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Magnetic-field-driven structural transition in a La 0.8Ba0.2MnO3 single crystal
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The crystal structure, magnetization, and resistivity of the La0.8Ba0.2MnO3 single crystal are studied in the

vicinity of the structural phase transition point. The x-ray experiments show thePbnmand R3̄c phases to
coexist at least within the interval 185,T,196 K. The thermal hysteresis of magnetization and resistivity is
observed. The interrelations between structural, magnetic, and resistivity properties are analyzed in terms of
simple phenomenological theory.
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The interest to the lanthanum manganites is caused by
colossal magnetoresistance~CMR! effect and metal-insulato
transition, see Refs. 1–3. The strong interaction betw
charge carriers, localized spins, and lattice degrees of f
dom is a characteristic feature of these materials, which
sults in complexity of the effects observed and difficulty
the interpretation of experimental data. The most attentio
given to electronic transport near the magnetic phase tra
tion temperatureTC because it is in the vicinity ofTC that
the metal-insulator transition and the CMR take place. T
phenomena accompanying the structural phase transition
less studied although they are also very interesting. Thus
experiments performed on La12xSrxMnO3 single crystals
have revealed the strong dependence of structural trans
temperatureTS on a magnetic field, pronounced hystere
behavior of resistivity, striction, and sound velocity, sub
interplay between lattice properties, magnetism, and cha
ordering.4–7 The microscopic origin of the effects was ind
cated in Ref. 4: this is the difference in transfer ofeg holes in
two crystal phases as it follows from the double exchan
model. A detailed theory, however, is absent.

In this article, we study a member of another mangan
family, namely, La0.8Ba0.2MnO3. A single crystal of this
composition was made by floating zone technique. The
tails of preparation have been described elsewhere.8 From
the resulting rod, the samples for x-ray, magnetization,
resistivity measurements were cut. The crystal structure
composition were studied with DRON-3 diffractometer
Cr-Ka radiation. The temperature dependence of x-ray p
terns was investigated over the range 80–300 K under wa
ing. The patterns taken at room temperature were treate
means of the ‘‘FULLPROF’’ program.9 The magnetization ex
periments were performed with vibrating sample and SQU
magnetometers with magnetic field being along the ort
rhombicc axis. The resistivityr was measured with standar
four-probe technique in magnetic field up to 120 kOe
rected as in the magnetization experiments.

The Curie temperatureTC evaluated through Arrott-Belov
plots is about 251 K. The saturation fieldHS is lower 10
kOe. NearTC , ther-T curve displays a standard peak, whi
is suppressed and shifted to higher temperatures by a m
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netic field. The detailed study of magnetic and transp
properties will be published elsewhere; in this article we
cus on the effects near structural transition temperature.

Figure 1 shows the experimental x-ray pattern taken
T5300 K ~open circles! and calculated one~solid line! of the
sample studied. The temperature dependence of lattice
rameters is presented in Fig. 2. In the range 80 to 185 K o
the lines of orthorhombicPbnmphase are observed. At th
temperature of 185 K, there appear the weak lines of rho
bohedralR3̄c phase. The intensity of the latter lines in
creases with increasing temperature while the intensity of
Pbnmlines decreases and aboveT5196 K these lines prac
tically disappear. Thus the structural phase transition is
the first order, thePbnmand R3̄c phase coexisting at leas
within the interval 185,T,196 K.

Figure 3 shows the temperature dependence of mag
zationM taken in the magnetic field of 10 kOe. The therm
hysteresis is seen approximately from 185 to 210 K; it is
be noted, however, that the boundaries of the hysteresis
are fuzzy. Near the center of the loop, the difference betw
M measured under heating and cooling is about 4 G, whic
less than 1% of magnetization value. The upper part of
loop corresponds to the cooling of the sample and the lo
part refers to the heating.

The most pronounced hysteresis is observed on resist

FIG. 1. X-ray patterns of La0.8Ba0.2MnO3. Open circles, ob-
served in experiment; solid line, calculated withFULLPROFprogram
~Ref. 8!.
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versus temperature curves presented in Fig. 4. AtH50, the
hysteresis loop ranges approximately from 180 to 210
Application of a magnetic field shifts the loop to lower tem
peratures, which suggests the decrease ofTS . In the inset of
Fig. 5 we present the magnetic field dependence ofT1 which
is defined as a position of the kink at the upper part of
r-T loop, see Fig. 4. The dependence ofT1 is approximately
linear in H except weak fields (H,10 kOe); in the latter
region the position of the kink is likely to be determined n
only by the structural transition but also by magnetic d
mains. Magnetic field reduces also the difference betweer
at upper and lower parts of the loop and decreases the
the areaS of the loop, see Fig. 5.

Unlike theM-T loop, the upper part of ther-T loop cor-
responds to the heating while the lower part correspond
the cooling. This fact helps to understand the origin of
r-T hysteresis. Indeed, belowTC ~but not far from the mag-
netic transition point! the resistivity of manganites is de
creasing function of magnetization. In the structural ph
transition region, the high-temperature rhombohedral ph
has higher magnetization than the low-temperature or
rhombic one and hence we may expect the resistivity of
rhombohedral phase to be lower than that of the orthorh
bic one. This agrees with our data; therefore the tempera
and magnetic field dependence of resistivity can be con
ered as a consequence of the change in magnetic state.

FIG. 3. Temperature dependence of magnetization under c
ing ~solid circles! and heating~open circles!.

FIG. 2. Temperature dependence of lattice parameters.
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To understand the interrelation between magnetic and
tice properties it is useful to exploit the ideas develop
more than thirty years ago in connection with the propert
of MnAs ~see, for example, the paper by Bean a
Rodbell!.10 For simplicity we shall ignore the hysteresis. Th
starting point is the expression for the energy of the crys
which is assumed to have the formF5FM1F lat1

1
2 KM2Q

whereFM is the magnetic part,F lat is lattice one, and the las
term describes the interaction between magnetic and la
degrees of freedom;K is the coupling constant,Q is the
function of lattice variables which, as well asF lat we do not
need to specify; a possible form ofF lat andQ can be found in
Ref. 5. The structural transition occurs in ferromagnetic st
not too far from the Curie point, so that we may take ma
netic part of energy in Landau form:

FM5
A

2
M21

B

4
M42MH

with A5a(T2TC
(0)) wherea and B are phenomenologica

constants of Landau theory,TC
(0) is the Curie temperature

whenK50. The magnetization can be taken to be linear
H, i.e., M (H)5M (0)1xH with x being the paraproces
susceptibility. Since the change inTS , caused by a magneti
field, is small, we shall restrict ourselves by linear appro
mation in coupling constantK. We assume that ifK50, the
sample is in phase 1 atT,TS

(0) and it is in phase 2 when
T.TS

(0) ; in other words,F1lat2F2lat5g(T2TS
(0)) whereg is

positive constant. The magnetizationM1,2 obeys the equation

l-

FIG. 4. Thermal hysteresis of resistivity. The arrows indica
T1 .

FIG. 5. Temperature dependence of the area of the resist
hysteresis loop. The line is linear fit for 10<H<120 kOe. The inset
showsT1 versusH with linear fit for 10<H<120 kOe.
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aS T2TC
~0!1

KQ1,2

a D M1,21BM1,2
3 2H50, ~1!

whereQ1,2 should be taken atK50. Equation~1! shows that
the interaction results in renormalization of the Curie te
perature and the jump in magnetizationDM5M12M2 at
the temperature of the structural transitionTS , which is also
renormalized. The simple calculations give the following
sults. The jumpDM is proportional toK and is reduced by
magnetic field

DM ~H !5DM ~0!S 12
2xH

M ~0! D , ~2!

whereM (0) andx should be taken atT5TS . Strictly speak-
ing, M (0) andx in the right hand side of the last equatio
refer to theK50 case; in linear theory, however, we ma
neglect the difference between these quantities in theK50
and theKÞ0 cases. TheH dependence of the structural tra
sition temperature is given by

TS~H !5TS~0!1
DM ~0!H

2g
. ~3!

This equation expresses the well-known thermodyna
rule: a magnetic field favors the phase with higher magn
zation. The difference in the Curie temperaturesDTC5TC1
2TC2 can be written as

DTC5
DM ~0!

axM ~0!
. ~4!

Let us compare the formulas derived with our experimen
data. We shall take thatT1'TS . From Fig. 3 we obtain
DM (0)'24 G. Then from Eq.~3! it follows that T1(H)
should be linear inH with negative slope; the inset in Fig.
shows that this is true ifH.HS .
.
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Now we turn to theH dependence of the areaSof ther-T
hysteresis loop, see Fig. 5. Let us assume that the reduc
of the area is due to the decrease ofuDM u in a magnetic field.
By making use of Eq.~2! we obtain d lnS/dH should be
22x/M (0). From magnetization curve forT5200 K ~not
shown! we have foundM (0)5440 G,x51.231023, so that
2x/M (0)55.531026 Oe21. The experimental value o
d lnS/dH for H>10 kOe, see Fig. 5, is26.931026 Oe21,
which agrees with the calculated one. Thus the change
resistivity is indeed the consequence of the change in m
netization, at least in its main part.

We can estimate also the difference in the Curie tempe
tures between orthorhombic and rhombohedral phases. W
determining the Curie point from Arrott-Belov curves, w
have founda54.7 K21. SubstitutingDM (0), x and a into
Eq. ~4!, we obtainDTC51.6 K. One can see that this value
close to the distance~which is about 2.3 K! between the
ascending and descending branches of hysteresis loop in
3 measured near the center of the loop at a fixedM. The fact
that the Curie temperature of the orthorhombic phase
lower than that of the rhombohedral one indicates that
change interaction in the former case is weaker, which ag
with double exchange picture outlined in Ref. 4.

The comparison of our results with those published p
viously shows that the main features of the effects near
structural phase transition point in La12xSrxMnO3 and
La12xBaxMnO3 manganites are similar. The change in res
tivity is caused by the change in magnetic state. The in
connection between lattice, magnetic, and resistivity prop
ties can be described quantitatively in the frame of
simple phenomenological theory.
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