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Layered LiFe,_.Co,O, was prepared in the whole composition
range by ion-exchange reaction in a molten eutectic mixture of
LiCl and LiNO; at 260°C. The magnetic properties were studied
by means of magnetic susceptibility and high-field magnetization
measurements. Layered LiFeO; exhibits a Neel temperature of
Tx=20 K. Some cationic disorder is present but seems to have no
effect on the magnetic properties. The saturation magnetization
and the number of effective Bohr magnetons are consistent with
the high spin state (S = 3) of the Fe** ion. A two sublattice model
consisting of antiferromagnetic order between ferromagnetic
layers is proposed with an estimation of the ferro- and antifer-
romagnetic interactions. Replacing iron by cobalt leads to an
increase of the Weiss temperature 0 up to x = 0.4 but at the same
time the antiferromagnetic long-range order is destroyed. The
effect of cobalt on the superexchange interactions is also dis-
cussed. © 2000 Academic Press

Key Words: magnetic oxides; metamagnetism; mean field
model; high magnetic fields.

I. INTRODUCTION

AMO: layered oxides (4 = Li, Na and M = 3d element)
have been intensively studied for utilization as positive
electrode materials in high-energy density batteries (1-4).
LiFeO: with the a-NaFeO. type structure (denoted as
layered LiFeO:) would be an attractive alternative to
LiNiO2 and LiCoO; as it is cheaper and nontoxic. How-
ever, it is not fully understood why the layered LiFeO2
obtained by ion-exhange reaction is not electrochemically
active (5-9). Layered LiFeO- crystallizes in the R3m space
group which can also be described as a packing of FeO: and
LiO: slabs built up of edge-sharing FeOs (LiOs) octahedra
to form a triangular Fe (Li) lattice. We have undertaken
a systematic study of the LiFe;-xCoxO2 (0 < x < 1) solid
solution. The initial idea was that the presence of some
cobalt in layered LiFeO2 would have the same effect as in
LiNi; - xCoxO3: reducing the amount of 3d metals in the
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lithium site would lead to easier lithium diffusion during the
intercalation/deintercalation process (10). The physical
properties of such systems strongly depend on the nature of
the chemical bonding within the MO: slabs. Recently, sev-
eral experimental studies have been done on isomorphic
Li; -xNi1+xO2 (11, 12). While a cooperative Jahn-Teller
effect is observed in magnetically ordered NaNiQOa, its ab-
sence in Li - xNi1 +xO2 is very puzzling (15). The presence of
a spin orbital liquid has been recently proposed, as a conse-
quence of quantum fluctuations between degenerate classi-
cal configurations (13), or simply due to the frustration of
the triangular lattice preventing a staggered orbital ordering
for the degenerate ¢, states (14). Only a few works have been
devoted to the layered LiFeO: (9, 16, 17) and
LiFe; - xCoxO2 (18). Here we report a complete study of the
static magnetic properties of the LiFe; - xCoxO2 series in the
whole composition range. From very high field magnetiz-
ation analysis, an 4-type antiferromagnetic structure is pro-
posed for layered LiFeO: in striking analogy with NaNiO2
(12, 19). The signs and the values of the inter- and intralayer
magnetic interactions are also discussed. We show that
cobalt ions essentially fit in the 3d planes, increasing the
Weiss temperature up to x = 0.4. This effect was also ob-
served in the Lii -xNii1 +:xO2 and NaNiO: systems (20, 21).
It is accompanied by the gradual destruction of the long-
range antiferromagnetic order. For x > 0.4 only short-range
ferromagnetic in-plane interactions remain. Analysis of
these results allows us to establish the effect of the cobalt
ions on the magnetic properties of LiFe1 - xC0xO>.

II. EXPERIMENTAL

Synthesis of the members of the series LiFe - xCoxO2 was
achieved through ion-exchange reaction starting from
NaFe;-xCoxO3z. As starting materials Na,Oz powder
(95%, Fluka), Co304 (puriss. P. A.,, Merck) and Fe>O3
(carbonyl iron oxide, BASF) were thoroughly mixed with a
slight excess of Na»O: is an agate mortar under an argon
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atmosphere. The powders were heated in air in corundum
boats with intermittent grinding and analyzed by X-ray
diffraction (XRD, Philips powder diffractometer
PW1130/00, Ni-filtered CuKo radiation, Au standard).

The different members of the LiFe; - xCoxO3 series were
obtained by reacting the NaFe;-xCoxO> samples in an
eutectic LiCl/LiNO3 mixture for 6 h (molar ratio sodium
compound vs lithium salt 1: 10), washed with methanol, and
dried in vacuum. More details are given elsewhere (10).

Profile refinements were performed by Rietveld analysis
using the program FULLPROF 90 (22) based on diffraction
patterns obtained on a Philips PW 1830 diffractometer for
15° <260 <90°.

Magnetic susceptibility measurements were performed
using a SQUID magnetometer (Quantum Design, MPMS)
at 1kOe between 4 and 200 K and an extraction mag-
netometer up to 600 kOe at 20 kOe. High magnetic field
measurements (up to 230 kOe) were performed at Grenoble
High Magnetic Field Laboratory facilities using resistive
magnets.

III. RESULTS AND DISCUSSION
A. X-Ray Diffraction and Structure Refinements

Single-phase products were obtained according to the
XRD results shown in Fig. 1. Only in the case of
LiFeo.8Co00.202 are traces of a second phase (less than 5%)
visible as two additional reflections at 26 = 18.95° and
20 = 45.25° (probably LiCoOQ2). The real concentration of
the latter sample would be also written LiFeo.85C00.1505.
Chemical analysis by AAS measurements and a determina-
tion of the mean oxidation number of the transition metal
ions are described in (10).

The LiFei-xCoxO2 compounds crystallize in the o-
NaFeO; structure. The lattice constants decrease with the
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FIG.1. XRD diagrams for several compounds of the system
LiFe, - Co,0,. The spectra are shifted along the y axis for clarity. Aster-
isks denote peaks resulting from LiCoO, impurity.
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FIG. 2. Hexagonal lattice constants (a) and c¢/a ratio (b) for
LiFe,; - ,Co,0, as a function of the composition x. Open circles denote the
a constant, solid circles the ¢ constant. The dashed lines denote the linear
behavior for the lattice constants (linear only for 0 < x < 0.6 for the
¢ constant).

cobalt concentration (Fig. 2a). For the a constant a linear
behavior is observed whereas for the ¢ value, and conse-
quently for the ¢/a ratio (Fig. 2b), strong deviation from this
behavior occur.

The increase of the ¢ lattice constant is bigger than ex-
pected for a simple substitution of Fe** by Co**. Assuming
a partial disorder of M*" in the 3a sites (almost perfect
cationic order is known for LiCoO2; thus Fe*" is assumed
to be disordered, but XRD-Rietveld analysis does not allow
a clear distinction between Fe** and Co®*)implies a partial
occupation of the 3b positions by lithium. The bigger ionic
radius of Li* (23) in comparison with Fe** and Co*"
causes an inflation of the MO layers and thus an enhanced
¢ value. Assuming that below x = 0.6 the disorder does not
increase, only cobalt substitution for iron in 3b is respon-
sible for the change of the ¢ lattice parameter between
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TABLE 1
Results of the Profile Refinements on LiCo,(Fe,,0, and LiFeO,

Atom Position Occupation X y z

LiCo,Fe, O, A 3
Li 3a 0.955(3) 0 0 a=2.857(3) A; ¢ = 14.35509) A
Li 3b 0.045(3) 0 0 0.5 B =0.555A?
Fe/Co 3a 0.045(3) 0 0 0 R,=727; R, =946
Fe/Co 3b 0.955(3) 0 0 0.5 Rypoge = 023
o 6¢ 1.000 0 0 0.2391(5) R, =738

LiFeO, N .

Li 3a 0.954(2) 0 0 0 a=2950(3) A; ¢ = 14.533(7) A
Li 3b 0.046(2) 0 0 0.5 B =0.645 A?
Fe 3a 0.046(2) 0 0 0 R,=92% R, =128
Fe 3b 0.954(2) 0 0 0.5 Ry, = 346
o 6¢ 1.000 0 0 0.2433(4) R, =3.50

x =0.6 and LiFeO: (x =0). For 0 < x < 0.6, the linear
increase is thus less steep than for 0.6 < x < 1, where both
effects, the substitution and the increasing disorder, are
present. Hence, the XRD results are consistent with a partial
disorder of Fe** in 3a sites. At x ~ 0.6 it is comparable to
the disorder observed in LiFeOs.

This result is supported by Rietveld analysis performed
for LiFeO2 and LiFeo.4C00.602 using FULLPROF 90
which is described in more detail in (10).

The results of the refinement are shown in Table 1 and the
observed and calculated diffraction for LiFeO, and
LiFe0.4C00.602 patterns in Fig. 3. They indicate that the
assumption of a-NaFeO: type for the series LiFe1 - xC0xO2
is correct. LiFeO2 shows a cationic disorder of 4.5%. For
LiFe0.4C00.602 4.5% was calculated too, in agreement with
the above-mentioned appreciable disorder already present
for relatively low iron contents.

B. Magnetic Properties

In Fig. 4 the temperature dependence of M/H is reported
for LiFe;-xCoxO2 with x = 0 (Fig. 4a) and x = 0.15, 0.4,
0.6, and 0.8 (Fig. 4b). If we define the Néel temperature Tn as
the maximum of the M/H(T) curve, we find Tn ~ 20, 19,
and 8 K for x = 0, 0.15, and 0.4, respectively. The two other
samples (x = 0.6 and 0.8) do not show any long-range order
above 4 K but short-range correlations are evidenced by the
departure from the linear law of H/M at low temperature
(see Fig. 5a). The M/H vs T curve of the x = 0.4 sample
shows a second slight cusp around 16 K which could be
attributed to some inhomogeneities of the in-plane Fe/Co
cationic distribution. The temperature dependence of H/M
in the high-temperature regime (300 K < T < 600 K) given
in Fig. 5b obeys the Curie-Weiss law

. _T -0

where C is the Curie constant. We observe a positive Weiss
temperature 6 for all samples, which indicates the presence
of dominant ferromagnetic interactions. We deduce from
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FIG. 3. Calculated and observed X-ray diffraction profiles for the
series (a) LiFeO, and (b) LiFe, 4Co4.0,.
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FIG. 4. Temperature dependence of M/H at H = 1 kOe for layered
LiFeO, (a) and for LiFe, - ,Co,0O, with x = 0.15, 0.4, 0.6, and 0.8 (b). The
open and solid marks correspond to measurements on field cooling and on
heating after zero-field cooling, respectively.

this data the Curie constant and the effective Bohr mag-
neton number

petr _ ( 3kC \?

HB Napg

where k is the Boltzmann constant and Na Avogardro’s
number. Assuming Fe** ion in the high-spin state (t3¢¢2)
with S =3 (16) and Co®* ion in the low-spin state (t3, €?)
with § = 0 (18), we find a good agreement with the spin-only
values (Fig. 6). In Fig. 7 the theoretical magnetization curves
of a metamagnetic system at low temperature with strong (a)
or weak (b) magnetic anisotropy are shown (24). These
curves will be discussed in more detail later. Figure 8 repres-
ents the temperature dependence of M/H for layered
LiFeO, under various magnetic fields. We observe a meta-
magnetic transition around Hgr = 65kOe for layered

[2]
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LiFeO, as is evidenced by a constant value for M/H below
the transition temperature. For H > Hgp and T < Ty the
susceptibility is actually constant to a first approximation
since all spins are in a transverse configuration. In Fig. 9 we
report very high field magnetization measurements for all
samples. The magnetization at constant temperature ex-
hibits a change of slope at the phase transition field as
expected. Magnetic saturation is almost reached for all
samples: the experimental values are in good agreement
with the high-spin state of iron (Fig. 6b). We obtain exactly
the expected values except for LiFeO,. In this compound,
the magnetic susceptibility measurement indicates a small
excess of spin (uqr/ g = 6.03 instead of 5.91 for the pure
compound). Crystallographic data reveal a small fraction of
iron in the Li site. This could create an antiferromagnetic
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FIG.5. Temperature dependence of H/M at H =1kOe for
LiFe; _,Co,0, with x = 0.6 and 0.8 (a) and at H = 20 kOe for all samples
in the high-temperature regime (b). These data fit very well with a straight
line derived from the Curie-Weiss law.
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5.0 . r . T . ' of small amounts of impurities like Fe;O, or y-Fe,O;
. 1 6, 11).
45 C=C (1-x) with ]

C0=4.27 £0.13 emu.mol 'K

C. Discussion

| The Goodenough-Kanamori-Anderson rules can give us
4 an idea of the magnetic interactions expected in layered
LiFeO,, even if the d> case is not favorable for theoretical
| predictions. We will next compare these predictions with
4 our experimental results.

In the FeO, slabs there are only 90° bonds (Fe-O-Fe)
while between the slabs only 180° bonds take place via
4 oxygen. Among the great many potential exchange terms in
the d° case, the d-—d.. AF contribution between two Fe3*
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0.5 OIO ' 0'2 ' 0'4 ' 0|6 ' 0|8 ions in the 180° exchange must be dominant (25). Also if the
' I ' ' conditions of the semicovalency model are satisfied (26, 27),
@ x in LiFe, Co O, the virtual excitations between full O 2p orbitals and empty
Fe3* hybrid orbitals will produce again an AF exchange
45 T T T T T interaction (29, 30). Nevertheless, the ferromagnetic compo-
o nents of the 180° exchange in the d° case cannot be neglect-
40 M=M (1-x) 7 ed and this will strongly reduces the value of the effective AF
withM=4.29%0.15p_| | interaction compared with the case of Ni** (3d7, S = %) with
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FIG. 6. (a) Curie constant derived from high-temperature magnetiz-
ation measurements (300 K < T' < 600 K) and (b) magnetization at satura- (a) HsF HC' H
tion obtained at 200 kOe for LiFe, _ ,Co,O, series. The linear law observed
directly proves the absence of clusters (11, 15).

interaction at 180° as in Li; - Ni;;,O, (11, 15). For the
other samples, the mixing between iron and cobalt reduces
this effect. We cannot exclude the presence of a small
amount of cubic phase or of Fe** ions in the tetrahedral site
for LiFeO, to explain the discrepancy in the magnetization.
Nevertheless, the Fe3* ions in the Li site seem to be less

o~

el
efficient to create a ferrimagnetic cluster than Ni?* in
Li; - Ni; 4O, because no evidence of ferromagnetism is (b) Hg H¢ He H
observed in the magnetization curve (15) and moreover the
Curie constant C and the magnetization at saturation Mg FIG. 7. Theoretical magnetization curves of a metamagnet at low

. _ temperature with strong (a) or weak (b) anisotropy. Hgg is the value of the
follow exaCtly th.e linear laws C =G (1 —Xx) and spin flip (a) and spin flop (b) field extrapolated to 0 K; Hc and H are the
Mg = M, (1 — x) (Fig. 6a and 6b). We do not observe any critical fields extrapolated to 0 K for the parallel and perpendicular cases,
spontaneous magnetization, a signature of such clusters or respectively.
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FIG. 8. Temperature dependence of H/M at different magnetic fields
for layered LiFeO,. The spin flop field is estimated as Hgr = 65 kOe. For
H > Hge and T < Ty the susceptibility is actually constant to a first
approximation.

ferrimagnetic clusters. The intralayer interactions between
Fe3 ™" at 90° should be weak and can be in principle F or AF:
AF is expected from the interaction of the d,, orbital of one
cation with d.. and d,. _ > orbitals of the other, but F from
the interaction of same orbitals on both cations. Since the
virtual excitations involve orthogonal O 2p orbitals, Hund’s
rule acting on oxygen will also favor ferromagnetism in the
latter case. Ferromagnetism is in fact often observed.

Let us first focus on the layered LiFeO, compound. The
magnetization curve and the positive Curie-Weiss temper-
ature suggest a two-sublattice model with ferromagnetic
interaction in the layers and antiferromagnetic interaction
between the layers. Using the molecular field theory and
taking Hyg as the exchange field of one sublattice acting on
the other sublattice and H, the anisotropy field acting on
one sublattice we obtain the expression of the critical fields
defined in Fig. 7:

Hgp = [Ha (2HE - HA)]I/Z
Hc=2Hg — Hy (paral)
Hco =2Hg + H, (perp.).

[3]

Hgr is the value of the antiferromagnetic to spin flop
transition field extrapolated to 0 K, and H¢ and H are the
critical fields extrapolated to O K for the parallel and per-
pendicular cases, respectively. According to the shape of the
magnetization curve reported in Fig. 8, we consider the
weak anisotropy magnetization process. In randomly
oriented polycrystalline materials the magnetization
reaches saturation only at the highest field Hc. From the
experimental data we find Hge = 65 + 1 kOe (Fig. 8) and
He =200 + 5 kOe (Fig. 9a). The best estimation is ob-
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tained with Hg = 85 + 5kOe and H, = 30 4+ 5kOe. The
magnetic dipole-dipole interaction, which is important here
because of the high spin state (S = 3) and the close packing
of the Fe** ions, should explain the high value of aniso-
tropy field since no spin-orbit coupling occurs in an S ion.
Each Fe®™ has six nearest neighbors in the layers and three
next-near neighbors in each of the two adjacent layers. The
exchange interaction between the layers can be expressed in
terms of J,r for a pair if Fe3*:

Eexchange = - 2JAF Sl ° SZ- [4]
Jir can now be determined from Hyg as
gusHg = 12J55S. [5]
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FIG. 9. Magnetic field dependence of the magnetization at 4 K for
layered LiFeO, (a) and for LiFe, - ,Co,0, with x = 0.15, 0.4, 0.6, and 0.8
(b). The magnetic saturation is reached for all samples.
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We obtain

% = —0.38 £ 0.05 K.

[6]

The high magnetic field measurements unambiguously
confirm the high spin state of iron with S = 3 (13, ¢;) and the
low spin state of cobalt with S = 0 (15, e?). Since the cationic
disorder seems not to create ferromagnetic clusters as in
Li; - Ni; 4+ ,O,, we can use a simple mean field model to
estimate the magnetic interactions in these compounds (25).
Thus we only consider Fe** and Co*" ions randomly
distributed in the layers. The ratio of metal ions in the
lithium layers in always less than 5% in our samples and
moreover we do not observe any evidence of coupling
between the metal layers mediated by Fe** ion in the Li
layer.

We now consider the 0 Weiss values reported in Fig. 10 as
a function of x. Both the increases of 0 Weiss up to x = 0.4
and the shape of the 6(x) function suggest a direct relation-
ship between the magnetic behaviour and the Fe-O-Co
bond number. The increase of the mean ferromagnetic
coupling in the Fe layers is an effect of the contraction of the
a axis (Fig. 2), and particularly of the Fe(Co)-O bond due to
the smaller ionic radius of low-spin Co3* (0.545 A) com-
pared with high-spin Fe3* (0.645 A). Introducing a bigger
ion like magnesium in Li; - Ni; ; O, reduces immediately
the 0 Weiss (31), while cobalt doping increases the 0 Weiss
for both Li; - Ni; 4O, and NaNiQO,. In order to estimate
the value of the ferromagnetic interaction within the planes,
we first introduce Jg; and J,, the ferromagnetic intraplane
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interaction between two Fe®™ ions and the antiferromag-
netic interplane interaction, respectively. If we consider only
the contraction of the Fe-O distance around the Co3* ion,
we can now introduce Jg,, the ferromagnetic intraplane
interaction between two Fe®** induced by the presence of
Co®*. We write the total magnetization using the effective
chemical formula given in Table 2,

Mo = gig (1 — x) (S = g (1 — x) {<S1> + {852},
7]
where (S;> is the average spin on sublattice i, g = 2 the
gyromagnetic factor, and up the Bohr magneton. The ex-
change interactions are accounted for their contributions to
the local fields from the sublattice average spins as follows
(in energy units):
Hy = gugH + 2z(1 — x) {(1 = x) Jar {52
+ [0 = x) Jp1 + xJp2] {S1)}
Hy = gugH + 2z(1 — x) {[(1 — %) Jey + xJp2] {S2)
+ (1 = x) Jar {S1)}.

(8]

Here z and H are the nearest neighbor number and the
external magnetic field. The average value of the spin S; is

(S:> = SBs (S—H>

T (9]

where S is the total spin number, k the Boltzmann constant,
and Bg the Brillouin function. In the high-temperature limit,
Bs can be approximated by

_(S+DH,

Bs ~ 10
s T [10]

By substituting in [9] the approximation of Bsin [10] and
the local field H; given in [8], adding the two equations and
solving we obtain

C
My =gs (1 —x) (S = ma [11]
where
(1 —x)S(S+ 1)
c=2 i [12]
and
0=4 (1 — 9 [(1 =0 Urs + Jae) + xJra] S+ 1. [13]

k

We see estimate Jp; by replacing the value of Juy for
LiFeO, in Eq. [13]. We find Jg; = + 1 £ 0.05 K. The best
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TABLE 2
For the Different Samples Characterized, the Following Parameters Are Reported: Lattice Constants ¢ and ¢, Néel Temperature,
Weiss Temperature 0, Curie Constant, Effective Moment, and Magnetization at 200 kOe

A C Tn 0 Weiss Curie constant Uer/ U M at 20 Tesla

Formula (nm) (nm) (K) (K) (T 2mol ' K™} (Fe3*) (ug/fu.)
LiFeO, 0.2961 1.457 20 + 22 4.54 6.03 4.15
LiFeq 35C04.150, 0.2935 1.455 19 + 38 343 5.36 3.66
LiFey 6C00.40> 0.2901 1.447 8 + 45 2.33 4.32 2.31
LiFey 4,Co¢.60, 0.2871 1.441 + 27 1.64 3.62 1.94
LiFe, ,Co4 .50, 0.2840 1.426 + 14 0.9 2.68 1.05
IE-LiCoO, 0.2814 1.404

HT-LiCoO, 0.2814 1.404

fit of the experimental values of 0 for all samples using
Eq. [13] then gives Jg, = + 3.5 + 0.5 K (Fig. 10). The in-
crease of the Weiss temperature for small doping in cobalt
has already been observed in Li;_,Ni;;,O, and in
NaNiO, (12, 13). We obtain positive values for both Jr; and
Jr, as expected for such exchange interactions. When the
number of Co ions becomes predominant (x > 0.4) the sys-
tem tends to a paramagnet but still with short-range fer-
romagnetic interactions: the random distribution of iron
ions in the layers leads to ferromagnetic Fe—-O-Fe couplings
at 90° even for low iron concentration (see Fig. 5a). Replac-
ing all iron ions by cobalt ones leads to the diamagnetic
LiCoO, compound (Co*" in the low-spin state with § = 0).
Assuming that at Ty a spontanecous magnetization occurs
without external field gives us the expression of the Néel
temperature:

Ty= 1 (=) [0 = %) Urs — Ja) + 5] S + 1), [14]

Since the distance between successive layers of metal is of
the order of 5 A, compared with a metal-metal distance of
2.8-3 A within the layers, the molecular field model fails
especially in predicting Ty for this class of substances. The
departure from the Curie-Weiss law well above Ty for all
samples is actually the experimental signature of short-
range order. Nevertheless, our estimated values of the ex-
change interactions account for the decrease of Ty with
increasing x. We obtain a positive value of the Weiss tem-
perature 0 for layered LiFeO, as reported by Ado et al. and
Tabuchi et al. (5, 16, 33). For a-NaFeO, Ty ~ 11 K (16, 32).
Following Shirane and Tabuchi (9, 17) we assume that the
change of Ty between these two isomorphous compounds
could be attributed to a lower interplane distance for
layered LiFeO,. The Na™ and Li" have indeed an ionic
radius of 1.02 and 0.74 A, respectively. As reported by
Tabuchi et al. (16) ferromagnetic impurity can explain the
negative 0 value observed for a-NaFeO, (9). We also believe
that «-NaFeO, and layered LiFeO, should have the same

magnetic structure. Neutron diffraction measurements
could confirm this assumption. It is important to note the
absence of frustration in layered LiFeO,. First, this is
a good indication of a ferromagnetic interaction in the
triangular Fe layers. Second, this could be correlated with
the absence of ferrimagnetic clusters. A mechanism of frus-
tration involving the clusters in LiNiO, has been recently
proposed (12, 15). Independent of the sign of the interaction
Ni(Fe)-O-Ni(Fe) at 180° a Ni(Fe) ion in the Li planes tends
to align the Ni(Fe) spins of the adjacent Ni(Fe) planes. This
effect is in competition with the AF coupling between the
Ni(Fe) layers. We have shown that the interaction involving
Fe ions is not strong enough to stabilize the ferrimagnetic
cluster and no frustration is in fact observed in layered
LiFeO,. It is difficult to compare the two isomorphic sys-
tems further since in the LiNiO, case we cannot exclude
a strong coupling between the spins and the orbital degrees
of freedom (15).

IV. CONCLUSION

We have synthesized layered LiFe;_,Co,O, with o-
NaFeO, structure by ion-exchange reaction. In contrast to
Li; -, Ni; +,O, we do not have any evidence of ferromag-
netic clusters created by metal ions in the lithium layer and
no tendency to spin frustration. We propose an A-type
antiferromagnetic structure for layered LiFeO, with a fer-
romagnetic intralayer and an antiferromagnetic interlayer
interaction of + 1 K and — 0.38 K, respectively. We show
that the presence of diamagnetic cobalt ions in the iron layer
induces a contraction of the Fe-O distances and thus leads
to an increase in the ferromagnetic in-plane exchange inter-
actions up to x = 0.4. The magnetic behavior of layered
LiFeO, is very close to that of NaNiO,, even under cobalt
doping. The knowledge of the magnetic coupling between
Fe3* ions in layered LiFe; _,Co,0, can now be used to
study the behavior of other isomorphic compounds like
Li(Ni, Fe)O..
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