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Fig. 1. Crystal structure of Lij 90sNig333C00 042Mng 41705,
where LiOg, NiOg, CoOq and MnOg octahedra are marked
by green, gray, blue and purple, respectively.

1T Li; 90sNig 333C00 042Mnyg 41704 2
Koo A 1 0% 4 s A B a AR dAs R TR
IRFR R AR RN 2 Y i RE. 25 L B TR

208201-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y 32 2 3R Acta Phys. Sin. Vol. 70, No. 20 (2021)

208201

BHEET R (NIRRT Rk
— AN ) 42 B R B . LA, 23 it o
AR JE IS 95 JEF /R, N 1 g SR LI
Wi —A Mn 57, BARNg £ Bk —
Ni JEF RS/ NR Z; A BA Co [R5, 1k
BULTEA 2. FRE— SR Mz
e RhE, HAT:

AE = E (def/M) — E (pef) + E (M), (1)
Hr E (pef) F/R588 iR B45 588, E (def/M)
PR ML 25 A & B R T I R AR R B B A RE,
E (M) A M WA b A~ I I 4 R 45 A Be
(M = Ni, Co, Mn). T1H&5R KW, Mn 25 1B
BCRE IR, B Mn 250 eI L, X 5 R R
B AR —E0. Mn XRS5 R e 1 TRk A
K. BEAh, Ni =468 EE RS, X R E Ni TR
RAESBEM R, =42 TR P ERIE KA.
Nizt BP0 0.69 A, X5 Lit #2842 0.73 A
FHIE. SZEG S5 R F W], NS Bl TM 2T S
Li 21 Lit RS, LR HE FIRA 297, X5
THARY Ni 23067 T2 B AR (B A A AH — 2. 17 HL R I id

FE2, Mn S EE ETHA A TR SRR ENE, X
WS AT R Mn ST BRI AR —2.

Li; 505Nig 333C00 042Mn 41705 PRI HL T4 44
THRJETE A B AL 1% B 17 s B HEZL T #4711,
A AR R A A B N, Co F Mn 2 3d 3 I
BIEICR, XEETTR M T ARG SR 2L F i
MeAbdire). [ 2 g5t T A e AT A BER T AY Li; g0s
Nij 333C00 04oMng 4170, 1B BET S5 E]. A IE] 2
ALV, FE) B g R o RE R I AR R
AR 470, RULZA B — R AR
RE ZEA MM T (VBM) RIS (CBM) #43
T LA, FTLL Lip 908Nig 333C00 04oMng 4170, J2&
—AHEA B ARG SR, BAE TS mly
B 0.47 eV.

X HLHE S0 HIT  T TRUR T G A L R AR
L T EUE TTRR (BIOR & 545 T Bl Y B
BRTEAL), BARERIA N

N

Do (1) = D3 Cunn(n, k. RS (r — Ry, (2)

pu=1 lm

F 1 SNFEATE Li; 90sNig 533C00 042Mng 41704 BYSEAE HEL, JEMARFIRIZS A G RE OB

Table 1.  Computational lattice constants, unit cell volume and vacancy formation energies of Li; 90sNig 333C00 04oMng 41705
before and after the defect formations.
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Fig. 2. Band structures of Li; 503Nig 333C00 04oMng 41705: (a) Spin-up bands; (b) spin-down bands. Fermi level represented by the red

dotted line.
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Table 2. Contribution of electronic orbital of various types of atoms for the electronic states at VBM and CBM.
Py P= Pz day dyz d,2 dez dy2_ 2
VBM-O 0.138 0.206 0.268 0 0 0 0
CBM-O 0.134 0.164 0.097 0 0 0 0
VBM-Ni 0 0 0 0.048 0.029 0.004 0.095 0.01
CBM-Ni 0 0 0 0.028 0.141 0 0.068 0.102
CBM-Mn 0 0 0 0.003 0.015 0.007 0.003 0.034
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Fig. 3. (a) Total and atomic-decomposed partial density of states for Lij 5sNij333C00,042Mng 41709; (b)—(d) sum of the density of

states of 2p electronic states of the six oxygen atoms around the M-vacancy before and after the formation of M vacancy, respectively.

Black and red solid lines represent DOSs before and after the vacancy formation, respectively.
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Fig. 4. Contour plots of the charge density differences: (a)—(c) Before the M-vacancy formation; (d)—(f) after the M-vacancy forma-

tion. The solid lines and the dot lines represent the charge accumulation (Ap > 0) and the charge depletion (Ap < 0), respectively.
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Abstract

Lithium-rich manganese-based ternary cathode material for lithium-ion batteries, Li; 905Nij333C00 049
Mny 41704, has excellent structural stability and electrochemical stability due to its high Ni content. In order to
understand the physical properties of this lithium-rich material, its crystal structure, electronic structure and
defect properties are calculated by employing the first-principles method based on the density functional theory.
The obtained electronic structure shows that Li; 50gNij 333C00 049Mng 41705 is a magnetic semiconductor with a
direct band gap of 0.47 eV. The analysis of the electronic state suggests that the electronic state at the valence
band maximum (VBM) is the hybridization of p,, p,, p, orbitals of oxygen and the d,, d,., d,, orbitals of Ni-
atom. The electronic state at the conduction band minimum has similar characteristics to those at the VBM,

however, part of Ni-3d,2_,> and Mn-3d,>_,2, and Mn-3d,. also contribute to the electronic hybridizations. The

)
charge density difference calculations indicate that the bonding between O and transition metal atoms are
through the mixture of covalent bond with ionic bond. The vacancy formation of a single metal atom is also
calculated. The results show that the volumes of the defect systems containing metal vacancies are all reduced
in comparison with the volume of perfect lattice. The volume change is the largest for the formation of Mn-
vacancy, while the volume is almost unchanged with Co atoms extracted. The vacancy formation energies of the
metals are F; (Mn) > E; (Co) > E; (Ni), and the vacancy formation energy of Mn is significantly higher than
those of Ni and Co, indicating that the presence of Mn provides a major structural stability for the material.
The calculated charge density differences also show that the formation of metal vacancies influences only the
charge distribution of the oxygen atoms around the vacancy, showing the local character of the vacancy effect.
Since the formation of metal vacancy breaks the bonding between the metal and the surrounding oxygen atoms,
the O-2p states near the Fermi surface are significantly increased as shown in the calculated electronic density
of states. Such a picture suggests that the electrons on oxygen atoms in vicinity of the metal vacancies become

freer.

Keywords: Li-rich Mn-based ternary material, electronic structures, defect properties, first principles
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