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Structural and magnetic properties of LiNi0.5Mn1.5O4

and LiNi0.5Mn1.5O4−δ spinels: A first-principles study∗
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Structural and magnetic properties of LiNi0.5Mn1.5O4 and LiNi0.5Mn1.5O4−δ are investigated using density-

functional theory calculations. Results indicate that nonstoichiometric LiNi0.5Mn1.5O4−δ and stoichiometric

LiNi0.5Mn1.5O4 exhibit two different structures, i.e., the face-centred cubic (Fd-3m) and primitive, or simple, cubic

(P4332) space groups, respectively. It is found that the magnetic ground state of LiNi0.5Mn1.5O4 (P4332 and Fd-3m)

is a ferrimagnetic state in which the Ni and Mn sublattices are ferromagnetically ordered along the [110] direction

whereas they are antiferromagnetic with respect to each other. We demonstrate that it is the presence of an O-vacancy

in LiNi0.5Mn1.5O4−δ with the Fd-3m space group that results in its superior electronic conductivity compared with

LiNi0.5Mn1.5O4 with the P4332 space group.
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1. Introduction

Cathode materials with high energy and power

densities have been extensively studied for lithium

ion batteries to meet the demands of electric vehi-

cles (EVs) and hybrid electric vehicles (HEVs).[1−4]

Among the materials proposed for positive electrodes,

lithium manganese oxide spinel has received much at-

tention because of its high energy density, low cost,

excellent safety, low toxicity, and so on.[5−8] However,

wide application of the LiMn2O4 cathode is restricted

by the capacity fading problem on cycling because

of the well-known Jahn–Teller structural distortion of

MnO6 octahedron and the disproportionation reaction

of Mn3+ ions with the electrolyte during lithium ion

intercalation/deintercalation.[9−12] The performance

of cathode material LiMn2O4 can be improved signif-

icantly by substituting suitable nontransition or tran-

sition metal cations, such as Co, Mg, Cr, Ni, and

Cu.[13−17] Among them, LiNi0.5Mn1.5O4 is particu-

larly interesting due to its high operating voltage at

∼ 4.7 V versus Li+/Li, good cycling performances

without Jahn–Teller effect related to the presence of

Mn3+ and good thermal stability.[18−20]

Many experimental investigations on the struc-

tural and magnetic properties of LiNi0.5Mn1.5O4 have

been carried out. In 1966, magnetic measurement by

Blasse[21] indicated that LiNi0.5Mn1.5O4 is a ferrimag-

netic spinel material with Ni2+ and Mn4+ at octahe-

dral sites and Li+ at tetrahedral sites. Since then,

there have been numerous similar investigations[22−26]

of ferrimagnetism for LiNi0.5Mn1.5O4 at room tem-

perature. Besides, many research groups have re-

ported that LiNi0.5Mn1.5O4 has two different crys-

tal structures with the Fd -3m and P4332 space

groups.[27−30] Nevertheless, Kim et al.[27] argued that

stoichiometric LiNi0.5Mn1.5O4 has a primitive, or

simple, cubic structure (P4332) while nonstoichio-

metric LiNi0.5Mn1.5O4−δ has a normal face-centered

spinel structure (Fd -3m). In addition, Kim et al.[27]

and Kunduraci and Amatucci[28] have reported that

LiNi0.5Mn1.5O4 with the Fd -3m space group has a

superior electrochemical behaviour and structure re-

versibility compared with LiNi0.5Mn1.5O4 with the

P4332 space group. Moreover, Arrhenius plots of

sintered pellets by Kunduraci and Amatucci[28] and

Kunduraci et al.[29] have revealed that the electronic

conductivity of LiNi0.5Mn1.5O4 with the P4332 space

group is two orders of magnitude lower than that

of LiNi0.5Mn1.5O4 with the Fd -3m space group, and
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that the difference in electronic conductivity is due

to the presence of a small amount of Mn3+ in the

Fd -3m space group. However, whether oxygen va-

cancies affect electronic conductivity is still under de-

bate. In addition, the structures of LiNi0.5Mn1.5O4

and LiNi0.5Mn1.5O4−δ may affect their electronic con-

ductivity. Therefore, a comprehensive understanding

of the structural property and the O-vacancy forma-

tion of LiNi0.5Mn1.5O4 (P4332 and Fd -3m) will be

valuable.

On the other hand, there have been some

theoretical studies on fundamental properties of

LiNi0.5Mn1.5O4. Shi et al.[31] investigated the ef-

fects of the cation M (M=Cr, Mn, Fe, Co, and Ni)

doping on the electronic structure of LiMn2O4 and

found that the origin of the higher intercalation volt-

age in LiMyMn2−yO4 can be ascribed to the lower

O-2p level introduced by the doping cation M . First-

principles calculations by Bǐskup et al.[32] have indi-

cated that in LiNi0.5Mn1.5O4 spinel there is an anti-

ferromagnetic ordering within Mn and Ni, resulting

in a ferrimagnetic behaviour. Very recently, first-

principles calculations on the stoichiometric spinel

LiNi0.5Mn1.5O4 revealed no intermediate phases be-

tween LiNi0.5Mn1.5O4 and Li0Ni0.5Mn1.5O4, indicat-

ing that the small step observed in experiment on

LiNi0.5Mn1.5O4 with the P4332 space group may be

the consequence of partial LiNi0.5Mn1.5O4−δ with the

Fd -3m space group.[33]

Although some of the interesting results on

LiNi0.5Mn1.5O4 have been obtained, to the best of

our knowledge, there has been no systematic study

on the comparison of electronic structure and mag-

netic property between stoichiometric LiNi0.5Mn1.5O4

and nonstoichiometric LiNi0.5Mn1.5O4−δ. It is also

of great importance to clarify the inherent reason

for the more favourable electronic properties of non-

stoichiometric LiNi0.5Mn1.5O4−δ than stoichiometric

LiNi0.5Mn1.5O4. In the present paper, we conduct sys-

tematic studies of the structural and magnetic prop-

erties of LiNi0.5Mn1.5O4 with the P4332 and Fd -3m

space groups using the first-principles all-electron pro-

jector augmented wave method based on the state-of-

the-art density functional theory.

2. Computational details

Spin-polarized calculations were conducted with

the Vienna ab initio simulation package (VASP)

in the framework of the projector augmented wave

method.[34−36] The generalized gradient approxi-

mation (GGA) was employed for the exchange–

correlation (XC) potential.[37] To account for strong

on-site Coulomb repulsion among the Mn-3d and Ni-

3d electrons, the Hubbard parameter U was added

to the GGA functional in the rotationally invariant

approach of Dudarev et al.,[38] in which only the dif-

ference (Ueff = U−J) between the Coulomb repulsion

U and screened exchange J parameters must be spec-

ified. In the present work we chose Ueff = 4.5 eV for

Mn and Ni, as this has been reported to be an appro-

priate value in Refs. [39] and [40].

Li-2s12p0, O-2s22p4, Mn-3d64s1, and Ni-3d94s1

were treated as the valence electrons, while all the

other electrons were treated as core electrons. In

order to avoid the interaction between the two im-

ages of the defect due to the periodic boundary con-

dition, we modeled the defect properties using a

56-atom supercell derived from the spinel structure.

We used a plane-wave cutoff energy of 500 eV and

2×2×2 Monkhorst–Pack k-point mesh with a Gaus-

sian smearing of 0.20 eV[41] for the defect proper-

ties. Atomic positions were fully relaxed and the fi-

nal force on each atom was less than 0.02 eV·Å−1

(1 Å=0.1 nm). These parameters assure a total energy

convergence of 2 meV·atom−1. For a more accurate

calculation of the electronic density of states (DOS),

we used 4×4×4 k-point mesh and the linear tetrahe-

dron method with Blöchl correction.[42]

3. Results and discussion

3.1. Structures of LiNi0.5Mn1.5O4

It is well known that LiNi0.5Mn1.5O4 exhibits

two types of crystallographic symmetries,[27−30] i.e.,

face-centered (Fd -3m) and primitive, or simple, cu-

bic (P4332) space group. For LiNi0.5Mn1.5O4 with

the P4332 space group, Li ions are located at 8c sites,

Mn ions at 12d sites, Ni ions at 4a sites, and O ions

at 8c and 24e sites as shown in Fig. 1. Note that

herein Ni and Mn ions are regularly ordered. For

LiNi0.5Mn1.5O4 with the Fd -3m space group, how-

ever, Li ions are located at 8a sites, Mn and Ni ions are

randomly distributed in 16d sites, and O ions occupy

the 32e sites as shown in Fig. 2. Note that we use the

unit cell of LiNi0.5Mn1.5O4 (P4332 and Fd -3m) with

32 O ions and 24 cations as shown in Figs. 1 and 2.

The experimental lattice parameters[27] for the P4332

and Fd -3m space groups are 8.166 Å and 8.172 Å, re-
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spectively. Therefore, their fundamental difference is

where Ni ions are located. However, it is worth men-

tioning that Ni and Mn ions are identically distributed

at 16d sites in LiNi0.5Mn1.5O4 with the Fd -3m space

group.

c
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b

Li

O

Ni

Mn

Fig. 1. (colour online) Schematic plot of the crystal struc-

ture of LiNi0.5Mn1.5O4 with the P4332 space group. Red,

yellow, purple, and blue spheres represent O, Li, Ni, and

Mn atoms, respectively.

In order to further gain an insight into the de-

tailed atomic structure of LiNi0.5Mn1.5O4 with the

Fd -3m space group, we consider all the possible con-

figurations. In the supercell (see Fig. 2), there are four

Ni ions and twelve Mn ions located at 16d sites. It can

be clearly seen that there are sixteen large spheres,

which are located in layers 1, 2, 3, and 4 labeled in

Fig. 2.
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Fig. 2. (colour online) Schematic plot of the crystal struc-

ture of LiNi0.5Mn1.5O4 with the Fd-3m space group. Ni

and Mn are located in layers 1, 2, 3, and 4. Red, yellow,

and blue spheres represent O, Li, and Ni (Mn) atoms, re-

spectively.

Systematical analyses from structural symmetry

and total energy indicate that there are nine types of

configurations in total, denoted as Nos. 1∼9 in Ta-

ble 1.

Table 1 summarizes the lattice parameters, to-

tal energies, and relevant average bond lengths for

all Ni/Mn distribution-based configurations with the

Fd -3m and P4332 space groups. It is found that

for the Fd -3m space group, No. 4 configuration is

energetically the most favourable. Nevertheless, the

Ni/Mn distribution mode, lattice parameter, Ni–O

bond length, Mn–O bond length, and total energy

are the same as those for the P4332 space group (see

No. 10 configuration in Table 1). In any case, we can

say that No. 4 configuration actually has a primitive,

or simple, cubic structure (P4332).

Table 1. All the possible structures, lattice parameters

(a0), total energies (Etot), and relevant bond lengths for

LiNi0.5Mn1.5O4 with the P4332 and Fd-3m space groups.

Fd-3m

No. a0/Å Ni–O/Å Mn–O/Å Etot/eV

1 8.304 2.065 1.954 1.903

2 8.295 2.044 1.953 1.379

3 8.294 2.069 1.947 0.722

4 8.290 2.073 1.938 0

5 8.291 2.062 1.941 0.306

6 8.296 2.055 1.946 0.925

7 8.290 2.038 1.954 1.030

8 8.298 2.062 1.944 1.078

9 8.294 2.049 1.946 1.438

P4332 10 8.290 2.073 1.938 0

On the other hand, we notice from Table 1 that

for the Fd -3m space group, No. 5 configuration has a

total energy 0.306-eV higher than that of No. 4 con-

figuration. This suggests that No. 5 can be chosen

as the configuration of LiNi0.5Mn1.5O4 with the Fd -

3m space group, in which Ni ions take up the sites

(0.75, 0.25, 0.0), (0.75, 0.75, 0.50), (0.25, 0.50, 0.25),

and (0.25, 0.0, 0.75). In other words, stoichiometric

LiNi0.5Mn1.5O4 indeed possesses a primitive, or sim-

ple, cubic structure (P4332), which is consistent with

the available experimental results in Refs. [27]–[29],

[33], [43]–[45].

3.2.O-vacancy formation energies in

LiNi0.5Mn1.5O4

To identify the structures of LiNi0.5Mn1.5O4 and

LiNi0.5Mn1.5O4−δ (δ = 0.125), we calculate the O va-

cancy formation energy Evac by

Evac = E(cellvac) +
1

2
E(O2)− E(cell), (1)

where E(cellvac) and E(cell) are the total energies of

the optimized supercells with and without an O va-

cancy, and E(O2) is the total energy for the ground

state of an optimized oxygen molecule in the gas

phase. Note that, in the process of the O vacancy
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formation, the released O atom is assumed to form an

oxygen molecule.

For LiNi0.5Mn1.5O4 with different P4332 and Fd -

3m space groups, we consider oxygen–vacancy defects

depending on the oxygen atom environmental condi-

tion. For oxygen–vacancy defects of LiNi0.5Mn1.5O4

with the P4332 and Fd -3m space groups, we consid-

ered two kinds of models, respectively. For the first

model with the P4332 and Fd -3m space groups, the O-

vacancy is surrounded by one Ni2+ and two Mn4+ ions

(corresponding O-vacancy configurations are denoted

as P4332-1 and Fd -3m-1 in Table 2, respectively); for

the second model with the P4332 and Fd -3m space

groups, the O-vacancy is surrounded by three Mn4+

ions (corresponding O-vacancy configurations are de-

noted as P4332-2 and Fd -3m-2 in Table 2, respec-

tively.).

Table 2. Calculated O-vacancy formation energies and

relevant bond lengths for LiNi0.5Mn1.5O4 with the P4332

and Fd-3m space groups.

Defect style Evac/eV Mn–O/Å Ni–O/Å

P4332-perfect 1.938 2.073

P4332-1 2.189 1.964 2.016

P4332-2 2.722 1.939 2.077

Fd-3m-perfect 1.941 2.062

Fd-3m-1 1.969 1.969 2.002

Fd-3m-2 2.566 1.947 2.052

In order to analyse the O-vacancy defects, we de-

scribe the O-vacancy formation energies and relevant

bond lengths for LiNi0.5Mn1.5O4 (P4332 and Fd -3m)

in Table 2. It can be seen that the O-vacancy for-

mation energy is lower for the first model than the

second model as 2.189 eV versus 2.722 eV for the

P4332 space group and 1.969 eV versus 2.566 eV for

the Fd -3m space group. Therefore, the first mod-

els of LiNi0.5Mn1.5O4 (P4332 and Fd -3m) present

energetically favourable structures. In addition, the

O-vacancy formation energy of the first model with

the Fd -3m space group (1.969 eV) is lower than

that (2.189 eV) of the first model with the P4332

space group. This suggests that an oxygen deficiency

appearing in LiNi0.5Mn1.5O4 with the Fd -3m space

group is more favourable than in LiNi0.5Mn1.5O4 with

the P4332 space group. Namely, our calculations re-

veal that nonstoichiometric LiNi0.5Mn1.5O4−δ (δ =

0.125) should possess the Fd -3m space group, which is

consistent with the experimental results in Refs. [27]–

[29], [33], and [45].

In order to analyse the influence of the O-vacancy

on electrochemical property, we examine the atomic

structure of the O-vacancy in LiNi0.5Mn1.5O4 (P4332

and Fd -3m). It is found from Table 2 that the average

Mn–O bonds in LiNi0.5Mn1.5O4 (P4332 and Fd -3m)

with the O-vacancy are longer than those in perfect

LiNi0.5Mn1.5O4. The average Mn–O bond is longer for

the first model than for the second model as 1.964 Å

versus 1.939 Å for the P4332 space group and 1.969 Å

versus 1.947 Å for the Fd -3m space group. Moreover,

the diffusion pathway of the Li ion in LiMn2O4 is be-

lieved to be a three-dimensional network.[45,46] The Li

ion moves from one tetrahedral (8a) site to the next by

migration through a vacant octahedral (16c) site.[33,46]

Each 16c site is surrounded by six Mn ions, forming

an Mn ring in the plane that is perpendicular to the

Li ion diffusion pathway. While all vacant octahedral

sites and the Li ion migration paths in a spinel such

as LiMn2O4 are equivalent, LiNi0.5Mn1.5O4 (P4332

and Fd -3m) create an Ni site and an Mn site, which

make the vacant octahedral sites divided. Each 16c

site is surrounded by Mn and Ni ions, forming a ring

in the plane that is perpendicular to the Li ion diffu-

sion pathway in LiNi0.5Mn1.5O4 (P4332 and Fd -3m).

It is obvious that the average Ni–O bond lengths are

larger than the average Mn–O ones in Table 2, sug-

gesting that one of the factors influencing the Li ion

diffusion should be the Mn–O bond. Actually, the

average Mn–O bond lengths for the first model of

LiNi0.5Mn1.5O4−δ (δ = 0.125) (P4332 and Fd -3m) are

larger than those for stoichiometric LiNi0.5Mn1.5O4,

indicating that the former may have a wider Li ion

channel.

In order to show how the electrons are distributed

in LiNi0.5Mn1.5O4−δ (δ = 0.125) with the Fd -3m

space group, we plot the partial densities of states

of Mn-3d for LiNi0.5Mn1.5O4 without and with an O

vacancy as shown in Fig. 3. It is found that eg or-

bits in the majority spin channel of two Mn atoms are

further split in LiNi0.5Mn1.5O4 with the O-vacancy,

which brings down the Mn dz2 orbits and opens a

gap of about 0.4 eV between the Mn dz2 and the Mn

dx2−y2 as in Fig. 3(a). The lowered dz2 orbits become

filled and the corresponding Mn atoms become Mn3+,

which is Jahn–Teller active.[40] In other words, the
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formation of the O vacancy in LiNi0.5Mn1.5O4 causes

the two excess electrons to preferentially occupy Mn-

3d states, resulting in the reduction of Mn4+ to Mn3+,

although the oxidation state of Mn in LiNi0.5Mn1.5O4

(P4332 and Fd -3m) is fixed at +4. This is consis-

tent with the suggestion in Refs. [16] and [47], i.e., an

oxygen deficiency appearing in LiNi0.5Mn1.5O4 should

lower the Mn oxidation state from Mn4+ to Mn3+.
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Fig. 3. (colour online) Majority-spin Mn-3d projected

density of states of (a) Mn3+ in LiNi0.5Mn1.5O4−δ (δ =

0.125) with the Fd-3m space group and (b) Mn4+ in

LiNi0.5Mn1.5O4 with the Fd-3m space group. The Fermi

level is set to be zero eV.

Figure 4 shows the partial densities of states

(PDOSs) for the ferrimagnetic LiNi0.5Mn1.5O4 (P4332

and Fd -3m) and LiNi0.5Mn1.5O4−δ (δ = 0.125) (Fd -

3m). It can be seen that the electronic states around

the Fermi level are mainly (almost all) contributed to

by Mn-3d, Ni-3d, and O-2p. Once LiNi0.5Mn1.5O4

with the Fd -3m space group is reduced by remov-

ing an O atom, a new peak emerges in the Mn-

3d orbit around the Fermi level. The special elec-

tronic structure around the Fermi level may cause

higher electronic conductivity of LiNi0.5Mn1.5O4−δ

(δ = 0.125). Also, the comparison between the

electronic structures of stoichiometric LiNi0.5Mn1.5O4

with the P4332 and Fd -3m space groups reveals that

the PDOSs for LiNi0.5Mn1.5O4 with the P4332 and

Fd -3m space groups are almost identical. There-

fore, LiNi0.5Mn1.5O4−δ with the Fd -3m space group

has superior electronic conductivity compared with

LiNi0.5Mn1.5O4 with the P4332 space group because

of the presence of oxygen deficiency in the former,

which is in good agreement with the experimental

conclusions.[27−29] As is well known, LiMn2O4 suf-

fers from a fast capacity fade because of the exis-

tence of Jahn–Teller active ions, Mn3+.[9−11] How-

ever, it is interesting that although Mn3+ ions are

present in LiNi0.5Mn1.5O4−δ (δ = 0.125) with the Fd -

3m space group, this material exhibits better electro-

chemical performance than LiNi0.5Mn1.5O4 with the

P4332 space group, which is considered to have only

Mn4+ in its oxide matrix.
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Fig. 4. (colour online) Partial densities of states of the

ferrimagnetic LiNi0.5Mn1.5O4 (P4332 and Fd-3m) and

LiNi0.5Mn1.5O4−δ (δ = 0.125) (Fd-3m). The zero point

of the energy axis corresponds to the Fermi level.

3.3.Magnetic properties of

LiNi0.5Mn1.5O4

In order to exactly study the magnetic properties

of LiNi0.5Mn1.5O4 with the P4332 and Fd -3m space

groups, the calculations are performed for the four

different spin configurations, i.e., ferrimagnetic, ferro-

magnetic, antiferromagnetic, and nonmagnetic states,

(denoted as GGA-FiM, GGA-FM, GGA-AFM, and

GGA-NM, respectively, see Table 3). Figures 5(a)

and 5(b) show the antiferromagnetic spin configura-

tions of LiNi0.5Mn1.5O4 with the Fd -3m, and P4332

space groups. In the ferrimagnetic configurations of

LiNi0.5Mn1.5O4 (Fd -3m and P4332), the Mn and Ni

ions along the [110] direction are both antiparallelly

arranged sequentially as shown in Figs. 6(a) and 6(b).

It is obvious to see from Table 3 that the ferrimagnetic

configuration of LiNi0.5Mn1.5O4 with the P4332 space

group has total energies of 0.361 eV, 0.552 eV, and

37.000 eV, lower (per supercell) than those of the fer-

romagnetic, antiferromagnetic, and nonmagnetic con-

figurations, respectively. The ferrimagnetic configura-

tion of LiNi0.5Mn1.5O4 with the Fd -3m space group

also has total energies of 0.055 eV, 0.095 eV, and

37.080 eV, lower (per supercell) than those of the fer-

romagnetic, antiferromagnetic, and nonmagnetic con-

figurations, respectively. Consequently, the magnetic

ground state of LiNi0.5Mn1.5O4 (Fd -3m and P4332)

is ferrimagnetic, which is consistent with the experi-

mental results in Refs. [21]–[26].

128202-5



Chin. Phys. B Vol. 21, No. 12 (2012) 128202

c

a
b

Li

O

Mn

Ni

(a)

c

Li

O

Mn

Ni

a
b

(b)

Fig. 5. (colour online) Antiferromagnetic spin configura-

tions of LiNi0.5Mn1.5O4 with (a) P4332 and (b) Fd-3m

space groups. Red, yellow, purple, and blue spheres rep-

resent O, Li, Ni, and Mn atoms, respectively.
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Fig. 6. (colour online) Ferrimagnetic spin configurations

of LiNi0.5Mn1.5O4 with (a) P4332 and (b) Fd-3m space

groups. Red, yellow, purple, and blue spheres represent

O, Li, Ni, and Mn atoms, respectively.

Table 3. Lattice parameters (a0) and total energies (Etot) for ferrimagnetic, ferromagnetic, antiferro-

magnetic, and nonmagnetic configurations (denoted as GGA-FiM, GGA-FM, GGA-AFM, and GGA-NM,

respectively) in LiNi0.5Mn1.5O4 with the P4332 and Fd-3m space groups.

Exp.[27] GGA-FiM GGA-FM GGA-AFM GGA-NM

Fd-3m
a0/Å 8.172 8.291 8.293 8.290 8.177

Etot/eV 0 0.055 0.095 37.080

P4332
a0/Å 8.166 8.290 8.293 8.285 7.987

Etot/eV 0 0.361 0.552 37.000
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Fig. 7. (colour online) Curves of integrated spin ver-

sus integration radius (Å) around Ni and Mn ions in

LiNi0.5Mn1.5O4 (Fd-3m) with ferrimagnetic spin config-

uration.

To further understand the magnetic ground-state

properties, we plot the curves of integrated spin

versus sphere radius around Ni and Mn ions in

LiNi0.5Mn1.5O4 (Fd -3m and P4332). It can be clearly

seen from Fig. 7 that the plateau in LiNi0.5Mn1.5O4

with the Fd -3m space group gives a net spin density of

about 3.2 µB for Mn and about 1.6 µB for Ni, which

correspond to the values of net spins of Mn4+ and

Ni2+. In addition, the spin moments of Mn4+ and

Ni2+ ions in LiNi0.5Mn1.5O4 with the Fd -3m space

group have opposite signs, indicating an antiferromag-

netic coupling between Mn4+ and Ni2+ ions. In other

words, both Mn4+–O2−–Mn4+ and Ni2+–O2−–Ni2+

couplings are ferromagnetic whereas Mn4+–O2−–Ni2+

is an antiferromagnetic coupling along the [110] direc-

tion, which has been experimentally observed.[21−26]

Consequently, the above discussion clearly shows that
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it is the antiferromagnetic coupling between the Mn4+

and Ni2+ ions that leads to the ferrimagnetism in

LiNi0.5Mn1.5O4 (Fd -3m and P4332). The ferrimag-

netic model of LiNi0.5Mn1.5O4 (Fd -3m and P4332)

has a magnetic moment of 28 µB, which is consistent

with the experimental value reported by Blasse.[21]

4. Conclusions

Using the first-principles density-functional the-

ory and considering the on-site Coulomb interaction

within the GGA+U scheme, we investigate crystal

structures and magnetic properties of LiNi0.5Mn1.5O4

and LiNi0.5Mn1.5O4−δ. The results indicate that

stoichiometric and nonstoichiometric LiNi0.5Mn1.5O4

have two different structures (P4332 and Fd -3m).

Ferromagnetic orderings of Ni and Mn sublattices

in LiNi0.5Mn1.5O4 (P4332 and Fd -3m) along the

[110] direction and their antiferromagnetic order-

ing relative to each other result in its ferrimagnetic

magnetic ground state. It is confirmed that the

LiNi0.5Mn1.5O4−δ with the Fd -3m space group has

superior electronic conductivity compared with the

LiNi0.5Mn1.5O4 with the P4332 space group because

of the oxygen deficiency in the former.
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