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Results of structural neutron diffraction study and data on the transport and magnetic
properties (the linear and nonlinear (second and third order) susceptibilities) are presented
for the metallic polycrystal LajggMnO, 5. This above compound exhibits the paramagnet-
ferromagnet (P-F, T, ~ 244 K) and insulator-metal (I-M, T;,, ~ 2563 K > T) phase transi-
tions, and reveals a colossal magnetoresistance near T;,. An analysis of the diffraction
data is performed using the rhombohedral space group (R3c) in the temperature range
4-300 K. Below T"~258 K, the FM clusters appear in the PI matrix undergoing a second-
order transition. In contract to the traditionally doped analogs, this compound reveals the
clustered state in the high symmetrical rhombohedral phase. The concentration of FM
clusters increases under cooling, so that it exceeds the percolative threshold value below
Ty and the sample exhibits a metallic behavior. The T-evolution of the clustered state is
unexpectedly found to be very close to that of the insulating LajggMnO, 4, with the F
ground state. It is shown that this leads to a certain restriction on a structure of a FM
percolative network forming at T';,,. The critical behavior of this system has a complicated
character due mainly to the origination of the FM infinite cluster below T;,, and its
interaction with the PI matrix.

PesynbTaTel CTPYKTYPHBIX HEUTPOHHO-IM(PPAKIIMOHHBIX HCCIELOBAHUII W [JaHHBIE O
TPAHCIOPTHLIX M MATrHUTHBIX CBOIcTBax (MMHEHHON M HEJIMHEMHBIX (BTOPOrO M TPETHLEro
IMOPAIKA) BOCIPUMMYMUBOCTEI) IIPEACTABICHBl A MOJUKPUCTAIINIECKOTO METaJJINIECKOTO
Lag ggMnO, 5. 9TO coeguHerme MCHBITEIBAET (hasoBbIe IIEPEXOBI IapaMarHeTuK-(peppoMarse-
tuK (I[I-®@) (T, ~ 244 K) u usonarop-merann (T, ~ 263 K > T,) u IpoABIAET KOJOCCATD-
HOe MarHuTocomporusiaerue BOausu T,,. AHamns IudPaKIUOHHBEIX JAHHBIX BBEIIIOJHEH C
WCIIOJIb30BAHNEM POMOOdIPUUECKON HPOCTPAHCTBEHHOM rpynmnsl (R3c) B TemimeparypHO# 00-
nactu 4—300 K. Cornacuo mammeim Mo(H,T), HmAKe T" ~ 258 K MM KJacTepsl IOSBIAIOTCS
B II marpuie, mnperepieBamwineil IIepexos BTOPOro poga. B oTanuwme OT TPALUIIMOHHO
IOIMMPOBAHHBLIX AHAJOr'OB, 9TO COEJHHEHNEe IIPOSBJISIET KJIACTEePHOE COCTOSHME B BHLICOKO CHM-
MeTpUUYHOII pomOosapuueckoil ¢asze. Konmeurpanus @M KiaacTepoB BO3pacTaeT HPU OXJIAMK-
NeHuHu, TaK 4TO IPM TeMIeparype Huske T, OHa BEIIIe, YeM IIOPOT IPOTeKaHHusd, u obpaserr
WCIILITHIBAET METAJLINYeCKoe IIoBeaeHne. T-9BOJIIOIMS 9TOr0 KJIACTEPHOI'O COCTOSHUS HEOMU-
JaHHO OKAa3bIBA€TCS OYeHb OJMBKON K 9BOJIONHM 9TOIO COCTOSHUS B H30JSITOPHOM
Lag ggMnO, gy ¢ @ ocHOBHEIM cocrosHMeM. IIoKasaHO, UTO 9TO IPUBOAUT K ONPeIeTeHHBIM
OrpaHMYeHUAM Ha CTPYKTYpy @M mnepronsanumonHol ceru, dpopmupyromeiica npu Ty, Kpu-
TUYECKOe MOBEJeHNEe dTOM CHCTEeMBI MMEET CJIOKHBIN XapaKTep B OCHOBHOM M3-3a BO3HUKHO-
BeHusa OGeckoneunoro @M xiacrepa Hue Ty, u ero Bsaumopeiicrsusa ¢ IIM marpurei.
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1. Introduction

The interest in the study of the perovskite
manganite oxides is due to their unusual elec-
tron and magnetic properties. Some impor-
tant aspects of their behavior in a hole doped
region are not yet well understood. The pecu-
liarities of the paramagnet (P) to ferromagnet
(F) phase transitions and formation of an in-
homogeneous state above T with the ferro-
magnetic clusters in a paramagnetic matrix
are among the central open problems in the
field of Mn oxides. They are closely related to
the nature of insulator (I) to metal (M) phase
transition and colossal magnetoresistance
(CMR) [1]. This work continues the compre-
hensive investigation of these questions. Re-
cently, the study of a nonlinear response to a
weak ac magnetic field for Nd,_Ba,MnO5 (x
= 0.28, 0.25) single crystals of a pseudocubic
structure and the FI ground state has re-
vealed an unusual scenario of the P-FI phase
transition [2, 8]. Above T (= Te + 20 K),
the critical behavior corresponded to that of a
3D isotropic ferromagnet. Below T*, an
anomalous behavior was observed. It was
characterized by the appearance of a new
phase with strong nonlinear properties in the
weak magnetic fields that are due to the F
clusters. A similar behavior above T, was
also found in LagggMnO, g1 manganite with
the FI ground state where the doping is due
to variation in the oxygen content [4]. These
facts support an assumption on universal
character of this P-F phase transition sce-
nario. This new class of the manganites,
Lag ggMnO, (x = 2.82-2.95), synthesized re-
cently has the phase diagram, magnetic and
transport properties similar to those of the
traditionally doped manganites [5]. The x =
2.82 compound, for instance, is a counterpart
of LnMnO3, and the x = 2.95 system reveals
the I-M transition at T, > T accompanied
by a CMR. Here, presented are the results of
the careful investigation of the P-F and I-M
phase transitions in polycrystalline
Lag ggMnO, g5. The studies include an analysis
of the crystal structure (neutron diffraction),
as well as the data on the transport and mag-
netic properties (the linear and nonlinear
(second and third order) susceptibilities). The
main task is to elucidate the metallization
scenario of these materials by comparing the
data for x =2.91 (FI) and 2.95 (FM) com-
pounds. This refers first of all to the proper-
ties of the second harmonic of magnetization
in the parallel ac and dec magnetic fields that
provides the T-evolution control of the clus-
tered state.
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2. Experimental

The preparation and testing of polyerys-
talline LagggMnO, g5, as well as the corre-
sponding equipment and measurement pro-
tocols have been described in [4]. Note only
that the second harmonic of the longitudi-
nal magnetization Mo was measured in par-
allel dc¢ and ac harmonic magnetic fields
H(t) = H + hsinot (h<35 Qe, f=0/2n =
15.7 MHz). The ReMy(H) and ImM,(H)
parts of the M, were simultaneously re-
corded as functions of a dc magnetic field
H for various sample temperatures (T =
85-315 K). This field was scanned symmet-
rically relative to the point H = 0 for de-
tecting a field hysteresis of the signal. The
amplitude of the H-scan was 300 Oe. The
diffraction experiments were performed
using a PNPI 48-counter powder neutron
diffractometer (Ge monochromator, A=
1.383 A) in a cryostat at 4.2—-300 K. The
neutron diffraction data were analyzed
using the program FullProf was emploed
for the structure refinement.

3. Experimental resulis and
discussion

The measured diffraction profiles for 4—
300 K are found to be well fitted using a
rhombohedral space group (R3c¢). Fig. 1
shows temperature dependences of the
structural parameters that mainly reflect
the lattice compressing under cooling. A
sharp decrease of the unit cell volume, lat-
tice constants (a) and Mn—-O bond length (b),
characterizing a rhombohedron, at
Tiy~ 253 K is due to the I-M transition
determined from the transport measure-
ments (see Fig. 2). The spontaneous mag-
netization increases monotonously on cool-
ing below T ~ 244 K, as usually occurs at
P-F phase second order transition, reaching
the value 8.45 nug/Mn at 4 K that is close to

3.5 pp/Mn corresponding to ion composition
(Mn3*—=Mn#*) for x = 2.95 (not presented).
Fig. 2 displays the transport properties [5].
The T dependence of resistivity reveals the
I-M transition at Ty ~ 253 K> T(. The
magnetoresistivity exhibits a minimum
slightly below Tps.

Fig. 3 presents the T dependences of the
linear ac susceptibility (a) and amplitude of
the third magnetization harmonic [Mg|(b). It
is seen that y"/yx' < 0.04, and therefore
X = %o, Where 7y, is the static susceptibility.
To analyze yy(t) dependence (t = (T-T)/Tc),
Tc, is to be determined. Its value can be
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Temperature dependences of struc-
tural parameters obtained from neutron dif-
fraction data (the R3c symmetry): (a) T de-
pendences of the structural constants and the

unit-cell volume; (b) Mn—O bond length and
Mn—-O-Mn angle vs T.

found from the |M3(T)| data (Fig. 3b) ha-
vund a maximum at T~ 244 K. The inset
in Fig. 8a displays the critical behavior of
x'(t) © t7Y. The fitting in the (5108 <1<
0.13) range gives a value of y = 1.21(7) that
is close to that for a 3D isotropic ferromag-
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from the high temperature inverse Cure-
Weiss line, while we observe here the usual
opposite critical deviation. Thus, the tradi-
tional ac ¥ measurements are insufficient to
reveal their appearance.

To clarify the critical behavior above T,
the second harmonic of magnetization,
Mo(H,T), was investigated under condition
Mgy h? when the longitudinal response is
described by the second order dynamic sus-
ceptibility XH(2)(03, H, T). The properties of
this function were considered in [2]. Fig. 4
displays the ReMy(H) and ImM,(H) depend-
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Fig. 3. Temperature dependences of the linear ac susceptibility (a) and amplitude of the third harmonic

of magnetization (b). Inset in (a): the fit of 4ny’ by the power law (solid line). Inset in (b): 1/4y’ vs
temperature where solid line displays the inverse Cure-Weiss law.
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Fig. 4. Two phase components of the second magnetization harmonic M, vs the dc magnetic field
H at some characteristic temperatures. Full and open symbols present the direct and reverse

H-scans, respectively.

ences for some characteristic temperatures
that are related to the three ("impurity”,
normal and clustered (anomalous)) T ranges
with the different M,(H,T) dependences.
Similar ranges were found in the NdBa and
Lag ggMnO5 g4 insulator systems [2-4]. In
the "impurity” range (38315-289 K) (not
shown), a practically T-independent signal
is observed. It exhibits a weak H-hysteresis
with a small M, value at H = 0 that pro-
vides a clear evidence of spontaneous mag-
netization in this phase. Indeed, M, is a
pseudovector and even function of 4. There-
fore, My(H) is odd in H with M,(0) =0 in
the paramagnetic phase. Accordingly, the
response with Mo(0) # 0 in the "impurity”
range is associated with a small amount of
a magnetically ordered impurity phase. In
the normal range (289-258 K ~ T¥), the sig-
nal begins to increase with lowering tem-
perature, and we observe the typical re-
sponse that can be attributed to a 3D iso-
tropic ferromagnet in a weak field (guH
<<|TC‘C5/3). In this regime, ReM,(H) o H
and ImMy4(H) show nearly linear depend-
ence on H [2-4].

An example of this behavior is the data
at 265.2 K (Fig. 4). It is seen that ImM 4(H)
agrees with the prediction whereas
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ReM,(H) reveals H-hysteresis. Compared to
the response of LagggMnO, g1 [4], the criti-
cal linear contribution of the P phase is
modified by the "impurity” phase that has a
high concentration at x = 2.95. The clus-
tered region (T” = 258 K to T = 244 K) is
characterized by the origination of an addi-
tional F signal. This is clearly seen in the
ImM,(H) dependence as a hysteresis loop
for H < 100 Oe with an extreme in a very
weak field H ~10 Oe (Fig.4b, T =
258.3 K). The new signal increases sharply
at cooling (Fig. 4b and Fig. 5b, ImM,,;,),
whereas the field position of its extreme
remains weakly T-dependent down to T,
(Fig. 5a). This behavior can be attributed to
a volume increase of the new clustered
phase.

In the ReMy(H) dependence, the clus-
tered signal also accounts for formation of
the extreme at low fields and the field hys-
teresis below T* (Fig. 4a). The hysteresis
signal of this component is definitely re-
lated to the appearance of the new F phase,
because ReM,(0) at T is about ten times
large than the "impurity” signal, and
ReM,(0) begins to increas at cooling below
T¥. The field position of the minimum at H
>0 (H,,;,) decreases and extremal value of
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Fig. 5. Temperature dependences of ReMy(H) and ImM,(H) parameters: (a) T-behavior of the H
positions of the minima in ReM,(H) and ImM,(H); (b) T-evolution of —ReM,(H) and —ImM,(H) at

their minima. Inset in (b): ReMy(T) at H = 0.

the ReM,(H) (—ReMj,,,;,) increases with
lowering temperature from T* down to Tq
(Fig. 5). For this component, H,,;, changes
with temperature, since ReM 4 is the sum of
the comparable signals from the F clusters
and the critical P phase. The temperature
dependences of the ImM, ; , ReM,, . , and
H,,;, in (ReM,) show the extremes approxi-
mately at T, (Fig. 5). The inset in Fig. 5b
displays T-dependence of ReMy(H =0). A
nonzero value of this signal above T, re-
sults from the spontaneous magnetization
of the sample that is due to the F regions.
This signal increases at cooling, reflecting
the growing volume of the clustered phase,
and reaches a maximum at Tr. A narrow
negative peak slightly below T is due to
development of a F ordering in the param-
agnetic matrix.

It is remarkable that all the main peculi-
arities of the T-evolution of the arising new
clustered phase, which are indicated above,
coincide with those for Ndj,sBagsMnO;
and Lao_SSMn02_91 compounds [3, 4]. Note,
for example, the specific ReM4(T) depend-
ence at H = 0 (inset in Fig. 5b). An essen-
tial quantitative difference is the magni-
tude of the F cluster signal which is notice-
able large in this manganite due to
increasing concentration of the clustered
phase. ReMy(T,0) in the maximum (inset in
Fig. 5b), for instance, is ten times greater
than the same value for insulating
Lag gsMnO; g1-
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Thus, the My(H,T) response of the F
clusters is insensitive to the I-M transition,
and behaves like that of the insulating man-
ganites with the isolated F clusters, in spite
of the fact that those form a percolative
conductive pathway at Tp,. It is the main
unexpected result. Indeed, formation of the
percolative conducting pathway provides the
percolative ferromagnetic double exchange
network that should result in development
of the F ordering in the system of the F
clusters near Ty > T(. However, the meas-
urements do not give any clear evidences of
this transition. Note that even the isolated
F clusters show the M, signal at H =0
which evidences the presence a remanence
magnetization of the sample. This means
that the F clusters are in a blocking regime
when temperature is below the blocking
temperature determined by a magnetic an-
isotropy and the cluster volume [4, 6]. The
remanence magnetization in this regime
may, generally speaking, mask the appear-
ance of their cooperative ordering at Ty, A
trivial possibility is that the signal of the F
percolative network including a considerable
part of the clustered phase is much less
than that of the remaining isolated F clus-
ters. This variant can be ruled out because
a strong signal reduction would be observed
below Tppy.

Thus, the FM percolative network and
the isolated FM clusters reveal similar re-
sponses. This results in a certain restriction
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on the FM percolative network structure,
since it is rather difficult to coordinate its
FM character with a strong favor for uni-
form magnetization below T, and its mag-
netic behavior above Tj;; when the con-
nected FM network is broken into the sepa-
rated randomly oriented FM clusters. For
instance, the FM percolative network can-
not include long FM filaments magnetized
along the filament because its response is
incompatible with that of the isolated fila-
ment fragments (the small randomly ori-
ented pieces). The FM percolative cluster is
an extremely complicated object. We indi-
cated here only a naive appropriate variant,
namely, it may contain many domain ele-
ments, every domain resembling in its size
and shape the initial FM clusters. Addi-
tional studies are needed to clarify this im-
portant nontrivial matter directly related to
the peculiarities of the CMR.

Note further that below Tj,,, the M(H)
dependence for our sample shows a peculiar-
ity near H ~ 800 Oe [5] which contradicts to
usual critical behavior of a ferromagnet
above Tc. The FM infinite network cer-
tainly accounts therefor, since this specific
feature was not observed in the insulating
Lag ggMnO5 g4. The same peculiarity was
also found in  traditionally doped
Ndg 7Srg 3MnO4 single crystal below
Tim~212K>Te~204 K at a close H
value [7]. This peculiarity was not ex-
plained in these works. It is interesting to
analyze quantitatively the M(H) dependence
for this mixed state. As we see, the critical
behavior of this system has a complicated
character due to origination of the infinite
FM cluster and its interaction with the PI
matrix.

4. Conclusion

To conclude, we have investigated the
crystal structure and the magnetic proper-
ties of polyerystalline Lag ggMnO, g5. It has
been found that the crystal structure is de-
scribed by the rhombohedral space group
(R3c¢). This compound exhibits the P-F
(Tc =~ 244 K) and I-M (T = 253 K) phase
transitions, and reveals a colossal magne-
toresistance near Tjp;. According to the
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My(H,T) data, below T~ 258 K, the FM
clusters appear in the PI matrix undergoing
the second-order phase transition. Their
concentration increases at cooling so that it
exceeds the percolative threshold value
below Ty, and the sample exhibits a metal-
lic behavior. This is the percolative scenario
of metallization. The clustered state devel-
ops in the rhombohedral symmetry, and its
appearance is not reduced to the JT dis-
torted phases as it might be concluded bas-
ing on the results for the traditionally
doped manganites [8, 9]. The My(H,T) re-
sponse is insensitive to the I-M transition
exhibiting a singularity at T only, and be-
haves like that of the insulating manganites
with the isolated FM clusters. This restricts
to a certain extent the possible structure of
the infinite FM network. The complicated
critical behavior of this compound is a con-
sequence of the mixed magnetic state where
the FM regions forming the infinite FM
clusters below Tj,, interact strongly with
the PI matrix. The additional studies, espe-
cially concerning the H-effect on the transi-
tions, are needed to clarify completely the
properties of this remarkable system with
the self-organized clustered structure.
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®da30Bi mepexoau mapaMarfHeTMk-(epoMarHeTHK
Ta izoxarop-merax y LagggMnO, o5

A.B.Jlasyma, B.A.Pusxcoé, B.Il. Xaeponin, IO.I1.Yepnenko,
O.11.Cmipnos, Il.JI. Monkanoég, 1.0.Tpoanuyrx, B.A.Xomuenko

IIpexcraBieHo pesyJbTaTH CTPYKTYPHHUX HEHTPOHHO-IUMPAKIINHMX IOCHifKeHb Ta maHi
mpo TpaHcmopTHi @ MmarmiTHi BaactmBocti (mimifimol ¥ mHemiHifiHMX (Zpyroro Ta TPETHOIO
HOPAAKY) CIPUITHATIMBOCTEl) AT IoMiKpucTanriuHoro meraniunoro LagggMnO, 5. s cmo-
ayka sasHae (pasoBux mepexoxis mapamarxeruk-(pepomaraetuk (II-®@) (T, ~ 244 K) ra izon-
arop-meran (Tpy,~ 2563 K > T;) Ta Buapisge KojocanpbHuil Marmitoomip mobaumsy T,
Ananiz pudpakmifiHUX [aHUX BUKOHAHO 3 BUKOPUCTAHHAM pPOMOOEIPUUHOI IIPOCTOPOBOL
rpynu (R3c¢) y temneparypHiii obnacti 4—300 K. 3a mamumu Mo(H,T), HEAKUIE T" ~ 258 K
@M kJjactepu 3 aBadmThea y III matpui, Aska sasHae mepexoxy apyroro poxy. Ha sigmimy
Big TpagumiiiHO MDOMOBAaHWX AaHAJIOTIB, IIA CIOJYKA BUABJIAE KJACTEePHUUN CTaH y BUCOKO
cuMeTpuuHiili pomboenpuuniii (asi. Kounenrpamia ®M kJjacTepiB 3pocTae IpU OXOJOI-
SKeHHi, Tak IO IpU TeMIepaTypi Huxde T ;, BOHA BUIA BiJ IIOPOry NMPOTiKaHHA, i 3pA30K
BUABJISE MeTAJNiUHy MOBENiHKY. T-eBOJIIOIiA IILOTO KJIACTEPHOTO CTaHY HECHOAiBAHO BUAB-
JNI€ThCA OyKe OJMBBKOI OO0 eBOJIIONil ILOTO CTaHy B i30JSTOPHOMY Lao_ggMnOz91 3 @
OCHOBHUM cTaHOM. IlokasaHO, W10 Ile IPUBBOAUTH OO IEeBHUX OOMEKeHb Ha CTPYKTypy PM
mepKoJAIiliHol Mepexi, Axa Gopmyerbea npu T,,. Kputuuna nosexinka miei cucremu mae
CKJIaJHUII XapakTep B OCHOBHOMY BHACJiIOK BUHUKHeHHA HecKinuennoro @M KJjacrepa
umxue Ty, Ta foro Bzaemopii 3 III marpuiero.
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