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Suppression of the ferromagnetic-insulating phase in self-doped la/Mng 4dO5 crystals
under pressure
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The effect of hydrostatic pressuReon the magnetic and transport properties of self-dopeg,Mng ¢dO3
crystals has been investigated at pressures up to 1 GPa and in the temperature range3a8 K. It was
found that the applied pressure enhances the double-exchange coupling, increases the magnetization, and
lowers the ferromagnetic-insulator transition temperature. The results obtained here for the self-doped crystals
are compared with those observed for lightly doped L&r,MnO,. It is shown that similar mechanisms of
ferromagnetic clustering and percolative polarons may account also for the magnetic and transport properties
of the self-doped manganites.
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[. INTRODUCTION generation of dynamic phase separation in the form of mag-
netic polarons.

The observation of colossal magnetoresistance in hole- Although the effect of pressure on the physical properties
doped perovskite-type manganese oxides, LA,MnO;  of doped manganites La,A,MnO; has been the subject of
(where A=Sr*, C&", Ba&", or PB') has promoted the previous studies?™® no investigations have been carried
study of these compounds in recent years. The end coneut, to the best of our knowledge, on self-doped manganites
pounds withx=0 andx=1 are antiferromagnetic insulators, under pressure. A recent publicatton LaMnQ;, 5, with a
whereas those of intermediate compositions £{%2:0.5)  slight cation deficiency, shows that its spin structure below
and mixed MA"/Mn** are ferromagnetic and metallic at a T comprises paramagnetic and antiferromagnetic phases in
certain temperature range below the Curie temperaturaddition to the ferromagnetic one. Measurements of electron-
Tc.>2Lightly doped manganites have received special attenspin resonancé on self-doped manganites also provide evi-
tion due to the onset of metallic conductivity at a critical dence of coexisting magnetic phases belbw. The Mrf*
concentrationx=x.~0.16, for which percolation of ferro- content(referred to as hole concentratjoim LaMnO; may
magnetic clusters with metallic conductivity and large po-arise not only due to substitution of divalent cations for La,
larons may occut:® According to many investigations®a  but also due to the nonstoichiometry of La and Mn i&hg°
highly inhomogeneous state consisting of metallic and insuFor the latter case, the concentration of iimay increase
lating magnetic phases may occur in doped manganites. Lafter thermal annealing. For example, it was fotinthat
cal Jahn-Teller distortions and polarons, which are charactecation-deficient La_,Mn,; _,O; ceramics may contain up to
istic of insulating paramagnetic phases, were found to exis$2% Mrf*" after an appropriate heat treatment. Self-doped
also in the metallic phase® The spatial distribution and tem- compounds with a high content of Kihions also exhibit
perature evolution of the ferromagnetic phase affects théerromagnetism as well as typical metal-insulator transitions
electrical transport. In other words, a competition betweerat some temperaturg,, close toTc. Comparing the resis-
the increasing ferromagnetic fractiémetallic and the de- tivity and thermopowéf''® for doped and self-doped com-
creasing insulating paramagnetic phase results in a metgbounds, one finds that holes created by self-doping are more
insulator transition. The existence of ferromagnetic clustersocalized in character. This result may be due to a strong
below and above the Curie temperature was verified experibn-site binding potential for the holes or a smaller transfer
mentally by NMR(Ref. 7) and Massbauer spectroscopyt integral due to a relatively larger unit-cell volurffé.
has been established that the ferromagnetic state of doped As it was noted earlier, no magnetic or transport studies
manganites is stabilized by a double-exchaigfe) coupling  have been carried out on the self-doped parent compound
between the charge carriers and locdlspins. On the other La; ,Mn;_,O; under pressure. In this paper the effects of
hand, it was argu€dhat the DE by itself is not sufficient to hydrostatic pressure on the magnetic and transport properties
explain the transport properties of manganites and a strongf a self-doped LggMn, o¢O5 Single crystal near the perco-
electron-phonon interaction has to be incorporated in thdation thresholdx. has been investigated. The data obtained
conduction mechanism. Millis, Littlewood, and ShraiMan are compared with the corresponding results for doped man-
have suggested that the above mechanisms may lead to thanites.
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Il. EXPERIMENTAL

The dc resistivity measurements under pressure were car-
ried out on a small LgyMngyqdO3 Single crystal, 0.& 1
X 1.5mnT in size, mounted in a CuBe hydrostatic pressure
cell at the interval 7#T<300 K. The temperature was mea-
sured using a Copper-Constantan thermocouple. The resistiv-
ity p was measured by a four-point method with silver paint
for electrical contacts. Because of the small and irregular
dimensions of the crystals, there are relatively large errors 0 : - . . -
(up to 20% in the absolute values of the reported resistivi- 0 50100 150 200 250 300
ties. The description of growth of the crystal of Temperature (K)
Lag 94MNg 005 Was reported previousR# A mixture of min-
eral oil and kerosene was used as a pressure transmitting FIG. 1. Temperature dependence of the resistivity of a
medium. The pressure was measured using a manganimy ¢Mng ogO; Single crystal. Inset shows resistivity in the vicinity
gauge. The decrease in pressure due to the difference in tloé T .
thermal-expansion coefficients of the pressure transmitting
medium and the pressure cell was taken into account. Theed out under an applied magnetic fightl=20 mT; there-
exact values of pressure were calculated from the temperaore, v/, results from botivl andH. At P=0 we carried out
ture dependence of the resistivity of the manganin gauge fohe measurement of genuine magnetization of our sample in
each temperature. Such actual value®'sfare used for the 3 magnetic field 20 mT using a commercial superconducting
plotting of pressure dependencies of the characteristic temyuantum interference devic€SQUID). These results are
peratures of the sampl@c and Tg vs P). However, the  shown on the inset to Fig. 2. One can note a good correlation
pressures measured at room temperature are marked on thétween the data obtained by the Hall device and the SQUID
plots of the temperature dependencies of the resistivity angt pP=0. The correspondence oW,=1uV to M
the Hall voltage. Measurements of magnetoresistance were 9.07 emu/mol can be also evaluated from the comparison
carried out with magnetic fields perpendicular to the currenbf the above data. The Curie temperature is defined as the
direction. The possible deviation in orientation of the Samplq’nidpoint temperature of the transition curve, Corresponding
and Hall probe with regard to magnetic field at various presto an average transition temperature. As expected, the Curie
sures did not exceed 1-2°. temperature increases under pressisee Fig. 3 due to a
The magnetizatioM of the crystal was probed by a Si- pandwidth broadening and strengthening of DE ferromag-
emens RHY17 Hall device attached to the sample at temnetic coupling'®~®SinceV,;, depends on botff andP, it is
peratures 7% T<300 K. The Hall voltagé/,; was measured quite difficult to derive an exact value of magnetization for
under at a relatively low magnetic field ef=20mT. AtT  the entire temperature region. However, with the specific
>Tc, the Hall voltage is proportional to the applied mag- Hall device used heré/,, is almost independent &f in the
netic fieldH, which forT<T¢, Vy~H+47M. It should be  region 208<T<300K. Therefore one may estimate the
noted that the experiment described above enables one &pange inM in the vicinity of T¢ as resulting solely from the
perform transport and magnetic measurements under preghange inP. It was found that the Hall voltag¥,, in the
sure simultaneously. The employment of a Hall device folicinity of T increases under a pressure of 0.91 GPa by

rrllagn(re]ticésmeasurements will - be described in detail.449 (see Fig. 2 However, the sensitivity of the present
elsewheré:

Ill. RESULTS AND DISCUSSION ~ o2

Figure 1 shows the temperature dependence of resistivity %
p(T) observed in a single crystal of LgMng ¢gOs. It was 5 0 a0 20
found thatp(T) exhibits an insulatorlike behavior below a -‘é P=0
temperaturel ;,~ 115K, and a metallic one in the region of 2011 P=0.45 GPa
the ferromagnetic phase above this temperature. A compari- § P=0.6 GPa
son betweerp(T) of our self-doped LggMngodO3 Single 4 P=0.91 GPa
crystals and samples doped By " ions [for example, by < I only Hall probe
St with x=0.16 (Ref. 16] shows some resemblance in 0.0 §§§$§§§
their temperature-dependent features. In both cases the 240
change in the nature of the electrical conductance may be Temperature (K)
associated with the percolation effect of conducting clusters
and polarons. FIG. 2. The Hall voltageV,; of the Hall probe attached to a

The magnetizatiorM (T,H,P) of the crystal probed by LageMn, 4405 single crystal under various pressures. The inset
the Hall device as a function of temperature at various presshows the temperature dependence of magnetization measured by
sures is shown in Fig. 2. The measurementdofvere car- SQUID atP=0.
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FIG. 5. Magnetoresistanc@MR) at an applied magnetic field
FIG. 3. The Curie temperaturE: of a La, oMngodO5 Single H=_1.5T as a function of temperature. The MR’s are given for
crystal as a function of pressure. The inset shows the pressure d¥rious pressures.
pendence offg, . ]
dence ofTg, was observed for lightly doped sampleés.
Hall device increases at the same interval of pressures by 1he effectof pressure on the magnetoresistahti) of a

only 12%. It appears therefore that an applied pressure tend&o.9MnogéOs single crystal is presented in Fig. 5. It is
to increase the volume of the ferromagnédfid/) clusters at  cl€arly seen that aP=0 the MR exhibits a minimum of
the expense of other paramagnetic and antiferromagnetic 18% in the vicinity of Tc and a broad minimum at lower
phases. No hysteresis was found in our magnetization anigmpPeratures. An applied pressure causes a drastic change in
resistivity measurements. A reversible nonhysteretic magndl® shape of the MR. AP=0.94 GPa the minimum of the
tization and resistivity was also found in the vicinity o, MR observed neal¢ is ~80%, resembling the results ob-
for La, _S,MnO; with a doping ofx=0.14. Hysteretic re- servep} for doped Enanganltes, which exhibit a metal-insulator
sistivity has been observed aroufig only for x<0.14. The ~ transition neaffc. .
above observations may indicate that the FI transition L€tUus compare some of the following pressure effects on
changes from a first- to a second-order transifiapon in- ~ Self-doped LgoMnoeOs with that of a lightly doped
creasing the doping level. Lag 84S 1gMINO; compound:(i) In both systemsTg, shifts
Figure 4 presents curves p{T) measured under pres- towards lower temperatures under pressure and disappears at
sure. It seems that the applied pressure enhances the carfer Strong enough — pressure(ii) At high pressure,
itinerancy and converts the FI phase to a metallic FM phase®.9MnoeOs (P=0.94GPa) and LlgsShh,MnO; [P
atP=0.94 GPa. There is a similarity in the effect of pressure= 1-4 GPaRef. 14] exhibit metallic behavioriiii) The pres-
on lightly doped and self-doped manganites, which is maniSure coefficients ofT¢ for both compoundsd In Tc/dP
fested by the shift of their metal-insulator transition. In both~0-077 K/GPa  for = LgeMngodO; and dInTc/dP
La;_,SrMnO; with x=0.16 and Lg.eMng ofOs single crys-  ~0.08 K/IGPa for Lgg,Sio.1MNnO; (Ref. 14 are remarkably
tals, the pressure-effect coefficient®f is ~—40 K/GPa up close. It shOL_ll_d be noted that the pressure coefficient is ex-
to a pressure of 1 GP4.The transition temperatur&, of tremely.sensmve to the concentration of the dopan_t, for ex-
our crystal is also slightly affected by magnetic fields, e.g.@mple, in the case of l@sSi,MnO; the value obtained
an applied magnetic field of 1.5 T increasis by only ~2 for dInTc/dP is 0.053 K/GPa. On the other hand, a pro-

K, for both P=0 andP=0.63 GPa. A similar field depen- nounced difference occurs in the resistivity of self-doped
Lag oMng o053 and La gSi1dMN05.1* The resistivity of

Lag 9Mng 9dO5 under a pressure &f=0.94 GPH“metallic”
H=0 o P=0 staté was found to be two to three orders of magnitudes
4 P=0.63GPa higher than that of La ,Sr,MnO; (x=0.15,0.16)* The
© P=0.94GPa value of the resistivity of the LgyMng o405 crystal as well
as that of La_,Sr,MnO; (for 0.1<x=<0.14*1%is hardly
2 reconciled with a metallic conduction expected for itinerant
carriers in a homogeneous single-phase crystal.

According to recent models and experimental
results®~¢2425percolation of polarons or ferromagnetic clus-
ters play an important role in the lightly doped metallic state
0L : : of manganites. It was suggested by the various groups that
80 160 240 polarons could form clusters in which holes move freely. An
extended polaron network and metallic conductivity appears
at the percolation limik.=0.16. Such a mechanism is likely

FIG. 4. Temperature dependence of the resistivity of ato take place also in the self-doped manganite studied here.
Lag 94Mng od05 Single crystal at various applied pressures. The role of the applied pressure is probably to reinforce the

p (Qcm)

Temperature (K)
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overlapping of large polaron clusters, which results in metalcalized, and the SE interactions can play an essential role in
liclike conductivity. its magnetic and transport behavior.

Two different magnetically ordered phases have been re- In summary, the magnetization and electrical conductance
alized for lightly doped manganites &t<T.: (i) At T of a single crystal Lgg/Ving odO3 were studied under applied
<T<Tc, the transport and magnetic properties are affectedhydrostatic pressure and magnetic field. It was found that
by a dominant DE mechanisn(ii) for temperatures lower this crystal exhibits features similar to those observed in
than Tg, one should take into account superexchaf@g  lightly doped manganites La,SrMnO; (x=0.15,0.16).
interactions™>?® Endoh et al?® considered a microscopic An increase in pressure leads to a decrease and finally to a
model for Lg _,Sr,MnO; that involves both SE and antifer- suppression of the low-temperature insulating phase? at
romagnetic interactions and obtained a qualitative phase dia=0.94 GPa. On the other hand, it shifts the Curie tempera-
gram for various hole concentrations. In this model an orbitature T toward higher temperatures. The suppression of an
ordering sets in al and accompanies charge localization. insulating phase transition under pressure is considered as a
Martinez et al1® assumed that the shift of, for lightly result of percolating polarons. A strong rise of MR Rt
doped La_,SrMnO5; under pressure is caused by an in-=0.94 GPa and in the vicinity of ¢ also reflects the high
crease of orbital overlapping integrals and therefore an insensitivity of transport properties to external pressure.
crease of SE interactions. Since many structural and elec-
tronic parameters are involved in the exchange coupling, it is
almost impossible to predict uniquely the behavior of SE
under pressure. For example, in a series of isostructural di- We thank I. Felner for his help in magnetization measure-
electric compounds Qu,X,2H,0 (M=K, NH,, Rb, Cs; ments and for helpful comments. This research was partly
X=Cl, Br) the SE interaction between &€uions under pres- supported by the Israeli Science Foundation administered by
sure leads to an increase B for four compounds and to a the Israel Academy of Sciences and Humanities and by Na-
decrease in two othefé.In our self-doped crystals the resis- tional Science Foundation Grant No. DMR-96-13106G.,
tivity is higher, and as a consequence carriers are more I04.H.M.).
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