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Electron spin resonance and magnetic phase
transitions in manganite perovskite
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reaction method

T. Kalmykova A.Vakula® , S. Nedukh , S. Tarapov ’2’3,

A Belous4, V. Krworuchko R. Suhov

10.Usikov Institute for Radiophysics and Electronics, National Academy of

Sciences of Ukraine, 12 Acad. Proskura Str., 61085 Kharkiv, Ukraine

2Kharkiv National University of Radio Electronics, 14 Nauky Ave.,
61166 Kharkiv, Ukraine

3V Karazin Kharkiv National University, 4 Svobody Sq.,
61022 Kharkiv, Ukraine
“Institute of General and Inorganic Chemistry, 32/34 Palladina Blvd.,
03142 Kyiv, Ukraine
*Donetsk Physics & Technology Institute, National Academy of Sciences of
Ukraine, 46 Nauky Ave. 03680 Kyiv, Ukraine

Received September 4, 2017

Magnetic properties of nanopowder of perovskite manganite doped with strontium
Lag 76Srg 5oMNO4 are studied using electron paramagnetic resonance method. Analysis of
the experiments in the temperature range T = 77-290 K shows that this structure is a
typical nanostructure only at T < 100 K. In the remaining temperature region, the struc-
ture is in the superparamagnetic and noncollinear superparamagnetic magnetic state.
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MeTromgoM SJEKTPOHHOIO IAPAMATHUTHOIO PE30HAHCA HCCJIELOBAHLI MATHUTHBIE CBOMCTBA
HAHOTIOPOIIIKA MAHTAHUTA MEPOBCKUTA, JOTIMPOBAHHOTO CTPOHIIMEM La0 78Sr0 2oMnQO,. Amanus
SKCIIEPUMEHTOR B objacTu Temmeparyp T = 77-290 K moxasan, uTo JaHHAA CTPYKTYpPa fAB-
JAeTcA TUOUYHON HaHOCTPYKTypoit sumsb npu T < 100 K. B octanbHO# 06gacTU TeMIIEPATYD
CTPYKTypa HAXOAUTCSA B CYIEepHapaMarHUTHOM ¥ HEKOJJUHEAPHOM CYIEepIapaMarHUTHOM
MATHUTHOM COCTOSHWU.

EnxexTpoHHuWii cmiHOBWI pe3oHaHC i MarHiTHi (ha30Bi mepexonxu y MaHTaHITI IEPOBCH-
KITi L::\0 78Sr0 22Mn03, CHHTE30BaHUM MeToAoM TBeppodgasnux peakniu. T.B.Kaamurosa,
A.C.Baryna, C.B.Hedyx, C.I.Tapanos, A.I'Binoyc, B.H.Kpusopyuxo, P.B.Cyxoe.

MeTomoM €JIEeKTPOHHOrO IapaMarHiTHOrO Pe3OHAHCY MOCIiAMKeHO Mar"iTHi BiacTuBoOCTL
HAHOIIOPOIIKY MAHTaHITy II€POBCBKUTY, TOIIOBAHOIO CTPOHIIiEM La0 783r0 2oMNnO5. Anamis
excrnepuMenTiB B obnacti remueparyp T = 77-290 K mnoxasas, 1[0 JaHa CTPYKTYpa € THUIIO-
BOIO HaHocTpyKTypoio Jjuine npu T < 100 K. ¥V pewri obxacreil TeMieparyp CTPyKTypa
SHAXOINTBHCA y CyllepllapaMartHiTHoMy i HeKoJliHeapHOMY cyliepliapaMarHiTHOMY MAarHiTHOMY
cTami.
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1. Introduction

Manganites perovskites, which doped
with various impurities, are perspective ma-
terials for different fundamental and ap-
plied problems of physics. As it is known,
the main mechanism for formation of mag-
netic ordering in such structures is the
mechanism of "double exchange interaction”
[1]. In the manganites perovskites, the
phase diagram turns out to be very compli-
cated and moreover, in magnetic field the
situation becomes even more complicated.
However, namely that determines the mer-
its of these structures, which manifest
themselves in the possibility of relatively
simple control their electromagnetic proper-
ties by using the temperature changing [2-5].

It was shown in [3—5] particularly, that
doped perovskite manganites in the micro-
wave range of wavelengths can demonstrate
left-handed properties, (i.e., the structure
exhibits negative refraction in a certain fre-
quency range). These properties are very
promising for the use of perovskite mangan-
ites in nanotechnologies, in development of
the electronic and magnetically controlled
instruments, which operates in gigahertz
and terahertz ranges. Specification of the
discovered properties was carried out in [2],
where samples La,_,Sr,MnO; with strontium
concentrations (x = 0.15, 0.225, 0.3, 0.45,
0.6) were studied using the electron param-
agnetic resonance in 4 and 8 millimeter
wavelength ranges. Homogeneities in the
magnetic states of the samples were de-
tected and analyzed. In addition, in [6], the
magnetic states of the left-handed struec-
tures La,;_Sr,MnO; (x = 0.225-0.3) were
also studied. In particular, in the sample
La,_,Sr,MnO; with x=0.8 at 4.2<T <
290 K, the two-phase magnetic state is de-
tected in which paramagnetic and a ferro-
magnetic phase are simultaneously present.

The results, which indicated above initi-
ated further questions. The question re-
mains unclear as for role the boundaries of
the structural clusters (nanoparticles) that
form the structure in the formation of the
magnetic phase. This question can be ex-
plained by studying the temperature de-
pendence of the magnetic resonance absorp-
tion (the shape and width of the peaks of
the Electronic Paramagnetic Resonance-
EPR), most clearly associated with the mag-
netic phase transitions.

Therefore, the aim of this paper is analy-
sis of the experimentally recorded EPR
peaks of perovskite manganite doped with
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SI’, Lao_788r0_22MnO3, in the range of tem-
peratures, where the main phase transitions
(77-290 K) are observed. The concentration
of Sr (x = 0.22) is chosen from those consid-
erations that in this region (x) the competi-
tion between the types of interaction and
the magnetic centers is very high [2, 3]. De-
spite the fact that the investigated object
demonstrates the presence of not only
paramagnetic, but also other magnetic
phases, for simplicity we use the term
"Electron Paramagnetic Resonance” to de-
scribe the absorption peaks in its electron
spin system.

2. Experimental

Nanosized ferromagnetic particles of
perovskite manganite Lag 78Sry 5oMnO5 were
synthesized by the method of solid-phase re-
action. The synthesis temperature was T =
1650°C, and the solid-phase reaction method
itself was described in details in [7,8].

Using a scanning electron microscope
(SEI — Secondary Electron Image — a pic-
ture obtained on the secondary electrons),
images of the investigated nanoparticles of
perovskite manganite Lao_788r0_22MnO3 in
Fig. 1 were obtained. It is presented in Fig.
la that size of the conglomerate consisting
of stuck together nanoparticles is about 8-
10 um increased by 7000 times. Figure 1b
shows the 10,000-fold increasing in the
photo of one of these conglomerates. It can
be seen that the simplest geometric objects
can hardly approximate the shape of the
nanoparticles. A sample of Lag ;gSrg 2,MnO4
is a nanopowder. During the experimental
EPR study at T=290 K, the
Lag 76519 2oMNO; sample was placed in a
measuring cuvette with size of
3.4x1.4x0.5 mm3. The sample was formed
as a parallelepiped with dimensions of
3.4x1.4x0.5 mm3. The cuvette, in turn,
placed on a micro-strip line, which was lo-
cated between the poles of the electromag-
net [9]. In this case, vector h} components
of the microwave field of the H}; — con-
stant field were directed mutually ortho-
gonally, which ensured the realization of
the EPR conditions. The experiment was
carried out by using the VNA-ESR spec-
trometer, built on base of the Network Ana-
lyzer N5230A [10].

To conduct the studying the temperature
dependence of the EPR at 80 K <T <
300 K, the sample was placed in a rectangu-
lar waveguide of 8.2x7.4 mm3 section,
which, like microstrips, was located between
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Fig. 1. Photo of Lay,4Sry,,MNO,, obtained by SEI a) increase in 7000 times b) photograph of the

conglomerate, enlarged in x10,000 times.

the poles of the electromagnet (Fig.2). The
waveguide was placed in a thermally insu-
lated container with liquid nitrogen.The ap-
pearance of the cryogenic module for EPR
investigation is shown in Fig. 2.

3. Results and discussion

Experimental studies were carried out at
temperature of 77-290 K and in the fre-
quency range of 7-35 GHz, under condi-
tions of both scanning the constant mag-
netic field, and scanning the frequency.

Fig. 8a shows the resonant EPR peaks,
which was recorded at the fixed magnetic
field values in I = I(f) format. As it is
shown in Fig. 2b the dependence of fre-
quency f,,, on Hy"® determines the value of
the anisotropy field Ha = 450 Oe according
to the traditional technique, described in
detail in, for example, [11].

In addition, the unexpectedly large value
of the Ha field is connected with the pres-
ence not only exchange, but also dipole-di-
pole interaction between the nanoparticles
[12—-14]. At the big values of the magnetic
field, the slope of dependence f,,(Hy"™)
practically coincides with the calculated ref-
erence analogous dependence for an ideal
paramagnet. However, for the small values
of the magnetic field, the slope of the ex-
perimental curve becomes smaller and dif-
fers from the calculated dependence for the
ideal paramagnet more and more with de-
creasing the H, value. This means that in
the small magnetic fields H™* < 4-5 kOe
the sample is in noncollinear magnetic
phase and in unsaturated state.

The low-temperature measurements were
carried out as follows. The sample was
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Thermally insulated container

with liquid nitrogen i 4

Fig. 2. combination with

Cryomodule in
VNA-ESR spectrometer.

cooled to the nitrogen temperature in the
absence of field (Hy = 0). Then the field
was increased to Hy = 10.3 kOe (so that the
resonant peak was observed in the fre-
quency range of 25-40 GHz), where the
matter is certainly in the superparamag-
netic phase. The line (peak) of the EPR was
registered in the format I = I(f) at Hy"® =
const. As the temperature increased, both
fres(T) and the width of the EPR peak SH(T)
were recorded. These dependencies are
shown in Fig. 4.

We note the unusual behavior of the
resonant frequency and the line width with
decreasing temperature (Fig. 3). As is
known from [15], for typical nanostructures
(the structures with an element size of the
nanometers order) with the temperature de-
creasing, an increase in the value of fres
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Fig. 4. Dependences of resonant frequency (a) and width of the EPR peak (b) on temperature, for

fixed field H = 10.3 kOe.

should be observed. At the same time, the
increasing in the width of the EPR line
should be observed too. This phenomenon is
because of significant width of the reso-
nance line [16, 17] which is one of the char-
acteristic features of the magnetic dynamics
ferromagnetic nanostructured sample. The
considerable width of the resonance line is
also characteristic of the resonant response
of an ensemble of the single-domain mag-
netic nanoparticles (see, for example, [18]).
In this case, the local axes of the magneti-
zation of individual nanoparticles can be
randomly oriented, and the standard ap-
proximation of the "narrow resonance line”
is not fulfilled. The analysis shows (see [15,
18] and the references cited there) that in
these cases the resonance (Larmor) and an-
tiresonant (Antilarmor) components of the
tensor should be retained in the high-fre-
quency susceptibility tensor y(r},.

In our case, we actually observe the in-
creasing in the resonant frequency with a
drop in temperature. However, the width of
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the line does not increase, but falls. In ad-
dition, it increases only at 7 <100 K. This
indicates that in the studying object the
properties inherent in nanostructures ap-
pear only in the region of T <100 K. In the
region of 100 K <T<250 K the structure
behaves like a typical polycrystalline (pow-
der), demonstrating the superparamagnetic
behavior in the above-mentioned tempera-
ture range. This is evidenced by a signifi-
cant decrease in the line width, recorded
during the experiment in this same tem-
perature range. The other authors [19] also
observed analogous temperature depend-
ences of the line width for the similar ob-
jects, that again confirms the reliability of
our experiments.

In order to obtain additional information
on the role of the boundaries, which form-
ing the elements the sample, we analyzed
the shape of the EPR line recorded in the
standard format I = I(H;) at a fixed fre-
quency and T = 290 K (Fig. 5).

Functional materials, 25, 2, 2018



T.Kalmykova et al. / Electron spin resonance and ...

07 T T T

>
m—.
0 1 1 1
0 2 4 6 38
H, kOe
Fig. 5. Shape of the EPR peak in

Lag 7gSrg 5oMNnO4 at f = 10.05 GHz, T = 290 K.

It can be seen that the line shape is
asymmetric. This indicates that in the test
sample the distribution of the magnetic mo-
ments of the particles, as well as the distri-
bution of the particles in form, must be
very heterogeneous. Indeed, the comparison
with a the photograph in (Fig. 1) confirms
this assumption. That is, despite the fact
that the shape of the elements making up
the sample is very different from the sim-
plest forms (ellipse), the magnetic structure
of the object under study has a strong dis-
persion, both in the form of the primordial
particles, and in magnitude and in the di-
rection of the magnetic moments of the
nanoparticles.

4. Conclusions

Thus, as a result of the analysis of the
ESR absorption in Lao_788r0_22MnO3 in the
range of f=7-85 GHz; T = 77-290 K it is
shown that:

The investigated object can be considered
as the nanostructure, at temperatures T <
100 K. Namely, at this and lower tempera-
tures it behaves as a single nanostructured
system, with non-collinear ordering of the
magnetic moments of the nanoparticles. In
the region of 100 K < T <250 K, tempera-
ture fluctuations “break”™ the magnetic

Functional materials, 25, 2, 2018

bonds and the system is in the intermediate
state of the transition from the low-tem-
perature non-collinear state to the super-
paramagnetic state. At T > 250 K the struc-
ture goes into the superparamagnetic state.

The geometric shape and magnetic mo-
ment of the elements forming the sample
demonstrates the large dispersion, which
leads to strong anisotropy of the spatial and
its magnetic properties.
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