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Fig. 1. Unit cell of LiCoO,, the symbols of “Dg.cy.0” and
“Do.rio” are the oxygen distance across the transition met-
al layer (cobalt layer) and across the Li layer respectively.
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Kl 2 25 T A Mg BT RIEFEAC Co 45
FRe . I, DIEEASE Mg BT Co fibraE
k<07 ir, T TR 2 RN i 4R 2 B H Al Co 1Y
Mg BRI 4 117 if (Mg-Mg & 1) BE
d NI FE, IFHEBR SR E). IR R Mg 25
FRACHAS A BEH (0, 1), (0, 2), ..., (0, 17).
T BN TR 1T FRALS RIE R RE. R 1
KHL, BT Co e — 2B T, Bz
(0, 1), (0, 2), ..., (0, 8), HHrgi (0, 3), (0, 5),
(0, 8) HYIE HAE H B T /NF 0 PAE I, 14L& (0,
1), (0, 2), (0, 4), (0, 6), (0, 7) FIIE R BELEAE R T
0 FIIENL, FoRA)ZRIIE4AE Co MR RIERE R LA
Y5y, A fT, AT, SR, WU AR E
)2 Co Mg AL, BN (0, 9), (0, 10), ...,
(0, 17) HIFE BEXIAE-0.60——0.90 eV Z ], B 1]
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XEWER)Z Co M AN FEACR AT, iE—
AT BIR, FERE TR F)ZE Co il T,
RO H L o TN o BB 2R B I EE T4 SR i &
2.833 1 14.194 A, 1H ¢/ a (HADRE AL, A5
5 W B IR MR SRR e 1, A Z AT IER
Mg B F AR 98 T8 22 3L U & 8 2 10 )R
Do.co0, H 2.068 ABENINZE 2.090 A, i % L4 A4
JZ IR JLP- A 5.

i

Sobhasat,

&2 P Mg BAUPIAS Co i 4 Rl 2 2575 i &
Fig. 2. Schematic illustration of various configurations for

two Mg replacing two Co sites.

K3 4 T A Mg 8520 5 1A Co fif
1A Li e Fal A 8. Horp, DI Mg B
R Co fibrE H “0” 7, HEHRE SR Z 1Y Li A7 /Y
Mg B AR5 34N 19, A 42520 BiE A
(0, 1), (0, 2), ..., (0, 9). & 2 5 H T X R 9 Fhal
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# 1 K2 FURBS MBI ITE INRE
Table 1. Formation energies of the various doping
configurations given in Fig. 2.

Mg-Mglalf#Ed/A H& Eiorm/eV
(0, 1) 1.651
(0, 2) 0.196
(0, 3) -0.588
2.830
(0, 4) 0.497
(0, 5) -0.604
(0, 6) 0.383
0,7) 0.348
4.902
(0, 8) ~1.004
(0, 9) ~0.887
4.992 (0, 10) ~0.886
(0, 11) -0.886
(0, 12) 0.875
5.738
(0, 13) ~0.874
(0, 14) 0.872
6.398 (0, 15) ~0.870
(0, 16) -0.871
7.547 (0, 17) -0.655

838283 0

il

B3 WA Mg a3 AR 1A Co LT 1A Li iz ) £ Fi 2

Fig. 3. Schematic illustration of various configurations for

two Mg replacing one Co site and onelLi site respectively.

B RRE. I3 2 FTLIE Y, Bl ?f = Fhaias (0,
1), (0, 2) 1 (0, 3)(Mg-Mg [H] d = 2.869 A)HIIE
BCRE R i HARAR; JUHE (0, 1) #1 (0, 3) PIFRALZS
(L LRE 23 5o —1.137 F1-2.228 eV, ixX 7 B 4~
Mg B 70 38 Co i Al Li A7 (1 X F B AU
AR B AT 2. (0, 5) AT M BEWAE7E 7
8 (-0.143 eV), Al i 4B Y — A 20 2 AT i BE
Wi, it —2, X TP Mg B FEHR
i (0, 4), (0, 6), (0, 7), (0, 8) Al (0, 9) 7, HIE
BUREE KT 0, X2 AP Mg 768 25 Ht i A
HAEMS, Mg &K Li FVEHHEIE T Fik Mg FE

%2 3 FT7R A FBZR HAS TR I RE
Table 2. Formation energies of the various doping

configurations given in Fig.3.

Mg-Mglfi#fid/A 75 Eiorm/eV
(0,1) -1.137
2.869 (0, 2) ~0.497
(0,3) ~2.228
(0, 4) 0.978
4.030
(0, 5) -0.143
(0, 6) 0.319
4.924 (0,7) 0.346
(0, 8) 0.344
6.346 (0, 9) 0.756

TR Li MIE 0L, MOE BBEER K T, A5 58
M. 25T R RTE 4R Co-Li LX) B 48
SEtFRE S . 5 R AL, Mg 245 itk i
Boa T cHBIG R, 439k 2.833 F1 14.194 A, {H
c/a (H5 461 LiCoO, fREFAAE ) Uil Mg B T8
PRI EB Co-Li 5 M F 2R a5 i fee , 1 BEAE
. HBANE)Z IR Do W8/, i 2.654 A
W/NE 2,639 A, X EEIHHETF Mg B T5 02 &
T Z A A5 R P P CAR EAR L, B 400 i 45
JBIZHIREE Do oo BEMBA R, i 2.068 A=
2.112 A, 15 ZAr 48 A0 HE )2 A U 4R 2 0 )
AR,

Bl 4 251 TS Mg 25 RIS Li A2 4
FREHASEL Horp, DI Mg B Li fibr
“O A, AR ]2 R 4R )2 i FLAth Li A7 /9 Mg B
RAZ 5 5% h 1—17, TE RS 53 9E R (0, 1),
(0, 2), ..., (0, 17). F 3FNH TXRAY 17 PSR
TE A, 3R 3 FTLAFE 2, HIE4R 6 FiZiaS (0, 1),
(0, 2), ..., (0, 6)(Mg-Mg [al i d = 2.830 A)HJIE
BRE X T H AR, 7E-0.40— ~1.00 eV Z[f];
2N (0, 7) F1 (0, 8) 4174 (d = 4.902 A)RYIE
BCREA R B Y, (HARX R —LE. T RE M (0, 9), (0,
10), ..., (0, 17) AEMIEREER Z B A TE, £
HIRZE G B R, X2 R A~ Mg 76 B 25 Hm iy
MEAEHTS, Mg BX Li AEHEEET ik Mg
BFHEMRLMEN. FFEB, Mg 22 %
LiCoO, "1 Li vt 23 X B 2R 2540 7 A= 520, 43 B
A Mg B FEARVIE 2 Li A7 015 0, 45 1 & 9,
Mg B35 SIS 8 a A1 c ERABEIN, 1H c/aE T
M2 4.99, VLB 245 5 R A5 s AT 22 . Mg
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B4 PIA Mg BAUPIAS Li i iy &R 4 2508 B

Fig. 4. Schematic illustration of various configurations for

two Mg replacing two Li sites.

#3 4 PURBIS MBS RIE INAE
Table 3. Formation energies of the various doping

configurations given in Fig.4.

Mg-MgI‘ET]f'tEd/A ﬂi[‘ju? Eform/ev
(0, 1) -0.965
(0, 2) -0.442
0, 3) -0.635
2.830
(0, 4) ~0.491
0, 5) -0.723
(0, 6) -0.965
0,7) -0.126
4.902
0, 8) -0.226
(0, 9) 1.883
4.992 (0, 10) —-0.019
(0, 11) 0.208
(0, 12) 0.459
5.738 (0, 13) 0.729
(0, 14) 0.223
(0, 15) 2.305
6.398
(0, 16) 0.993
8.060 (0, 17) —0.182

HFBRNRE/NTBRNEZENERE Doyo,
i 2.654 AJ/NE 2.613 A, X FEIFKEF M2t 5
T5H O*EFZEERNECHEIEN. hTH
ZRER)Z IR B, B S A A I 4 R Y SR
Do.co.o WA, 1 2.068 A= 2.101 A, 1
ISR E AR B AR LA K.

Zi BTk, BT LIRRIE RIS S KN,
XFF A Mg 5 788, Mg B fiiifa] 848 Co fii.
SR, FEXGE PR T, A Mg 455 7
JZEIEAL Co fir; IS Mg 1145 5 [m] J2 [ 1] ¢
R OLifr; P Mg B8+ 545 5 fie il 48 43 0l B AR
Co {3 Fl Li {7, HIXFE 0 B IE i RE 2 e AR .

stdE Mg B 1M i) 2 Bt R AR Co £, [RIH A
Al RE R AEPEHLRRAR Li 8K Co-Li fii. Mg B4 1E
LiCoO, ' Co fif , Li 3 F1 Co-Li 37 £ 5% i) ‘i 2R 2%
MRy Ra e M, Mg B¢ LiCoO, J&, ks W 5L o F1
c #RIEIN T, ARTE 18 2% 7 206 LiCoO, MY ELZE
V14 JEE B RT3 U 4 TR 2 I TR B s i R[], LA e
H: Mg $B747E LiCoO, 1 Co i}, #8780yt ¥ 4
JRIZMREERE K, M5 2 AR A2 R 48 2
MR FEAREA K Mg $B241E LiCoO, 1 Lifif, 43
WY g/ NB 2 R IR B, B T2 E 2 <45
a7, S5lRITAP I IE 48 2R AR K Mg 1844
F£ LiCoO, H' Co-Li fv B, #5448 2 1 JBE B vl /)N
MAB R 48 2 R R R, 5224 e 2
L8 4 8 2 R AR AR K.

3.2 BEEERTE

T E A ROIE AR N TR B A SR
T2, B 5 451 T 4l LiCoO, FIEA Mg B 1%
X Co i LiCoy gs3Mg 0370, FI 25 % & (DOS) A .
M 5(a) AT LLE ), 11545 2 (1) 46 LiCoO, 7
Bk 1.56 eV, LR SLII A 1.7—2.7 eV BOL ]
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Fig. 7. Density of states (DOS): (a) Pure LiCoOy; (b) (0, 3), (c) (0, 5), (d) (
sites in the same layer given in Fig. 2; (e) (0, 9), (f) (0, 12), (g) (0, 14), (h)
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0, 8)configurations for two Mg atoms replacing two Co

(0, 17) configurations for two Mg atoms replacing two

Co site and one Li site respectively given in Fig. 3. The Fermi level is set to be zero.
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Fig. 8. Density of states (DOS): (a) (0, 1), (b) (0, 2), (c) (0, 3), (d) (0, 8) configurations for two Mg atoms replacing two Li sites in
the same layer given in Fig. 4; (e) (0, 10), (f) (0, 17) configurations for two Mg atoms replacing two Li sites in different layers giv-
en in Fig. 4. The Fermi level is set to be zero.
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Abstract

Developing the cathode material with high voltage and high capacity is of critical importance in improving
the energy density of the battery. Among various cathode materials, LiCoO,, as the first commercialized
cathode material for lithium-ion batteries, is still widely concerned by many researchers due to its high output
voltage, high volumetric energy density, and excellent cycling performance. However, a series of issues, such as
serious capacity fading and performance deterioration, can emerge as cut-off voltage is above 4.5 V. Many
strategies have been proposed to stabilize the cycling performance of LiCoO, at high voltages. Mg doping is
considered to be an effective strategy to improve the high voltage cycling stability of LiCoO, cathode material,
but the specific doping form and mechanism of Mg doping still need to be further studied. In this paper, the
values of formation energy and the electronic structures of various configurations for Mg doping on Co and Li
sites in LiCoO, are investigated by the first-principles method based on density-functional theory. The
calculated results show that the values of formation energy for different doping configurations are different and
the substitution of Mg in LiCoO, is complicated. When the doping concentration is 3.7%, Mg prefers to
substitute for the Co site; while the doping concentration increases to 7.4%, Mg can replace not only the Co or
Li sites, but also the Co and Li sites simultaneously. Therefore, it should not be simply believed that Mg ion
can replace only Co or Li site in LiCoO,, depending on the specific doping situation actually. Furthermore,
various doping configurations also exhibit different electronic states, including metallic state and semiconductor
state, and what is more, electronic local states in many cases. Therefore, we believe that the Mg doping
configuration in LiCoQO, is related closely to the doping amount, and the doping induced electronic structure

also has a great difference.
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