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DIELECTRIC PROPERTIES OF SOLID SOLUTIONS OF MANGANESE
CHALKOGENIDES SUBSTITUTED BY IONS OF GADOLINIUM
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The paper describes materials based on solid solutions Gd.Mn, .S and Gd.Mn,__,Se, which in the future can be used
in aerospace industry as sensors, detectors, and information writer-readers.

In solid solutions Gd.Mn, A (A = S, Se) (x <0.2), capacitance and tangent of the dielectric loss angle were meas-
ured at the frequency of 10 kHz without a magnetic field and in the magnetic field of 8 kOe in the temperature range
100-500 K. The growth of the dielectric permittivity and the maximum of dielectric losses in the low-temperature
region were observed. The displacement of the temperature of the maximum of the imaginary part of the permittivity in
the direction of high temperatures is found with increasing concentration. For two compositions, a magnetocapacitance
effect was observed. The magnetocapacitance effect ocyy = (¢(H,T)—¢(0,T))/e(0,T)) was determined as a result of inves-
tigation of the complex dielectric permittivity.

The synthesis of new chalcogenide compounds in the cationic substitution of manganese by gadolinium in the MnS
and MnSe systems will make it possible to clarify the effect of the anion system, as a result of studying its magnetoresis-
tive properties with concentration in the gadolinium ion flux region along the x < 0.2 lattice.

Dielectric losses are described in the Debye model with the freezing of dipole moments and in the model of orbital-
charge ordering.
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JADJEKTPUYECKUE CBOMCTBA TBEPIBIX PACTBOPOB XAJIbKOT'EHAJIOB MAPTAHIIA,
3AMEIIEHHBIX HOHAMM I'AJIOJINHUS

A. M. Xaprkos, M. H. Cutaukos, A. H. Mactorus, B. B. Kpetunun, V. U. Priouna

Cubupckuii rocyTapCTBEHHBI YHUBEPCUTET HAYKH U TEXHOJIOTHH MMeHH akanemuka M. @. Pemernena
Poccutickas ®enepamus, 660037, r. KpacHosipek, mpoctt. uM. ra3. «KpacHosipckuii paboumii», 3 1
E-mail: khark.anton@mail.ru

Onucanvl mamepuanvl Ha ochose mgepovix pacmeopos Gd.Mn;,S u Gd.Mn;.Se, komopwie 6 nepcnekmuge mozym
UCHONBb308AMBCS 8 A3POKOCMUUECKOL OMPACAU 8 Kayecmee CEeHCOpO8, OamuUKos, YCMPOUCME 3anucu-cHumul8anus
uHgopmayuu.

B meepowix pacmeopax Gd.Mn; A (A =S, Se) (x < 0,2) nposedenvl usmeperuss eMKOCMU U MAH2EHCA Yena OUdJeK-
mpuyeckux nomepsb Ha yacmome 10 xl'y 6e3 macHumno2o noas u 6 macHumuom noie 8 kO 8 unmepesaie memnepamyp
100-500 K. Obnapyoicen pocm OusieKmpuieckoli npoHUYaeMoCmuy U MAKCUMYM OUIJIeKMPU4ecKux nomeps 8 oo1acmu
HusKkux memnepamyp. Hatioeno cmewenue memnepanypbl MakxCuMyMa MHUMOU YaCMU OUDIEKMPUHECKOL NPOHULAeMOCIU
6 CMOPOHY GbICOKUX MEMRepamyp ¢ poCmoM KOHyeHmpayuu. J{is 08yxX cOCmaso8 0OHAPYICEH MASHUMOEMKOCHIHbLIL
appexm. Macnumoemxocmuutii s¢pghexm oy = (¢(H,T) — €(0,7))/e(0,T)) b6vLn onpedenen 6 pe3ynvmame uccied08anus
KOMNJEKCHOU OUINEKMPUYECKOU NPOHUYAEMOCMIUL.

Cunme3s HOBbIX XANbKOLEHUOHBIX COCOUHEHULL NPU KAMUOHHOM 3AMEWeHUU Map2anya 2a0oaunuem 6 cucmemax MnS
u MnSe nozeonum 6visascHUMb GIUSHUE AHUOHHOU CUCTNEMbL 8 PE3YIbMame UCCIe008aAHUsL €20 OUINLEKMPULECKUX CBOUCE
¢ KoHyenmpayueti 6 001acmu nPOMeKanusi UOHO8 2a00auHUsL no peuwemke x < 0,2.

Jlusnexmpuueckue nomepu onucwisaromesi 8 mooenu /ebas ¢ 3amep3anuem OUNOIbHbIX MOMEHMO8 U 6 MOOenu
0pOUMATBLHO-3aPSI008020 YNOPAOOUEHUS.

Knrwouesvie cnosa: meepovie pacmeopul, 31eKmMpOeMKOCHb, OUBIEKMPUYECKas NPOHUYAEMOCMb, MACHUMOEMKOCH-
Hblll 3¢hpexm.
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Introduction. Materials in which the interrelation of
magnetic and electrical properties manifests itself [1], that
is, magnetoelectrics and multiferroics, [2] are of interest
both from the fundamental and from the applied point of
view. Particular attention is attracted to materials that
exhibit magnetoelectric properties at room and higher
temperatures in connection with practical applications in
microelectronics for recording and storing information.
Such studied materials include bismuth ferrite BiFeO; [3].
The giant magneto-capacitance effect was observed in
LuFe,O, [4] at room temperature and is explained by the
charge fluctuation with different spin in Fe*" and Fe’*
ions as a result of removing the degeneracy between two
types of charge order by an external magnetic field. The
dependence of the orbital magnetic moments on the polar
distortions induced by the electric field gives an “ion-
orbit” contribution to the magnetoelectric response [5].

At a high level of doping, an orbitally disordered state
may arise, which is energetically favorable in comparison
with antiferroorbital ordering due to a decrease in the
kinetic energy. Analogously to disordered spin systems,
when ferromagnetic polarons exist in the paramagnetic
region [6], in the high-temperature range, the orbital polarons
contribute to the kinetic properties of such systems [7].
The shape of the orbital polarons depends on the configura-
tion of the electronic orbitals. In the presence of an orbital
magnetic moment, for example, for electrons in f,,-states,
the orbital polarons have a magnetic moment. In this case,
the energy of the orbital polaron depends on the direction
and magnitude of the external magnetic field. The anisot-
ropy of the electron density distribution in the lattice leads
to anisotropy of the dielectric permittivity, which can
be controlled by a magnetic field.

In electrically non-uniform systems, the Maxwell—
Wagner effect [8] and contact effects can lead to giant
values of dielectric permittivity and dielectric relaxation
in the absence of dipole relaxation [9]. The Maxwell-
Wagner effect can also induce magneto-capacitance in the
absence of interaction between the magnetic and electrical
subsystems, provided the magnetoresistance exists in the
material [10]. Such effects clearly demonstrate that the
presence of magneto-capacitance is not sufficient to clas-
sify these compounds as multiferroics. On the other hand,
the magneto-capacitance without a magnetoelectric cou-
pling can be more practical for technological applications
as the existence of a long-range magnetic order is not
required.

An electrically non-uniform system with orbital de-
generacy is obtained by replacing divalent manganese
ions with trivalent gadolinium ions. Thus, the starting
compounds of manganese selenide and gadolinium se-
lenide are, respectively, a semiconductor and a degenerate
semimetal whose electrical resistance is 10°-10° times
different from each other [11]. Gadolinium selenide and
manganese selenide have an antiferromagnetic structure
of the second ordering type with Neel temperature Ty =
=63 K [12] and Ty = 137 K [13]. The spin-orbit and the
Jahn-Teller interaction remove the degeneracy of the #,,
electronic states and induce splitting of the electron spin
excitation spectrum. As a result, dielectric properties can
be controlled by electric and magnetic fields.

The aim of this paper is to establish the role of anions
and the effect of cation substitution on the magnetoelec-
tric coupling in orbital-degenerate electronic states in
Gd.Mn_.A solid solutions (A =S, Se).
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Experimental results and their discussion. Synthesis
of solid solutions Gd,Mn;_,A (A = S, Se) and their certifi-
cation were described in detail earlier in [14]. The magneto-
capacitance effect dey = (e(H,T) — € (0, 7)) / € (0, 7)) is
determined by the investigation of the complex dielectric
permittivity. The spectral and temperature dependences of
dielectric constants can be used to detect the dipole elec-
tric moment and to determine its characteristics, even
when it is a question of a local dipole moment in small
clusters without the presence of long-range order. Dielec-
tric properties also reflect the information about charge
transport and charge ordering processes. The response of
the dielectric properties to the action of the magnetic field
will make it possible to determine the basic mechanisms
that determine the behavior of the dielectric and electric
transport properties.

The capacitance and tangent of the dielectric loss
angle (tg d) were measured on the AM-3028 component
analyzer in the temperature range 90-450 K without
a magnetic field and in the magnetic field H = 8.6 kOe.
The magnetic field was applied parallel to the plates of
a flat capacitor. Fig. 1 shows the temperature dependences
of the real Re (¢) and imaginary Im (&) = tg dRe (g) parts
of the dielectric constant of the sample GdgosMnggeS.
Heating the sample causes a sharp increase in dielectric
losses, the imaginary part of the dielectric constant
increases threefold, and the imaginary part increases by 5 %
at 7= 102 K. As the temperature increases, the dielectric
constant gradually increases and decreases sharply at 7 =
= 172 K with a slight increase. The change in the permit-
tivity GdgosMng oS within one percent in the magnetic
field was not detected. A sharp change in the dielectric
permittivity is due to structural distortions of the lattice
from the cubic to the rhombohedral structure observed
in the non-stoichiometric manganese sulfide at 7= 168 K.

Fig. 2 shows the temperature dependences of the real
Re (¢) and imaginary Im (g) = tg dRe (&) parts of the
dielectric permittivity of the sample Gd, osMnggsSe. In the
temperature range 220-330 K, the real part of the dielec-
tric permittivity increases twofold and shifts with increas-
ing frequency towards higher temperatures. The tempera-
ture of the maximum of the dielectric losses increases
with increasing frequency and is described by a nonlinear
function of the logarithm of frequency. The frequency
dependence of the complex dielectric permittivity does
not correspond to the Debye and Cole-Cole models,
which describe the dielectric properties of homogeneous
systems with the exponential dependence of the relaxation
of the polarization parameter.

The frequency of the dielectric relaxation corresponding
to the maximum of Im (¢) has an activation character and
is well described by the function Inow = A exp (-AE/kT)
(fig. 2, b), where the activation energy AE =0.051 eV and
the exponential satisfies the condition exp (-AE / kT) <<'1
at T < 350 K. Below this temperature, the relaxation
frequency and time (t) can be represented as:

ool )

B

(1



Cubupckuil scypHan Hayku u mexvoaoaui. Tom 19, Ne ]

57 ' ' ' ' ' ' ]

54 -

51 J

50 100 150 200 250 300 350 400

i
] .%I M

50 100 1850 200 2850 300 2350 400

TK

b

R

Fig. 1. Real (a) and imaginary (b) components of the dielectric permittivity
for sample Gdj gsMng oS at the frequency of 10 kHz from the temperature

Puc. 1. Peanbhas (a) u MEUMast (b) KOMIOHEHTHI AUDJICKTPUUECKOH IPOHUIIAEMOCTH
ans obpasna Gdg aMng ¢S Ha yacTore 10 kIt OT TemnepaTypsl
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Fig. 2. Real Re (¢) (a, b) and imaginary Im (¢) (¢, d) (c, d) components of the dielectric
permittivity of the sample GdgsMngosSe in the magnetic field H =0 (I, 3, 5), H= 8 kOe
(2, 4, 6) at frequencies ® = 5, 50, 300 kHz (a, ¢), ® = 1, 100 kHz (b, d) from the temperature

Puc. 2. Peanbnas Re(e) (a, 6) u muumas Im(e) (8, 2) KOMIOHEHTHI JUANEKTPUIECKOM MTPoO-
Hunaemoctn obpasna GdgosMnggsSe B maruutHoM mone H = 0 (1, 3, 5), H = 8 xD
(2, 4, 6) Ha wacToTax ® = 5, 50, 300 xI'1y (a, ), ® =1, 100 k['1 (6, 2) OT TemmepaTypsl



Texnonozuueckue npoyeccost u mamepuaiiol

0,2
B 1kHz
Q 5 khz
— 50 kHz
g_ 0,14 = 100Kk
= 300 kHz
S
1 0,0 _J.-u—..lu.- .
) Ty
s
_[_)11_
_[_)12_

200

100

30

0 400 500

Inm

max

Im(e)

0,8

6
0,0028

0,0032 0,0036 00040

1T, K’

Fig. 3. Magnet capacity de GdogsMng¢sSe at frequencies ® = 1, 5,
50, 100, 300 kHz in the magnetic field H = 8 kOe for the composi-
tion with x = 0.05 of the temperature (a); logarithm of the relaxa-
tion frequency from the reciprocal temperature without a field (/)
and in the magnetic field H = 8 kOe (2), adjustment function (/)
(left axis) (b). The maximum of Im(g) as a function of tempera-
ture. Adjustment functions Im(€)max = ANy + BNy, (dashed line)
(right axis)

Puc. 3. Maraurtoemkocts 6¢ GdggsMng ¢sSe Ha yactoTax ® = 1, 5,

50, 100, 300 x['m B maruutHoM moje H = 8 kD mig cocraBa

¢ x = 0,05 or Temnepatypsl (a); Jorapudm 4acTOTHI peslaKcauuu

oT 00paTHO# Temneparypsl 6e3 nmoist (/) 1 B MarHUTHOM Tiosne H =

= 8 K0 (2), nogronounas ¢ynkuus (/) (;1eBast ock) (6). Makcumym

Im(g) ot Temnepatypel. IToaronounsie GyHkmpy Im(€)na = ANpe +
+ BN, (MyHKTHpHAs 1uHKsA) (IIpaBasi 0Ch)

The activation energy in formula (1) corresponds to
the polaron energy (g,) relative to the chemical potential
(1), —AE = g, — p < 0. The relaxation time is proportional
to the polaron density t o N,. If the polaron energy
exceeds the chemical potential €, > , then this is a pola-
ron of the hole type N, = A/ (1 + exp (AE / kT)). The
imaginary component of the dielectric permittivity, due to
scattering of polarons by optical phonons, is proportional
to Im (&)max © (Nye + Npi). The maxima of the dielectric
losses increase with increasing frequency and temperature
without a magnetic field and smoothly decrease in the
magnetic field (fig. 3, b) as a result of the restructuring of
the electronic structure in a magnetic field. So in the zero
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field, the spectral weight of polarons with a hole-type
conductivity with the ratio N,, / N,. = 5.5 prevails, and
in a magnetic field — the spectral weight of polarons with
the electron type N, / N, = 2.3, which qualitatively
describes the experimental results (fig. 3, b).

The temperature at which the dielectric permittivity
increases sharply and the maximum of the dielectric
losses is observed, shifts to high temperature area in
a magnetic field. The activation energy increases by 5 %
in a magnetic field of 8 kOe. The magneto-capacity de =
= (e (H) — € (0)) / € (0) for the composition with x = 0.05 is
presented in fig. 3, a. When heated, the magneto-capacity
changes sign and decreases with increasing frequency.
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Having divided all the charge carriers into two groups —
bound and free charges, we can write the dielectric permit-
tivity of the medium as the sum of the dielectric permittiv-
ity of the “lattice” and the contribution of free carriers. Out-
side the absorption bands, the imaginary part of the permit-
tivity of bound charges (lattices) is usually neglected. The
ensemble of carriers was considered as a sum of particles
that do not interact with one another. In semiconductors
with electron doping, the electrons are delocalized in a cer-
tain region and the delocalization radius increases with
increasing temperature. We represent the functional depend-
ence in the form of a correlation radius E=A /(1 -1,/ 1),
where T, is the temperature of charge ordering of electrons
in t,, orbitals. Localized electrons induce local ion dis-
placements and lead to local polarization with an effective
dipole moment, whose dynamic susceptibility is described
in the Debye model.

With decreasing temperature at 7, as a result of the in-
teraction between dipoles through the lattice, local dipoles

“freeze”. The relaxation time of dipoles is described by the
Arrhenius function: t, = toexp (AE / kT), where AE is the
activation energy. The dielectric susceptibility can be writ-
ten as:

Re()/N = yu0+ % /(1 + (01)) + B/(1 - TJT),  (2)
Im(y)/N = yo01, /(1 + (01,)°) + yoot. /(1 + (01.)),

where y;, is the temperature-independent contribution
to the susceptibility; o is the static susceptibility of the
dipoles; B is the constant; T, is the relaxation time of the
dipoles at the freezing point; 1, is the relaxation time of
the electric charges upon transition to the orbital charge
ordering, . = A/ = A/ (1 — T./ T)", where z is the
dynamic index, and v is the index of the correlation radius
(v = 1). The contribution of free charge carriers is ne-
glected, since the value of 6™ of conductivity is several
orders of magnitude greater than the conductivity at con-
stant current.
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Fig. 4. Imaginary part of the dielectric permittivity (a) of a

solid solution Gdy,Mny S, measured at a frequency of 10 kHz,

without a field (/) and in the magnetic field H = 8 kOe (2) as

a function of temperature. Adjustment function (1b) with acti-

vation energy of 900 K (3), 1050 (4), zv = 2 (a). Relative

change of the imaginary part of the dielectric permittivity
in a magnetic field from the temperature ()

Puc. 4. MuuMas 4acTh IUANIEKTPHUIECKON MPOHUIAEMOCTH (a)

tBeporo pacrtsopa Gdy,Mny ¢S, n3mepeHHoi Ha yacrore 10 k'L,

6e3 monst (/) u B MarauTHOM nonte H = 8 kD (2) ot Temmepa-

typbl. Ilonronounast ¢ynkumst (1b) ¢ sHeprueil akTHBaUUU

900 K (3), 1050 (4), zv = 2 (a). OTHOCUTEIILHOE U3MEHECHUE

MHUMO¥H 9acTH JUIEKTPIIECKOH MPOHHUIIAEMOCTH B MarHUTHOM
oJIe OT TeMIIEPaTypHI (0)
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Fig. 5. The real part of the dielectric permittivity (a) of a solid
solution Gdy,MnggS, measured at the frequency of 10 kHz
without a field (/) and in the magnetic field H = 8 kOe (2) as
a function of temperature. Adjustment function (1a) with acti-
vation energy of 900 K (3), 1050 (4), zv =2 (a). The magnetic
capacity in a magnetic field is H = 8 kOe of temperature ()

Puc. 5. PeanbHas 4acTb AUAIEKTPUYECKOM NPOHHLAEMOCTU
(a) tBepmoro pacteopa Gdy,MnggS, H3MEPEHHOI HAa YacTOTE
10 xI'm 6e3 monst (/) m B MarHutHOM mone H = 8kD (2)
ot temmneparypsl. Iloxronounas ¢ynkius (la) ¢ sHeprueit
aktuBanuu 900 K (3), 1050 (4), zv = 2 (a). MarHuTOEMKOCTh

B MarHuTHOM noiie H = 8 kD temneparypsl (6)

When the concentration of gadolinium ions exceeds
the concentration of percolation x. = 0.16, the resistance
varies within one order and has a minimum at 7= 325 K
in the temperature range 100 K < 7'< 500 K in a solid
solution Gd,Mn,,S. In a magnetic field, the resistance
also increases and the minimum in the temperature de-
pendence shifts toward high temperatures to 7 = 380 K.
The temperature dependence of the magnetoresistance
changes sign from positive to negative at 7 = 320 K and
disappears at the temperature of 475 K. In this solid solu-
tion, there are two conduction channels for gadolinium
ions and for the interface of Mn—Gd ions. Therefore, the
electronic contribution to the susceptibility should be taken
into account.

Regardless of the type (electrons or holes), free charge
carriers reduce the real part of the dielectric permittivity.
This decrease becomes more significant with increasing
the concentration and decreasing effective mass of charge
carriers. The decrease in the dielectric permittivity by free
charge carriers is associated with their inductive contribu-
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tion to the result of the interaction of the alternating field
with matter.

For the composition Gdy,MnggS, the dielectric per-
mittivity is due to localized electrons in the sublattice of
manganese ions and conduction electrons in the gado-
linene subsystem. Conductivity at constant current varies
by a factor of three, and the imaginary part of the dielec-
tric susceptibility changes by an order of magnitude in the
temperature interval 100-400 K (fig. 4). The temperature
dependence of Im (& (®)) has two maxima at 7 = 170 K
and T = 442 K. In the magnetic field H = 8 kOe, the
low-temperature peak shifts toward high temperatures to
T =170 K (fig. 4). Dielectric losses decrease in a mag-
netic field, except for the temperature range 194-279 K
and in 417451 K (fig. 4). The low-temperature maximum
in the dielectric permittivity at 7 = 170 K is described
in the localized electron (2) model with the freezing of
dipole moments with an activation energy AE = 800 K
without a magnetic field and in the magnetic field
AE = 1000 K. The adjustment function describes the
experimental data in fig. 4.
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Fig. 6. Real Re (¢) (a, b) and imaginary Im (g) (¢, d) parts of the dielectric permittivity of the
sample Gd,,MnggSe without a field (7, 3, 5) and in the magnetic field H = 8 kOe (2, 4, 6)
at frequencies @ = 5, 50, 300 kHz (a, ¢), ® = 1, 10, 100 kHz (b, d) as a function of temperature

Puc. 6. Peanvnas Re(e) (a, 6) u MmEuMas Im(g) (8, 2) yacTu TUAIEKTPUYECKON TPOHULIAEMOCTH

obpasua Gdg,MnggSe 6e3 momst (I, 3, 5) u B maruutHoMm mone H = 8 kD (2, 4, 6)
Ha yacrorax ® = 5, 50, 300 ' (a, 6), ® =1, 10, 100 xI'11 (6, ) OT TEMHIEpaTypsl
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Fig. 7. The magnetic capacity oe Gdy,MnggSe at the frequencies

o = 1(1), 5(2), 10(3), 50(4), 100(5), 300 (6) kHz in the magnetic
field H = 8 kOe for a composition with x = 0.2 of temperature

Puc. 7. Marautoemkocts 8¢ Gdg,MnggSe Ha yacTorax o = 1(/),
5(2), 10(3), 50(4), 100(5), 300(6) k't B MmarauTHOM TIONIE H = 8 KD

Juis cocTasa ¢ x = 0,2 oT TemIepaTypbl
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This maximum can be associated either with the reori-
entation of electric dipoles, or with charge transfer be-
tween the nonequivalent positions in the crystal lattice of
the material, which in a sense is equivalent to the reorien-
tation of electric dipoles. The growth of the magnetoresis-
tance in Gdy,MngS [15] in a magnetic field disproves the
version associated with charge transfer. The decrease of
dielectric losses in a magnetic field is associated with
redistribution of the electron density over t,, orbitals, for
example, between d., d.,, which is equivalent to the rota-
tion of an electric dipole. Partial ordering of the dipoles
will lead to an increase in polarization. The position of the
anomaly in the dielectric permittivity is due to the charac-
teristic relaxation time of the considered subsystem.

The imaginary part of the dielectric permittivity
is shown in fig. 5. In the temperature range (130-210) K,
a sharp increase in the dielectric permittivity is observed.
In the magnetic field H = 8 kOe, Re (¢ (®)) increases and
the relative change in permittivity dey = (¢ (H, T) —
— ¢ (0, 7)) / € (0, 7)) reaches the maximum of 6 % at
T'= 184 K. A sharp decrease in permittivity with decreasing
temperature is also described in the model of freezing of
dipole moments with an activation energy AE = 800—-1000 K.

As the concentration of gadolinium ions increases, the
dispersion of inhomogeneous electronic states and local
magnetic fields increases too. The temperature range of
the dielectric losses increases for the composition with
x = 0.2 (fig. 6), the temperatures of the maxima of the
imaginary part of the dielectric permittivity practically
do not shift in the magnetic field, and the dielectric loss
increases (fig. 6). In a magnetic field, the dielectric per-
mittivity increases more sharply (fig. 6), as a result of
which the magneto-capacity changes its sign from a nega-
tive value 5—7 % to a positive 4-5 % in the temperature
range 140-400 K (fig. 7).

The temperatures of the maxima of dielectric losses
increase within one percent in a magnetic field and
increase with increasing frequency. The relaxation fre-
quency is described by the exponential dependence (1)
with the activation energy AE = 0.035 eV. The dielectric
losses are due to the scattering of hole type polarons.

Conclusion. For the composition GdjsMngoeS, a
sharp abrupt decrease in the dielectric permittivity at low
temperatures is found, which is associated with lattice
structural distortion. As the concentration of gadolinium
ions increases, the low-temperature maximum of the
imaginary dielectric permittivity increases too and shifts
to high temperatures, just as in a magnetic field. In solid
solutions Gd,Mn, ,Se, the magneto-capacitance effect
was observed at temperatures several times higher than
the Neel temperature, with a change in sign with respect
to temperature. The logarithm of the relaxation frequency
of dielectric losses exponentially increases with heating
and depends on the magnetic field.

The decrease in dielectric losses in a magnetic field is
caused by the redistribution of localized electrons by ty,,
and by the shift in the energy of the electron density
maximum relative to the chemical potential, which leads
to an increase in the activation energy. These results are
well described in the Debye model with the freezing of
dipole moments. The increase in the dielectric permittiv-
ity above room temperature is caused by an increase in
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the electron delocalization radius and the disappearance
of the orbital-charge ordering. Delocalization of electrons
and the transition to the band type conductivity leads to a
positive magneto-capacity as a result of Maxwell-Wagner
effect.
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