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The magnetic and transport properties of the P€aMnO; system were studied at the characteristic points
of the phase diagram corresponding to the ferromagnetic insulating and charge-ordered antiferromagnetic
states. The magnetizatiovi and resistivityp of the ceramic samples witk=0.2, 0.25, 0.27, 0.29, 0.30, and
0.33 were measured at temperatufes4—300 K and applied magnetic fieltsup to 7 T. It was shown that
the Curie temperatur€&; exhibits a nonmonotonic change withThe maximum value of - was achieved at
x=0.25. The isotope substitutioffO— 80 was performed for the samples wit+0.2,0.25, and 0.30. A
pronounced isotope effect ific was found. A noticeable drop in the activation enekybelow the Curie
temperature and a decrease of resistivity in the magnetic field both in the ferromagnetic insulator phase and in
the phase-separated regiorxat0.3 were observed. Special attention is paid to the possible manifestations of
the phase separation in the ferromagnetic insulating state.
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[. INTRODUCTION seems to be quite evident, the specific type of CO and orbital
superstructure is still a subject of controversy.
The colossal magnetoresistan@MR) phenomenon is However, orbital ordering does not seem to be special to

usually observed in manganites with a metal-like behaviorthe casex=1/8, and it may be seen at a broader rangeiof
There are only several types of compositions having botha relatively low doping region. A superstructure was indeed
CMR and the insulating ground state. One type of such manebserved in the x-ray resonant scattering experim@rits
ganites, Pr_,CaMnO; (PCMO), is an insulator for any Ca samples withk=0.25, although it seems to be different from
doping in zero magnetic field. Far=0.3-0.5, this system is that predicted in Ref. 14. In spite of the interesting physics of
a charge-orderefCO) antiferromagneti¢AF) insulator with  the ferromagnetic insulating state, the corresponding concen-
a ferromagnetic component at low temperatdr€be energy  tration range in PCMOX<0.3) has not received much at-
barrier between insulating and metallic states is rather smaltention, in contrast to the phase-separated stake=&t 3.

At x close to 0.3, the system can be easily transformed to a It is a common opinion that PCMO samples are always
metal by applying magnetic fields of a few téslas well as  phase separated far=0.3—0.5 where the ferromagnetic and
under effect of lighf x-ray irradiation*® pressuré,and elec-  charge-ordered regions with the CE-type antiferromagnetism
tric field.”® This transformation is usually accompanied by acoexist! Such a system as whole also can be considered as
phase separation, which is an intrinsic feature of mostn inhomogeneous Fl. This phase separation is most clearly
manganites.In contrast to many other manganites in which pronounced in ceramic samples where the intergrain bound-
the ferromagnetic state is characterized by a metal-like bearies are additional factors favoring the inhomogen¥ity.
havior, Py_,CaMnO; is a ferromagnetic insulatoiFl) at ~ The structure of this phase-separated states including the fer-
x<0.3 even at high magnetic fields. Such a situation is quiteomagnetic component was studied in defade Refs. 1, 2,
rare. Another well-known example is La,Sr,MnO;, which 5, and 18. The cause of the phase separation in the PCMO
is a ferromagnetic insulator in a narrow doping range aroungystem can be understood within a simple model showing the
x=1/8 (Ref. 10. The FI state was also reported for instability of the homogeneous checkerboard charge ordering
La;_,CaMnO; below x=0.2 (Ref. 11-13. In manganites, for x<<0.5 (Ref. 19. The question arises as to what extent
the ferromagnetism is usually related to the metallicity acthis inhomogeneity survives in the FI region of PCM® (
cording to the double-exchange mechanism. Ferromagnetism 0.3). Moreover, recent experimental data give an indica-
can also arise in the insulating state at special types of orbitdlon that the ferromagnetic regions in the phase-separated
and charge ordering due to the superexchange mechanisstate atx=0.3 are insulating rather than metallic at least at
characteristic of magnetic insulatdfsAlthough the relation relatively low magnetic field$>?! At higher fields around
between the FI states and a certain kind of charge ordering.5 T, the ferromagnetic droplets are reported to undergo a
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first-order transition to a metallic stat®.To clear up the TABLE I. The Curie temperatur¢K) determined by different
situation with the ferromagnetic insulating state, we undermethods.

took a detailed study of the electric and magnetic properties
of Pr,_,CaMnO; for the compositionsk=0.2, 0.25, 0.27, X Methods ofT¢ determination

0.29, 0.30, 0.33, spanning both the FI and AF insulating X maxxy  Mf,  M? Aot plot
regions. We also used in our study the isotope02 160

o . . 112 106 106 115 111
substitutiod®0—80. As was shown in Ref. 23, if there ex- 0.2 150 1oa 99 o4 107 101
ists a competition between the insulating and FM metallic.".. ¢

. . . 0,25, *°0 122 115 112 120 117
states, the isotope substitution shifts the balance toward thoe25 156 116 11 108 118 115
insulator, most probably due to a reduction of the bandwidth.o'27’ 160 119 115 110 121
In addition, isotope substitution also reveals the inhomoge-" '160 o4 100 100 109 )

neous percolative nature of the samples, if present. ThuQ,'Zg'
isotope substitution is also a powerful tool to check for the
existence of competing phases and to investigate the phase-

separated nature of the system. Moreover, a study of the(T,H) for samples of different compositions. First of all,
influence of isotope substitution on the Curie temperaturave present the data on the magnetic characteristics of the
allows us to obtain additional information about the mag-System under study.

netic state in Br_,CaMnOj3. Note that the isotope effect on
the Curie temperature of manganites was widely studied
starting from a pioneering pap&r.However, data on this
effect for the manganites in the ferromagnetic insulating state The preliminary measurements demonstrated a strong
are still lacking. temperature dependence of the magnetization for almost all

The present study is focused on the behavior of the mageur samples. For samples wi<0.3, the behavior of the
netization and resistivity of Rr,CaMnO; near the cross- low-temperature magnetization is characteristic of ferromag-
over concentrationx=0.3. Special attention is paid to the netic materials. Our aim is a detailed study of the depen-
possible manifestations of phase separation in the FI statdence of the magnetic characteristics, especially the Curie
We studied also the effect of oxygen isotope substitution oriemperaturelc, on the concentratiom and on the isotope
the properties of the system in order to have an opportunitgomposition. As the variations, especially those with the iso-
to shift the phase equilibria. The influence of the calciumtope substitution, may be not large, one needs accurate meth-
content and*0— 20 isotope substitution on the magnetiza- ods to determind .. Therefore, we use several methods for
tion and Curie temperature was also studied. that. The results are presented in Table I.

The observed behavior of the Pr-Ca manganites is inter- First of all, the temperature dependence of the remanent
preted under the assumption of the formation of inhomogemagnetization was measured in a wide temperature range for
neous states in different parts of the phase diagram. Withiall samples withx<0.3. The extrapolation of the obtained
this picture we get a natural explanation of the temperaturglots toM?=0 allows us to find the value df.. According
and magnetic field dependence of the magnetization and rée the Landau theory of phase transitions, such plots should
sistivity. be linear in the vicinity ofT-. In fact, for these samples,
except that withx=0.29, we have a rather large linear por-
tion of the curves. The deviations from linearity grow wih
approaching the crossover valye 0.3.

The measurements were performed on R€EaMnO; ce- Another method used to determifg was a measurement
ramic samples witbk=0.2, 0.25, 0.27, 0.29, 0.30, and 0.33. of the magnetization of the samples at a fixed applied mag-
The samples were rectangular bars abowtlx 10 mn? in  netic fieldH. Similarly to the previous method, tfig: values
size. The isotope substitutith® by 2O was performed for are determined, extrapolating the linear portions of the
the samples witx=0.2, 0.25, and 0.30. The magnetization MﬁC(T) curves toM =0.

M was determined by vibrating sample and Quantum Design We measured also the temperature dependence of the real
MPMS-7 superconducting quantum interference deviceart of the low-frequency magnetic susceptibiligy. The
(SQUID) magnetometers. The ac magnetic susceptibjity peaks in they’(T) curves(see Fig. 1 are related to the
was measured at a frequency about H2 and ac field am- transition temperature. In Table |, the correspondiagval-
plitude of 1 Oe and 10 Oe. The resistivijywas measured by ues are the positions of these peaks. The same data can be
the conventional four-probe method at a voltage not higheused in another procedure of finding tiig values by plot-

than 4V, ensuring the absence of deviations from Ohm's lawting the temperature dependence gf " *. This dependence
The measurements were done in the temperature range is found to be linear, which agrees well with the Curie-Weiss
=4-300 K, at applied magnetic fields up to 7 T. law (some examples of such plots are shown in Fjg.The
intersection of extrapolated straight lineg’] 1o (T—T¢)

with the horizontal axis gives th&; value.

At last, to find T;, we use the well-known Arrott plot

We measured the temperature and magnetic field depetechnique?® measuring the temperature dependence of the
dence of the magnetizatidvi(T,H) and electrical resistivity magnetization in the geometry with the magnetic fiéld

A. Magnetization and magnetic susceptibility

II. SAMPLES AND TECHNIQUES

Ill. EXPERIMENTAL RESULTS
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FIG. 1. Real part of the low-frequency magnetic susceptibility o o
x' vs temperature for the samples witk<0.3. The behavior of L Mok .". A‘A"
x'(T) for the sample withk=0.33 in the expanded scale is shown & T=12K [ A‘AA' o*
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we neglected a relatively small demagnetization factor. The Y oosl - T e 'l,.‘--"‘,.o' vy' |
Arrott plots—namely, M? vs H/M—are illustrated for B v..v"
samples withk= 0.2 with different oxygen isotopes in Fig. 3. A“ ,"""
The values ofT ¢ obtained by different methods are pre- 'A. ',.v‘"
sented in Table I. We see a certain scattef gnvalues given 0.00 ass 2 p p 2
by different methods. Let us recall that methods based on the HIM kOelp. )
magnetization measurement are more suitable to determine Yo
Tc proceeding from the temperature range Tc, whereas FIG. 3. The Arrott plots for samples witk=0.2 and oxygen
magnetic susceptibility methods work better 8>Tc.  isotopes(a) %0 and(b) 0. The dashed lines are the extrapola-

However, all To(x) exhibit a very similar behavior. We tions of linear portions of the experimental curves to low magnetic

found that T has a nonmonotonic variation with The fields. The Curie temperatuf. is determined by the dashed line

dependence of - on the Ca contentis illustrated in Fig. 4.  passing through the coordinate origin.

The curves in this figure correspond to different methods of

the determination offc. The maximum value off¢ is at-  the isotope shift for givem: ATc~3+1 K for x=0.25 and

tained atx~0.25. ATc~10+2 K for x=0.20. This means that the isotope ef-
The *°0— %0 isotope substitution leads to an appreciablefect on T, is an intrinsic property of the ferromagnetic insu-

decrease of the Curie temperatisee Table)l Although the  |ator state. This effect was observed earlier only for the me-

value of the Curie temperatufie. depends on the procedure tallic state of manganites.

of its determination, different methods give close values of The dependence of the magnetization on the applied mag-

netic field H was measured for all our samplesTat T..

. 990 The results are shown in Fig. 5. The behavior of the magne-
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FIG. 2. Temperature dependence of the inverse ac magnetic sus-
ceptibility (4my’) ! for the samples wittk=0.20 and different FIG. 4. The dependence @f. determined by different methods
oxygen isotopes. on the Ca contert. Lines are guide for the eye.
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FIG._5._The dependence of th? magnetization on t.he applied FIG. 6. The behavior of the magnetization at magnetic fields up
magnetic field(a) for the samples witht®0 and(b) comparison of t07 T at 5 K(a) for the samples with0 and®0, x=0.2, and(b)
the data for the samples wifi® and %0. for the samples witix—0.25 and 0.33,

tization depends strongly on Forx<<0.30,M(T,H) curves
are typical for ferromagnets: at loi the magnetization
M(H) increases fast and nearly saturateslatl T. In this
range ofx, the magnetization value &>1 T is maximum
atx=0.25 and gradually decreases with a growtlx.dkt the
threshold valuex=0.3 the magnetization undergoes a pro-
nounced drop and continues to decrease at a further growj
of x. The behavior of the magnetization at higher magneti
field at 5 K is shown in Fig. 6. The characteristic feature o
all curves is the absence of a complete saturation even at=
fields as high as 7 T. All curves attain a near-saturation limit
at about 1.2 T but the magnetization continues to increase
slowly. This increase is close to linear and the slope of all
curves is almost the same for all samples in a wide field
range. Such a feature was also obsef¥etpulsed magnetic
fields up to 30 T for the same compound with-0.3 and =
oxygen isotope*®O. It is natural to suppose that the slow 2
growth of the magnetization independentxos determined £ 0

=

is an indication of certain inhomogeneity inherent to the fer-
romagnetic insulator state. Another signature of the phase
separation is the hysteresis of all magnetization curves at
high fields(exceeding the quasisaturation figtid=1.2 T).

For the samples witk=0.3, we observed in a certain
gmperature range a steep growth of the magnetization at
lelds above 5 T. Such a behavior of the virgin curve is illus-
ftrated by the solid curve in Fig. 7 for samples witk 0.3 at
30 K and by the dashed curve in Fighpfor the sample

N

by the contribution due to canting of antiferromagnetic sub-
lattices and/or to rare earth spins. The rare earth ions can 1k
give a noticeable contribution to the magnetization especially
at low temperaturetsee, e.g., Ref. 37

The quasisaturation value ® is noticeably lower than 1 ' 0 ' 1 ' 5 ' 3 ' A ' s ' p
the expected value of magnetization for our compositions. H(T)
Indeed, the maximum quasisaturation value of magnetization
which is observed for the sample with=0.2 at 5 K isabout FIG. 7. The behavior of the magnetization at magnetic fields up
of (3.3-3.5ug, which is significantly less than the spin- to 6 T at 30 K for the samples with=0.3 and*®0O (solid line) and
only manganese magnetizatitth,=3.8ug . Such a behavior %0 (dashed ling

16,
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FIG. 9. The magnetic field dependence of the resistivity for
FIG. 8. The temperature dependence of resistance for sampleaamples withx=0.29 (solid symbol$ andx=0.33 (open symbols
with x=0.29 andx=0.33 at different values of the applied mag-
netic field. Dashed lines extrapolate the high-temperature portions

of curves atH =0. 0.1 eV, which agrees with the data of Ref. 29. The curves
with x<0.3 exhibit a kink near the Curie temperature, at
with x=0.33 atT=5 K. After this steep growth oM, the  which E, decreases by about a factor of 2. An applied mag-
magnetization continues to increase slowly. All curves withnetic field shifts this jump to higher temperature and makes it
the steep growth are characterized by a pronounced hystegmoother. Figure 8 shows the behavior of resistivity Xor
esis. For the next sweeps the magnetization becomes typical0.29 andx=0.33. HereE, changes from 0.13 eV to 0.08
for a ferromagnet and/(H) varies in a nearly reversible €V for x=0.29. In contrast to the ferromagnetic insulator
manner. Such a behavior is similar to that observed in<0.3, the magnetic ordering transition for a sample with
(LaPnCa manganite€ The sharp growth oM(H) is an  =0.33 corresponds only to a slight change in a slope of the
indication of the increasing content of the ferromagneticexperimental curve {=0). However, the charge-ordering
phase in a phase-separated system. transition in this case gives a steep change in the resistivity.
The magnetization of the samples with different oxygenlt should be mentioned that the activation enelfgyis nearly
isotopes®0 and 0 is shown in Figs. &), 6(a), and 7. the same for all samples at high temperatures where the
Isotope substitution leads to an appreciable decrease of tis@mples are paramagnetic.
magnetization. Note that the width of the high-field hyster- The magnetic field dependence of resistivity is shown in
esis loop is larger for the samples witflO [see Fig. 6a)]. Fig. 9 for different temperatures. Both ferromagnetic and an-
This shows that'®*0— 80 isotope substitution favors the tiferromagnetic samples exhibit a negative magnetoresis-
antiferromagnetism and enhances the phase separation. @nce. The magnetoresistaj¢0)—R(H)]/R(0) increases
the other hand, the increased tendency to antiferromagnetisas the temperature decreases and attains a value of about
is accompanied by the disappearance of the steep growt0% atH=2 T. The temperature dependence of the magne-
feature in the magnetization curve; compare the solid andoresistance is illustrated in Fig. 10. For the temperature

dashed lines in Fig. 7. range corresponding to the paramagnetic phase, the magne-
Additional information on the magnetic state of samples
with x=0.3 can be obtained from measurement of the mag- Qo 2z

netic susceptibility. We analyzed, in particular, the tempera-
ture dependence of the real part of the magnetic susceptibil-
ity x'(T) for the sample withx=0.33. The results of our
measurement are shown in the inset to Fig. 1. THi€T)
curve exhibits two peaks. The position of the high-

[R(0)-R(H)VR(0)
(=]

temperature peak correlates with the charge-ordering tem- RK 020 %0, 55T
perature, whereas the low-temperature peak can be related to /cf,‘" + x025,%0,50T
the Neé temperaturé. A o xom, ::g' 201
7" e x=029, "0, 2.
T-5§" o A x=033,%0,20T
—a—x=0.33,"0, 20T
B. Resistivity 0.011_&- |
The behavior of the resistivity is shown in Fig. 8. It is 0.005 (K" 0.01 0.015

convenient to represent the resistivity in a semilogarithmic

scale as a function of inverse temperature. At temperatures FIG. 10. The temperature dependence of the magnetoresistance
higher than the magnetic transition point, the resistivityfor different samples. The solid symbols correspond to the zero-
obeys the Arrhenius law with the activation enefglyabout field cooling and other ones correspond to the field cooling regime.
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toresistance obeys the power Iaw" with n=2-5. Such a J, is the Hund's rule coupling TheU value here is assumed
decrease of the magnetoresistance with temperature is an ite- be larger than the hopping integtalU>t). In this case,
dication of the magnetic inhomogeneity of our samples evefthe hopping timer~7/U is too short for the lattice to
in the paramagnetic state; this problem is discussed in detaibspond® This means that the isotope effect should be sup-
in Ref. 31. In particular, it is shown that the > power law  pressed. On the other hand, the real electron hopyiteger-
corresponds to a spin-dependent electron transport betweeRining the double-exchange ferromagnetism in metallic sys-
anisotropic ferromagnetic clusters via a nonmagnetic Meems is characterized by polaron narrowifigihich may
dium. The existence of such behavior for the sample with 654 {0 an appreciable isotope effect enhanced by the Jahn-
=0.29 is an additional indication of the phase inhomogenerg|igr nature of the M* ion. Thus, the very existence of the
ity of the ferromagnetic insulator near the crossover to thestrong isotope effect in the FM insulating of (PrCa) Myi®
antiferromagnetic state. an indication that the mechanism of ferromagnetism in this
case cannot be simply reduced to that of well-defined Mott
IV. DISCUSSION insulators like KCuF, (Ref. 35.

The most spectacular results of our measurement concern !N contrast to Mott insulators with integer occupatiordof
the dependence of the Curie temperature in the ferromagnetfites, here we formally have ions of different valence®¥n
insulating state on the doping levelnd the oxygen isotope and Mrf*. In such a situation, one can get an insulating state
substitution. The Curie temperature attains the maximunin two situations.
value atx=0.25. Earlier it was suggested that the composi- We may have a phase-separated state with possibly even
tion with x=0.25 favors a special type of charge and orbitalmetallic(and ferromagnetjadroplets, which is, however, be-
ordering corresponding to the ferromagnetic insulatinglow the percolation threshold. In this case, the state inside
state** Therefore, it is natural to expect that the ferromag-these droplets would be the same as in the FM phase of
netic insulating state is the most stable just for this commenmetallic manganites, and one would also expect a strong iso-
surate composition. In fact, our experiment shows that théope effect.
x=0.25 composition is singled out by its specific character- It is also possiblefand probably more plausible in the
istics. In principle, the existence of tAg. peak ax=0.25is  Pr-Ca systemthat we are dealing with a genuine insulating
quite natural. Nevertheless, up to now there has been ngfate. Such a state with localized electrons should necessarily
direct experimental proof of this fact. Note that in a widely have some superstructure, e.g., due to charge and/or orbital
cited phase diagram from Ref.(4ee also Ref. 3here was ordering. This is indeed the case in,LaSr,MnO; close to
only one experimental point betweer=0.2 andx=0.3, so  x=1/8 (Ref. 10 and it can be also the case for1/4 (Ref.
it was difficult to identify the maximum ifTo(x) nearx  14). However, the energy gap would be determined not by
=0.25. In addition to the highedt: it exhibits the highest the very large Hubbard on-site interactidrbut rather by the
magnetization value and demonstrates the minirignshift intersite Coulomb repulsioN, which would be of the order
induced by the oxygen isotope substitution. The latter is a®r even less than the electron hoppinigtegral. Indeed the
additional indication of the enhanced homogeneity of theenergy gap in charge-ordered manganites is rather small,
ferromagnetic insulator state for the sample witk0.25  typically about 0.2-0.4 eV. This means that the virtual hop-
since the isotope effect is more pronounced under the condping leading to an exchange would occur mostly between
tions of the phase separati¢see, e.g., Ref. 31 Mn®* and Mrf* and would cost an energy rather tharlJ.

The substitution of'®0 by %0 leads to the lowering of Thus, even ift<V, the corresponding exchange constant
both the Curie temperature and the saturation magnetizatiomould containt?/V instead oft?/U (in contrast to the usual
This shows that the heavier isotope causes a suppression ptt insulatorg. Hopping processes are then much slower
the ferromagnetism even in the insulating state. This result ié7~#/V), and the polaronic band narrowing leading to the
in certain contrast to the usual interpretation of the proisotope effect can come into play.
nounced isotope effect in thd.aPnCa manganites as a However, it is possible tha¥ <t, and we cannot use the
manifestation of the metal-insulator crossover, which usegerturbation theory it/V at all. Then an insulating state can
the picture of the isotope-induced shift of the phase equilibappear due to the formation of a charge density wave and
rium from a ferromagnetic metal to an antiferromagneticorbital density wave caused by the nesting of the Fermi sur-
insulator’®?®3?Here both phases, antiferromagnetic and ferface. The corresponding energy gap here wouldAge,
romagnetic, are insulators. Thus, the nature of the isotopet exd —1//N(0)]~t exp(—t/V) and may be much smaller
effect in insulators requires a special discussion. than the bandwidthV=2zt (z is the number of nearest

Usually, the electron localization is accompanied by someaeighbor$. This seems to be indeed the case in our system,
type of orbital and charge ordering, favoring in our case thén which the measured value of the activation enekgy
ferromagnetic ground state. In conventional Mott insulators~0.1 eV is much less than the bandwidtf=1-2 eV. The
with integer occupation of thd shell, ferromagnetism may mechanism of ferromagnetism in this case may be then quite
appear for a certain orbital ordering. In this case, the corresimilar to that in double-exchange meta&dectron hopping
sponding exchange interaction is caused by the virtual hopsetween MA* and Mrf* leading to a decrease of the total
ping of an electron from one site to another and back, andtinetic energy of a conduction electron in a ferromagneti-
kgTc is of the order of {?/U)Jy /U (t is the electron hop- cally ordered stade The presence of a relatively small gap at
ping integral,U is the on-site Coulomb repulsion energy, andthe Fermi surfacé\ <W would not significantly modify the
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picture. Thus, we can also expect a significant isotope effeciments enhances the probability of electron transfer between
The observation of such an effect in our system may thus bkattice sites.
considered as an indication that the origin of ferromagnetism In summary, we studied the dependence of the magnetic
here is rather similar to the double exchange, despite the faeind transport properties of Pr,CaMnO; at different con-
that we are dealing with insulators. centrations, spanning both the ferromagnetic insulating re-
The transport and magnetic properties of RCaMnO;  gion x<0.3 and the antiferromagnetic regior=0.3, and
depend strongly on the doping level Note that the satura- also investigated the effect of th€O— 80 isotope substi-
tion value of the magnetization in the ferromagnetic phaseution. We found that the value of: is maximum at the
decreases withx approaching the crossover Ca content concentratiorx=0.25. The magnetoresistance turned out to
=0.3. This may be an indication of certain inhomogeneitiesbe negative even in case of an insulating ferromagnetic
inherent already to the concentration ramge0.3. The sub- ground state. Many features of,PrCaMnO; can be inter-
stitution of %0 by the heavier isotopé®0 usually favors preted under the assumption of the existence of inhomoge-
electron localization and antiferromagnetiéidere we also  neous states in different parts of the phase diagram. The ob-
observe an appreciable lowering of the saturation magnetizaervation of a noticeable isotope effect in our system may be
tion in the samples with®0, which can be a signature of the an indication that the origin of ferromagnetism in the
magnetic inhomogeneity. The dataat 0.3, especially the Pr;_,CaMnO; system withx<<0.3 has a certain relation to
steep increase of the magnetization in high fields accompdhe double exchange despite the fact that the system in this
nied by the pronounced hysteresis, agree with the commonlgegime is an insulator.
used treatment of the Pr-Ca manganites as a phase-separated
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