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bstract

Layered LiAl1/3−xCoxNi1/3Mn1/3O2 (0� x� 1/3) compounds were studied via the combination of computational and experimental approach.
he calculated voltage curve of LiNi1/3Al1/3Mn1/3O2 compound is presented, indicating it is of great potential for a cathode material of lithium-ion
atteries. Unfortunately, it was found that the LiNi1/3Al1/3Mn1/3O2 compound without impurity phase could not be synthesized via a sol–gel
rocess. To obtain a layered compound without impurity phase, partial of Al is replaced by Co in LiNi1/3Al1/3Mn1/3O2 compound in this study.
ayered LiAl Co Ni Mn O (0� x� 1/3) compounds were synthesized via sol–gel reaction at 900 ◦C under a oxygen stream. Single phase
1/3−x x 1/3 1/3 2

f the LiAl1/3−xCoxNi1/3Mn1/3O2 in 1/6� x� 1/3 region could be prepared successfully. The discharge capacity and conductivity increased with an
ncrease in the Co-substitution content. The enhancement of the conductivity and phase purity by the introduction of Co content shows profound
nfluence on the performance of the LiAl1/3−xCoxNi1/3Mn1/3O2 compounds.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Lithium-ion batteries have been well developed as power
ources ranging from portable electronic devices to zero-
mission vehicles due to their better cycle life and higher
nergy density than other rechargeable battery systems. Cur-
ently, the most widely used commercial cathode material for
ithium-ion batteries is LiCoO2 due to its ease of produc-
ion and stable electrochemical cycling. The relatively high-
ost, concerns about the thermal stability of the charged cath-
de material in electrolyte, and the lure of larger specific
apacity has stimulated the study of possible cathode materi-
ls for lithium-ion batteries. Recently, manganese based lay-

red compounds as cathode materials for lithium-ion bat-
eries are of great interest and are potential candidates to
eplace the commercial LiCoO2. These include LiNi1/2Mn1/2O2

∗ Corresponding author. Tel.: +886 6 2007783; fax: +886 6 2366836.
E-mail addresses: tcchou@mail.ncku.edu.tw (T.-C. Chou),
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1,2], LiNi1/3Co1/3Mn1/3O2 [3–7] and its derivatives such as
iNixCo1−2xMnxO2 (0� x� 1/3) [8–10]. The electrochemical
rocesses involve the redox pair of Ni+2/Ni+4 with two-electron
ransfer in the series of these compounds [1,2,5,9].

The optimum electrode material should combine lower cost
s well as greater safety and performance compared to LiCoO2.
n our recent papers, we showed that LiNi1/3Co1/3Mn1/3O2
ay satisfy all of these three criteria [5,7]. Aydinol et al. [11]

ave reported that LiAlO2 shows a high-calculated potential
f 5.4 V versus Li based on the first principle calculations.
hile pure LiAlO2 is electrochemically inactive, the solid solu-

ion of LiAlO2 with various lithiated transition-metal oxides
an potentially increase the intercalation voltage and cathode
nergy density. This effect has recently been confirmed for the
ixAlyCo1−yO2, LixAlyMn1−yO2 and LixAlyCozMn1−y−zO2
ompounds [12–20]. Meanwhile, LiAlO2 is stable in the �-

aFeO2 structure at temperature below ∼600 ◦C [21], suggest-

ng that it could have a stabilizing effect on layered compounds.
ts low cost and low density also make LiAlO2 attractive as a
onstituent of intercalation electrodes.

mailto:tcchou@mail.ncku.edu.tw
mailto:bjh@mail.ntust.edu.tw
dx.doi.org/10.1016/j.jpowsour.2006.02.005
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4.1.2. Calculated voltage curve
The open circuit voltage curve can be calculated with well-

established methods though it is rather computationally inten-
sive. A reasonable approximation to the voltage curve can be
288 S.-K. Hu et al. / Journal of Pow

Motivated by the first principles calculation, the synthesis
nd characterization of the LiNi1/3Al1/3Mn1/3O2 compound was
arried out and compared to those of the LiNi1/3Co1/3Mn1/3O2
n this work. The effect of Co content on the synthesis and
lectrochemical properties of the LiAl1/3−xCoxNi1/3Mn1/3O2
ompounds will be also investigated.

. Computational

All calculations are performed in the generalized gradient
pproximation (GGA) to density functional theory as imple-
ented in the vienna ab initio simulation package (VASP). The

uclei and core electrons are represented with ultra-soft pseudo-
otentials, and all structures are fully relaxed with respect to
nternal and external cell parameters. The wave functions are
xpanded in plane waves with kinetic energy below 400 eV, and
rillouin zone integration is performed with a 6 × 6 × 4 mesh

n the supercells with three formula units. Absolute energies
ere converged with respect to k-point sampling. All calcula-

ions were performed with spin polarization. Both ferromagnet-
cally and anti-ferromagnetically (anti-parallel) spin polarized
as taken into account in the charge density. Partial states of

ithiation were investigated at x = 2/3, and 1/3 in a supercell with
hree formula units. There are three distinct Li sites in the super-
ell with three formula units. Therefore, the number of possible
i arrangements is 1, 3, 3, and 1 corresponding to x = 1, 2/3, 1/3,
nd 0. All the possible arrangements for the supercell with three
ormula units have been calculated.

. Experimental

LiAl1/3−xCoxNi1/3Mn1/3O2 compounds were synthesized
y a sol–gel method using a citric acid as a chelating agent. A
toichiometric amount of lithium acetate (Li(CH3COO)·2H2O),
ickel acetate (Ni(CH3COO)2·4H2O), cobalt nitrate
Co(NO3)2·6H2O), manganese acetate (Mn(CH3COO)2·4H2O)
nd alumina nitrate (Al(NO3)2·9H2O) were dissolved in dis-
illed water and well mixed aqueous solution of citric acid. The
olution was stirred 60–70 ◦C for 5–6 h to obtain a clear viscous
el. The gel was dried in vacuum oven at 120 ◦C for 24 h. The
aterials were precalcined in two stages: at 500 ◦C for 2 h, and

hen ground before calcining at high temperature (900 ◦C) at
eating rate of about 5 ◦C min−1. The powders were slowly
ooled to room temperature in oxygen.

Powder X-ray diffraction (XRD) data were collected on a
igaku diffractometer with Cu K� radiation (λ = 1.5406 Å),
perating at 300 KV and 60 mA. Grain morphology and par-
icle size of the LiAl1/3−xCoxNi1/3Mn1/3O2 compounds were
xamined by scanning electron microscopy using a JEOL JSM-
700. The LiAl1/3−xCoxNi1/3Mn1/3O2 electrode were fabricated
y mixing 85: 1.5: 3.5: 10 (w/w) ratio of active material, KS-
graphite, Super P carbon black and polyvinylidene fluoride

PVDF), respectively, using N-Methyl-pyrrolidone (NMP) as

he solvent. The resulting slurry was cast onto an aluminum
urrent collector, dried under vacuum oven for 2 h. The elec-
rode foils were pressed by a roller press to a uniform thick-
ess and then cut into disks of 10 mm diameter. The disk
urces 160 (2006) 1287–1293

lectrode foils were put into an argon filled glove box for
onditioning.

Electrochemical measurements were made using coin-type
ells comprising Li metal counter electrode and a 1 M solution
f LiPF6 in EC/DEC (1:1, v/v) as electrolyte. The cells were
ssembled in the argon filled glove box where both moisture
nd oxygen levels are less than 1 ppm. The cells were charged
nd discharged using a Maccor battery tester at C-rate of C/20
ver a potential range between 3.0 and 4.5 V.

. Results and discussion

.1. Computational

.1.1. Density of states of LiyNi1/3Al1/3Mn1/3O2

The density of states of LiNi1/3Al1/3Mn1/3O2 is shown in
ig. 1. The density of states is presented here for the configura-

ion with lowest total energy. In the lowest energy arrangement
i and Mn were anti-ferromagnetic. Since the transition-metal

ons occupy the octahedral sites in the sublattice of oxygen, the
d bands of the transition-metal ions are split into the t2g and
g bands. In LiNi1/3Al1/3Mn1/3O2, the up-spin Ni-t2g, Mn-t2g
nd Ni-eg bands and down-spin Ni-t2g band are fully occu-
ied corresponding to Ni − t62ge2

g, and Mn − t32g. It indicates
hat the oxidation states of Ni, Al and Mn ions are +2, +3
nd +4 in LiNi1/3Al1/3Mn1/3O2 compound, respectively. The
ighest occupied (lowest unoccupied) states are mainly of Ni-
g (Mn-t2g) character. The band gap of LiNi1/3Al1/3Mn1/3O2
ompound is around 0.89 eV, which is higher than 0.63 eV
f LiNi1/3Co1/3Mn1/3O2 compound [5], implying the mobil-
ty of electrons or holes in LiNi1/3Al1/3Mn1/3O2 com-
ound would be worse than that in LiNi1/3Co1/3Mn1/3O2
ompound.
Fig. 1. Density of states of LiNi1/3Al1/3Mn1/3O2.
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Fig. 2. Calculated average voltage in LixA1/3B1/3C1/3O2.

btained by calculating the average voltage over parts of the Li
omposition domain. The average voltage for LiA1/3B1/3C1/3O2
n the range of a ≤ y ≤ b is given as

=

E(LiaA1/3B1/3C1/3O2) − E(LibA1/3B1/3C1/3O2)

+(b − a) E(Lis)

(b − a)e

The result is given in Fig. 2. One should keep in mind that
hese voltages are typically under-predicted. The stepwise nature
f the voltage curve is not real but arises because the voltage is
iven as the running average in the domains n/3 < y < (n + 1)/3
or n = 0–2. Given the small voltage variation over the range
/3 < y < 1, the true voltage will probably be a gently sloping
urve. The redox reaction of Ni2+/Ni4+ occurs in this potential
ange for both LiNi1/3Al1/3Mn1/3O2 and LiNi1/3Co1/3Mn1/3O2
ompounds. The calculated voltage for LiNi1/3Al1/3Mn1/3O2
ompound is slightly higher than LiNi1/3Co1/3Mn1/3O2 com-
ound in the range of 1/3 < y < 1, implying LiNi1/3Al1/3Mn1/3O2
ompound might provide higher power. For 0 < y < 1/3, the cal-
ulated average voltage for LiNi1/3Al1/3Mn1/3O2 compound is
uch higher than that for LiNi1/3Co1/3Mn1/3O2 compound.
he redox reaction for LiNi1/3Co1/3Mn1/3O2 compound is
o3+/Co4+ in this range but the ligand oxygen involves charge

ransfer for LiNi1/3Al1/3Mn1/3O2 compound [11] in this range.
t indicates that it is more difficult to extract all the Li
rom LiNi1/3Al1/3Mn1/3O2 than LiNi1/3Co1/3Mn1/3O2. The spe-
ific capacity for the LiNi1/3Al1/3Mn1/3O2 compound in the
ange of 1/3 < y < 1 is calculated to be around 208 mAh g−1,
hich is higher than 183 mAh g−1 for LiCoO2 and the cost

f LiNi1/3Al1/3Mn1/3O2 compound is less than the com-
ercial LiCoO2. Considering the benefits of higher capac-

ty, higher power and lower cost, LiNi1/3Al1/3Mn1/3O2 com-
ound is of great potential for the replace of the commercial
iCoO2.

d
i
a
t
g

ig. 3. XRD patterns of LiAl1/3−xCoxNi1/3Mn1/3O2 powders sintered at 900 C
nd the expanded views of the patterns in the section of 63–67◦. (a) x = 0, (b)
= 1/12, (c) x = 1/6, (d) x = 1/4, (e) x = 1/3 (↓: peaks for �-LiAlO2 phase).

.2. Experimental

The structure of the LiNi1/3Al1/3Mn1/3O2 powder synthe-
ized by sintering at 900 ◦C for 2 h was characterized using
-ray diffraction (XRD) (Cu K� radiation), as shown in Fig. 3a.
he peaks for the �-LiAlO2 phase (tetragonal) are clearly
bserved in the LiNi1/3Al1/3Mn1/3O2 powder. Since the mixing
f the precursors can reach molecular level in the sol–gel pro-
ess, diffusion and reactions at the sintering temperature would
ake place without any difficulty. It implies the formation of
he LiNi1/3Al1/3Mn1/3O2 powder might be thermodynamically
nfavorable. In order to obtain the cathode materials without
ny impurity phase the Co was introduced to replace Al in the
iNi1/3Al1/3Mn1/3O2 compound. The XRD patterns at various
ontents of Co in the LiAl1/3−xCoxNi1/3Mn1/3O2 compounds
re shown in Fig. 3b–e. The impurity phase of �-LiAlO2 is
till found in the LiAl1/3−xCoxNi1/3Mn1/3O2 compound with
= 1/12 (Fig. 3b), indicating that its formation is also ther-
odynamically unfavorable at 900 ◦C. It was found that sin-

le phase of the LiAl1/3−xCoxNi1/3Mn1/3O2 in 1/6� x� 1/3
egion could be prepared successfully. The formation of the
ayered LiAl1/3−xCoxNi1/3Mn1/3O2 compounds becomes ther-
odynamically favorable while the substitution of Co is higher

han 1/6. The clear splitting of the lines assigned to Miller indices
006, 102) and (108, 110) for the LiAl1/3−xCoxNi1/3Mn1/3O2
ompounds (1/6� x� 1/3) in Fig. 3 indicates good characteris-
ic of layer structure. A partial interchange of occupancy of Li
nd transition-metal ions would give rise to cation mixing (dis-
rdering) in the structure. The R value, the integrated intensity
atio of the (0 0 3)–(1 0 4) lines, is used to measure the degree of
ation mixing [9]. The smaller the R value, the higher the disor-
ering. The lower R value means that undesired cation mixing
ake place. As the Co content x increased, R values are signifi-
antly increased from 1.10 to 1.23, as shown in Table 1. These
ata showed that with an increase in Co content the cation mixing

s reduced. In order to illustrate the relation between the unit cell
nd Co content, x, a- and c-lattice parameters were calculated by
he Rietveld refinement method. The best-fitted parameters are
iven in Table 2 for the LiAl1/3−xCoxNi1/3Mn1/3O2 compounds.
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Table 1
Intensity ratio of I003/I104, cation mixing and electrochemical performance for various samples

Synthesized samples R value (I003/I104) Theoretical R value (I003/I104) Initial discharge capacity (mAhg−1) Cation mixing

LiNi1/3Al1/3Mn1/3O2 –a 1.17 122.5 –
LiAl1/4Co1/12Ni1/3Mn1/3O2 –a 1.23 137.2 –
LiAl1/6Co1/6 Ni1/3Mn1/3O2 1.10 1.31 153.0 0.069
L
L

O
i
b
(

T
L

S

L
L
L

i Al1/12Co1/4 Ni1/3Mn1/3O2 1.13 1.35
iNi1/3Co1/3Mn1/3O2 1.23 1.40

a �-LiAlO2 was observed in XRD measurement.
bviously, the a-axis and c-axis increased slightly with increas-
ng the Co content, as shown in Table 2. The lattice variation can
e explained by using the crystal lattice parameters of �-LiAlO2
a = 2.800 Å, c = 14.22 Å, R3m) oxide which shows a smaller a-

able 2
attice parameters for various samples

ample a (Å) c (Å) c/a

iAl1/6Co1/6Ni1/3Mn1/3O2 2.8414 14.1582 4.9828
iAl1/12Co1/4Ni1/3Mn1/3O2 2.8466 14.1604 4.9745
iNi1/3Co1/3Mn1/3O2 2.8484 14.1679 4.9740

a
t
a
f
i

p
5
x
d
a

Fig. 4. SEM images of LiAl1/3−xCoxNi1/3Mn1/3O2 powders sintered a
158.0 0.051
190.5 0.025

xis and c-axis value than those of LiCoO2 [18,22]. Because of
he formation of the solid solution between LiCoxNi1/3Mn1/3O2
nd �-LiAlO2 phases, it is reasonable that the a-axis and c-axis
or the LiAl1/3−xCoxNi1/3Mn1/3O2 compounds increase with an
ncrease in the Co content.

Fig. 4 shows SEM images of the LiAl1/3−xCoxNi1/3Mn1/3O2
owders calcined at 900 ◦C for 2 h after preheating at

◦
00 C for 2 h: (a) x = 0, (b) x = 1/12, (c) x = 1/6, (d)
= 1/4 and (e) x = 1/3. The LiAl1/3−xCoxNi1/3Mn1/3O2 pow-
ers (x = 0 and 1/12) consist of particles in the form of

smoothly edged polyhedron and round particles with

t 900 ◦C. (a) x = 0, (b) x = 1/12, (c) x = 1/6, (d) x = 1/4, (e) x = 1/3.
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elatively small size. The LiAl1/6Co1/6Ni1/3Mn1/3O2 pow-
er comprises secondary agglomeration that is composed
f faceted primary particles. The LiAl1/3−xCoxNi1/3Mn1/3O2
x = 1/4 and 1/3) powders show secondary agglomeration com-
osed of nano-sized and faceted primary particles. The parti-
les of the synthesized LiAl1/3−xCoxNi1/3Mn1/3O2 compounds
x = 0 and 1/12) are obviously composed of a part of �-
iAlO2 and Li1−zAl1−zNi1/3Mn1/3O2 crystallite. It is consis-

ent with the observation from XRD. The particle size of the
iAl1/3−xCoxNi1/3Mn1/3O2 compounds with x = 0, 1/12 and 1/6

s smaller than that with x = 1/4 and 1/3, indicating the particle
ize increases with increasing the Co content. The particle size
f the LiAl1/3−xCoxNi1/3Mn1/3O2 compounds with x = 1/6, 1/4
nd 1/3 is calculated from Scherrer’s equation is 35.2, 40.6 and
5.5 nm, respectively. It is also observed the particle morphology
rom the SEM images that the crystallinity of the synthesized
owders becomes better with higher Co content. The particle
ize distribution of the synthesized LiAl1/3−xCoxNi1/3Mn1/3O2
owders becomes more uniform at higher Co content. The parti-
le size and crystallinity of the LiAl1/3−xCoxNi1/3Mn1/3O2 com-
ounds is influenced by the introduction of Co. Since the forma-
ion temperature of �-LiAlO2 (∼600 ◦C) [21] is much lower than
iNi1/3Co1/3Mn1/3O2 (∼900 ◦C), the formation of �-LiAlO2

akes place more easily than the layered Li1−zCoxNi1/3Mn1/3O2
ompounds at 900 ◦C. The formation of �-LiAlO2 might impede
he growth of the LiAl1/3−xCoxNi1/3Mn1/3O2 particles, which
esults in the smaller particle size at lower Co content. The
ubstitution of Co can prevent the formation of �-LiAlO2 and
nhance the formation of the layered compounds. Consequently
ncreasing the Co content leads to increase the particle size and
rystallinity of the LiAl1/3−xCoxNi1/3Mn1/3O2 powders. Mean-
hile, the better particle size distribution (200∼300 nm) can be

btained at higher Co content.

The LiAl1/3−xCoxNi1/3Mn1/3O2 (x = 0, 1/12, 1/6, 1/4 and 1/3)
lectrodes cycled in the voltage window of 3.0–4.5 V at a dis-
harge rate of 1/20 C at room temperature is shown in Fig. 5a–e.

ig. 5. The first discharge curves of the LiAl1/3−xCoxNi1/3Mn1/3O2 cells cycled
etween 3.0 and 4.5 V at 1/20 C rate. (a) x = 0, (b) x = 1/12, (c) x = 1/6, (d) x = 1/4,
e) x = 1/3.
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t was found that the potential drop at the beginning of dis-
harge decreases with an increase in the Co content. Since the
otential drop is dominated by the resistance of electronic con-
uction at the beginning of discharge, indicating that increasing
o content can improve the electronic conductivity of the syn-

hesized compounds. For the LiAl1/3−xCoxNi1/3Mn1/3O2 (x = 0
nd 1/12) compounds, the larger potential drop might result from
heir higher impedance contributed from the formation of the
mpurity phase of �-AlO2. For the LiAl1/3−xCoxNi1/3Mn1/3O2
x = 1/6, and 1/4) compounds, the large potential drop is asso-
iated with their poor electronic conduction, which is in good
greement with the computational results that the band gap of
hese compounds decreases by the introduction of the Co con-
ent.

It is worthy to note that the potential for the
iAl1/3−xCoxNi1/3Mn1/3O2 compounds (x = 1/6 and 1/4)

s higher than that of the LiNi1/3Co1/3Mn1/3O2 compound at
he middle-discharged state as shown in Fig. 5. It indicates
hat the substitution of Al can indeed elevate the discharged
otential. The results are consistent with the calculated potential
urves indicating the discharging potential of the Al-doped
ompound is higher than that of the LiNi1/3Co1/3Mn1/3O2
ompound, as shown in Fig. 2. However, the potential for the
iAl1/3−xCoxNi1/3Mn1/3O2 compounds (x = 0 1/12, 1/6 and
/4) is less than that of the LiNi1/3Co1/3Mn1/3O2 compound at
he end of discharge, which is in disagreement with the calcu-
ated results. The polarization is mainly contributed from the
esistance for the diffusion of lithium ions within the particles
t the end of discharge. The potential drop decreases with an
ncrease in the Co content at the end of discharge, implying
hat increasing the Co content can reduce the resistance for
he diffusion of lithium ions [23–25]. Since cation mixing
ould impede the diffusion of lithium ions, it might result from

he lower cation mixing of the synthesized compounds at the
ntroduction of higher Co content. The initial discharge capacity
f the LiNi1/3Al1/3Mn1/3O2 and LiAl1/4Co1/12Ni1/3Mn1/3O2
ompounds is lower than the other samples due to the existence
f the impurity phase of �-LiAlO2. Increasing the Co content
f the synthesized compounds leads to reduce their impurity
hase, cation mixing and band gap as well as improve their crys-
allinity. Consequently, the discharge capacity increases with
n increase in the Co content, which is mainly contributed from
he reduction of the cell polarization. Meanwhile, increasing
he Co content in the LiAl1/3−xCoxNi1/3Mn1/3O2 compounds
eads to decrease their irreversible capacity, as shown in Fig. 6.
t may result from the improvement of their crystallnity by the
ntroduction of Co.

The electrochemical cycling performance for the
iAl1/3−xCoxNi1/3Mn1/3O2 electrode materials were tested
t the rate of 1/20 C, as shown in Fig. 7 It was obvious that
he long-term cyclic performance was improved with an
ncrease in the Co-substitution level. The LiNi1/3Co1/3Mn1/3O2
ompound shows the best reversible capacity and cycling per-

ormance among the synthesized LiAl1/3−xCoxNi1/3Mn1/3O2
ompounds.

It is suggested from the computational prediction that the
iNi1/3Al1/3Mn1/3O2 compound would show better perfor-
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ig. 6. Effect of Co content on the irreversible capacity of first cycle for the
iAl1/3−xCoxNi1/3Mn1/3O2 cells cycled between 3.0 and 4.5 V at 1/20 C rate.

ance as a cathode for lithium-ion batteries. However, there
s some discrepancy between computational and experimental
orks. The computation of this study based on a thermodynamic
oint of view is an ideal approach without considering the effects
f cation mixing, electronic conduction, lithium diffusion and
harge transfer reaction (kinetics) on the performance of the
aterials. The substitution of Al for Co in LiNi1/3Co1/3Mn1/3O2

esults in increasing the cation mixing, the resistance of elec-
ronic conduction, lithium diffusion as well as charge transfer
eaction and therefore deteriorating its electrochemical perfor-
ance. The advantages of high potential and high capacity pre-

icted from the computation for the Al-substituted compounds
annot be achieved due to the kinetic limitation and the suffering
rom its cation mixing. The better electrochemical performance

f LiNi1/3Al1/3Mn1/3O2 compound would be achieved if the pro-
essing method can be improved to reduce its cation mixing and
mpurity phases.

ig. 7. The specific discharge capacities of the iAl1/3−xCoxNi1/3Mn1/3O2 cells
ycled between 3.0 and 4.5 V at 1/20 C rate. (a) x = 0, (b) x = 1/12, (c) x = 1/6,
d) x = 1/4, (e) x = 1/3.
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. Conclusions

Layered LiAl1/3−xCoxNi1/3Mn1/3O2 (0� x� 1/3) com-
ounds were studied via the combination of computational
nd experimental approach. The LiNi1/3Al1/3Mn1/3O2 com-
ound was predicted from the computational results to show
etter performance as a cathode for lithium-ion batteries than
he LiNi1/3Co1/3Mn1/3O2 compound. The potential for the
iAl1/3−xCoxNi1/3Mn1/3O2 compounds (x = 1/6 and 1/4) is
igher than that of the LiNi1/3Co1/3Mn1/3O2 compound at the
iddle-discharged state, indicating that the substitution of Al

an elevate the discharged potential. The results are consistent
ith the calculated potential curve. However, there is some
iscrepancy between computational and experimental works.
ncreasing the Co content not only reduce the formation of
he impurity phase as well as the degree of cation mixing
ut also improve the crystallinity of the synthesized powders.
he electronic polarization and ionic polarization for lithium

on diffusion can be reduced by the introduction of Co in the
iAl1/3−xCoxNi1/3Mn1/3O2 compounds and therefore results in

he better electrochemical properties at the higher Co content.
he LiNi1/3Co1/3Mn1/3O2 compound shows the best perfor-
ance among the synthesized compounds. The advantages of

igh potential and high capacity predicted from the computation
or the Al-substituted compounds can not be achieved due to the
inetic limitation and the suffering from its cation mixing. The
erformance of the LiAl1/3−xCoxNi1/3Mn1/3O2 compounds
ight be improved by optimizing the processing method.
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