate capabilityEs
HiEljollA] ZetutelE A=) dijter FE v gl Y] Slsix= JXH_EEQ Wdo] atETEY o] $
S LTO AHE Whe Alol=) sk w9 Ay 22

*E-mail: yongtae@pusan.ac.kr ko] B3l (Composite)S B3+ WA S 9) ohekst 24

—-33 —



34 J. Korean Electrochem. Soc., Vol. 14, No. 1, 2011

W1 o] AN AL gl 7}
g 2R Aew TS 2] AR R AA
HstE = = dRelg & 5 vk =g of3t
Az Hishe Al ARke: Fall o] HaEgle
U oleet wsls sk 2 Al AR o mlAT
zote] AN SRl A7t o g el

B Aolde L1o0 Cre =33e o Yehtes v
Al B olol] g HArEe] HWskE JAREE W
= ol &% XA S AddARte S8l aF
St mAlTERS 2R flsl 23 AR 7R
(Pohang light source, PLS)E ©]-&-3t 389 XA S5
b M| +% (Extended X-ray absorption fine structure,
EXAFS) sl14& At en, oju FAlo dojxl=
XA &4 2 vMF2(X-ray absorption near-
edge structure, XANES) 3148 B3l HAt39 A
4l (Unoccupied state)S 15193t} o2 gk v
el B2 S AAAdE " E(Local Density of State,
LDOS)<= Self-consistent-field(SCF) real-space multiple-
scattering (RSMS) ©]&9ll 7|8kt FEFF 8.4 FE(All
electron method % Korringa-Kohn-Rostoker(KKR)-Green
function methodZ EFE = U)E o83l AL=ER
o XA el wE FrdAte] doPde ALkS: Sl
T 2 EHS Bl s flsire Fol Ak
BdS A Atelof sleg SEE ] A &

o ot

o

]

=
22 Q) HHLASHA AME-El= Pseudopotential method=
35} o). 2 T HasRlol TRlges 2ol

Aol & HiAdele w=v dilrzix] 2 E s
LDOSE 314, H=Zr] #FE(Fermi’s golden rule)l] A
wEe XA B3] Z4e) (Final state) AR Eal
XANES ZHEZLS BARILY o]8gt XA §5-4a%2
ALY ARS Baf HEHo® =) o3 Al 2
HAFze] Wl Js7ke] Addel sl 2@t

o

2.4 H

LiOH'H,O (Sigma-Aldrich, USA)E ZF<0] 50]37,
TiO, (Aldrich, Canada)®} Cr(NO;);9H,O (Sigma-Aldrich,
USAE 718k, 350 RPMOE wHlsh & 28 Z=ut
AT FF 22X AZRAZ FHE 800°ColA]
127178}t EAEdte] LiyTis (CrOp, (x=0. 0.5)5 &
3813t $A499 LTOS] XANES/EXAFS HloEl+ X3}
7157] AF42] 7C1 XAFS 11 gElelor 2435190,
AEL 2714 HYS ol gsle] IAsIon e 45%
Zre 2 71294 Transmission EE=2} Fluorescence
REo] HolEE AL, Iffefit TEIHLS AR5l
Transmission G|o|E]2] 48 Z1331ct. S5 29
e Magle=2 A A53 NomalizationS E3|

XANES ¥ Egts 49101, EXAFS 759 758 1
7] H8l k-weightS 302 A7t k spaced] B
e 25952 AT R spaceE Fol| HBs}o
FittingS &3l AAF A% 4dolE Tl AAt %
&4 98] FEFF 84 ZE=Z o] &3lo] XANES9}
LDOS®] AlL+e a8sIaith. Space group B AR} AT,
Wick-off position, Cluster size52 Y&3 3 Atom I}
d-s AN, H2E GEA 7435] FEFF 98 3t
dS 2sisict. A2 A€} Charge transfer] Al4k
< %18 SCF cardE AME-31SL, FMS cardE 531 Full
multi scatterings 372131$2 ™, EXCHANGE cardE %
3l Hedin-Lundqvist 292 Self-energyS AXFE = U=
= A3} 2 9K potential 2 LDOS AlxHA] o=
zZ2 el FYX|Ql e 87l YRS o83t ALt
< 3192 SCFY] loop 317 HUIXIQI 3082 473}
o gl2n] gelo] £ wj7ix] ALkE Z1&Y3HATE

3. 4n 9 &

Fig. 12 LiyTis_Cr,0, (x=0, 0.5)2] Ti K-edge
XANES ~#HEZLS HoJ&Erh XANESY F+ A2 HEH
oF 20eV ol LFERLE Pre-edge 3+ Sxle] 4k
sh e = ol wilg- RIS goo®, Hloldle
Bound state=2] =} Zolo] eJal] == HAo|oh A
2} Zol= A=A A8 1+2] (Dipole selection rule)l] w2}
dojuh= Aol AdolARk, LTOY] 7% Ti-0 ZAge]
Distortion®] = ZHA L1225 7KL 7] wlZe'?
0dAre] 2p 2uE2F} Ti 3d 9BEe] EA3}(Hybrid-
ization)7} Lot} o] = ¢l&] Ti 1ol 3d=e] A==k
FA] 7] (Dipole forbidden transition)’} Aoyt Fig. 13+
7+ Preedge ¥=7t FAE Zoltk® LTOS} Cro] =
€ LTO® XANESE A¥HH Cre] =3 JaiA]

—Li,Ti,0,, |
—Li,Ti, Cr, O

445770512

0.5

Normalized absorption

0.0

1 1 1 1 1 1
4960 4970 4980 4990 5000 5010 5020 5030

E (eV)
Fig. 1. XANES spectra of Ti K-edge.
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Fig. 2. Fourier transformed spectra of Ti K-edge.

Table 1. Structural parameters by fitting Ti K-edge
EXAFS spectra

Ti-O
Sample CN R/A /A2
Li,TisOp 6 1892048  0.010055
LisTissCr 4501, 6 1.947600 0.008752
Ti-Ti
Sample CN R/A /A2
Li,TisOp 5 2981663  0.012995
LisTissCr 4501, 4.5 2.961763 0.009563

S7FIAL Ti-Ti 247k A% 2ot 4
A 4 Uk olHF AFF HJA] LTOS
S AlY] s FARBIAIEY Lito]2-9] Addel <]si
A A7t Aoyt wslkehe $3e] 799 g, Yol
A1 glo] ] EgRte 2w A Zolr) o)XY walst
U= A2 g Zu|28 Ayjolu), Tst £39] Disorder
EAS VERE Debye-Waller 913 c?)7t £33 A0 B
& Fojue 7 ERT 4 UL S Cr =0 wEhA
TZ2AQ] Ao Tl o] HR]9] Rate capability -]
ds Tl do] Ue AOE AlEHL

olzfst A3t Zo] Wsle] Yle HA =& B3 &
olR7] $J5 FEFF 84 Z=Z2 E3allA LDOS? XANES
£ Alitete] AlEHo)A3ISITE. Fig. 3¢ LTO®] LDOS,
Fig. 4 Cr& =33 LTOS] LDOS 1 =ZE JeERNSL
th LTOE= Ti 3de}t O 2p 74 oF 2eVe] gape] EAEHA
HAA| 9] EAo] vERtTh Crg &3 AollE )
3d W=7 Tie] 3d =R oFF ol EAjlsh F =

¢

N

T L I: T T
Li (8a) .
-
@ ' s
8} Li(ed) i p
e ! —d
S 1
(2] |
= |
g Ti (16d) ﬂ/\
2 :
c
S .
a I
O (32¢) :
|
L o . 1
-30 -20 -10 0 10 20
E (eV)
Fig. 3. Local density of states of Li,TisOy,.
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Fig. 4. Local density of states of LiyTi;5Crs501,.
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Table 2. The electron occupied states for s, p, d, and f
and the calculated charge transfer of Li TisO;,

Fermi level
Element s p d f i (eV)
Li-tet 2.241 0.507 0.051 0.000 +0.196
Li-oct 2.216 0.525 0  0.000 +0.220
—9.557

Ti 0380 6.638 2.374 0.000 +0.611
O 1.852 4.468 0.000 0.000 -0.322

Table 3. The electron occupied states for s, p, d, and f
and the calculated charge transfer of LiyTiysCr¢ 501,

Fermi level
Element s p d f qi (V)
Li-tet 2.245 0.515 0.049 0.000 +0.190
Li-oct 2.219 0.532 0.034 0.000 +0.214 -9.480

Ti 0384 6.641
Cr 0436 6.705
O 1.850 4.455

2.384 0.000 +0.590
4.492 0.000 +0.374
0.000 0.000 -0.304
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Fig. 5. XANES calculations with FEFF 8.4 code.
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