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Fig. 1. (a) Crystal structure of Lij 15;Nig157C0p.167Mno 505 (NiOg, CoOg and MnOgy octahedra are marked by gray, blue and purple,

respectively; oxygen and lithium ions are denoted by red and green balls, respectively); (b) diagram of the four coordination pat-

tern of oxygen and surrounding atoms.
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Fig. 2. PDOS for Li;  6;Nij16:C0op 167Mng 50, material. The

dotted line represents Ep = 0.
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# 1 Lip6Nig167C00.167Mng 500 FEFHIR[RI SRR BEG Y 3 Bl vl faf A5 A 25 RO I AE
Table 1. The calculated formation energies of non-equivalent oxygen vacancies at different charge states in the bulk

Liy 167Nig.167C00.167Mng 504 at different Fermi level.
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Fig. 4. Formation energies of an oxygen vacancy with dif-

ferent Fermi level as a function of temperature at P =
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Fig. 7. 2D charge density plots of Li; 14;Nig 167C0(.16:Mn50: (a) Pristine; (b) with oxygen vacancy (The solid and dashed lines rep-

resent the accumulation and depletion of charges relative to the independent atoms, respectively); 3D charge density plots of

Li; 167Nig 167C00.167Mng 504: (¢) pristine; (d) with oxygen vacancy.

10

10

(b) —— Perfi Mn-A 3d
— Def. | Mn-A 3d V!

(a) —— Perfi Mn-A 3d
—— Def. | Mn-A 3d V9§

o [l

—10

-5 0 5

PDOS/(states-eV~l-unit cell~1)
|
o
PDOS/(states-eV~l.unit cell=1)
|
o

E—Ep/eV

10

(d) () —— PerfiMn-B 3d

—— Def. | Mn-B 3d V3!

O_AM‘&:»;»

—5F

Perf. Mn-B 3d
—— Def. Mn-B 3d V)

—10

PDOS/(states-eV~l-unit cell~1)
PDOS/(states-eV~1-unit cell~1)

-5 0 5 -5 0 5
E—Egp/eV E—Ep/eV

PDOS/(states-eV~l.unit cell~1)

PDOS/(states-eV~l-unit cell~1)

10

—10

10

—10

(c) Perf Mn-A 3d
— Def. | Mn-A 3d V{?
-5 0 5
E—Eg/eV
(f) —— Perfj Mn-B 3d
—— Def.| Mn-B 3d V§?
-5 0 5
E—Egp/eV

B 8 AAZSHIME Mn-A 3d (a)—(c) Ml Mn-B 3d (d)—(f) M T7EARHEM AT A PDOS
Fig. 8. PDOS of Mn-A 3d (a)—(c) and Mn-B 3d (d)—(f) electrons in different charge states near the oxygen vacancies.
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Fig. 9. Interaction energies of an oxygen vacancy and its
neighboring point defects, including vacancies Vy, and

substitutional Feyy,, Moy, point defects, respectively.
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Formation of oxygen vacancies in Li-rich Mn-based cathode
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Abstract

Using the first-principles method based on the density functional theory, the oxygen vacancy formations in
the lithium-rich manganese-based ternary cathode material Li; 147Nig167C0g 167Mng 50, are calculated. The
changes of oxygen vacancy formation energy with temperature, oxygen partial pressure and point defects in the
material are discussed, meanwhile, the effect of oxygen vacancies on the capacity is also discussed. The
calculation results show that the increase of temperature and the decrease of oxygen partial pressure can lead
the formation energy of an oxygen vacancy to decline. For the charged oxygen vacancies (Vd', V{?), the
formation energy of an O-vacancy increases with Fermi level increasing. It is also found that the presence of an
oxygen vacancy will trigger off a very local charge density redistributions, mainly around the neighboring Mn
ions next to the O-vacancy. Furthermore, the effects of point defects, including cation vacancies and
substitutional defects in the vicinity of the O-vacancy, on the formation energy of O-vacancy are also
calculated. The results show that the presence of Mn vacancy near the O-vacancy is beneficial to the formation
of the O-vacancy. In addition, the formation of oxygen vacancy is suppressed when the Mn atoms near the O-

vacancy are substituted by the Mo or Fe atoms.

Keywords: Li-rich Mn-based ternary materials, oxygen vacancy, defect formation, first-principles calculations
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