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Regularities of elastic anisotropic strains
caused by T-H-P influence on the structural
transition and properties of magnetic
semiconductors
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A generalizing analysis of experimental results on resistivity, magnetostriction, and
phase transitions has been performed for magnetic semiconductors, namely,
La, ;,Ca, sMnO; polycrystals and LaMnO; single crystals exposed to temperature (T), mag-
netic field (H), and hydrostatic pressure (P). The magneto-,baro-, and baromagnetoresis-
tive effects have been revealed, where their maxima temperatures, Tpp, have been found
to be constant and to coincide with the metal-semiconductor structural phase transition
(PT) temperature, T, . The "cooling” and "heating” effects of the magnetic field and
pressure have been established, thus enabling to validate the regularities of T, (H),

ms(P), and H o(T) variations. The correspondence between T-H-P effect (5.1 K ~ 2. 42 kOe
~ 1 kbar) on the resistivity properties and T-H effect (5.2 K-2.5 kOe) on the magnetostric-
tion properties of the magnetic semiconductors has been estimated. The sign alternation
has been revealed in variations of properties and effects as well as regularities of compet-
ing influence of thermo-, baro-, and magneto-elastic anisotropically straining (EAS)
stresses. The positions of critical lines T, (H), T, (P), H,(T) and points Ty, Py, PPy, Py/,
Tpp = T,,s» To have been defined, their correspondences in resistivity and magnetostriction
behaviors has been established. Basing on the variety of critical lines and points, the
correspondence and sign alternation of T-H-P influence through the mechanism of EAS
stresses have been substantiated.

IIpoBemen oGoOmIaOINMI aHAJN3 SKCIEPUMEHTAJbHBIX PEe3yJbTATOB M3MEHEHUN Pe3nCTUB-
HOCTH, MArHUTOCTPUKIIWU, (ha30BBIX II€PEXOJOB MATHUTHBLIX IOJYIPOBOJHUKOB: IIOJIUKPHUC-
rajmueckoro Lay ;,Cagy sMnO; u morokpucramaunueckoro LaMnO, mox Brusarmem Temmepary-
pe1 (T), marautHoro mosdA (H) m rumpocrarmueckoro gaBiaeHusd (P). BoiABieHbI MarHuTo-,
6apo- u 6GapoMarHUTOPE3UCTUBHBIN 3P (PeKThI, B KOTOPBHIX OIpeAeeHO IOCTOAHCTBO TeMIlepa-
Typhl Tpp WX MaKCHMyMOB, COBIAjaloImei c TeMnepaTypoﬁ T, CTPYKTYPHOTO q)asoBoro
Imepexojia  MeTaJLI-IOJYIPOBOAHUK . YCTAHOBJIEHBI oxnam,uaromnn u "Harpesaromui’ a@-
(PeKTHl MarHUTHOT'O IOJIS U JAAaBJIEHUs, [I03BOJAIIINE 000CHOBATH 3aKOHOMEDHOCTU K3MeEHe-
wua T, (H), T, (P) u H (T) ITonyuena omenka coorBercrBuii Baumauua T-H-P (5,1 K ~
2,42 kOe ~1 kbar) HaA pe3I/ICTI/IBHBIe cBoiictBa, u Bauanua T-H (5,2 K-2,5 kOe) Ha maruu-
TOCTPUKI[MOHHBIE CBOMCTBA MATHUTHBIX IOJIYIPOBOJHUKOB. BhIsSIB/IEHA 3HAKOIEPEMEHHOCTH B
U3MEHEHUSX CBOUCTB, 3(h(}EKTOB ¥ 3aKOHOMEPHOCTH KOHKYDUDPYIOIIEro BJIUAHUS TEpPMO-,
0apo- m MAarHUTOYNPYTUX aHu30TpomHOo Aedopmupyoinux (YA manpsaxernuii. OupegeaeHbl
mososkeHua Kputudeckux auenui T, (H), T, (P), Hg(T)) u touex Ty, Py, PPy, Py, Tpp =
T, Tc. YCTaHOBIEHBI UX COOTBETCTBHUA HA 3aBUCHMOCTAX M3MEHEHWH yIeJbHOTO CONPOTUB-
JeHUS W MATHUTOCTPUKIINU. V3 MHOroo0pasus BBIJEIEHHBIX KPUTHUUYECKUX JUHUN U TOUEK
YCTAHOBJIEHO W JAaHO OODOCHOBAaHWE 3HAUEHUS OIEHOK COOTBETCTBUII M 3HAKOIEPEMEHHOCTU
BaudHusa T-H-P depe3 mexaHu3dMbl YAJl Hanpsa KeHUM.
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A variety of interrelated properties and
physical processes, correlation between elec-
trical conductivity and magnetism in man-
ganites are among interesting phenomena in
solid state physics. Numerous works [1, 2]
and reviews [3, 4] are dedicated thereto, but
the interrelation between the magnetic,
transport, and structure properties is not
yet elucidated completely to date. Recently,
a trend to study the resistivity under simul-
taneous influence of temperature (T'), mag-
netic field (H) elevated hydrostatic and
quasi-hydrostatic pressure is observed.
Some significant results have been obtained,
new effects and regularities have been es-
tablished [5-12]. A generalizing analysis of
changes in the phase transitions (PT), prop-
erties, revealed critical lines, points and
regularities of their positions under T-P-H
influence for Lag;Cag3;MnO5; polycrystals
[8] and LaMnOj single crystals [13] is the
main aim of this work.

We would like to note the consistency in
study results obtained for polycrystals and
films of magnetic semiconductors [9-12].
So, in [9], the baro- and baromagnetoresis-
tive effects were first revealed, a correspon-
dence of T-H-P influence on the polycrystal-
line sample resistivity was established, the
role of the mechanism of EAS stresses was
defined. The "cooling” and "heating” ef-
fects of pressure and magnetic field influ-
ence, their regularities in the change of
T,{P) and T, (H) critical lines has been
established [10]. A significant feature of
Tpp temperature for magneto-, baro- and
baromagnetoresistive peaks is its constancy
and coincidence with phase transition tem-
perature T, .. Basing on the data concern-
ing the phase transitions, resistivity, and
magnetostriction behavior under T-H-P in-
fluence [11], a concept of sign alternation
in properties and effects was introduced
and substantiated. The correspondence of
critical lines Hy(T) and T, (H) in magne-
tostriction and resistivity dependences was
established, critical points Py and Ty were
defined. An advanced examination tech-
nique at high hydrostatic pressure, features
of pressure sensors for 0 to 25 kbar range
on the basis of magnetic semiconductor
films was described in [12].

The analysis of previous studies [9-11]
has shown a rather close correspondence of
estimations for temperature, magnetic field,
and pressure influence on the resistivity of
polycrystalline manganite samples such as
Lao_7Mn1_303 (8 K~2 kOe ~ 1 kbar);
Lao_gMn1_103 (6.2 K~2.7 kOe ~ 1 kbar);
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Fig.1. Temperature dependences of resistivity
(a) and magneto-, baro-, baromagnetoresistive
effects (b) of polycrystalline Laj,Caj;04
sample at magnetic field and hydrostatic pres-
sure influence:(a) 1 — P=0, H=0; 2 — P=0, H=8
kOe; 3 — P=6 kbar, H=0; 4 — P=12 kbar, H=0;
5 — P=18 kbar, H=0; 6 — P=17 kbar, H=8
kOe; (b) I — P=18 kbar, H=8 kOe; 2 — P=18
kbar, H=0; 3 — P=12 kbar, H=0; 4 — P=6
kbar, H=8 kOe; 5 — P=6 kbar, H=0; 6 — P=0,
H=8 kOe.

La0.56Ca0.24Mn1.203 (6.2 K~ 2.37 kOe ~
1 kbar); Lao7cao3MnO3 (5.1 K ~ 2.42 kOe ~
1 kbar). This confirms the universality of
our analysis method for bulk polycrystalline
samples. As to dependences for magneto-,
baro-, baromagnetoresistive effects (Fig. 1),
it is to note the critical role of the thermoe-
lastic expansion within a wide temperature
range. The revealed critical lines T, (H),
T,s(P) (see Fig. la) are regularities of the
phase transition displacement under mag-
neto- and baro-induced EAS stresses, that
differ by variance of elastic and magnetoe-
lastic anisotropies. For Lag;Cag3zMnO; sam-
ple, estimations show that the magnetic field
intensity 2.42 kOe shifts the T,,, tempera-
ture by the same value as the applied hydro-
static pressure 1 kbar.

The peaks of baro-, magneto-, baromag-
netoresistive effects (Fig. 1b) exhibit the
same maximum temperature, Tpp, coinci-
dent with temperature of metal-semiconduc-
tor phase transition, T, as it was ob-
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served in [10, 11]. It means that the main
cause of the structural phase transitions is
the thermo-induced EAS stress mechanism,
while magneto- and baro-EAS stresses are
the reasons for the "cooling™ and "heating”
effects. The revealed correspondence esti-
mations [10, 11] of thermo-, baro-EAS
stresses (8 K, 1 kbar) emphasize the role of
the thermoelastic straining stress mecha-
nism as the main reason of resistivity be-
havior formation under different magnetic
fields and pressures. Having approximated
resistivity behaviors at different P and H,
we would mark the intersection point
thereof as the critical point Py’ (Fig. 1a).
The same construction is also used in [56-T7].

Having noticed regularities of EAS
stresses in resistivity properties, it is im-
portant to define their role in magnetic
properties, that was made in part in [11].
Correspondence estimations of H and T in-
fluence (5.1 K, 2.5 kOe) on magnetostric-
tion was shown there and correlation between
T, (H) and H(T) was defined (Fig. 2), a
critical line Hg(T) and points T, = Tpp,
Tc, Px, Tx were revealed. These results are
physically substantiated and allow to carry
out the generalizing analysis, concerning a
variety of magnetic semiconductors.

We would pay attention to the field de-
pendences of LaMnO5 magnetostriction (Fig. 2)
which are the most informative in our opin-
ion. The observed features in the non-linear
range of magnetostriction behavior are
caused by T and H competitive influence
and can be explained through the EAS
mechanism by introducing the sign alterna-
tion conception. A non-linear region of
magnetostriction field is observed at low
magnetic field and low fixed temperatures
(Fig. 2). This is a result of competitive ef-
fect of fixed thermoelastic expansion and
magnetoelastic strictions. As H increases,
the priority passes to magnetoelastic stric-
tion and the linear dependence appears. At
higher temperatures, the thermal EAS ex-
pansion has a priority comparatively to the
magneto-EAS striction. A drastic increase
of magnetostriction is observed, magnetic
hysteresis and sign alternation are formed
in magnetic properties.The sign alternation
of T and H influence manifests itself as a
variation of thermo- and magnetoelastic an-
isotropy affecting H,(T) hysteresis in the
phase transition region. These anisotropies
become equal to each other at the Curie
temperature T(. At competitive correspon-
dence of simultaneous H and T influence,
non-linear Hy(T) dependence appears. A
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Fig.2. Field dependence of longitudinal magne-
tostriction of LaMnO; monocrystal [13]:
1—29K,2 — 77K, 3 — 102K, 4 — 130 K.

change of thermo- and magnetoelastic prior-
ity occurs there. The Tpp temperature re-
mains constant.

As a whole, the study of thermo- and
magnetoelastic influence reveals a strong
correlation of magnetic and crystalline
structures and the defining role of the EAS
stress mechanism. The thermo- and magne-
toelastic anisotropies cause the regularities
of numerous anomalies taking place in mag-
netic semiconductors.

The experimental study of changes in
properties can point to the existence of both
critical points and lines. The ascertaining of
the type, existence conditions, and charac-
teristics helps in judging on the features of
magnetization, magnetic susceptibility, heat
capacity, resonance-frequency behavior, but
it also can be a subject of independent in-
vestigation.

To date, there is no consistent analysis
of critical phenomena being realized in the
critical lines and points. Analytical study
methods of the changes in parameters and
properties, being the indications of critical

Functional materials, 11, 3, 2004



P.I.Polyakov, S.S.Kucherenko / Regularities of elastic...

points both in physically accessible and in-
accessible regions form a missing link in
the chain of scientific searches. The obvious
signs of sufficient generality in the ob-
tained results allow to fill up this defi-
ciency and to carry out a comprehensive
analysis in order to show true charac-
teristics of thermodynamic and magnetic
values in the general problem of studying
of mechanisms implementing physical proc-
esses immediately at investigation of a di-
versity of critical lines and points. We have
selected and shown methods of deriving the
following critical lines and points in the
phase transitions and resistivity behavior
taking the dependences of resistivity change
in magnetic semiconductors (Fig. 1a):

T,{(H), T,,(P) are dependences of the
phase transition temperature on H and P,
the difference thereof being defined by cor-
responding regularities of elastic and mag-
netoelastic anisotropy.

Py’ is the intersection point of resistiv-
ity versus temperature dependence under
the influence of P and H. Note that the
critical point Py’ is a starting point of
counter-clockwise changes in properties
under the influence of H and P.

T,s=Tpp is the phase transition tem-
perature that coincides with the peaks of
baro-, magneto- and baromagnetoresistive
effects (Fig. 1la, b).

It should be noted that all the critical
points are related to chemical composition
of the compounds, the processing technol-
ogy, and the symmetry features of struc-
ture.

The next result (Fig. 2) concerns the
magnetostriction change under the influ-
ence of magnetic field and temperature:

H,(T) is the critical line in hysteresis
field dependence corresponding to T, (H).

Py, PPy are the intersection points for
the approximated linear segments of field
dependences of the magnetostriction before
and after the phase transition; this is an in-
teraction regularity between the changes in
properties and the structure of the sample.

Ty is the intersection point for the de-
pendence of phase transition H,(T) and the
dependence of magnetostriction at T = 0 K.

T is the Curie temperature correspond-
ing to H,(T) in the magnetostriction curve,
that holgs the structural phase transition
fixed at the equality of thermo- and magne-
toelastic anisotropy.

The analysis of the described critical
lines and points in the systems studied al-
lows to establish the role of the EAS stress
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mechanism. Let comparative investigations
of obtained results in magnetic semiconduc-
tors be carrier out. First, let an attention
be paid to the resistivity change (Fig. 1la,
curve 1). The temperature variation is con-
cerned with the priority of thermal EAS
stresses, where the elastic anisotropy imple-
ments conductivity jump at the moment of
the structural metal-semiconductor phase
transition at the T, temperature and mag-
netic intensity H = 0. The influence of mag-
netic field manifests itself in properties and
T,.s(H) dependence via the "cooling” effect.

Let the magnetostriction change under
the "heating” effect of magnetic field be
considered (Fig. 2) where the priority of
magneto-EAS stresses implements proper-
ties of magnetoelastic anisotropy at T =0
in the critical point T'y. The subsequent in-
fluence of the thermal EAS stress competi-
tive mechanism is displayed in shift of a
hysteresis field in H_,(T) dependence that is
the regularity of difference in thermo-and
magnetoelastic anisotropy.

Then, it is to consider the case of simul-
taneous H and T influence (Fig. la, Fig. 2)
and note the linear and non-linear depend-
ences T, (H), H (T). Keeping in mind the
role of the EAS stress mechanism and corre-
spondence estimations of T and H, it can be
stated that the change of critical lines is
the regularity of priority changes in T and
H influence on phase transitions and prop-
erties. The influence of EAS stress mecha-
nism is the sign-alternating one. It is im-
portant that the position of T is a conse-
quence of the same sign alternation that
results in the equality of elastic and magne-
toelastic anisotropies. The investigation car-
ried out allows to conclude that the Tpp
constancy reveals the role of EAS stress in
the nature of the colossal magnetoresistive
effect. This means that the position of criti-
cal points Ty, Hx(T = 0), Py, PPx and Py’
is a regularity defined by lattice features of
the structure and its symmetry, but T-H-P
influence brings to mechanism of thermo-,
baro- and magnetoEAS stresses in proper-
ties, phase transitions, correspondences,
sign alternation, effects, and anomalies.

The studies carried out using the analy-
sis of experimental results allowed to estab-
lish the significant role of EAS stresses in
formation and changing of the phase transi-
tions and properties, and also to associate
this mechanism with the composition and
structure symmetry features of the materials.

Thus, taking into account the nature of
T-H-P influence in magnetic semiconduc-
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tors via the of EAS stress mechanism, the
following results have been obtained. Ac-
cording to the resistivity and magnetostric-
tion study, an approximate equivalence and
conformity of T-H-P effect on resistive
properties of polycrystalline manganites
Lag7;Mn; 303 (8 K ~ 2.1 kOe ~ 1 kbar), and
Lao_gl\/ln1.103 (6.2 K~ 2.7 kOe ~ 1 kbar),
Lao_56030_24Mn1_203 (62 K~ 2.837 kOe ~
1 kbar), presented in [9-11] has been estab-
lished. The regularities of "cooling”, "heat-
ing” effects, and the same temperature Tpp
of baro-, magneto- and baromagnetoresis-
tive peaks coincides with "metal-semicon-
ductor” phase transition temperature T,
have been observed. A regularity in T, (H)
and T, (P) shifting has been defined, where
magnetic field H = 2.42 kOe displaces the
phase transition temperature by the same
value as the pressure 1 kbar.

In LaMnOj; single crystal, a conformity
exists between the magnetic intensity
2.5 kOe and temperature of 5.2 K, that
equally influence its magnetostriction. A
regularity in change of the hysteresis pa-
rameter Hg(T) under T and H influence in
the phase transition region and the role of
elastic and magnetoelastic anisotropies
equality at Curie temperature T has been
established. Correlations between H4(T) and
T,s(H) have been found, the "heating” and
"cooling”™ effects of magnetic field have
been explained. The sign alternation in com-
petitive influence of thermo- and magneto-
EAS strictions has been established and ex-
plained. Correlation of the critical points
Ty, Px, PPy, To, Hx(T =0) and lines
T,s(H), T, P), HiT) with the structure,
resistive, magnetic properties and phase
transitions via the of EAS stresses mecha-
nisms of T-H-P influence has been estab-
lished.

It can be stated without exaggeration
that such a treatment of the experimental
results shows the necessity and relevance of
the counting for regularities of thermo-,
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magneto- EAS stresses forming and chang-
ing the properties and phase states. This
allows to predict a participation of the same
mechanisms in the long-studied effects of
colossal magnetoresistance (CMR) and con-
ductance in HTSC structures. To that end,
it is necessary to carry out an analogous
analysis for magnetic dielectrics properties
that partially has been made in [14].
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3aKOHOMipHOCTI NIpPYy:XKHMX aHi3oTpomHHX nedopmMarlii,
00yMOBJIeHUX BIIAMBOM T-H-P Ha CTPYKTYpHHUMH
dazoBuil mepexia Ta BJIACTHBOCTI MAarHiTHHX
HaNiBIPOBITHUKIB

Il.1.ITonaxoe, C.C.Kyuepenko

BukoHaHO y3araJbHIOIOUMH aHAJNi3 eKCIIePUMEHTAJIbHUX Pe3yJbTaTiB 3MiH Pe3UCTHUBHOCTI,
MarHiTOCTPUKIii, (Ga3oBUX IepexomiB MATHITHMX HAIIiBIPOBiIAHMKIB: MOJNiKPUCTAIIYHOTO
La, ;,Cap sMnO; ta morokpucramiuroro LaMnO, mig Bmrmsom Temmeparypu (T), marmitHOTO
nonsa (H) ra rigpocrarmunoro tucky (P). BuaBseno maruiTo-, 6apo- Ta 6apomaruiTopesuc-
TUBHUHA e(PeKTH, NJIA AKAX BU3HAUEHO NOCTiWHicTL TemmepaTypu Tpp iX MakCHMyMiB, AKa
cmiBmagae 3 Temmeparypoio T, . CcTPYKTYpPHOTO (a3oBOTo IepexofAy ~MeTas-HaIliBIPOBiZHUK .
Busasieno "oxonomKyBalbHUNM & Ta " HarpiBaabHui" e(eKTH MArHITHOTO IIOJA Ta THUCKY, AKi
YMOSKJIMBJIIOIOTh OOTPYHTYBaHHA 3aKoHoMipHocti amin T, (H), T, (P) Ta Hg(T). OTrpumano
ominky BigmoBimmocrteit BmauBy T-H-P (5,1 K-2,42 kOe ~ 1 kbar) ma pesucTuBHi BiacTu-
Bocti ta BmauBy T-H (5,2 K-2,5 kOe) ma marmiTocTpuKIiiHi BiaacTHBOCTI MarHiTHHUX Ha-
OiBmpoBimHMKiB. BuaB/IeHO 3HAKO3MIHHICTHL y 3MiHaX BJIACTHUBOCTEH, e(PEKTIiB Ta 3aKOHOMIip-
HOCTi KOHKYPEHTHOTO BILJIMBY TePMO-, 6apo- Ta MarHiTONPYKHUX aHi30TPOIHO AedOPMYIOUNX
(ITAl) manpyr. Busnaueno nonoskenHsa xpuruunux jginiu T, (H), T, (P), Hg(T) Ta TOYOK
Ty, Py, PPy, PX’, Tpp =T,s» Tc. Bcranoneno ix BiANOBIZHOCTI Ha 3aNEKHOCTAX 3MiH
MATOMOIO OIOPY TAa MarHiTocTpukirii. 3 pisHOMAHITTA BUAIIEHUX KPUTHUUYHUX JiHIA Ta TOUOK
BCTAHOBJIEHO Ta OOTPYHTOBAHO 3HAUEHHS OI[IHOK BiAMOBiAHOCTell Ta 3HAKO3MiHHOCTI BILJIUBY
T-H-P uepe3 mexanismu ITA]Jl Hampyr.
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