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Results of structural neutron diffraction study, nonlinear magnetic response and mag-
netic resonance measurements are presented for insulating LajggMnO, o, with T -~216 K.
The diffraction data are considered using the monoclinic P2/a and orthorhombic Pbnm
space groups in a temperature range 4-300 K. The compound has been found to have the
monoclinic structure at 300 K and orthorhombic one at 4 K. In the intermediate tempera-
ture range, these two phases coexist. According to the data on nonlinear response and
magnetic resonance, this compound exhibits an unconventional paramagnetic (P) to ferro-
magnetic (F) phase transition. Below T"~247 K, the usual P phase is transformed into a
mixed state which is characterized by the appearance of the F regions in the P matrix. The
temperature evolution of this state is very close to that found in the traditionally doped
Nd,_,Ba,MnO; (x = 0.28, 0.25) manganites. This supports the supposition on universal
character of this phenomenon, namely, formation of an inhomogeneous magnetic state
above T with the coexistence of the P and F regions. The F domains are expected to
exhibit a metallic state while the P phase is an insulator.

PesynbraThl CTPYKTYPHBIX HEUTPOH-ZU(PPAKIIMOHHBLIX MCCIEI0OBAHUII, M3MEPEHUI HeIu-
HeHOro OTK/JIMKa M MATHMTHOTO De3OHAHCA IIPeACTaBJIeHBI A msoaaTopa LajgsMnO, 4, c
TC~216 K. Ananus q1u(paKUOHHBIX JAHHBIX BBIINOJHEH C HCIIOJbB30BAHMEM MOHOKJIHUHHON M
OpPTOPOMOMUYECKOI IIPOCTPAHCTBEHHBIX I'PYHII B Temmeparypuoil obaactu 4-300 K. OGuapy-
JKEHO, UTO COeJUHEeHHE MMeeT MOHOKJIMHHYM cTpyKTypy mnpu 300 K um opropombGuuecKyro
npu 4 K. CorsacHo maHHBIM HEJIMHEHNHOr0 OTKJIMKA M MArHHTHOIO PEe30HaHCa, MAaHTMaHUT
HCIILITBIBaET HerTpagunuoHublll napamaruaetTuk (II) — deppomarmerux (@) dasosblil mepexon.
Humxe T ~247 K o6brunas II (asa TpaHCOPMHUDPYETCH B CMELIAHHOE COCTOSHHE, KOTOPOE
xapakrepusyercsa nosasjenueMm @ obGgacreit B II marpuie. TeMmieparypHasi 9BOJIONUAS 3TOTO
cocrofAHMs ONMBKA K 9BOJIONUH, OOHapy:KeHHo# B mamrammrax Nd,  Ba MnO; (x = 0,23,
0,25) ¢ TpagUIMOHHBIM MAONMPOBaHMEM. JlaHHOE COOTBETCTBHE MOLAEPKHBAET IIPEAIIOJIONKe-
Hue 00 YHHMBEpPCAJbHOM XapakTepe (POPMHPOBAHUA HEOJLHOPOLHOI'O MATHUTHOI'O COCTOSIHHUS
Boime T, ¢ cocymectBoBanuem II u @ obmacreii. Oxugaercss, uro @ JOMEHBI HAXOLATCH B
MEeTAJJINYEeCKOM COCTOsSHMM, Torga Kak Il ¢gasa sBiaserca M30JATOPOM.

© 2008 — Institute for Single Crystals

The interest in the study of the
perovskite manganite oxides is due to their
unusual physical properties. The hole-doped
manganites can exhibit the colossal magne-
toresistance effect (CMR) that is among the
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central problems in the physics of these ma-
terials. They are traditionally doped by sub-
stituting a trivalent lanthanide for a diva-
lent alkaline-earth ion. The doping usually
causes a transition from an insulating (I)
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antiferromagnetic to I ferromagnetic (F)
state and then to F metallic phase. An im-
portant aspect of that behavior is the na-
ture of a paramagnetic (P) to F phase tran-
sition and formation of an inhomogeneous
magnetic state above T,. This problem is
still a matter of discussion [1, 2]. Recently,
the study of nonlinear response to a weak
ac magnetic field for Nd,_,Ba,MnO; (x =
0.23, 0.25) single crystals with a pseudo-
cubic structure and the FI ground state has
revealed an unusual scenario of the P-FI
phase  transition [8, 4]. Above T*
(*T¢+20 K), the material critical behavior
corresponded to that of a 8D isotropic ferro-
magnetic. Below T, an anomalous behavior
was observed characterized by the appear-
ance of a new phase with the strong non-
linear properties in the weak magnetic
fields. The resistivity of these compounds
show a resistivity anomaly (plateau) near
Tc. This suggests the quasi-metallic trans-
port properties of the anomalous phase. A
question arises whether this scenario of the
P-F transition is universal for other man-
ganites. To elucidate this problem, it is rea-
sonable to study this transition in the com-
pounds with another doping species.

A new class of the manganites
Lag ggMnO,, (x = 2.82-2.95), where the dop-
ing is caused by variation in the oxygen
content, has been recently synthesized. The
phase diagram, magnetic and transport
properties of those compounds have been
found to be similar to those of the tradi-
tionally doped manganites [5]. The prelimi-
nary study of Lag ggMnO, g4 manganite with
the FI ground state revealed the scenario of
P-F phase transition similar to that of the
NdBa system [6]. At the same time, an es-
sential difference in the anomalous phase
properties, arising below T*~247 K
(>T~216 K), was found, namely, its non-
linear response has shown a strong field
hysteresis.

We present here the results of careful
investigations of the P—F phase transition
in the LagggMnO, g compound. They in-
clude the detailed data on the second har-
monic of magnetization M, that makes it
possible to study the nonlinear properties in
weak fields. The magnetic resonance is used
to examine the critical behavior of the com-
pound at a higher constant field H and fre-
quency (f~8.37 GHz) than in the experi-
ments with M,. At last, the neutron dif-
fraction studies are performed to control
the structural changes.
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The best fit of neutron diffraction data
indicates a competition between two struc-
ture. A monoclinic phase (P2/a space group)
dominates from 290 K down to 200 K.
Below 160 K, an orthorhombic (Pbnm space
group) is the major phase. The differences
between the structures in the dominating
states are insignificant (see a discussion
below). Thus, the compound exhibits only a
weak structural reorganization. In addition,
above T, the monoclinic phase completely
dominates that excludes a question on a
simple structural origination of the inhomo-
geneous magnetic state. The M, data reveal
a close similarity between temperature evo-
lution of the H-hysteretic anomalous (A)
phase of this compound and temperature be-
havior of the A phase of the NdBa system.
The magnetic resonance measurements con-
firm the existence of the F regions below
T¥. According to these and M, data, the
critical behavior of the major P phase corre-
sponds to a ferromagnet exhibiting a second
order phase transition.

The polycrystalline LagggMnO, sample
was prepared by solid-state reaction using
high purity La,O; and Mn,O5 reagents. To
remove absorbed water, the La,O3 was pre-
calcined (1000°C, 1 h). Then the compacted
mixture of reagents taken in stoichiometric
cation ratio was heat annealed at 950°C for
2 h. The obtained product was ground,
pressed into pellets, annealed at T = 1300°C
in air for 6 h and then cooled at a rate of
30°C/h down to room temperature. The oxy-
gen content of the resulting material has
been determined using thermogravimetric
analysis, i.e. the decomposition of the sam-
ple into simple oxides La,O5 and MnQO in a
reducing Hy/N, flow. The true chemical for-
mula of the obtained compound was
Lag ggMnO5 g with an estimated error of
10.01 oxygen per formula. To prepare the
Lag ggMnO5 g4 compound, the oxygen was re-
duced by calcination in evacuated quartz
ampoules at T = 1050°C for 24 h with me-
tallic tantalum as the reducing agent. All the
samples were quenched. The oxygen loss has
been checked by the weighing of the samples
before and after the reduction.

The diffraction experiments were per-
formed on the 48-counter PNPI powder neu-
tron diffractometer (Ge monochromator,
A =1.883 A) in a cryostat at 4.2-300 K.
The neutron diffraction data were processed
using the FullProf program [7] that is a
recent development of the FULLPROF soft-
ware. The second harmonics of the longitu-
dinal magnetization M, in a nonlinear re-
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sponse were measured in parallel de- and
ac-harmonic magnetic fields H(¢) = H +
hsinot (h<85 Oe, f= o/2n = 15.7 MHz).
The ReMy(H) and ImM 4(H) parts of the M,
were simultaneously recorded as the func-
tions of a constant magnetic field H for
various sample temperatures (7 = 85—
315 K). This field was scanned symmetri-
cally relative to the point H = 0 to detect
the field hysteresis of the signal. The H
scan amplitude was 300 Oe. We used the
sample shaped as a thin plate
(V22x1.2x0.11(2) mm3, m~1.6 mg), the
magnetic field being oriented parallel to its
plane. This allowed us to avoid the tempera-
ture gradient inside the sample. The setup
and method of separation of the M,-phase
components have been described elsewhere
[8]- The sensitivity of these measurements
was about 1079 emu.

In ESR study, we used also the thin plate
sample (Va2x2x0.2 mm3, m~4 mg) for the
same reason as in the M, measurements.
We employed a home-built X-range ESR
spectrometer (f = 8.37 GHz) described ear-
lier, using a cylindrical balance cavity with
the TE;;; type of oscillations [9]. It regis-
ters the component of the sample magneti-
zation which is proportional to the off-di-
agonal part of its magnetic dynamic suscep-
tibility [My((o) = ny((u)hx((u)], with a
linear-polarized exciting ac-field h||Ox and
constant field H||Oz (Oz is a cylindrical axis
of the cavity) and allows one to avoid the
problems associated with absorption in zero
field due to relaxation in a critical param-
agnetic regime. The sample was placed on
the cavity bottom and H was directed per-
pendicular to the sample plane.

Below T“~247 K, the nonlinear response
of the compound reveals features of a phase
separated (PS) magnetic state with F mo-
ment in the anomalous phase that signals
the first order transition [6]. It is natural,
therefore, to expect a temperature hystere-
sis of the ESR signal. Besides, the state
being formed at the PS usually depends on
the process used to transfer a system in the
PS regime. Therefore, several types of the
temperature scan with/without an external
magnetic field were performed: (I) the sam-
ple was slowly cooled at H = 0 from room
temperature down to 160 K below T (ZFC
regime) and then slowly heated (ZFH re-
gime) back to room temperature. In the cho-
sen temperature points (T points), the ESR
spectra were recorded. A temporal stabiliza-
tion time before recording the signal was
about 200 to 300 s at each T point; (II) the
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same temperature scan as above was applied
but in H = 4 kOe during cooling or heating
between T points (FC and FH regimes, re-
spectively). This procedure also tests a pos-
sible PS state and properties of phases be-
cause the magnetic field can change a bal-
ance between the phase fractions; (III) A
fast cooling of the sample was used down to
160 K in zero H and then the sample was
slowly heated up to room temperature
(FZFC regime).

The measured diffraction profiles for 4—
300 K are found to be well fitted using a
two-phase structural model. It includes the
monoclinic P2/a and orthorhombic Pbnm
phases. The monoclinic structure dominat-
ing at room temperature is transformed
into the orthorhombic phase with lowering
temperature. Figs. 1, 2 show the tempera-
ture dependences of the structural parame-
ters, the relative volume fractions, and the
magnetizations for these phases. The mono-
clinic-orthorhombic transition is seen to de-
velop below T,;5~ 230 K and to be com-
pleted at 100 K (Fig. 1a). This agrees with
results of [5] where T;;, was found to de-
crease with increasing x from 650 K
(x = 2.81) down to 450 K (x = 2.84). The
monoclinic structure is characterized by two
Mn sites, which produce a layer arrange-
ment of two different MnOg octahedra along
the a axis. As the data on the Mn-O bond
lengths show (Fig. 2c¢), the octahedra ex-
hibit the Jahn-Teller (JT) distortions which
are small at room temperature and increase
at cooling. There is a difference in the split-
ting of the bond lengths. In Mn1-site, the
long bond (Mn1-021) lies in the bc¢ plane
and it increases with decreasing tempera-
ture. In Mn2 site, the bc plane is occupied
by the short bond (Mn2-021) which de-
creases on cooling. Two other bond lengths
approximately coincide in both sites and de-
pend weakly on temperature.

A small amount of the orthorhombic
phase is observed from 300 K down to
Tar—o ~ 230 K where its fraction is about
12 %. In this temperature range, the phase
structural parameters exhibit the tempera-
ture-dependent variations (Fig. 1b, Figs. 2a,
2b) that correspond to the initial stage of
its formation. Below T4, the structural
parameters become stable. The Mn—-O bond
lengths are almost equal in this range.

The F order is developed in both phases
at close temperatures: Ty~220 K and
Tco~200 K for the monoclinic and orthor-
hombic structures, respectively (Figs. 2b,
2d). The Ty, for the major phase agrees

Functional materials, 15, 2, 2008



AV.Lazuta et al. / Unusual paramagnet to ferromagnet ...

v, A3
Pbnm & a)
238} ./!_/
236 ¢ :——df—:'fﬁé———;gj’; P2/a
2341 *
Fraction, % P2/a

ssoft—F—Fe== T T

545, ] 1 1 1
0 50 100 150 200

1 ]
250 T,K

Fig. 1. Temperature dependences of the unit
cell parameters a, b, ¢ [panels (b), (c)], the
unit cell volume, V, and the volume fraction
[panel (a)] for the structural phases Pbnm
and P2/a.

reasonably with T=216 K obtained from
the data on a third harmonic of magnetiza-
tion obtained at low frequency (20 kHz) of
the exciting ac field[6]. The temperature de-
pendence of the F moment for the orthor-
hombic phase shows a behavior typical for a
ferromagnet. The magnetic moment at 4 K
(8.4up) is close to that (3.7ug) expected for
mixture of the Mn3* and Mn%* ions corre-
sponding to x = 2.91. The magnetization of
the monoclinic phase increases monoto-
nously at cooling from Ty down 130 K. At
115 K, it reduces slightly and remains at
the same level down to 4 K. This occurs
when a fraction of this phase becomes small
(12 % at 130 K). Therefore, this behavior
may be related to formation of small frag-
ments of the phase which cannot support
the well-ordered state as the bulk material.

Note the following important features in
the T-evolution of the structure. The mono-
clinic phase dominates above 200 K. The JT
distortions, which account for the differ-
ence between two Mn sites, are small in this
region i.e., these sites are almost equiva-
lent. Moreover, the Mn—O bond lengths in
this phase are close to those in the orthor-
hombic structure in its weakly temperature-
dependent state (below 230 K). The same
closeness exists between the Mn-O-Mn an-
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Fig. 2. Temperature dependences of the Mn—-O
bond lengths [panels (a), (c¢)]; Mn—O-Mn an-
gles and magnetic moments per Mn ion [pan-
els (b), (d)] for the Pbnm and P2/a structural
phases, respectively.

gles. As a result, the compound as a whole
is transformed weakly with temperature, re-
maining near to an orbital disordered state.
This explains why the structural changes
can have little effect on the magnetic prop-
erties.

To clarify the critical behavior above T,
the second harmonic of magnetization,
Mo(T), was investigated under condition
Moyxch? when the longitudinal response is
described by the second order dynamic sus-
ceptibility XH@)((», H, T). The properties of
this function were considered in [3]. Fig. 3
displays the ReMo(H) and ImM,(H) depend-
ences for some characteristic temperatures
that are related to the three ("impurity”,
normal and anomalous) T ranges with dif-
ferent M,(H,T) dependences. Similar ranges
were found for the NdBa system [3, 4]. In
the "impurity” range (315-285 K), an es-
sentially T-independent signal is observed.
It exhibits a weak H-hysteresis with a small
My at H = 0 that provides a clear evidence
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Fig. 3. Two phase components of the second harmonic of magnetization M, as functions of the
constant magnetic field H at some temperatures. Full (smaller size) and open symbols are used for
curves recorded at the direct and reverse H-scans, respectively.

of a spontaneous magnetization in this
phase. Indeed, M, is a pseudo-vector and
even function of k. Therefore, My(H) is odd
in H with M,(0) =0 in the paramagnetic
phase. Accordingly, the response with
My(0)20 in the "impurity” range is associ-
ated with a small amount of a magnetically
ordered impurity phase.

In the normal range (285-247 K~T%), the
signal starts to increase with decreasing
temperature, and we observe the typical re-
sponse that can be attributed to a 3D iso-
tropic ferromagnet in weak fields
SUH<<Tt%/3 (v =(T-T¢)T¢).- In this re-
gime, ReMy(H) « H and ImM4(H) depend
on H almost linearly [3, 4]. An example of
this behavior is the data at 259.7 K (see
Fig. 8). The anomalous range (T = 247 K—
Tc = 216 K) is characterized by the appear-
ance of an unexpected additional signal
with extraordinary ImM,(H) dependence (a
hysteresis loop at H<100 Oe with an ex-
treme in a very weak field H ~ 10 Oe), see
Fig. 3b. The new signal increases sharply at
cooling whereas the field position of its ex-
treme remains weakly T-dependent down to
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Tc (Fig. 4b). This behavior can be attrib-
uted to an increase in volume of the new
(anomalous) phase. In the ReMy(H) depend-
ence, the anomalous (A) signal also accounts
for formation of the extreme at the small
fields and field hysteresis (Fig. 3a). The
field position of the minimum at H>0
(H,,;,) decreases and extreme value of the
ReMo(H) (—ReMj,,;,) increases with de-
creasing temperature (Figs. 4a, 4b). For
this component, H,,;, changes with tem-
perature since ReM, is the sum of the com-
parable signals from the A and normal
paramagnetic phases. The temperature de-
pendences of the ImM,,;,, ReM,,;, and
H,; (ReM,) show extremes approximately
at T. (Fig. 4). The value of H,,;,(ImM,)
begins to depend on temperature below T,
(Fig. 4b). It is remarkable that all the main
peculiarities of the T-evolution of the H, ;,
and My, ;. for ReM, and ImM, coincide
with those of Nd075Baoz5MnO3 [4]. The new
specific feature of this manganite is the
hysteretic behavior of the A phase. It is
characterized by the appearance of the sig-
nal at H = 0 which is the consequence of

Functional materials, 15, 2, 2008
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Fig. 4. Temperature dependences of ReMy(H)
and ImM,(H) parameters in the cooling
(closed symbols) and heating (open symbols)
regimes. Panel (a) presents T-behavior of
ImMy(H) at its minimum. Insets 1 and 2
show the ReM,(T) at H = 0 and —ReMy(H) at
its minimum, respectively. Panel (b) displays
T-evolution of the H-positions of the minima
in ReMy(H) and ImM o(H).

the spontaneous magnetization of this
phase. Fig. 4a displays T-dependence of
ReM4(0,T) which, above T, arises due to
the A phase. This signal increases with de-
creasing temperature down to T, reflecting
the growing volume of this phase. A narrow
hole extremum observed just below T is
due to development of magnetization in the
paramagnetic phase. In NdBa system,
ReM,(0,T) exhibits a strong negative peak
at T¢ [4]. In our case, this signal is com-
bined with the positive contribution of the
A phase.

Thus, the magnetically inhomogeneous
state is formed below T which is charac-
terized by the presence of ferromagnetic re-
gions in paramagnetic matrix. A similar in-
homogeneous state is found in the NdBa
system above T, where the A phase pos-
sesses the strong nonlinear behavior in the
weak magnetic fields. In these compounds,
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however, the strong H-hysteretic charac-
teristics are not observed. The matter is
that the F regions can behave as super-
paramagnetic particles when these regions
are the single-domain clusters. There are no
hysteretic effects in this regime. The super-
paramagnetic state is realized at tempera-
tures above the so-called blocking tempera-
ture Tp. Below Tp, the magnetic behavior
becomes hysteretic [8]. Since the Tz is pro-
portional to activation energy K N, (K, is
the effective magnetic anisotropy, N,; is
the number of the atoms in the particle) it
is material-dependent. As a result, Tp can
be lower than 130 K in NdBa system and
reaches 250 K in our case. The slow cooling
and slow heating regimes were applied to
check the temperature hysteresis of the M,
response. As Fig. 4a shows, the T-hysteresis
is observed below T mainly in ImM o(T,H)
component where contribution of the A-
phase is larger. This is in agreement with
the first order character of its origination.
To examine the magnetic behavior of
LagggMnOs 94 at a higher frequency
(8.37 GHz) and higher magnetic fields
(-3 kOe), the magnetic resonance has been
studied in the temperature region 180—
328 K. Fig. 5 displays the typical spectra
for some temperatures obtained at the dif-
ferent T-scans. Similar spectra were also ob-
served for other temperatures above T.
Those are insensitive to different treat-
ments for temperatures above approxi-
mately 241 K, reflecting the sample param-
agnetic state. In this T-region, the spectra
are well fitted by a Lorentzian line shape:

Xas(@,H) = (1)

_1 ol _ ol’ 050, —
2%)| (0 —guH)Z + T2 (0 + guH)2 + T2 [ %

{ oo - gut)

__o(e +guH) .

(0 + guH)? + I'2

as panel 1 of Fig. 5 shows. Here, y,, is the
antisymmetric component of the sample dy-
namic susceptibility; y is the static suscepti-
bility; and ¢, is the signal phase. Since the
spin relaxation rate I' is relatively large,
the both circularly polarized components of
ac-field are taken into account in Eq.(1).
For this reason, a control sample (a poly-
crystalline stable nitroxyl radical with g =
2.055 and T'~#60 Oe) was used to tune the
phase of ac-field which is the reference
point for ¢,. The fitting parameters in
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Fig. 5. Electron magnetic resonance spectra at some temperatures of the sample for different T
treatments: (i) slow cooling at H = 0 (ZFC, solid line or circles) and at H = 4 kOe (FC, dash); (ii)
slow heating after slow cooling at H = 0 (ZFH, dash dot line) and after fast cooling at H = 0 (FZFC,
dot line); (iii) fit of the spectrum obtained at T = 278.5 K in ZFC regime (solid line). Insets (a) and

(b) present the fits of the spectra obtained below T, and T¥, respectively.

Eq.(1) are I', g, ¢, and the amplitude of the
signal A, (T) «< .

At a further decreasing T, below 241 K,
the distinction between the spectra obtained
at different T-scans increases. Besides, in
the region 241 K > T > T, a "shoulder™ at
low field and a kink at high field arise (see
inset (b) of Fig. 5). This is a ferromagnetic
resonance from the A phase with the spon-
taneous magnetization which exhibits the
characteristic splitting due to a magnetic
anisotropy. To describe the signal in this
region, we use three Lorentzians. The inset
(b) of Fig. 5 presents this fit obtained at
zero field cooling regime at 230.7 K. The
dotted line displays the signal of the param-
agnetic phase, the two dashed lines corre-
spond to the A phase, and the circles pre-
sent the recorded signal the solid line is the
recorded summary spectrum. Below T,
where the magnetic ordering is developed in
the major paramagnetic phase, the fit be-
comes worse. To demonstrate sensitivity of
the data to the ordering of the initial
paramagnetic phase. Therefore, we need to
add fourth Lorentzians in fitting function
to improve fit. This result of the fit at
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T = 198.9 K (the zero field cooling regime)
is presented in the inset (a) of Fig. 5.

Fig. 6 displays the parameters of the
MR-spectra H,,(T), I'(T) and A(T) obtained
in various T-regions. The regions corre-
spond to the P state (1), P+F state (2), and
F state (3). The paramagnetic phase signal
at T—>T, shows the usual behavior corre-
sponding to a ferromagnetic exhibiting a
second order phase transition. The A(T) ()
increases at T—>T and I'(T") shows the criti-
cal enhancement (the inset of Fig. 6b). As
the data on H,,(T) demonstrate, the ferro-
magnetic A phase appears above T and per-
sists below T,. Thus, even the F state re-
mains inhomogeneous, at least above 200 K.
A noticeable T-hysteresis is observed only
below T. The region above T corresponds
to the structure where the monoclinic phase
dominates. Besides, the difference between
the two manganite sites in this region is
small and this structure is close to the or-
thorhombic one. This explains why the pos-
sible anomalies related to the structural
two-phase state are not found.

Let us consider the possible reasons for
formation of this inhomogeneous magnetic

Functional materials, 15, 2, 2008
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Fig. 6. Temperature dependences of the reso-
nance field, H,,, — panel (a); the relaxation
rate of magnetization, ' — panel (b); and
amplitude of the signal, A — panel (c) for
different temperature regimes (close symbols
— slow cooling; open symbols — slow heating
after slow cooling). In T-range 1 (330 K > T >
241), the spectra parameters are found from fit
by one Lorentzian for cooling at H = 0 (ZFC —
circles), for cooling at H = 4 kOe (FC — tri-
angles down), and for slow heating after fast
cooling (FZFC — crosses). In T-ranges 2
(241 K>T >211 K) and 3 (211 K>T=>199 K),
the fits by three and four Lorentzians, re-
spectively (see the text) are employed, and
the parameters in only for the ZFC and ZFH
regimes are displayed. Stars and squares are
used for two lines of the normal phase; cir-
cles and triangles up correspond to two lines
of the anomalous phase.

state above T.. Note first, that the state
exists in the manganites with quite differ-
ent doping characters. Second, it arises in
different crystal structures with orthorhom-
bic and monoclinic symmetries. This sug-
gests a mechanism that is insensitive to
these features. Recently, such a mechanism
has been considered to explain the elec-
tronic inhomogeneities in the ground state
of the F manganites [9]. It is known that
the F ground state of the doped manganites
is, generally speaking, inhomogeneous. The
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F metallic state can contain insulating re-
gions and the F insulating state can include
metallic domains. These electronic inhomo-
geneities were studied using a model with
Coulomb interactions between two electronic
fluids — one localized (polaronic), the other
extended (metallic) — and dopant ions. The
long-range Coulomb interactions frustrate
phase separation induced by the large on
site repulsion between the fluids. A phase
arises which is inhomogeneous at a nanos-
cale. This mechanism explains why the oth-
erwise phase separated state is broken into
the state with nanoscale inhomogeneities, and
can be relevant above T. However, the reason
for the appearance of the mixed PI+FM state
below T* is still an open question.

To conclude, the presented results of

thorough investigations of the P—F phase
transition in the LagggMnO, 44 compound
doped by oxygen nonstoihiometry with the
FI ground state evidence the scenario which
is qualitatively similar to that ion of the

Nd,_,Ba,MnO4
[3,

(x =0.23, 0.25) crystals
4]. Formation of the F regions in the

paramagnetic matrix below T*~247 K is de-
tected by nonlinear response to ac-field and
the magnetic resonance. The mixed state
originates by the first order fashion, the F

clusters revealing the

strong nonlinear

properties in the weak fields. According to
[5], a peculiarity (plateau) in the resistivity
occurs in the LagggMnO, g4 near T, that
indicates the metallic character of the F do-
mains. The obtained results suggest that ap-
pearance of the inhomogeneous magnetic
state above T can be the universal phe-
nomenon for the doped F manganites.
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HesBuuaiiauii azoBuil mepexifg
Bi mapamMarHiTHol 10 ¢gepomarHiTHol ¢aszu
Ta MArHiTHI HEOJHOPiITHOCTiI Yy MiPKOBO-TOMOBAHUX
MaHTaHiTax

A.B.Jlasyma, B.A.Puxcos, I1.A.Kucenvos, I0.11.Yepnenkos,
O.11.Cmupnos, I1.JI1. Moarkanos, 1.0.Tpoanuyx, B.A.Xomuenko

IIpencraBieno pesynabTaTU CTPYKTYPHUX HEUTPOHHO-TU(PPAKI[IHHUX MOCHigKeHb, BUMi-
pIOBaHb HeNTiHifiHOro BiATyKy Ta MarmiTHOro pesoHaHcy auas isonsaropa LajggMnO, 4 s
T.~216 K. Ananis gudpakniliHux TaHIX BUKOHAHO i3 3aCTOCYBaHHAM MOHOKJIHHOI Ta opToO-
poM0OiuHOI IpocTOPOBUX Tpyn y TeMueparypHiii obsacti 4-300 K. Buasieno, mo cmosyka
Mae MOHOKJIHHY cTpyKTypy npu 300 K ta opropombiumy mpu 4 K. 3rigHo 3 ganumu mpo
HeJiHiMHWE BiATYK Ta Mar"iTHUi#l pesoHaHC, MAaHTaHIT 3asdHae HeTpagUulliiHOro (Ha3oBOIO
nepexony mapamarzetur (II) — depomaruetur (®). Hmmue T »247 K sBuuaiina II ¢asa
TpaHCcHOPMY€ETHCA y SMIIIaHUiI CTaH, AKUI XapaKTepusyeTbcd MoABoI @ obsacteit y II
martpuni. TemnepaTtypHa eBOJIOIifl IILOT'O CTaHY € OJU3BKOIO IO €BOJIIOIIil, BUABJIEHOI y
TpaguniiEo gomoamwx wMaHramirax Nd,_,Ba MnO,; (x = 0,28, 0,25). Ila sigmosigmicTs
TiATBEP/sKy€e NPUIYIEeHHs [P0 yHiBepCaIbHUM XapakTep MarHiTHoro crany Buine T, 3i
cuiBicuyBarHAM II Ta @ obaacreii. OuikyeTbed, mo @ moMeHU HepeGyBAIOTH Y MeTaJiuHOMY
craHi, B Toit yac Ak II ¢asa e isonxaTopom.
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