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New data on acid delithiation of lithium-nicke! oxides, Li,
Ni;_.0; (0.6 < x < 1), are obtained using EPR of low-spin Ni**
ions, magnetic susceptibility measurements, and thermal analysis.
It is shown that short-range and long-range cation order in the
solid solutions Li Ni,_,0, specify their behavior toward acids. For
LiNi,_,0, oxides (0.6 < x < 0.9), where partial cation order
occurs, acids remove lithium and impurity nickel ions from the
LiO,-layers, but do not attack Ni** and Ni** ions, which are
segregated in the neighboring (111) cubic planes. For Li,Ni,_,0,
oxides (x > 0.9), where long-range cation order is developed, the
extraction of lithium and impurity nickel ions proceeds concomi-
tantly with partial exchange between lithium from the LiQ,-layers
and protons from the acid solution. The different chemical compo-
sitions of acid-treated oxides LiNi,_0; (0.6 < x < 0.9) and
Li,Ni;_,0; (0.9 < x < 1) are manifested by their thermochemical
properties up to 200°C: for the partially ordered oxides (0.6 <
x < 0.9), reduction of highly oxidized nickel ions and cation redis-
tribution occur within the initial structural framework, whereas
for the layered oxides (x > 0.9), dehydration processes also take
place. © 1994 Academic Press, Inc.

1. INTRODUCTION

Stoichiometric LiNiQO, and LiCoQ, are isostructural
and possess a hexagonal o-NaFeQO,-type structure built
up from LiO,-and MO,-layers, in which the lithium and
nickel (or cobalt} ions are located in trigonally deformed
octahedral sites (1). Using X-ray diffraction and Rietveld
profile refinement, Dahn and co-workers (2) have shown
that, in contrast to LiCoO,, some cation disorder exists
in LiNiO,, i.e., “‘nonperfect”” LiO,- and NiO,-layers are
formed. As is well known, the lithium—nickel oxides are
usually prepared as nonstoichiometric Li Ni,_ O, (0.6 <
x < 1), owing to the difficult oxidation of Ni** to Ni**
(3-6). The Ni*' ions frustrate the layered crystal structure
and, in the limiting case, when x, = (.62 (2}, short-range
cation order only is preserved within the framework of
the cubic structure. According to EPR studies of low-spin
N3* ions (7, 8), we have shown recently that in the oxides
with critical lithium amount {x = (0.6) part of the Li",
Ni**, and Ni>* ions segregate in appropriate neighboring
(111) planes of the cubic structure (7). This ion segregation
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(designed as ‘“*sandwich’’ type clusters) disappears at
x = (.96, where the hexagonal structure is achieved and
the Ni?* ions are statistically distributed in the LiO,- and
NiO,-layers (8).

Lithium—nickel and lithium-cobalt oxides are among
the promising candidates for electrode materials in sec-
ondary lithium batteries (9—11) because lithium is easy to
remove electrochemically from the layered crystal struc-
ture. The perturbation of the LiO,layers by impurity
nickel ions in Li Ni,_ O, hinders the ionic transport,
which results in bad performance of the electrochemical
cells (11). Using Rietveld analysis of XRD data, Tirado
and co-workers (12) have established that acids act as
delithizing agents towards Li Ni,_ 0., i.e., in a similar
way as electrochemical deintercalation (9) does. We have
shown that acid digestion of layered LiCo0O, yields meta-
stable layered Li;_, HCoO, (x < 0.55, x + y < D)
phases (13).

In the present paper we report new data on chemical
delithiation of Li,Ni,_,O, (0.6 < x < 1) obtained by EPR
of low-spin Ni**, magnetic susceptibility measurements,
and thermal analysis. For the sake of comparison, the acid
delithiation of a cobalt-substituted lithium-nickel oxide
having a layered structure has also been studied.

2. EXPERIMENTAL

Four kinds of samples were investigated: three Li,
Ni,_,. 0, samples with 0.6 < x < 1 and Li,(Nij 4Coyg 5)2_,05
with x = 0.9.

Solid Li,CO; was added with intensive stirring to a 75%
solution of Ni(NO,), (and Co(NQ,),, Ni/(Ni + Co) = 0.8),
taken in an atomic ratioc of Li/Ni (+Co) = 1.05/1. The
water from this mixture was then evaporated at 100°C
until a dry residue consisting of LiNO; and nickel (and
cobalt) hydroxide nitrate were obtained. This dry residue
was heated at 220°C until the complete evolution of the
nitrogen oxides, then ground and heated at 500°C for
6 h, ground again, pelleted, and heated at 850°C for 30 h.
Samples with the compositions LijglLi; 0, and
Lig g(Nig C0; ), 00, were obtained.

Lithium-nickel oxides with a higher lithium content
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were synthesized by a solid state reaction between NiQO
and LiOH. Nickel oxide prepared from nickel hydroxide
carbonate at 350°C was impregnated with a saturated
LiOH solution. The mixture was dried and heated to the
melting point of LiOH (400°C) for 6 h, then heated at 650°C
for 18 h under oxygen or in air. The samples obtained
had the compositions Lij¢,Ni| 540, (under oxygen) and
Lig g3Ni; 70, (in air). For the sake of convenience, the
four samples are denoted LNO-D, LNO-PO, LNO-O,
and LMO-O, which correspond to LiyeNi; 40,,
Lig 83N 170,, Lig 92Ni; 440, , and Lig 55(Nig §C0y2); 4502 , Te-
spectively. The symbols D, PO, and O are chosen for
a disordered, a partially ordered, and an ordered solid
solution, respectively.

The acid delithiation of the oxides studied was achieved
by treating 2 g of each sample at room temperature with
100 ml of 0.1, 1, and 8 N HCl for 24, 2, and 0.5 h, respec-
tively. The duration of treatment was experimentally de-
termined with a view to attaining al least 50-60% dissolu-
tion of the sample. The solid residues were then dried at
room temperature. The acid-treated samples are denoted
by LNO-x/A, where x represents D, PO and O.

The lithium content was determined by atomic absorp-
tion analysis, the total nickel and cobalt content was es-
tablished by complexometric titration, and the mean oxi-
dation state of Ni and Co ions was found by iodometric
titration.

The phase composition of the samples was controlled
by powder X-ray analysis with a Philips spectrometer
using Cu K, radiation. The unit cell parameters were de-
termined by least squares fits to all Bragg’s peaks posi-
tions. The specific surface area of the samples was deter-
mined by the BET method.

The DTA and TG measurements were performed with
a Stanton Redcroft apparatus (England} in platinum cruci-
bles with a diameter of 5 mm at 20-500°C and a heating
rate of 10°C/min,

The EPR spectra of the samples were recorded with an
ERS-300 (Bruker) spectrometer between 4.2 and 300 K.

The magnetic susceptibility was measured by the Fara-
day method at 100-600 K.

3. RESULTS AND DISCUSSION

The X-ray patterns of the initial oxides are indexed to
the trigonal space group R3m (Figs. laand Ib). According
to refs. (2, 5, 12), the variation in the relative intensities
-of the (003) and (101) diffraction lines reveals the different
cation distributions in the initial solid solutions. For LNO-
D with a lower lithium content (Fig. 1a), the weak (003)
peak indicates only a short-range cation order; for LNQO-
PO (Fig. ta), the increase in the (003) and (101} intensities
shows a long-range cation correlation instead of a short-
range order; and, for LNO-O (Fig. 1a) and LMO-O (Fig.
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1b), the structure is close to the hexagonal layered a-
NaFeO, (ordered cubic structure). The X-ray patterns of
the acid treated oxides are similar (in terms of line posi-
tions) to those of the initial oxides, indicating preservation
of the structural framework during acid treatment.

The acid treatment of the oxides affects the chemical
composition (Fig. 2a, Table 1) and the unit cell dimensions
(Fig. 2b, Table 1). For the sake of comparison, the data
of Tirado and co-workers (12) concerning acid treat-
ment of lithium—nickel oxides (Lipg,Ni; 30,-A and
Liy 4eNi, 4,0,5-B) are aiso given in Fig. 2. After the acid
treatment, the lithium amount decreases and the mean
oxidation degree of the metal ions increases as acid con-
centration increases (Fig. 2a and Table 1). It must be
emphasized that strong acids (above 1 N) only extract
lithium from the oxide with a short-range ordered struc-
ture (LNO-D}, but on the other hand, strong acids dissolve
the oxide with a long-range ordered structure (LNO-O).
The decrease in the a-parameter with the increase of the
oxidation state of Ni{and Co) (Fig. 2b) reflects the appear-
ance of Ni** and/or Co** with smaller ionic radii in the
MO,-layers (NiO,- and Nig4Coy,0,-layers). The expan-
sion of the unit cell along the c-axis (Fig. 2c, Table 1)
reflects the decrease in the electrostatic binding energy
in the lithium-depleted layers.

The acid treatment of the oxides also leads to a broaden-
ing of the XRD lines and to an increase of the specific
surface area (Figs. 3a and 3b, Table 1). Hence, the line
broadening can be attributed to a reduction of cristallinity
during the acid treatment. Only for layered LNO-O, the
strong broadening of the XRD lines with the increase of
the scattering angle (Fig. 3a) indicates that, in addition
to particle size effects, strains (resulting from stacking
disorder, cation clustering, composition inhomogeneity,
etc.) also contribute to the XRD linewidths. It should be
mentioned that the same result has been observed during
the acid treatment of LiCoO, (13), when the acid removal
of lithium is accompanied by proton insertion. Further-
more, the increase in fy,/fo, and decrease in Fypz 06/ Fi01
(Figs. 3¢ and 3d, Table 1) for the acid-treated samples
suggests that, within the initial structural framework, the
cation distribution is medified. Tirado and co-workers
(12) have explained the change in Fy;/1,, by a preferred
extraction of lithium ions {and nickel ions) from the LiQO,-
slabs. From these results it appears that the acid treatment
of LNO-D, LNO-FPO, and LMO-O proceeds differently
in comparison to that of LNO-O: acids remove mainly
lithium and some nickel ions from Li Ni,_ O, (Figs. 3c and
3d); but for layered LNO-O, lithium delithiation causes
considerable strains (Fig. 3a), as is the case of layered
LiCo0O, (13).

EPR studies are fulfilled in order to elucidate the behav-
ior of the NiO,-layers during the acid treatment of Li,
Ni, . 0O,. Recently, we have revealed the relationship be-
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{a) X-ray patterns of initiai and acid-treated LiNi,_ 0, LNO-D (1, 1A), LNO-PO (2, ZA), and LNO-O (3, 3A). The Miller indices

of the Bragg peaks are given near each line. Acid concentration: 8 ¥ HCI for LNO-D and LNO-PO, 1 & HCL for LNO-O. (b) X-ray patterns
of initial LMO-0 (4) and LMO-0 treated with 0.1, 1, and 8§ N HCI {(4A’, 4A", and 4A" resp).

tween the cation distribution in LiNi,_ O, (0.6 = x <
1) and the parameters of low-spin Ni** ions (7, 8). For
LiNi,_, 0, with x = 0.6, where short-range cation order
only exists, the antiferromagnetic interactions between
the segregated Ni*t and Ni** ions determine a ferrimag-
netic transition at 210 K, which is reflected in the critical
narrowing of the Lorentzian EPR line in the vicinity of
the transition temperature, as well as in the splitting of
this signal below 210 K (7). For necarly stoichiometric
LiNi,_ O, {x = 0.96), where long-range cation order ex-
ists, the interlayer ferromagnetic Ni**—Ni*' interactions
and the Jahn-Teller effect of low-spin Ni** (d”) give rise to
a complex temperature dependence of the EPR linewidth
between 9 and 400 K: narrowing up to 100 K; broadening
up to 35 K; and narrowing up to 9 K (8). Figure 4 presents
the temperature behavior of the EPR linewidth of the
isotropic signal (g = 2.137) of low-spin Ni** ions in the
initial and acid-treated oxides. Along with X-ray data,
EPR data support the evidence for different cation distri-

butions in the initial oxides. For LNQ-D, LNO-PQ, and
LMO-0, and Ni** and Ni** ions segregate into neigh-
boring (111} crystal planes as evidenced by the critical
narrowing of the EPR linewidth in the vicinity of the
ferrimagnetic transition temperature (210, 160, and 35 K,
respectively). The decrease of the ferrimagnetic transition
temperature, as the lithium content increases, reflects the
competition between the long-range Lit=Ni** order and
Ni?*-Ni*" segregation. Further details on short-range cat-
ion order in Li Ni,_ O, revealed by EPR are in progress
(15). When Ni®* ions are statistically distributed in the
LiO,- and NiO,-layers, the temperature dependence of
the EPR linewidth is drastically changed, as one can see
for layered LNO-O (Fig. 4).

After the acid-treatment, the EPR spectra show sharply
outlined magnetic transitions (Fig. 4), this suggesting a
composition homogeneity. The acid treatment of the
LNO-D, LNO-PO, and LMO-0O oxides does not change
their ferrimagnetic transition temperatures (Fig. 4), which
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FIG. 2. (a) Lithium amount {wt%) versus the mean oxidation state
of metal ions (Ni + Co) after acid treatment of LNO-PO (dashed line),
LNO-O (full line}, and LMQ-O (dotted line). (b) Unit cell parameter «
(A) versus the mean oxidation state after acid treatment of LNO-FO
(dashed line), LNO-0Q (full line), and LMO-Q (dotted line). (c) Unit cell
parameter ¢ (A) versus the mean oxidation state during acid treatment
of LNO-PO (dashed line), LNO-O (full line), and LMC-O (dotted line).
The data of Tirado and co-workers {12) concerning acid treatment of
Liy¢;Ni 0, (A) and Liy Ni, 3,0 (B} are also given.

explicitly shows that the Ni?*~N#* clusters are not at-
tacked by the acid. The slight broadening of the EPR
signal of acid-treated LNO-D, LNO-PO and LMO-O (Fig.
4) most probably reflects lattice strains induced by lithium
extraction. In contrast to the above samples, acid delithia-
tion of layered LNO-O causes a significant broadening of
the EPR signal of the Ni** ions in the NiQ,-layers, but
the temperature dependence of the EPR line width re-
mains the same. These results can be interpreted by stabi-
lization of low-spin Ni*" in the NiO,-layers: on the one
hand, the diamagnetic Ni** ions (S = 0) dilute the magneti-
cally concentrated NiQO,-layers, which results in broaden-
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TABLE 1

Lithiom Amount (wt%}, Oxidation State of
Nickel Ions (0S), Unit Cell Dimensions (¢ and
¢), Linewidth of the (003) and (104) Diffraction
Lines (A268y; and A26,4(")), Specific Surface
Area (§ (m%/g)), and I;/1,,, Intensity Ratio
for the Initial and Acid-Treated Lij ,Ni, 350;
(LNO-D and LNO-D/A)

LNO-D LNO-D/A
Li (wt%) 3,70 3.63
08 2.30 2.35
a = 0.00d4 (A) 2.900 2.896
c = 0.01 (&) 14.21 14.19
A200; () 0.300 0.343
A28, ) 0418 0.487
8 (m?/g) 1 10
Tont o 0.17 0.22

ing of the EPR signal of Ni**, and, on the other hand, the
amount of Ni*™ must be sufficiently small to cause no
change in the temperature dependence of the EPR line-
width. Thus, the NiQ,-layers are only slightly distorted
during the acid delithiation. In this case, because of the
two-dimensional crystal latiice, EPR data may comple-
ment X-ray results concerning strains induced by acid
delithiation: it seems that the strains are mainly localized
in the LiO,-layers. As in the case of LiCoO, (13), one
may suppose that proton insertion during acid delithiation
would stress the depleted LiO,-layers.

To check the supposition about proton insertion during
acid delithiation of LNO-O, Fig. 5 presents the DTA and
TG curves of acid-treated oxides. All the samples studied
decompose irreversibly between 150 and 500°C (Fig. 5).
As one can see, the thermal behavior of layered LNO-O
differs from that of LNO-PO and LMO-O. The thermal
decomposition of LNO-O/A starts at the lowest tempera-
ture: there is an endothermic effect and the corresponding
weight loss between 125 and 200°C, indicating the H,O
cvolution, while the farger weight loss is observed be-
tween 200 and 400°C and the corresponding thermal effect
is not well resolved. Thermal decomposition of LNO-
PO/A and the cobalt-substituted LMO-O/A is accom-
plished in two steps: an exo effect and the corresponding
weight loss are spread over a wide temperature range up
to 300°C (50-250°C and 50-300°C for LNO-PO and LMO-
O, respectively), while between 300 and 450°C, an endo
effect and the main weight loss take place.

In attempt to elucidate the low-temperature effects (en-
dothermic and exothermic effects at 180 and 200°C for
LNO-O/A and LNO-PO/A, respectively), Figs. 6 and 7
show the X-ray diffraction patterns and the EPR spectra
of acid-treated LNO-O/A and LNO-PO/A heated for 15
min at 180°C. The X-ray patterns of the heated samples
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FIG. 3. (a) XRD linewidths {A26) at half maximum intensity of (003), (101), and (104) peaks versus the mean oxidation state during acid
treatment of LNO-PO, LNO-Q, and LMO-0. (b) Specific surface area (§) of LNO-PQO, LNO-0, and LMO-0O versus the mean oxidation state
of metal ions (Ni + Co). (c} XRD intensity ratio {y/f 4 versus the mean oxidation state after the acid treatment of LNO-PO, LNO-0O, and LMO-
O. (d) XRD intensity ratio I\,/I ¢ versus the mean oxidation state after acid treatment of LNO-PO, LNO-0, and LMO-0. Sample notation as
in Fig. 2.
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are similar to these of the initial samples (Fig. 6), i.e., the
initial structure is preserved during heating up to 200°C,
For both samples, the unit cell dimensions and the relative
intensities of the XRD lines change (Table 2): a increases
and ¢ decreases, which indicates reduction of the highly
oxidized ions, while the decrease in ly,/fy, reveals a
cation redistribution within the same structural frame-
work. In contrast to LNO-PO, during the endothermic
decomposition of layered LNO-O/A, the XRD line widths
decrease slightly, irrespective of the increase of the spe-
cific surface area (Table 2}, which means that the strains,
concentrated in the LiO,-layers, are annihilated during
the endothermic decomposition of LNQO-O. This result
supports the supposition that the low-temperature endo-
thermic process for LNO-O is due to dehydration. More-
over, the XRD data are consistent with the EPR data
(Fig. 7): the temperature behavior of the EPR line width
of the heated samples is changed. For the LNO-O/A and
LNO-POQ/A, the EPR signal is narrowed at about 180 and
240 K, respectively, which demonstrates strong ferrimag-
netic interactions, i.c., segregation of Ni* and Ni** ions
in appropriate neighbouring layers. During the heating of
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FIG. 6. X-ray patterns of LNO-PO/A (2A-h) and LNO-O/A (3A-h)
heated at 180°C.

LNO-PO/A up to 200°C, the redistribution of lithium and
nickel ions leads to further segregation of Ni**—Ni’>* in
neighbouring crystal planes, which is visualized by an
increase in the critical temperature from 160 to 240 K
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FIG. 7. Temperature dependence of EPR peak-to-peak linewidth
for LNO-PO/A (2A-h) and LNO-O/A (3A-h) heated at 180°C.
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TABLE 2
Unit Cell Dimensions (a and ¢), Linewidth of the (003), (104), and (101) Diffraction
Lines (A28, A28y, and A28,,), Specific Surface Area (§), and Ip/I and
Iozos/lin Imtensity Ratios for the Acid-Treated LiggNi, ;0 (LNO-PO/A) and
Lig g4Niy 0403 (LNO-0O/A) as Well as LNO-PO/A and LNO-O/A Heated at 180°C for 15 min

(LNO-PO/A-h and LNO-O/A-h)

LNO-PO

LNO-O

LNO-PO/A

LNO-PO/A-h

LNO-O/A LNO-O/A-h

a * 0.0004 (A)
¢ + 0.008 (A)
A2y, )
A2, )
A6y ()

S (m¥g)

T 1o

g 06/ Lo

2.857
14.212
0.332
0.368
0.379
7.0
0.96
0.51

14.181

2.872 2.857
14.222
0.289
0.386
0.371
15

1.34
0.40

2.860
14.203
0.290
0.365
0.356
20
1.21
0.36

0.386
0.421
0.415
7.3
0.35
0.59

(Figs. 4 and 7). During the heating of LNO-O/A up to
200°C, dehydration and reduction processes initiate a
Ni2*-Ni** segregation within the layered structure (criti-
cal temperature 180 K, Fig. 7). The lack of a distant
signal splitting below the critical temperatures for the two
samples manifests some inhomogeneity in the chemical
composition of the oxides heated up to 200°C.

The differences between the magnetic properties of
stoichiometric LiNiO, (3, 4, 8, 14) and non-stoichiometric
Li,Ni,_,0, (3, 4, 7) permit clarifying the thermochemical
behavior of acid delithiated oxides above 200°C. The tem-
perature dependence of the magnetic susceptibility (x) for
initial LNO-O (Fig. B} is described between 150 and 600
K by the Curie—Weiss law with a Curie constant C = (.45
and a Weiss constant # = 80 K, as is described in Refs.
(8, 14), while for LNO-POQO, the Curie—Weiss law is not
obeyed due to the relatively high temperature of ferrimag-
netic transition (T = 160 K}. For the acid-treated oxides,
the magnetic susceptibility changes reversibly between
150 and 300 K, but the Curie-Weiss law is not obeyed.
The decrease in x for the acid-treated oxides as compared
with y for the initial oxides between 150 and 300 K (Fig.
8) refects both disappearance of Ni’* and generation_ of
diamagnetic Ni** during the acid delithiation. A peculiar-
ity of the thermal behaviour of the delithiated oxides is
the irreversible change of the magnetic susceptibility
above 50°C due to thermal decomposition of the samples.
First, the increase of x above 130 and 160°C for LNO-
O/A and LNO-PO/A, respectively, clarifies the reduction
of Ni** and the redistribution of paramagnetic ions such
as Ni** and Ni**. In addition, the different shapes of the
heating curves of LNO-0O/A and LNO-PO/A demonstrate
different thermochemical properties due to exchange of
lithium with protons in the case of LNO-O. The cooling
curves for both samples have the same shape and are not

:
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FIG. 8. Temperature changes of the magnetic susceptibilities of
LNO-PO (1), LNO-PO treated with 8 ¥ HCI (1A), LNO-O (2), and
LNO-O treated with 1 N HCI (2A).
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TABLE 3
The Final Chemical Composition of the Acid-Treated Oxides as Calculated from the Chemical Analysis
and the Weight Loss Analysis: Li,Ni,_,0, — Li,—,- ,H,Ni,_, O,

LNO-PO LMO-0 LNO-O
HCI (N} z y 2-x, z ¥ 27, z v 2-x,
Fresh Q Q 1.18 \] Q 1.08 Q Q (.08
0.01 0.10 0 0.12 0 1.06
1.0 0.14 0 . 0.24 Q 1.05 0.10 0.1¢ 1.0
8.0 0.17 0 1.11 0.42 Q 1.04

described by the Curie-Weiss law: the sharp increase of
¥ below 295 K reveals strong exchange interactions be-
tween Ni** and Ni**, The similarity in the cooling curves
of the two samples indicates that the products of thermal
decomposition of acid-treated LNO-O/A and LNO-
PO/A above 200°C are similar. The X-ray patterns and
EPR spectra of LNO-PO/A and LNO-O/A, heated up
to 450°C, show several lithium—nickel oxide phases with
ordered (x = 0.6) structures. Summarizing the data from
XRD-analysis, EPR, and magnetic susceptibility mea-
surements, it can be concluded that the broad exothermic
effect observed during heating of LNO-PO/A up to 200°C
manifests both reduction of highly oxidized nickel ions
(Ni*") and redistribution of lithium and nickel within the
initial structure, while the endothermic effect observed
during heating of LNO-O/A up to 200°C manifests the
dehydration process. Hence, from chemical analysis and
weight loss curves we are able to calculate the chemical
compositions of the acid-treated oxides, which are shown
in Table 3.

4. CONCLUSIONS

Two effects can be deduced when lithium-transition
metal oxides are treated with acids: lithium deintercala-
tion and exchange of lithium with protons from the acid
solution. For example, the acid acts toward LiMn,0, as
adelithizing agent (16, 17) and towards LiCo0, as a delith-
izing and a hydrolyzing agent simultaneously (13). During
acid treatment of Li Ni, 0, (0.6 < x < 1), where transi-
tion from a short-range order to a long-range order is
reatized, new phenomena are established: delithiation of
Li,Ni,_,O, proceeds only in the LiO,-layers and is accom-
panied by removal of the statistically distributed impurity
nickel ions from the same layers. The segregated
Ni?*=Ni** ions remain as a stable configuration towards
the acid action. In addition, the acid delithiation of Li,
Ni,_,0, (x > 0.9) with a long-range cation ordered struc-
ture proceeds by partial exchange between the lithium
ions from the depleted LiO,-layers and the proton from

the acid solution. It is worth noting that with the cobalt-
substituted lithium—-nickel oxide, when Ni?* and Ni** tend
to segregate, no insertion of protons from the acid solution
is observed in spite of the ““X-ray” long-range cation
order.
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