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Abstract—The Mossbauer studies on >’Fe nuclei in multiferroics BiFe; _ ,Cr,0; (x = 0.05, 0.10, and 0.20)
have been performed at room temperature. The multiferroics BiFe; _ ,Cr,O; (x = 0.05, 0.10, and 0.20) with
the rhombohedral R3¢ structure have been prepared by solid-state synthesis under high pressures. The effect
of substitution of Cr cations for Fe cations on the spatial spin-modulated structure, and also hyperfine elec-
trical and magnetic interactions of >’Fe nuclei has been studied. The substituted ferrites demonstrate an
anharmonic modulated spin structure of cycloid type, in which iron atoms with different cation environments
take part. The anharmonism parameter of the cycloid linearly increases fromm = 0.10at x=0tom = 0.78 =
0.02 at x = 0.20. The constants of magnetic uniaxial anisotropy K, are estimated at room temperature: K, =

0.36 x 10 erg/cm’ at x = 0 and K, = 4.22 x 10° erg/cm? at x = 0.20.

DOI: 10.1134/S1063783417080194

1. INTRODUCTION

At present, materials called multiferroics attract a
great interest from researchers. This interest is due to
the nature of fundamental physical properties and also
a great potential of these materials for applications in
practice [1—4]. Multiferroics BiFeO; is of the highest
interest, since it has the magnetic and electric transition
temperatures higher than room temperature [1—4].

However, BiFeO; has no a weak ferromagnetism
and, as a result, linear magnetoelectric effect [6]
because of the spatial spin-modulated structure
(SSMS) of the cycloid type with the wavelength 620 A
[5]. The disturbance or suppression of the SSMS
cycloid, e.g., by external magnetic field of 200 kOe, led
to the increase in the magnetization and the appear-
ance of a linear magnetoelectric effect [7]. The mag-
netoelectric properties of multiferroics BiFeO; were
also improved by substitution of cations of various
groups of the periodic table of elements for Bi or Fe
cations (for example, [8§—10]).

Double perovskites of the A,BB'Og type, in partic-
ular, the BiFeO;—BiCrO; system generate a great
interest. According to [11], as chromium cations sub-
stitute iron cations in double perovskites, the Fe3"—
O—Cr*" spin bond can create ferromagnetic ordering.
The magnetic structure and the ferroelectric polariza-
tion in the ordered Bi,FeCrO4 were calculated in [12].
It was predicted that the magnetic and electrical prop-

erties of the double perovskite can be improved by the
ordering of cations Fe3* and Cr*". The experimental
studies of the bulk perovskite Bi,FeCrO did not reveal
any improvement of its magnetic and electrical prop-
erties, since it turned out that cations Fe3" and Cr?" in
the bulk perovskite Bi,FeCrO4 samples were randomly
distributed over positions B and B' [13]. High values of
the electric polarization and the magnetization were
observed in thin films, nanostructures, and superlat-
tices of perovskites Bi,FeCrO4 and BiFe, _ ,Cr,O; at
room temperature [14—18]. However, these effects
were obtained as a result of the influence of various
defects, stresses, lattice distortions, impurities, other
crystalline impurity phases and other factors, not due
to an ordering of cations Fe3* and Cr**. The increase
in the magnetization in thin films, nanostructures,
and superlattices was explained by the ferro- and anti-
ferromagnetic bonds in Fe—O—Fe/Cr chains, since
these bonds were significantly dependent on the mag-
nitude and the angle of the superexchange interactions
between cations Fe3* and Fe3t/Cr3* (e.g., [14—18].
The study of the magnetic states of iron cations and
SSMS in bulk perovskites BiFe, _ ,Cr,O; (x = 0.05,
0.10, and 0.20) is of certain interest, since bulk samples
of this system can be free from various defects,
stresses, and other factors, which are the cause of
changing the physical properties observed in the films,
nanostructures, and superlattices. It is difficult to pre-
pare single-phase bulk samples in the BiFe, _ ,Cr,O;
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Table 1. Lattice parameters in the rhombohedral samples of
multiferroics BiFe, _ ,Cr, O3 (x = 0.05, 0.10, and 0.20)

x a(A) c(A)
0.00 5.5795(1) 13.8686(2)
0.05 5.5762(1) 13.8564(2)
0.10 5.5730(1) 13.8410(2)
0.20 5.5674(1) 13.8130(2)

system using common solid-phase synthesis technol-
ogies at normal pressure. Single-phase bulk samples of
the BiFe,_ Cr,O; system were prepared by solid-
phase synthesis under high pressures [13—15], the sol
gel method, and the combustion method [16—18]. As
follows from [13—15], the substitution of chromium
cations for iron cations decreased the lattice parame-
ters and increased the magnetization. In [13, 18], the
Mossbauer effect was studied in the multiferroics
BiFe, _ .Cr,0O; and it was found the iron cations in bulk
samples and nanoparticles of BiFe, _ ,Cr,O; (x = 0,
0.05, and 0.10) were in a trivalent state. However, the
influence of the substitution of chromium cations for
iron cations on the SSMS parameters and the param-
eters of the hyperfine interactions on %’Fe nuclei in
multiferroics BiFe, _ ,Cr,O; was not studied.

This work presents the results of studies, at room
temperature, of the crystal structure and the Moss-
bauer effect on *’Fe nuclei of bulk BiFe, _ ,Cr,O; (x =
0.05, 0.10, and 0.20) samples synthesized under high
pressures.

2. EXPERIMENTAL

Multiferroics BiFe, _ ,Cr, 05 (x = 0.05, 0.10, and
0.20) samples were prepared from the stoichiometric
mixture of Bi, O3 (99.9999% pure), Fe,05 (99.999%),
Fe,05; (95.5% °'Fe) with the concentration of
10 mol %, and Cr,0; (99.99% pure). At the initial
stage, the mixture was annealed at a temperature of
1250 K and a pressure of 6 GPa for 1.5 h in hermeti-
cally sealed gold capsules. Then, the homogenizing
annealing was performed at 7= 800 K for 2 h. After
the temperature annealing, the sample was slowly
cooled to room temperature. The synthesis was per-
formed in the International Center for Materials
Nanoarchitectonics at the National Institute for
Materials Science (Japan). The X-ray diffraction data
were obtained at room temperature using a RIGAKU
Ultima III diffractometer. The photography was per-
formed in the range of diffraction angles 0—65° with a
pitch and a measurement time of 2—10 s/step.

The Mossbauer studies were performed using an
MS1104Em spectrometer operating in the constant
acceleration mode with a triangular form of the
change in the Doppler velocity of the source with
respect to the absorber. The sources were >’Co nuclei
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in the RA matrix. The Mossbauer spectrometer was
calibrated at room temperature using an o-Fe stan-
dard absorber. The spectra of the samples were mea-
sured at room temperature. The Mossbauer spectra
were processed and analyzed using the method of
interpretation of spectra in terms of the SSMS model
of cycloid type described in [19, 20] and used in the
SpectrRelax program [21, 22].

3. EXPERIMENTAL RESULTS
AND DISCUSSION

Figure 1 depicts the X-ray diffraction spectrum of
the BiFe¢,Cr,,00; sample measured at room tem-
perature (as an example). Table 1 gives the lattice
parameters of multiferroics BiFe, _ ,Cr,O; (x = 0.05,
0.10, and 0.20) samples. The sample structure was
rhombohedral. The lattice parameters decreased as
the chromium content increased. These data agreed
with the data of [13—18]. The substitution of
chromium cations for iron cations in multiferroics
BiFe, _,Cr,O5 (x =0.05, 0.10, and 0.20) decreased the
lattice parameters. This effect was due to that the
effective cation radius of trivalent chromium cation
(R(Cr*3) = 0.615 A) was significantly smaller than the
effective cation radius of trivalent iron cation
(R(Fe*?) = 0.645 A) [23]. The samples studied con-
tained small amounts of impurity phases Bi,O,CO;
and Fe,0;.

Figure 2 shows the Mossbauer spectra of the mul-
tiferroics BiFe, _ Cr,O; (x=0.05, 0.10, and 0.20). The
spectra of the samples exhibiting SSMS of the cycloid
type measured at temperatures below than the Néel
temperature demonstrated the features that were
observed in the Mossbauer spectra of BiFeO; [19, 20]
and BiFe,_T,0; (T = Sc, Mn) [24], namely, an
asymmetry of the Zeeman sextet with nonuniformly
broadened resonance lines. These features were
related to the existence in the spectrum of a positive
correlation of the hyperfine magnetic field and the
quadrupole shift of the resonance lines due to rotation
of Fe atom spin in SSMS of cycloid type considered in
detail in [19—22, 24]. The resonance lines in the spec-
tra of the substituted perovskites BiFe, _ ,Cr,O; (x =
0.05, 0.10, and 0.20) were more broadened as com-
pared to the lines in the spectrum of pure BiFeO; [19,
20] and BiFe, _ , T O; (T = Sc, Mn) [24].

Dependence 3(x) of the angle between the antifer-
romagnetism vector and the symmetry axis in the
structure of bismuth ferrite BiFeO; on coordinate x
along the spin modulation direction for the positive
sign of the coefficient of the uniaxial magnetic anisot-
ropy K, (in more detail, the sign of K, was discussed in
[25]) is described by equation

cosﬁ(x):sn(@x,m) at K, >0, (D)
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Fig. 1. X-ray diffraction pattern of the BiFe( 95Cr( (503 sample.

where A is the wavelength of the anharmonic spin
modulation, 0 <m < 1 is the Jacobian function param-
eter sn(x, m) (m is the parameter of anharmonism of
the incommensurable spin modulation), and K(m) is
the first order complete elliptic integral. The SSMS
wavelength A is related by Eq. (2) to the energy con-
stants of the thermodynamic potential: with the coef-
ficient of the uniaxial magnetic anisotropy K, charac-
terizing the energy of the uniaxial magnetic anisotropy
E, = K sin?0, exchange hardness A characterizing the

energy of nonuniform exchange interaction E., =

Aq?, where A is the nonuniform exchange constant
(excharge hardness) and g = 27t/ is the wave number

A =4(A/K )" Kmm'>. )

The Mossbauer spectra of the BiFe, _ ,Cr,O; (x =
0.05, 0.10, and 0.20) system samples were processed in
the framework of the SSMS model of cycloid type.
The main positions of this model for interpretation of
the Mossbauer spectra of BiFeO;-based perovskites
were presented in [19, 20, 24].

For every angle ¥(x) from the range of varying
coordinate x € [0, A], there was resonant absorption
line in the form of the Zeeman sextet with shift 0,
quadrupole shifts of the first €(%) and the second
a. () smallness orders in the expansion in terms of the
energy of quadrupole interaction, and the hyperfine
magnetic field (HFMF) H, (). We considered quad-
rupole shift € equal to the quadrupole shift induced by
the electric field gradient generated by atoms sur-
rounding the nucleus g, and did not take into account
additional possible shift €,,,, that was provided by a
local distortion of the lattice because of a strong mag-
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netoelectric interaction [21], since, as was shown in
[19, 20], this additional shift can be neglected in the
case of bismuth ferrite.

In the case of the uniaxial anisotropy of the hyper-
fine interaction when it is fairly small, as is the case
with ¥Fe nuclei in BiFeO;, the hyperfine magnetic
field on *’Fe nuclei H (1) can be represented as

H,(9) = H, + H,,(3cos*(9) - 1)/2, 3)

where H,, is the isotropic contribution to the hyperfine
magnetic field H, that is mainly determined by the
contact Fermi interaction with s electrons localized at
a nucleus and polarized by the atom spin, H,, is the
anisotropic contribution provided by the magnetic
dipole—dipole interaction with localized magnetic
moments of atoms and the anisotropy of the hyperfine
magnetic interaction of the nucleus and the electrons
of the ion core of the proper atom. From Eq. (3), it fol-
lows that the values of the hyperfine magnetic fields in
the case of the orientation of the iron atom magnetic
moment in parallel (#)) and perpendicularly () to
the crystal symmetry axis, which were used in [19, 20,
26], are related to the isotropic and anisotropic contri-
butions by simple relationships H, = H;; + H,, and
H, = H,,— H,,/2. The searching for optimal values of
all the parameters of the hyperfine interaction (9, €,
H,, and H,,) and the anharmonism parameter of spin
modulation (m) was performed during the interpreta-
tion of the Mossbauer spectra in the framework of the
SSMS model of cycloid type.

According to the interpretation, one partial spec-
trum in the SSMS model of cycloid type corresponded
to the Mossbauer spectrum [19, 20]. To adequately
Vol. 59
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Fig. 2. Mossbauer spectra of >7Fe nuclei of ferrites (a)

BiFeo_95Cr0_0503, (b) BiFeOIQOCr0.1003 and (C)
BiFe( g9Cr( 5003 measured at room temperature and the
results of processing of the spectra in terms of the model of
anharmonic spin wave.

describe the Mossbauer spectra in the substituted fer-
rites BiFe, _ .Cr,O; (x = 0.05, 0.10, and 0.20) and
according to the distribution of chromium cations over
the iron cation positions, the nearest environment of
which contained different numbers N, of impurity
chromium cations, we considered the existence of sev-
eral most probable partial magnetic spectra. These
partial spectra corresponded to the model of unique
anharmonic spin wave in which spins of all iron atoms
in the perovskites took part. In this case, line shifts 0,
quadrupole shifts g,, anisotropic contributions H,,,,
and the anharmonism parameters m of these partial
spectra were taken to be the same, but isotropic con-
tributions H,, were varied. The equalities of the widths
(I') and intensities (/) of resonant lines in sextet were
heldinpairs: ', =T, I, =15, [3=T,and I, =1, I, =
Is, =1,
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Fig. 3. Dependences of the relative intensities of the partial
spectra of %’ Fe nuclei in ferrites BiFe| _ ,Cr, O3 (x = 0.05,
0.10, and 0.20) on the number N, of Cr atoms in the near-
est cation environment of a Fe atom; points connected by
lines are the binominal distribution Pg(Nc;).

To adequate describe the spectra in the BiFe, _ ,Cr,O;
(x = 0.05, 0.10, and 0.20) system, it was sufficient to
have three partial spectra for the spectrum of the
BiFe, ¢sCr, (sO5 sample, four partial spectra for the
spectrum of the BiFe 4,Cr,,,0; sample, and five par-
tial spectra for the spectrum of the BiFe4,Cr;,00;
sample (Fig. 2). The envelopes of the model spectra
corresponded well to the experimental Mossbauer
spectra (normalized functional square was x> = 1.0—
1.2) with inclusions of the contributions of two low-
intense partial spectra of impurity phases. Figure 3
shows the dependences of the relative intensities of the
partial spectra of Fe*" nuclei in perovskites
BiFe, _ Cr,O; (x = 0.05, 0.10, and 0.20) on the num-
ber N, of cations Crin the nearest cation environment
of a cation Fe; the points connected by lines were due
to binominal distribution P¢(N¢,). These data showed
that chromium cations in multiferroics BiFe, _ ,Cr,O;
(x=0.05,0.10, and 0.20) were randomly distributed in
the lattice over the iron atom positions.

The model interpretation showed that the Moss-
bauer line shift 6 (0.39 £+ 0.01 mm/s) was almost inde-
pendent of the chromium cation concentration in
BiFe, _ Cr,O; (x=10, 0.05, 0.10, and 0.20) and corre-
sponded to a high spin state of iron cations Fe3" in the
octahedral oxygen environment. Quadrupole shift €,
provided by the electric field gradient induced by cat-
ions surrounding the nucleus decreased slightly as the
cation Cr concentration increased from g, = 0.236 *
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0.002 mm/s at x = 0.05 to g,, = 0.219 £ 0.009 mm/s at
x = 0.20. Since the mean interatomic distances
decreased as the Cr atom concentration increased, the
contributions of localized charges and dipole
moments of ions must increase. It is likely that the
decrease in the quadrupole shift was related to a
decrease in the electron contribution [27] due to a
change in the number of electrons participating in the
transfer and the degree of overlapping of orbitals of the
iron and oxygen atoms.

The substitution of trivalent chromium cations for
trivalent iron cations in the Fe—O—Fe/Cr bond chains
substantially changed SSMS at >’Fe nuclei of the iron
cations. Figure 4 shows the dependence of the isotro-
pic contribution H,, in SSMS on the number N, of
chromium cations in the nearest environment of a Fe
cation in the BiFe, _ ,.Cr,O; (x = 0.05, 0.10, and 0.20)
system. It is seen that these dependence for the first
three values of N, (0, 1, 2) were described well in a lin-
ear approximation. In other words, the model of addi-
tive contributions in H,, on %’Fe nuclei from atoms of
the nearest environment was valid at small substitution
of Cr atoms for Fe atoms. In this case, the replacement
of a Fe atom for a Cr atom changed field H; by AH; =~
—21.6 kOe. The further replacement of Fe cations for
3 and 4 Cr cations in the Fe—O—Fe/Cr bond chains
decreased isotropic contribution H;; by ~30—40 kOe
(Fig. 4). The anisotropic contributions H,, in HFMF
of the multiferroics BiFe, _ ,Cr,O; (x =0.05, 0.10, and
0.20) were close to each other and were H,, = 4.5 =
0.2 kOe.

According to [28—30], HFMF (H,) on Fe3* cation
had two contributions. The main contribution H_,.
was due to the polarization of internal s electrons by a
local magnetic moment p(Fe3*) of the Fe** cation.
This contribution was parallel to the local magnetic
moment of the Fe3" cation [28] and had the negative
sign with respect to the direction of moment p(Fe3*).
Another contribution H.,, was due to covalence effect
and consisted of two contributions [29, 30]. The first
contribution in H,, was Hspyp (supertransferred
hyperfine field), i.e., HFMF on the central Fe3" cat-
ion due to indirect influence of neighboring Fe** and
Cr’* cations on the central Fe?* cation. In this case,
Hgryyr was determined by the covalence parameters of
the Fe3*—0?~ chemical bond and also by the angle in
Fe—O—Fe and Fe—O—Cr chains. Another contribu-
tion H, was dependent on the overlapping 2p orbitals
O?%~ with ns orbitals of Fe3* and the transfer of electron
spins from a metallic cation Fe3* via oxygen to another
metallic cation Fe3* or Cr**. The decrease in the iso-
tropic contribution H;, (Fig. 4) can be due to that the
substitution of Cr3* cations with smaller ionic radius
for Fe?" cations in the octahedral positions led to a dis-
tortion of oxygen octahedral to changes in the Fe—O—
Fe and Fe—O—Cr bonds lengths and angles and to a

PHYSICS OF THE SOLID STATE

POKATILOV et al.

510 |
L O x=0.05
f§§ ® x=0.10
AN N A x=020
- AN
460 RPN
8 “ R
hv/ - \\ N
2 b *
T I \\§§
410 - RN
i L IENN
AN
- &
360 1 1 1 1 1 1
0 1 2 3 4 5 6
NCr

Fig. 4. Dependences of the isotropic contribution Hjg to

the hyperfine field on ’Fe nuclei in multiferroics
BiFe; _ ,Cr, O3 (x=0.05, 0.10, and 0.20) on the number N,

of Cr atoms in the nearest cation environment of a Fe atom.

change in the covalence parameters. The difference in
the observed values of hyperfine magnetic fields for
the states of the iron ions containing chromium ions in
the nearest cation coordination sphere (Fig. 4) was
related to various positive partial contributions Hgryp
and H_to HFMF on a ’Fe nucleus in BiFe, _ ,Cr,O;.
It was difficult to estimate the influence of substitution
of Cr** for Fe*" on the local magnetic moment of cat-
ion Fe*" w(Fe*") in the perovskite system under study,
since there are no available data on magnetic moments
of cations in the Fe3"/Cr3* positions. Magnetic
moments W(Fe3*) in BiFeO; were measured by neu-
tron diffraction in [31] (W(Fe) = 3.5up at room tem-
perature and WW(Fe) = 4 at a temperature of 4.2 K).
Magnetic moments of chromium cations W(Cr) in
BiCrO; were measured by neutron diffraction in [32,
33] (W(Cr) =2.55ugat 7 Kand u(Cr) =2.09uz at 80 K
[32]; W(Cr) = 2.6 at a liquid helium temperature and
W(Cr) = 2.04u at 90 K [33]. It is likely that local
magnetic moments W(Cr) in the multiferroics
BiFe, _ ,Cr,O; (x = 0, 0.05, 0.10, and 0.20) at room
temperature have a smaller values than the iron
moments of W(Fe) = 3.5ug.

Figure 5 shows the dependence of the anharmon-
ism parameter m of SSMS of cycloid type in the multi-
ferroics BiFe, _ ,Cr,O; (x =0, 0.05, 0.10, and 0.20) on
the Cr cation concentration at room temperature.
Parameter m was measured in BiFeO; at room tem-
perature using the Mossbauer effect method in [19, 20]
and it was m = 0.10 £ 0.03. As chromium cation substi-
No. 8
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Fig. 5. Dependence of anharmonism parameter m of spin
modulation in multiferroics BiFe; _ ,Cr,O; (x = 0.05,

0.10, and 0.20).

tuted iron cations in the perovskites BiFe, _ ,Cr,O; (x =
0.05, 0.10, and 0.20), parameter m linearly increased
fromm=0.26 at x = 0.05to m = 0.78 £ 0.02 at x =
0.20. This effect demonstrates the increase in the
anharmonism in SSMS upon substituting of chro-
mium cations for iron cations in BiFe, _ ,Cr,O;. The
extrapolation of the values of the anharmonism
parameter to the value m = 1 showed that, in the BiFe,
_ .Cr,O; system, the SSMS of cycloid type is likely to
be disturbed at chromium content x = 0.26; i.e., the
SSMS cycloidal structure with the G-type magnetic
order is transformed to the G-type collinear antiferro-
magnetic structure.

The change in the anharmonism parameter m as
chromium cations substitute iron cations was provided
by a change in the constant of uniaxial magnetic
anisotropy K, and the energy of the nonuniform
exchange interaction E,,,. We estimated the exchange

Table 2. Concentration dependences of the Néel tempera-
ture (the data were taken from [15]) of exchange hardness
constant 4, anharmonism parameter m, the first-order
complete elliptic integral K(m), magnetic uniaxial anisot-
ropy constant K, and SSMS period A [5] of multiferroics
BiFe, _ ,Cr, O3 (x = 0.05, 0.10, and 0.20)

Tn, K 4 K(m) |\ (A) K

b , m m

N (10~ erg/cm’) (107 erg/cm’)

0.00 | 643 3.33 0.10| 1.61 | 620 0.36

0.05]608.5 3.15 0.26| 1.69 | 620 0.99

0.10 | 580 3.00 0.49| 1.85 | 620 2.08

0.20| 510 2.64 0.78] 2.22 | 620 4.22
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hardness and the constant of uniaxial magnetic
anisotropy by formulas, according to [34]:

A= %M, (4)
Ape_Fe
2
K, = 16A§2(m)m, (5)

where kg is the Boltzmann constant, ag._g. is inter-
atomic distance, and Ty is the Néel temperature.

Table 2 gives the values of the exchange hardness
and the constant of uniaxial magnetic anisotropy. It
was assumed that parameter ap,_p, = 4 A [35] and it is
changed insignificantly in the perovskites under study.
The concentration dependence of 7y in the
BiFe, _ Cr,0O; system in the range x = 0—0.20 is given
in Table 2. These data were taken from [15]. The cal-
culations were performed assuming that the cycloid
length was A = 620 £ 20 A, according to [5], and it was
not dependent on the chromium content. We esti-
mated the constant of uniaxial magnetic anisotropy K,
as a function of the chromium content in
BiFe, _ . Cr,O; (x = 0-0.20) by Eq. (5) using the
parameter m and K(m) from Table 2. At room tem-
perature, K, = 0.36 x 10° erg/cm?® at x = 0 and
increased to K, = 4.22 x 10° erg/cm? at x = 0.20. Table
2 also gives the estimations of the constant of uniaxial
magnetic anisotropy K, and the exchange energy den-
sity E.,, as a function of the composition. As is seen
from Table 2, the increase in anharmonism parameter
m in the BiFe, _ ,.Cr,O; system as the chromium con-
centration increased was mainly determined by the
increase in the constant of uniaxial magnetic anisot-
ropy K.

We suppose that the observed effects (the decrease
in the crystal lattice parameters, HFMF on % Fe nuclei,
and the constant of uniaxial magnetic anisotropy) were
due to significant lattice distortions, because of the
large difference of ionic radii and also the decrease in
the number of d electrons in the electronic structure of
the multiferroics BiFe, _ Cr,O; upon substituting of

chromium atoms (3¢°) for iron atoms (3d°) and, as a
result, due to the change the bond angles and lengths in
the Fe—O—Fe/Cr chains and also the change in the
degree of the bond covalence.

4. CONCLUSIONS

The X-ray diffraction studies of the samples of the
multiferroics BiFe, _ ,Cr,O; (x = 0.05, 0.10, and 0.20)
prepared by solid-phase synthesis under high pres-
sures showed that the crystal structure of the samples
was rhombohedral with space group R3c. The lattice
parameters decreased as the chromium concentration
increased.

The Mossbauer spectroscopy at room tempera-
ture was used to study the influence of substitution of
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Cr atoms for Fe atoms on the spatial spin-modulated
structure and also the hyperfine electric and mag-
netic interactions of *’Fe nuclei in the multiferroics
BiFe, _ ,Cr,O; (x = 0.05, 0.10, and 0.20).

It was found that the structure of substituted fer-
rites contained the iron atom positions, the first coor-
dination sphere of which contained from one to five
chromium atoms in the dependence on the chromium
content in the sample. Chromium atoms were ran-
domly distributed over the iron atom positions.

The dependence of the isotropic contribution H; to
HFMF on the number N, of Cr cations in the nearest
environment of a Fe cation in the BiFe, _ ,Cr,O; (x =
0.05, 0.10, and 0.20) was described in a linear approx-
imation for the first three values of N, (0, 1, 2). In this
case, the substitution of Cr atom for Fe atom changed
field H,, by AH;; = —21.6 kOe. The anisotropic contri-
butions H,, to HFMF were close and equal to H,, =
4.5 + 0.2 kOe. We did not observe noticeable changes
in the anisotropic contribution, the quadrupole shift,
and the Mdossbauer line shift.

In the substituted ferrites, the anharmonic spin-
modulated structure of cycloid type formed; in the
structure, iron atoms with different cation environments
took part. The anharmonism parameter linearly
increased fromm =0.10 at x=0.00to m = 0.78 £ 0.02 at
x=0.20. We estimated the constant of uniaxial magnetic
anisotropy K, as a function of the chromium content: at

room temperature, K, = 0.36 x 10° erg/cm?3 at x = 0 and
increased to K, = 4.22 x 10° erg/cm? at x = 0.20.
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