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The crystal structure, magnetization, and resistivity of thggBa, ,MnO; single crystal are studied in the
vicinity of the structural phase transition point. The x-ray experiments showPkimenand R3¢ phases to
coexist at least within the interval 185r<<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.

The interest to the lanthanum manganites is caused by theetic field. The detailed study of magnetic and transport
colossal magnetoresistan@MR) effect and metal-insulator properties will be published elsewhere; in this article we fo-
transition, see Refs. 1-3. The strong interaction betweenus on the effects near structural transition temperature.
charge carriers, localized spins, and lattice degrees of free- Figure 1 shows the experimental x-ray pattern taken at
dom is a characteristic feature of these materials, which reT =300 K (open circlesand calculated ongsolid line) of the
sults in complexity of the effects observed and difficulty in sample studied. The temperature dependence of lattice pa-
the interpretation of experimental data. The most attention isameters is presented in Fig. 2. In the range 80 to 185 K only
given to electronic transport near the magnetic phase transike lines of orthorhombi®bnmphase are observed. At the
tion temperaturel - because it is in the vicinity of ; that  temperature of 185 K, there appear the weak lines of rhom-

the metal-insulator transition and the CMR take place. Th@yohedralR3c phase. The intensity of the latter lines in-
phenomena accompanying the structural phase transition aggeases with increasing temperature while the intensity of the
less studied although they are also very interesting. Thus tl‘pbnm”nes decreases and aboVe- 196 K these lines prac-
experiments performed on La,S,MnO; single crystals tically disappear. Thus the structural phase transition is of

have revealed the strong dependence of structural transitiqﬂe first order. thebnmand R3¢ phase coexisting at least
temperatureTs on a magnetic field, pronounced hystereticwi,[hin the inte,rval 185 T< 196 K

behavior of resistivity, striction, and sound velocity, subtle Figure 3 shows the temperature dependence of magneti-

interplay between lattice properties, magnetism, and Charg?ationM taken in the magnetic field of 10 kOe. The thermal
orderipg‘.” The mic_roscopip origin O.f the effects was i.ndi- hysteresis is seen approximately from 185 to 210 K; it is to
cated in Ref. 4: this is the difference in transfergiholes in be noted, however, that the boundaries of the hysteresis loop
two crystal ph_ases as it follows from the double exchang%re fuzzy. Near the center of the loop, the difference between
model. .A de_ta|led theory, however, is absent. ..M measured under heating and cooling is about 4 G, which is

In this article, we study a membe? of another mangqnlte§ess than 1% of magnetization value. The upper part of the
family, namely, Lg B8 MnQOs. A single crystal of this 5,5 corresponds to the cooling of the sample and the lower
composition was made by floating zone technique. The def)art refers to the heating.
tails of preparation have been described e'se‘”j“‘@m The most pronounced hysteresis is observed on resistivity
the resulting rod, the samples for x-ray, magnetization, and
resistivity measurements were cut. The crystal structure and : i . . i :
composition were studied with DRON-3 diffractometer in 800 o I.0bs. ]
Cr-K, radiation. The temperature dependence of x-ray pat- i
terns was investigated over the range 80—300 K under warm-
ing. The patterns taken at room temperature were treated by
means of the £ULLPROF’ program® The magnetization ex-
periments were performed with vibrating sample and SQUID
magnetometers with magnetic field being along the ortho-
rhombicc axis. The resistivityp was measured with standard 200 fosy ) .
four-probe technique in magnetic field up to 120 kOe di- : 4'0 6'0 8'0 1(')0 120 14'10
rected as in the magnetization experiments. 20 (degrees)

The Curie temperaturgé; evaluated through Arrott-Belov
plots is about 251 K. The saturation fiels is lower 10 FIG. 1. X-ray patterns of LgBay ,MnO;. Open circles, ob-
kOe. NearT¢, thep-T curve displays a standard peak, which served in experiment; solid line, calculated with.LPROF program
is suppressed and shifted to higher temperatures by a ma¢ref. 9.
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1o'o 15'0 260 25‘0 To understand the interrelation between magnetic and lat-
Temperature (K) tice properties it is useful to exploit the ideas developed

more than thirty years ago in connection with the properties
of MnAs (see, for example, the paper by Bean and
Rodbel).*° For simplicity we shall ignore the hysteresis. The

versus temperature curves presented in Fig. 44A0, the g5 1ing noint is the expression for the energy of the crystal
hysteresis loop ranges approximately from 180 to 210 K hich is assumed to have the forfn= Fu+ Frt 2KM2Q

Application of.a magnetic field shifts the loop to Iqwer tem- whereF , is the magnetic parE ,, is lattice one, and the last
peratures, which suggests the decreasesofin the inset of o gescribes the interaction between magnetic and lattice
Fig. 5 we present the magnetic field dependencg;ofhich degrees of freedomK is the coupling constan is the

is defined as a position of the kink at the upper part of thg,nction of lattice variables which, as well &, we do not
p-T loop, see Fig. 4. The dependenceTgfis approximately  aaq to specify: a possible form Bf, andQ can be found in

linear in H except weak fields{ <10kOe); in the latter et 5 The structural transition occurs in ferromagnetic state
region the position of the kink is likely to be determined not not too far from the Curie point, so that we may take mag-
only by the structural transition but also by magnetic do-qiic part of energy in Landau f,orm:

mains. Magnetic field reduces also the difference between
at upper and lower parts of the loop and decreases thereby A B
the areaS of the loop, see Fig. 5. FM=§M2+ZM4—MH

Unlike the M-T loop, the upper part of the-T loop cor-
responds to the heating while the lower part corresponds taith A=a(T—T)) wherea and B are phenomenological
the cooling. This fact helps to understand the origin of thegonstants of Landau theorgr,g’) is the Curie temperature
p-T hysteresis. Indeed, beloW (but not far from the mag- whenK =0. The magnetization can be taken to be linear in
netic transition point the resistivity of manganites is de- H je. M(H)=M(0)+yH with x being the paraprocess
creasing function of magnetization. In the structural phasgysceptibility. Since the change T, caused by a magnetic
transition region, the high-temperature rhombohedral phasge|d, is small, we shall restrict ourselves by linear approxi-
has higher magnetization than the low-temperature orthomation in coupling constar. We assume that K =0, the

rhombic one and hence we may expect the resistivity of th%ample is in phase 1 é’t<T§°) and it is in phase 2 when

rhombohedral phase to be lower than that of the orthorhomT>T(80); in other WordsF 1 F pa= y(T_T(SO)) wherey s

bic one. This agrees with our data; therefore the temperature__..: o )
and magnetic field dependence of resistivity can be consi bositive constant. The magnetizatibhy , obeys the equation

ered as a consequence of the change in magnetic state. . :

FIG. 2. Temperature dependence of lattice parameters.
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FIG. 5. Temperature dependence of the area of the resistivity

FIG. 3. Temperature dependence of magnetization under coohysteresis loop. The line is linear fit for #¥H <120 kOe. The inset
ing (solid circles and heatingopen circles showsT; versusH with linear fit for 10s<H <120 kOe.
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Now we turn to theH dependence of the ar&of the p-T
)M1,2+ BM3,~H=0, (1) hysteresis loop, see Fig. 5. Let us assume that the reduction
of the area is due to the decreasé/®dl| in a magnetic field.
whereQ; , should be taken & =0. Equation(1) shows that By making use of Eq(2) we obtain dIiS/dH should be
the interaction results in renormalization of the Curie tem-_5,/Mm(0). From magnetization curve foF =200K (not

perature and the jump in magnetizatidtM =M;—M; at  ghowp we have foundV (0)=440 Gy =1.2x 102, so that
the temperature of the structural transitidg, which is also 2y/M(0)=5.5x10°0e L. The experimental value of

renormalized. The simple calculations give the following re-4InS/dH for H=10kOe. see Fig. 5, is-6.9x 106 Oe™!
sults. The jumpAM is proportional toK and is reduced by which agrees with the calculated one. Thus the change in

magnetic field resistivity is indeed the consequence of the change in mag-
2xH netization, at least in its main part.
AM(H)=AM (0)( 1- W) 2 We can estimate also the difference in the Curie tempera-
tures between orthorhombic and rhombohedral phases. When

whereM (0) andy should be taken a=Tg. Strictly speak- determining the Curie point from Arrott-Belov curves, we
ing, M(0) andy in the right hand side of the last equation have founda=4.7 K™. SubstitutingAM(0), x and « into
refer to theK=0 case; in linear theory, however, we may Eq. (4), we obtainATo=1.6 K. One can see that this value is
neglect the difference between these quantities inktked close to the distancéwhich is about 2.3 K between the
and theK #0 cases. Théi dependence of the structural tran- ascending and descending branches of hysteresis loop in Fig.
sition temperature is given by 3 measured near the center of the loop at a fided he fact
AM(O)H that the Curie temperature of the orthor_hor_nbic phase is
- 3y  lower than that of the rhombohedral one indicates that ex-
2y change interaction in the former case is weaker, which agrees

This equation expresses the well-known thermodynamidVith double exchange picture outlined in Ref. 4.

rule: a magnetic field favors the phase with higher magneti- 1 1€ comparison of our results with those published pre-
zation. The difference in the Curie temperatuteBe=Tc, viously shows that the main features of the effects near the
—Te, can be written as structural phase transition point in LaSrMnO; and

La; ,BaMnO3; manganites are similar. The change in resis-
AM(0) tivity is caused by the change in magnetic state. The inter-
CT oYM O) (49 connection between lattice, magnetic, and resistivity proper-
xM(0) . ; o9 ;
ties can be described quantitatively in the frame of the
Let us compare the formulas derived with our experimentakimple phenomenological theory.
data. We shall take thaf,~Tg. From Fig. 3 we obtain
AM(0)~—-4G. Then from Eq.(3) it follows that T,(H)
should be linear iH with negative slope; the inset in Fig. 5  This work was supported by the RFBR, Grant Nos. 97-

KQ1,2
o

a(T—TgM

Ts(H)=Ts(0)+

AT

shows that this is true iH>Hsg. 02-16008 and 99-02-16280.
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