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Influence of temperature change rate on the magnetic susceptibility of polycrystalline
bulk Lag gCay ,Mn, ,03, Lag gSrg sMny 04 and Lag g(Cay 5Sr; 5)Mn, ;05 samples has been stud-
ied. It has been found that at fast cooling of the samples from the temperatures exceeding
the Curie point down to 77 K, the real part value, y’, of the complex dynamic magnetic
susceptibility increases as compared to that obtained under equilibrium (slow) cooling.
This effect was called cryomagnetization. It is opposite to thermomagnetization observable
in rare-earth magnetics. The effect is symmetric with respect to the temperature change,
that is, the magnetic susceptibility drops at the sample fast heating. The y’' returns to its
equilibrium value in the course of time.

Wsydeno BIMAHNE CKOPOCTH M3MeHEHWNs TEeMIepaTyphl HA BEJUUYNHY MaTrHUTHON BOCIPU-
MMUYHABOCTY IIOJUKPUCTALINYECKNX O00BbEMHBIX 00pasoB Lao,ecao,zMn1.203’ Lao,ssro,sMn1.1O3
u Lao,e(Cao,ssro,s)Mn1,303- OGHapyxeHO, YTO IpU OLICTPOM OXJAXKICHUM OOPA3IOB OT TEMIIC-
paryp, Beilite Touku Kiopu, g0 77 K snHauenume peanpHOM YacTu ' KOMILIEKCHOII MHAMMUYEC-
KO MaArHMTHOHM BOCIPUUMYHBOCTH BO3PACTAET II0 CPABHEHHUIO CO 3HAUECHWEM, IIOJYYEHHBIM B
YCIOBUSX PABHOBECHOTO (MEIJIEHHOr0) OXJamKIeHUs. ITOT ahdexT ObLI HA3BAH KPHOHAMAT-
HUUYMBaHUeM. KprmoHnamMarauympaHue IIPOTHBOIIOJOMKHO TEPMOHAMATHUYMBAHUIO, HAOJIIOLae-
MOMY B PEIKO3€MENbHBIX MAarHeTHuKax. [[aHHOe SdBJIeHHMEe CHMMETPUYHO OTHOCHTEJIbHO M3Me-
HEHHUS TeMIIepaTypsl, T.e. MArHUTHAS BOCIPUUMYMUBOCTL YMEHBIIAETCHA IPpU OBICTPOM HAarpe-
Bauun obpasmoB. C TeueHMeM BpeMeHU BeJWYMUHA ' BOSBPAIAETCH K CBOEMY PABHOBECHOMY
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3HAUYEHHWIO.

Complex oxides of transition metals,
(Lay_,Sr,)MO5,5 and (La,_,Ca,)MO5,5 where
M is a 8d transition metal such as Mn, Co,
or Fe, are now under intensive research in
connection with the "giant magnetic resis-
tance” (GMR) revealed therein [1]. So, the
relative magnetic resistance values of the
order of thousand percent were attained in
Lao_67Cao_33MnOy films [2]. Although those
substances are studied for a rather long
time, the mechanism of the above-men-
tioned phenomenon remains still unclear.
Such a behavior of electric resistance is due
either to homogeneous structure of the com-
pounds or to electronic separation of
phases, namely, to formation of ferromag-
netic droplets in a homogeneous antiferro-
magnetic matrix [1].The GMR is supposed
also [1] to result from double electron ex-
change between 3d ions of different va-
lences in a homogeneous solid solution
where the rare-earth and alkaline-earth ions
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are distributed arbitrarily over the A sites
of the perovskite-like crystal lattice.

The base of such complex oxides of tran-
sition metals is formed by the initial com-
pound LaMnOj; having a strongly distorted
orthorhombic unit cell of the crystal lattice.
The magnetic structure of LaMnO; is an an-
tiferromagnetic lattice consisting of ferro-
magnetic layers of Mn ions with oppositely
oriented spins in alternating (100) planes.
If trivalent La ions are substituted in part
by bivalent ones (Ca, Ba, and Sr), then the
La,_,A,MO; crystals take a spontaneous
magnetization at x< 0.5 while at larger x
values, the crystal becomes antiferromag-
netic [3]. The magnetization attains satura-
tion at x = 0.3 while remaining unsaturated
at low x values.

Neutronographic examination [4] show
that the unsaturated magnetization state is
due to that the samples are either a two-
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phase mixture of ferromagnetic and antifer-
romagnetic regions, or single-phase ones in
a two-sublattice state that is characterized
by a nonzero momentum, as in a non-collin-
ear antiferromagnetic ordering or a collin-
ear state of ferrimagnetic type. Some works
testify to the first model while other, to the
second one [5]. In this connection, the study
of lanthanum manganites is topical.

We have found in experiment one more
unique property of those substances in polycrys-
talline Laoscaonn1203 (1), LaOGSro3Mn1103
(2) and Laos(Cao5sr05)Mn1303 (3) Samples
with the Curie temperatures of 170, 292,
and 237 K. It is known [6] that an electric
polarization AP can be induced in dielectrics
and ferroelectrics using a temperature gra-
dient AT (or a heat pulse AQ). This is so-
called pyroelectric effect. For ferromagnet-
ics, the internal magnetic energy change dU
in the course of magnetization can be writ-
ten [6] as

dU = dQ + HdI = TdS,, + HdlI, (1)

where H is the magnetic field strength; dI,
the magnetization change; T, temperature;
dS,,, the change of the magnetic entropy
component. As dU is a total differential, it
follows from (1) that

@U/8S,) =T, (@U/Dg =H. (2)

Differentiating the first expression with
respect to I and the second one with respect
to S,,, we obtain

@T/oDg = (PH/2S,);. (3)

Substituting the value dS,, = d@/T, we
obtain the magnetic analog of Clapeyron-
Clausius formula or the relationship for
magnetocaloric effect as

AT = (1/T)AT/dH);AQ. (4)

It follows therefrom that under action of
heat pulse AQ®, the ferromagnetics should
take a magnetization pulse AI, that is, the
"pyromagnetic effect” also being referred to
as "thermomagnetization”. In the case of a
ferromagnetic, (dT/dH); > 0. For antiferro-
magnetics, (dT/dH); <0 [7], that is why
the magnetization should increase at the
sufficiently sharp temperature drop.

Unlike to the pyroelectric effect, the
thermomagnetization can be revealed only
in the presence of a certain effective mag-
netic field in the sample induced by an ex-
ternal field or a residual one, or else, as in
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Fig. 1. Temperature dependence of magnetic
susceptibility for LaggSrgsMn, ;05 sample at
different cooling rates (K/min): 2 (1), 50 (2),
100 (3) and 200 (4). Curve 1 is the equilib-
rium process; curves 2 through 4, non-equi-
librium ones.

lanthanum manganites, by the field formed
due to spontanecus magnetization of the
sample at temperatures lower than the
Curie point. That is why this phenomenon is
not similar to the pyroelectric effect. The
thermomagnetization is revealed usually [8]
basing on the shape of temperature depend-
ence of the induction e.m.f. that is meas-
ured using a coil arranged around the sam-
ple, since the e.m.f. is in proportion to Al
derivative with respect to time. To reveal
and evaluate the thermomagnetization ef-
fect in lanthanum manganite samples, the
apparatus was used by means of which the
magnetic susceptibility was determined in
[9]. In that manner, the measurement proce-
dure was improved, because not only the
induced voltage value was determined but
also its sign, that is, the magnetization
sign, see Fig. 1.

The effect revealed consisted in that at
fast cooling of the samples from the tem-
peratures exceeding the Curie point (being
near the room temperature) down to liquid
nitrogen temperature (77 K), the real part
value, %', of the complex dynamic magnetic
susceptibility y =y’ — %" increased, that is,
the sample magnetization increased as com-
pared to that obtained under equilibrium
(slow) cooling. The maximum magnetization
change relative to the spontaneous magneti-
zation value amounted up to 15 %, or, in SI
units, to ¥',uc = 12.4 for the Sample 1,
X max = 17.1 for the Sample 2 and y%',,,, = 17.1
for the Sample 3. The effect is symmetric
with respect to the temperature change,
that is, the magnetic susceptibility drops at
the sample fast heating as compared to the
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Fig. 2. Temperature dependence of magnetic
susceptibility Lajg(Cag 5Sry 5)Mn, 305 sample
at different heating rates (K/min): 2, equilib-
rium process (1), 50, non-equilibrium process

(2).

¥'(t) change under equilibrium heating, see
Fig. 2. Note that the y' returned to its in-
itial value in the course of time. The ¥'(#)
dependences obtained at equilibrium cooling
and heating conditions coincided with one
another. If the fast cooling is started from
temperatures below the Curie point (T,), a
second maximum arises in the y'(¢) depend-
ences (the first one being at the Curie
point). This evidences an increased mag-
netic ordering of the system as compared to
the system state at equilibrium temperature
change, see Fig. 3.

One possible explanation of the effect re-
vealed can be based on the model of two-
phase ferro-antiferromagnetic state that is
used to describe the properties of lantha-
num manganites [10] where a non-trivial
phase separation takes place, namely, the
electronic one. In this case, the phase re-
gions, i.e. ordered ferromagnetic and anti-
ferromagnetic ones, are mixed together. At
low concentrations of charge -carriers
(holes), ferromagnetic electrically conduc-
tive regions are present inside the dielectric
antiferromagnetic phase as droplets that are
not connected electrically. The conductivity
between those droplets is of the tunnel
type. The resistivity of such a sample p is
about 105 Q-m. As the carrier concentration
increases, the ferromagnetic phase volume
grows, the droplets become fused together,
and the electric conductivity type becomes
metallic. This dynamic equilibrium phase
separation varies under external actions
(temperature, magnetic and electric fields)
due to variation of the antiferromagnetic
phase. Thus, it can be stated that, due to
negative sign of the antiferromagnetic
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Fig. 3. Temperature dependence of magnetic
susceptibility at fast cooling (200 K/mm)

started at different temperatures T<T,
(°C): 20 (1), —13 (2), —48 (3), equilibrium
process (2 K/mm) (4).
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Fig. 4. Temperature dependence of resistivity
for LaygSry sMn, ;O5 sample: equilibrium proc-

ess, heating rate 2 K/min (1); fast heating,
200 K/min (2); fast cooling, 200 K/min (3).

phase magnetocaloric effect (dT/dH < 0),
and under action of a short-term fast cool-
ing that forms a negative thermal pulse,
the samples pass to the non-equilibrium
state where the magnetization increases. In
the course of time, the samples are returned
to the initial state due to spin fluctuations.
This process in reflected in the plot as the
return of y’ to its equilibrium value.

The resistivity of the samples at room
temperature was about 1071 Q.cm, as meas-
ured using the four-probe scheme. Near T,
the resistivity p dropped both at fast cool-
ing and at fast heating (from a temperature
below T,) as compared to the value obtained
at a slow temperature change. The maxi-
mum decrease of p near the Curie point was
about 12 % of the p value obtained at the
equilibrium sample heating, see Fig. 4. This
effect can be explained by a specific shape
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of the p(t) dependence that contains a maxi-
mum when measured in the equilibrium
state both under cooling and heating. As
the sample is heated fast, its temperature
changes non-uniformly, because its near-
surface region is heated more than the
inner one. As the near-surface region at-
tains the temperature corresponding to the
p(t) maximum, its resistance will be shunted
by that of the inner region having a higher
conductance. As the inner region attains the
temperature of the p(f) maximum, its con-
ductance will be shunted by that of the
near-surface one that has a higher tempera-
ture. That is why the resistance of the sam-
ple as a whole does not attain the p(¢) value.
A similar consideration is true for the sam-
ple under fast cooling. In the course of
time, the specific resistance p returns to its
equilibrium value, like y'.
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y neposckitax LaAMnO

B.I1. Xipnui, A.A.Ko3noécvruil

BupBueno BIJIMB IIBHAKOCTI 3MiHE TeMIlepaTypy HA BEJIUYUHY MATHITHOI CIPUHAHATIMBOCTL
nonikpucranivanx o6’emunx Lag gCag ,Mn, ,05, Lag gSr 3Mn, 105 1 Lag 6(Cag 551 5)g 1My 5305
3paskiB. BugaBmeHo, mo mpu IIBUAKOMY OXOJOJKEHHI 3pasKiB Bif TeMmIepaTtyp, BUIIIUX 34
Tourky Kiopi, 70 77 K 3HauenHa peanbHOI yacTMHM ii KOMILJIEKCHOI AuHaMiuHoi MarxiTHOI
COPUHHATINBOCTI 30iMBMIyeThCA BiTHOCHO B3HAYEeHHs, OTPUMAHOTO B YMOBaX PiBHOBaIKHOTO
(oBinbHOTO) oxoJOM:KeHHA. Ile ABUINe € CUMETPUYHUM BiTHOCHO 3MiHM TeMIepaTypu, a
caMe: CIPUHHATIANBICTL 3MEHIIIYETHCA TPU IIBUAKOMY HarpiBamui 3paskiB. 3 uacoM BeJIWYU-
Ha il TTOBEPTAETHCA JO CBOTO PiBHOBAKHOTO 3HAUEHHS.
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