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Electrochemical Properties and Thermal Stability of LiaNi12xCoxO2
Cathode Materials

Jaephil Cho,*,z HyunSook Jung, YoungChul Park, GeunBae Kim, and Hong Sup Lim*

Samsung Display Devices Company, Chonan City, Chungchongnam-Do, Korea

Conductive and electrochemical properties as well as thermal stability of LiaNi12xCoxO2 where x 5 0-0.3 and a 5 1.0-0.4 have
been studied using impedance spectroscopy, galvanostatic intermittent titration technique, cyclic voltammetry, electrochemical
cycling, and differential scanning calorimetry (DSC). The electronic conductivity of partially charged material (a # 0.8) increas-
es substantially when the cobalt content is increased to x 5 0.3 from 0.2. The mobility, chemical diffusion coefficient, and Li1 ion
diffusion coefficient in the partially charged material are in the neighborhood of 1026 cm22/V s, 1028 cm2/s, and 5 3 10210 cm2/s,
respectively, and are rather insensitive to the values of a and x. Results of electrochemical and DSC studies show that
LiNi 0.7Co0.3O2 is the best cathode material for a Li cell of all materials studied here in view of the best cycle stability, the small-
est irreversible capacity, and the greatest thermal stability with minimal reduction of specific capacity from that of LiNiO2.
© 2000 The Electrochemical Society. S0013-4651(99)04-113-9. All rights reserved.

Manuscript submitted April 28, 1999; revised manuscript received July 20, 1999.
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In an effort to improve energy density of Li-ion cells, LiNiO2 has
been studied extensively as a cathode material by many inves
tors1-12 because its specific capacity is higher than that of LiCoO2,
which is presently used in most commercially available Li-ion ce
LiNiO2 shows a specific capacity up to 203 mAh/g (cf. 160 mAh
for LiCoO2) when cycled between 2.75 and 4.3 V vs. Li metal. This
potential (4.3V vs. Li metal) corresponds approximately to a 4.2
charging voltage for a practical Li-ion cell, because the potentia
an incompletely charged carbon anode in the cell at the end
charge is approximately 0.1 V vs. Li. 1,2

LiNiO2, however, also has a few disadvantages compared
LiCoO2 as a cathode material. Its major disadvantages are (i ) it is
less stable structurally upon cycling,12 (ii ) it is more difficult to syn-
thesize in consistent quality,13 and (iii ) it has greater safety problem
due to its more exothermic decomposition when liberating oxyg
compared to LiCoO2.

5,6 Because of these difficulties, a Li-ion cel
in which LiNiO2 is used as the cathode material is not yet availa
commercially. Recently, LiNi12xMxO2 where M is one of the transi-
tion or alkaline earth metals, has been studied extensively in an e
to solve these problems by stabilizing the structure of LiNiO2.

3-11

Of these substituted compounds, LiNi12xCoxO2 has been identified
as one of the most attractive materials.10-16

In an electrochemical study of LiNi12xCoxO2 (x 5 0.2 and 0.3)
in a LiNi12xCoxO2/Li cell which was cycled between 4 and 2.7 V a
low currents (0.07-0.4 mA/cm2), Delmas et al. reported that
LiNi 0.7Co0.3O2 showed better capacity retention than LiNi0.8Co0.2O2
as a result of enhanced layering characteristics as the Co conte
creased.15,16 In contrast, Ohzuku et al. reported capacity fading
behavior of LiNi12xCoxO2 similar to that of LiNiO2 when they were
cycled between 4.2 and 2.5 V at a current density of 0.17 mA/cm2, 17

Also, Li et al. reported capacity fading behavior of LiNi0.85Co1.5O2
similar to that of LiNi0.67Co0.33O2 when they were cycled between
4.25 and 3 V at a current density of 0.5 mA/cm2, 10 indicating that
the capacity fading behavior of LiNi12xCoxO2 during cycling is not
affected significantly by the Co content (x value). Because these
results apparently conflict with each other, it is desirable to und
stand the effect of the Co content on the capacity fading behavio
possible benefits in practical cells.

Commercially available Li-ion cells containing LiCoO2 as the
cathode material are typically charged to two different cutoff vo
ages,i.e.,4.1 and 4.2 V, which corresponds to approximately 4.2 a
4.3 V vs. Li, respectively.18,19 LiCoO2 is structurally stable at both
voltages.20,21However, the effect of cutoff voltage on cycling perfo
mance of LiNi12xCoxO2 is largely unknown, although these voltage
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are likely to affect the stability in view of the potential-depende
crystallographic phase transitions of LiNiO2.

22 It has been reported
that LiNiO2 exhibits a series of phase transitions during cycling, a
such phase transitions are a cause of deterioration of its structura
bility, resulting in capacity fading.13 Although the addition of Co to
LiNiO2 has been shown to improve structural stability during c
cling,10 information on the electrochemical properties of the modifi
material is rather limited. The magnitude of irreversible capacity
the cathode material is also important to know to achieve good Li
cell performance. However, information on the composition-dep
dent irreversible capacity of LiNi12xCoxO2 and its dependence on
cutoff voltages are not available in the open literature to our kno
edge. The thermal stability of the cathode material of a Li-ion cel
of great interest in connection with cell safety.5,6,24It has been report-
ed that LiNi12xCoxO2 where x > 0 is more stable than LiNiO2. 5

Among other required properties of Li-ion cell cathode materi
are good electrochemical reversibility, stability upon cycling, hig
chemical diffusion coefficient of Li1 ions, and high electronic con-
ductivity. The Li1 ion chemical diffusion coefficient and electroni
conductivity play important roles in governing the performance
cathode materials. Tukamoto et al.25 reported that the overall con-
ductivity of LiCoO2 is in the order of 1023 cm21 V21 at room tem-
perature and is dominated by electronic conductivity. Molen
et al.26 studied the electronic conductivity of LiaCoO2 as a function
of a. The conductivity of LiaCoO2 increased very rapidly as the a
value decreased from unity,e.g., 1023 cm21 V21 when a 5 1,
1 cm21 V21 when a 5 0.8, and 102 cm21 V21 when a5 0.17. The
Li1 ion chemical diffusion coefficient of in LiaCoO2 has been inves-
tigated by various authors. Using the galvanostatic intermittant ti
tion technique (GITT), Mizushima et al.27 and Kikkawa et al.28

obtained a value in the vicinity of 5 3 1029 cm2/s in the a range of
0.2-0.8, whereas Thomas et al.29 reported a value higher by an orde
of magnitude (5 3 1028 cm2/s) using an impedance spectroscop
technique. The Li1 ion chemical diffusion coefficient in LiaNiO2
was reported by Bruce et al.30 using an impedance spectroscop
technique as D 5 2 3 1027 cm2/s in the a range of 0.2-0.7.

In the present paper we report the results of a comprehen
study of conductive and electrochemical properties as well as t
mal stability of LiaNi12xCoxO2 compounds as a function of the C
content (x 5 0-0.3), degree of Li1-ion extraction (a value), and the
charge cutoff voltages during cycling.

Experimental

Material preparation.—LiNi 12xCoxO2 (x 5 0, 0.1, 0.2, and 0.3)
powder samples were prepared by mixing appropriate amount
LiOH?H2O and Ni12xCox(OH)2 (Li/(Li 1 Ni 1 Co) 5 1.01) fol-
lowed by heating the mixture at 7008C for 13 h under dry air atmos-
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phere. This synthetic method provided the following advantages 
previously reported methods9,10: (i ) reduced sintering temperatur
(7008C), (ii ) air atmosphere instead of oxygen, and (iii) reduced soak
time (13 h) at 7008C. Analyses of Li content a in LiaNi12xCoxO2
compounds were carried out using inductively coupled plasma-m
spectroscopy (ICP-MS) (Himadachi, Japan). The Li content in th
present sample was a5 0.998.

Electrical conductivity measurements.—A powder sample of
LiNi 12xCoxO2 of about 0.5 g was pressed into pellets (without us
a binder or additive) 10 mm diam and 2 mm thick followed by he
ing at 7008C for 4 h. For preparation of partially extracted
(LiaNi12xCoxO2 with a 5 0.8, 0.6,and 0.4), samples, the Li1 ion
was extracted electrochemically from the LiNi12xCoxO2 pellet in a
coin-type LiNi12xCoxO2/Li cell. An empirical relationship between
equilibrium potential and degree of Li1 ion extraction from
LiNi 12xCoxO2, which was similar to one previously used,8 was used
to determine the value ofa.The coin cell was charged using a pote
tiostat/galvanostat (EG&G Princeton Applied Research 273A) a
300 mA/cm2 to a predetermined voltage followed by further char
ing at this voltage for 30 h until the current dropped to 10 mA/cm2.
The predetermined voltage values were 3.7, 3.8, and 4 V for aval-
ues of 0.8, 0.6, and 0.4, respectively. After charging, the coin c
were disassembled to remove the LiNi12xCoxO2 pellets followed by
rinsing them with dimethyl carbonate (DMC) to remove LiPF6 salt
from the pellets. The pellets were then vacuum-dried at 808C. G
was sputtered on each face of the pellet sample for ac imped
measurements, which were carried out using a potentiostat/galv
stat (EG&G 273A). 

Preparation of cathodes and test cells.—Cathodes for battery tes
cells were made of the cathode material, super P carbon black 
Belgium) and polyvinylidene fluoride (PVdF) binder (Kureha Com
pany) in a weight ratio of 92:4:4. Electrodes were prepared by co
ing a cathode slurry onto an Al foil followed by drying at 1308C f
20 min. The slurry was prepared by thoroughly mixing a N-methyl-
2-pyrrolidone(NMP) solution of PVdF (water content below 0.01%
carbon black, and the powder cathode material. Coin-type ba
test cells (size 2016) prepared in a helium-filled glove box contai
a cathode, a Li metal anode, a microporous polyethylene separ
and an electrolyte consisting of a 1 M solution of LiPF6 in 1:1 (by
volume) mixture of ethylene carbonate (EC) and DMC. Each 
cathode contained approximately 30 mg of LiNi12xCoxO2 material.
Test cells were aged at room temperature for 24 h after the add
of electrolyte before electrochemical testing. 

Electrochemical testing.—Cycling tests of the coin-type ce
were carried out using charge cutoff voltages of 4.1, 4.2, and 4
at various constant-current charge and discharge rates using a m
channel cycler (Toyo) with current accuracy of 0.5% or bet
Cycling tests were carried out initially by charging and discharg
cell at the 0.1C rate for one to two cycles, followed by three cyc
at the 0.2C rate, five to ten cycles at the 0.5C rate, and finally a
1C rate for a total of 110 cycles. For GITT measurements, fu
charged Li/LiNi12xCoxO2 (x 5 0, 0.1, 0.2, and 0.3) test cells wer
allowed to reach equilibrium states after each incremental cons
current discharge step by allowing an open-circuit period of 300
Cyclic voltammograms of LiNi12xCoxO2 cathodes in the coin cells
were recorded at a scan rate of 0.02 mV/s using a potentiosta
vanostat (EG&G 273A).

Preparation of DSC samples.—Cathode samples for DSC meas
urements were prepared by charging the coin cells to 4.2 and 4.3
the 0.1C rate (1C 5 180 mA/g) followed by holding at the respectiv
potential for 20 h. These cells were then dissembled in a glove bo
remove the charged cathode which typically contained 30-35 wt
electrolyte,30 wt % Al foil, 5 wt % combined binder and carbo
black, and 30-35 wt % cathode material. Approximately 10 mg of 
cathode was cut and hermetically sealed in an Al DSC sample 
Only the cathode material was used for the calculation of specific 
flow. The heating rate of the DSC experiment was 38C/min.
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Results and Discussion
Structural characterization of LiNi12xCoxO2.—X-ray diffraction

(XRD) patterns of LiNi12xCoxO2 (x 5 0, 0.1, 0.2 and 0.3) powde
samples indicate that they are single phases with a hexagonal
structure with a space group R3wm, as shown in Fig. 1. In this struc
ture, Co31, Ni31, and Li1 ions occupy at 3b and 3a sites, respe
tively, on the alternate (111) planes of the rock-salt structure, wh
as the oxygen ions form a close-packed face centered cubic 
structure.

The ratio of lattice constants,c/a, increased to 4.948 in
LiNi 0.7Co0.3O2 from 4.935 in LiNiO2, indicating that lattice expands
preferentially in the direction of the c axis. This lattice expansion
accompanies increased separation of the 006-012 and 018-110
pairs, whereas reduction of the c axis lattice expansion implies con
version of the structure toward a cubic lattice with merging of the
peak pairs into single peaks.14 The increased lattice expansion a
indicated by increased separation of the peak pairs is related to
reduction of cation mixing,i.e., a portion of Li ions go into the 3b
sites of Ni and Co instead of the normal 3a sites.5,14 Reduction of
(003) peak size was also observed as the x value decreased, as show
in Fig. 1. The cation mixing becomes increasingly more eviden
the x value decreased, showing the highest degree of cation mi
with LiNiO2. The possible formation of impurity phases such 
LiOH and Li2CO3 as a result of cation mixing was suggested ea
er.8 In order to investigate such a possibility, we carried out therm
gravimetric analysis of the samples in the temperature range 1
9008C. The measured thermogravimetric analysis (TGA) cur
showed no indication of the presence of LiOH or Li2CO3 in all sam-
ples tested, indicating that these impurity phases may not form
detectable level, if they form at all. However, the absence of th
phases does not necessarily mean that there is no cation mixin

Electronic conductivity.—The impedance complex-plane plo
for LiaNi12xCoxO2 exhibited a simple response with a frequenc

Figure 1. Powder XRD patterns of the LiNi12xCoxO2 for x 5 0, 0.1, 0.2,
and 0.3.
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independent impedance in which many data points superimpose
a single point on the real (Z) axis. Because these plots did not sho
an indication of low-frequency dispersion attributed to charge bloc
ing at the electrode interface, the LiaNi12xCoxO2 electronic conduc-
tivity can be obtained directly from the gross resistance of the p
lets, analogous to that observed in LiCoO2.

25 The dependence of
LiaNi12xCoxO2 electronic conductivity on a value is shown in Fig. 2.
The conductivity increased as the avalue decreased. The increase
however, was much more gradual than the similar increase repor
for LiaCoO2.

26 For example, when the avalue decreased from 1.0
to 0.8, the LiaNi12xCoxO2 conductivity (xvalue 0-0.2) increased by
a factor of approximately 20 and by a factor of 500 when the xvalue
is 0.3, whereas that of LiaCoO2 increased by more than three order
of magnitude.

The present observation is consistent with earlier results on 
conductivity of Ni-rich LiaNi0.8Co0.2O2 and Co-rich LiaNi0.1Co0.9O2
reported by Saadoune et al.31,32 They reported that in the Ni-rich
compound the conduction is dominated by a Ni31-O22Ni41 hopping
mechanism. Because Ni41 and Co31 ions (t2g

6eg
0) have a low-spin

configuration and are diamagnetic, only the Ni31 ion (t2g
6eg

1) is ex-
pected to participate in the conduction process.31-33 In the Co-rich
compound, Co31 ions may be oxidized to Co41 ions (t2g

5eg
0) with

an incompletely filled t2g orbital before Ni31 ions are fully oxidized
to Ni41 ions, leading to t2g-t2g overlapping of cobalt ions. Such
orbital overlapping is presumed to be the cause of enhanced 
ductivity of the Co-rich compounds. In the present observation 
speculate that the enhanced conductivity of LiaNi0.7Co0.3O2 over
those of LiaNi12xCoxO2 (x 5 0-0.2) might be because a part of Co31

ions in the former compound (Co-rich) is oxidized to Co41 ions as
Li1 ions are extracted, whereas in the latter compound (Ni-ric
mainly Ni31 ions participate in the oxidation. This speculation ma
indicate that the transition of the “Ni-rich” to “Co-rich” behavior
occurs for Co content (x value) between 0.2 and 0.3.

Chemical and component diffusion coefficients and mobility 
Li1 ion.—The chemical diffusion (DLi) and component diffusion
(DkLi) coefficients for Li1 ion were determined from galvanostatic
intermittent titration curves as illustrated in Fig. 3. DLi was calculat-
ed from Eq. 1 as a function of Li content (a value) in the cathode
materials34,35

[1]

where mB is the mass of active material,DEs the steady-state (or
equilibrium) voltage,DEt the total change of the transient cell volt
age for an applied current Io for time t,MB the molecular weight of
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Figure 2. Electronic conductivity of LiaNi12xCoxO2 for x 5 0, 0.1, 0.2, and
0.3 as a function of the value of a.
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active material,S the geometric area of the sample-electrolyte inter
face, and VM molar volume of the electrode.

The Li1 ion component diffusion coefficient, which is a measure
of the capability of the Li1 ions to move within the oxide lattice by
a random motion without being influenced by a concentration grad
ent, was calculated from Eq. 234,35

[2]

where ZA is the charge valence of Li,q the elementary charge
(1.6023 10214 C), T absolute temperature,k the Boltzmann con-
stant, and aLi and cLi activity and concentration of Li in the active
material, respectively.

DkLi is related to the electrical mobility of the Li1 ion (uLi) by the
Nernst-Einstein equation34 from which the mobility was calculated

DkLi 5 kTuLi/q [3]

The measured values of Li1 ion chemical diffusion coefficient in
LiaNi12xCoxO2 was approximately 3 31028 cm2/s when a5 0.3.
The value gradually decreased to 1 3 1028 cm2/s as the a value
increased to 0.8 but was insensitive to Co contents (x values) as
shown in Fig. 4. Scattered data points for LiNiO2 are not fully under-
stood but might be related to a phase transition.36Values obtained by
the GITT technique are lower by an order of magnitude than th
reported value of 2 31027 cm2/s for LiaNiO2 where a5 0.2-0.7, as
obtained from an impedance measurement.30 The measured values
of Li1 ion component diffusion coefficient and its mobility are
shown in Fig. 5 and 6, respectively. These values are almost ind
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Figure 3. (a) Galvanostatic intermittent discharge curves of LiaNi12xCoxO2
where x 5 0, 0.1, 0.2,and 0.3 as a function of the value of a. (b) Intermitten
discharge curves allowing the cell to reach equilibrium states by allowing 
open-circuit period of 3000 s after each incremental discharge step 
18 mA/g.
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pendent of the Li (a value) and Co content, although they show 
very slight decreasing trend as the a value increased from 0.3 to 0.8.

Electrochemical behavior of LiNi12xCoxO2 on cycling.—Meas-
ured values of initial charge, discharge, and irreversible capacitie
various charge cutoff voltages of LiNi12xCoxO2 wherex 5 0, 0.1,
0.2, and 0.3 are summarized in Table I. The initial charge capac
values decreased significantly as the cobalt content (value ofx)

Figure 4. Chemical diffusion coefficient (DLi) of Li1 ions in LiaNi12xCoxO2
for x 5 0, 0.1, 0.2,and 0.3 as a function of the value of a.

Figure 5. Component diffusion coefficient (DkLi) of Li1 ions in
LiaNi12xCoxO2 for x 5 0, 0.1, 0.2,and 0.3 as a function of the value ofa.
a

s at

ity
 

increased by each step when the charge cutoff voltage was 4.2
4.3 V, but the change in the charge capacity was rather insignific
when the cutoff voltage was 4.1 V. The discharge capacity increa
when the cobalt content was increased from x5 0 to x5 0.1 at all
cutoff voltages. However, when the xvalue was further increased to
0.2 and 0.3, the discharge capacity values decreased when the c
cutoff voltage was 4.2 and 4.3 V, whereas the values increased w
the charge cutoff voltage was 4.1 V. These rather involved pattern
the dependence of capacity values on the composition and the c
voltage is due to the presence of a composition-dependent redox 
ple, “H21H3,” between 4.1 and 4.2 V, as shown by the cyclic voltam
mograms in Fig. 7. This couple does contribute to the measu
capacities when the cutoff voltage is 4.1 V. LiNiO2 shows two elec-
trochemical couples, “M1H2” and “H21H3.” “M1 H2” signifies a
transition between a monoclinic phase (M) and a hexagonal ph
(H2) and “H21H3” a transition between a hexagonal phase (H2) a
another hexagonal phase (H3).13 The irreversible capacity loss upon
cycling was attributed to the deformation of the NiO2 layer in the
LiNiO2 crystal lattice due to the phase transition involving H2 and H
phases with a shorter c axis lattice parameter.13

An interesting trend of the irreversible capacity values with t
cobalt content in LiNi12xCoxO2 was observed. The measured capa
ity values were in the range 406 2 mAh/g when x5 0, 20 6
2 mAh/g when x5 0.1, 216 2 mAh/g when x5 0.2, and 106
1 mAh/g when x5 0.3, independent of the charge cutoff voltages 
shown in Table I. The irreversible capacity value decreased signifi-
cantly as Co was introduced at the x5 0.1 level. An increase of Co
content from x5 0.1 to x 5 0.2 did not change the capacity. How
ever,a further increase of the Co content from x5 0.2 to x5 0.3
changed the capacity significantly. This change is reminiscent of 

Figure 6. Electrical mobility (uLi) of Li1 ions in LiaNi12xCoxO2 for x 5 0,
0.1, 0.2,and 0.3 as a function of the value of a.
8 
Table I. Summary of charge, discharge, and irreversible capacities (mAh/g) of LiNi12xCoxO2 where x 5 0, 0.1, 0.2, and 0.3 at the 0.1C rate
with charge cutoff voltages of 4.1, 4.2, and a 4.3 V and a discharge cutoff voltage of 2.75 V.

LiNiO2 LiNi 0.9Co0.1O2 LiNi 0.8Co0.2O2 LiNi 0.7Co0.3O2

Charge Capacity (V)
4.1 186 182 183 175
4.2 219 208 198 189
4.3 242 231 211 198

Discharge Capacity (V)
4.1 144 161 163 165
4.2 180 187 175 178
4.3 204 213 190 189

Irreversible Capacity (V)
4.1 042 021 018 010
4.2 039 021 023 011
4.3 038 018 021 009
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electronic conductivity dependence on the x value as discussed pre-
viously. Although it appears possible that the reduction of the irr
versible capacity as the Co content was increased from x5 0.2 to
x 5 0.3 could be related to the partial oxidation of Co31 ion to Co41

during charge, the present results are insufficient to confirm whet
or not such a relationship exists.

The electrochemical stability of the cathode materia
LiNi 12xCoxO2, was studied by monitoring the specific capacit
changes with cycling at various charge cutoff voltages. Results w
a cutoff voltage of 4.3 V for the effects of x values (0, 0.1, 0.2, and
0.3) on the cycle stability are shown in Fig. 8. Results with 4.1 a
4.2V show a similar overall effect of the x value. The stability (cycle
lif e) is improved markedly in each step of the x value increase from
0 to 0.3, showing the best stability when x5 0.3. The present results
are in agreement with earlier results by Delmas et al.,15,16which also
showed the best cycling performance of a LiNi12xCoxO2/Li (x 5 0,
0.1, 0.2,and 0.3) cell when x5 0.3 with no capacity fading over 50
cycles when cycled between 4 and 3 V. This improvement of 
cycle stability as the xvalue was increased might be due to reduc
phase transitions, M1H2 and H21H3, as indicated by the cyclic
voltammograms in Fig. 7 and an earlier study on LiNiO2.

13

Thermal stability of LiNi12xCoxO2.—DSC studies of
LiNi 12xCoxO2 were carried out after charging them at 4.2 and 4.3
to evaluate the effects of the cobalt content (x 5 0, 0.1, 0.2, and 0.3)
and charge voltages on the thermal stability of the charged mate

Figure 7. Cyclic voltammograms for the LiNi12xCoxO2 for x 5 0, 0.1, 0.2,
and 0.3. The test cell was a coin-type half-cell containing a Li metal ref
ence/counter electrode and a LiNi12xCoxO2 cathode. The voltage scan rate
was 0.05 mV/s.
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in the electrolyte. Results at both charge voltages show clearly tha
the characteristic exothermic peaks move toward elevated tempera
ture and the peak sizes shrink as the Co content increases, as sho
in Fig. 9. These observations are in complete agreement with the re
sults of a similar study on LiNiO2 and LiNi0.8Co0.2O2 after a 40 h
float charging at 4.5 V.5 The results in Fig. 9 also show that the
peaks move toward lower temperature and the peak sizes increase 
the charge voltage is increased from 4.2 to 4.3 V, indicating that as

er-

Figure 8. Plots of discharge capacities of LiNi12xCoxO2 for x 5 0, 0.1, 0.2,
and 0.3 as a function of the number of cycles with various charge cutoff volt-
ages. The cycle test was carried out initially by charging and discharging a
the 0.1C rate for 1-2 cycles, followed by three cycles at the 0.2C rate, 5-10
cycles at the 0.5C rate, and finally at the 1C rate for a total of 110 cycles
Charge and discharge cutoff voltages were 2.75 and 4.3 V, respectively. 

Figure 9. DSC curves of LiNi12xCoxO2 electrodes containing electrolyte for
x 5 0, 0.1, 0.2,and 0.3 after charging them at 4.2 and 4.3 V.
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ec-
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more Li is extracted the less stable the material becomes as gen
ly expected. Although it was anticipated from earlier results,5 the
present results confirm that LiNi0.7Co0.3O2 is the most stable of the
materials studied.

Conclusions
The electronic conductivity of LiaNi12xCoxO2, where x5 0, 0.1,

0.2,and 0.3, was measured as a function of the value of a. The elec-
tronic conductivity of partially charged material (a < 0.8) increased
substantially when the cobalt content was increased to x 5 0.3 from
0.2. This conductivity increase might be due to partial oxidation 
Co31 to Co41 by Li1 extraction (charging) when the x value is greater
than 0.2, whereas the predominant oxidation is Ni31 to Ni41 when the
x value is 0.2 or smaller. The values of mobility, chemical diffusion
coefficient,and Li1 ion component diffusion coefficient in the par-
tially charged material are in the neighborhood of 1026 cm22/V s,
1026 cm2/V s, and 5 3 10210 cm2/s, respectively, and are rather
insensitive to values of a and x. Results of electrochemical and DSC
studies show that LiNi0.7Co0.3O2 is the best cathode material for a L
cell among the materials studied in view of the best cycle stability,
smallest irreversible capacity, and the highest thermal stability with
minimal sacrifice in specific capacity.

Samsung Display Devices assisted in meeting the publication costs of
article.
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