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We present x-ray diffraction, x-ray photoemission spectroscopy, magnetization, and transport results on the
cerium-doped manganite ha,Ce, ,LCa 3dVIN0O3. We have achieved good quality, single-phase polycrystalline
samples by the nitrate decomposition route. A Rietveld analysis of the x-ray spectrum revealed a distorted
structure with a small Mn-O-Mn apical angle of 152.6°. We found that both @&d 4+ charge states of
cerium ions coexist, introducing an additional source of cation disorder iA #ite of the perovskite structure.

The low-temperature magnetization measurements, together with th& tégheeptibility results, indicate a
magnetically frustrated behavior below~ 70 K. The zero-field resistivity shows, &,~ 145 K, the typical
metal-insulator transition found in manganite systems, though a temperature for a long-range ferromagnetic
order transition does not obviously exist. The magnetoresisi@hRe is large, with a maximum value close to

100%. Strong hysteresis effects are observed in the MR vs field curves, that correlate well with the magneti-
zation vs temperature measurements. We discuss these observations and show that the resistivity results are
closely related to the magnetic behavior of the system.
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I. INTRODUCTION samples of(La, CeCa with ana priori nominal hole con-
centrationof 33%. On the one hand, doping values close to
In manganite systems ka,D,MnO; (D=Ca, Sr, Ba, 0.33 are known to maximize the CMR in other manganite
with a perovskite structuréABO;, the double-exchange Systems; on the other hand, this choice will allow us to com-
mechanisnt,responsible for the ferromagnetism and metallicPare our results with different studies reported in the litera-
conductivity of these compounds, is optimized for dopingturé on yttrium and rare-earttPr, Th substituted samples
levelsy~1/3. At these concentrations, the largest values ofVith nominal hole doping values close to 1/3.
colossal magnetoresistant@MR) are also obtained. 'Q cerium-doped manganites, it is possible for’ Cand
When the lanthanum in tha site of the perovskite is Cé'" species to coexist in the same compound, adding an
partially replaced by yttrium or a rare-earth such as Pr or beaxtra source of structural disorder. Today, the experimental

the cation disorder introduced in the structure has beegata on cerium-doped manganites available in the literature

shown to lead to different and interesting phenomena dere limited;™* anq not conclusive in various aspects. I.n par-
. . - . " icular, the question about the valence state of Ce ions in
pending on the nature of the substitute cation. Magnetic frus;

. ) . these compounds is still an open matter. In a previous work
tration has been obsenfed in Lag g7_YCa 3qMN0O3, spin b P b

: Iy by Kang et al,** where x-ray photoemission spectroscopy
glass behavior was reporteth Lag7Thy €€ sMNOs, and  (ypg) measurements on polycrystalline (&, MnO;

evidence of electronic phase separation was fBuimd \ere reported, the authors claimed that the charge state of
Lag/gPrs/sCaysMNO;. _ . cerium ions is mainly 4-, although the coexistence of both
The average ionic radius of the site seems to play an yglences states should not be discarded. In an attempt to shed
important role, through the tolerance factor of the structuregsgome ||ght on these open questions, we report on x-ray pow-
Isovalent substitutions, such as those with Y or Pr, have beegler diffraction (XRD), XPS, magnetization, and magne-
widely investigated, but nonisovalent substitutions have onlytotransport results obtained in very good quality samples of

recently attracted some attenti6H? polycrystalline, single-phase baCey 2dCa 3MNnOs.
Why do the(La, PpCa compounds show evidence of
electronic phase separation while the magnetic behavior of Il EXPERIMENTAL DETAILS

(La, Y)Ca and(La, Th)Ca seems to be closer to a spin glass?

Is the bending of the Mn-O-Mn angles, produced by the Powder samples of lgaCe, >{C& 3qVInO5 were prepared
chemical pressure induced by the mismatch of different ioniaising the nitrate decomposition route, and final calcination
radii in the A site, the only relevant parameter? These questreatments were done at 1450 °C for 3 h. The incorporation
tions led us to prepare and characterize polycrystallinef cerium cations in the perovskite lattice was monitored by
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3.5x10* samples of La_,CeMnO; by the solid state reaction route

§ and performing careful x-ray diffraction experiments, that
3:0x107] La Ce Ca MnO the samples so obtained were not single phased. On the con-
2.5x10* 0677702077033 3 trary, they were actually multiphase mixtures comprising

hole-doped lanthanum-deficient manganite phases, and ce-
rium oxide CeQ. Although the reasons for CeGegrega-
1.5x10* tion in those samplé$*3are not well established, it may be
related to the presence of €e cations. For air-prepared

2.0x10*

Intensity (Counts)

10x10'1 samples, the most stable valence state of cerium is expected
5.0x10° to be 4+ . Therefore, charge neutralization would require the
00 formation of Mrf . On the one hand, Mri is a much larger
.- cation that MA™ and Mrf™; on the other hand, Gé is a
20 40 60 80 100 much smaller ion than [34 or CE*. Both effects led to a
20 (%) very low tolerance factof! whose value is 0.907 for all ce-

rium ions in the 4+ charge state in LgCe ;sMnO;. This
fact indicates that the cerium-doped structure is very un-
stable and, as a consequence, £e€gregation would occur.

In our calcium-doped compound b.aCe, ,dCa 3MNO;,
wever, the presence of €a stabilizes the structure by
allowing the substitution with tetravalent cerium ions with-

powder XRD. Cell parameters, Mn-O distances, and MnUt requiring the formation of Mt . In this system, the

O-Mn bond angles were determined by a Rietveld anaWSiéolerance factor would rise to 0.950, if all cerium ions were
using the pI’OgI’anFFULLPROElz in the 4+ state. Under these more favorable structural con-

The valence state of cerium ions was investigated througHitions, cerium was accepted by the structure by annealings
XPS measurements. The experiments were performed & 1490°C. Therefore, our samples are essentially
room temperaturéRT), and the spectra were collected using Single phased. At RT, we determined an orthorhombic
an incident photon energy ¢fv=1486.6 eV. (Pnma structure with parametersa=5.4824(4) A, b

Magnetization measurements were performed in a supei= /-7184(4) A, andc=5.4610(4) A. The Mn-O-Mn dis-
conducting quantum interferece device magnetometer from ances are s=1.8355(4) A, m=1.9862(4) A, and |
to 300 K, and magnetic fields up to 50 kOe. High- =2.0896(4) A, and the two Mn-O-Mn angles are 152(f
temperature magnetization experiments were carried out in #r apical A1), and 160.6%(5) for equatorial @2).

Faraday balance magnetometer in the temperature range The average value of the three Mn-O-Mn bond angles
300-1000 K. Magnetotransport measurements were done RPserved in manganites vary approximatéffrom 156.5°
a standard four-probe geometry, under magnetic fields up t# 168.5°. In the Lge7 «YxCa3MnO; series, average

FIG. 1. Powder diffractogram of polycrystalline
Lag 4Ce 2 3dMNO; at RT. It corresponds to Bnmaperovskite
structure. The arrow points to th@1l) reflection of CeQ®; a
Rietveld-based estimation indicates only 0.6 wt. % of segregate?1
cerium oxide(see text 0

50 kOe, and temperatures between 4 and 300 K. angles of 159.7°, 158.3° and 157.6° have been reported for
x=0.05, 0.15, and 0.20 respectivélf.in this context, our
IIl. RESULTS AND DISCUSSION experimental value of 157.9° is not unusual. However, it is
interesting to note that thdifferencebetween apical and av-
A. Sample characterization erage bond angles are larger ingLkie, ,dCa 3Mn0O;. In-

deed, while in thelLa, Y) seried®!’ this difference is less

) ) ) than 1%, in our cerium-doped compound it rises to 3%.
Preparing good quality samples of cerium-doped manga-

nites is a difficult task. The high quality of the
Lag 4L 2 3qVINO5 powder obtained in this work is re-
flected in the x-ray diffraction spectrum shown in Fig. 1, Figure 2 shows the XPS  spectrum  of
where only the characteristic perovskite peaks have stronbag 47Ce >dC8 3MINO;3 in the region of the Ce-® core-level
intensities. From the very low intensity of the Cefeak at  peaks. Three structures labelkdB, andC are clearly visible
28° we estimate that less than 0.6 wt. % of cerium oxide ign the spectrum centered at about 917, 900, and 884 eV,
segregated, i.e., only 3.6% of cerium ions are out of theespectively. To help in the identification of these structures
perovskite compound. we have also included in the figure the spectra of Catd

Our result differs from some previous repdfison  Ce,O; (taken from Ref. 18 representative of Ce ions in the
La; _,CeMnO; samples, where intense Ce(Qeaks ap- +4 and+3 charge states, respectively. Each one of these
peared in the x-ray spectra, reflecting an important segregapectra is composed of two identical multiplets shifted by
tion of cerium oxide. The routes employed to prepare thosd8.5 eV, with relative intensities 3:2, that correspond to the
bulk polycrystalline samples included wet methbdmd  spin-orbit-split 35, and 3, core holes. The different
solid state reactiofi.In the x-ray spectra of the samples re- multiplets in CeQ and CgOs reflect their different 4
ported in Refs. 7 and 8, unreacted cerium oxide is signaledccupations in the ground states. It can be seen in Fig. 2
by the presence of the 28°, 47°, and 56° peaks, characterithat the structure labeledC in the spectrum of
tic of CeO,. Gangulyet al*® demonstrated, after preparing Lag 47C& »dCa 3MnO; is contributed to by the peaks’ and

1. Powder x-ray diffraction

2. X-ray photoemission spectroscopy
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FIG. 3. Inverse of the susceptibility * vs temperaturgon
heating: circles; on cooling: squajyedhe solid line is a CW law
fitting with C=23.26 (5) emu K/mole Oe, an® =298 (10) K.

verse of the susceptibilityy "*=H/M vs temperature, is
plotted in Fig. 3 forT=300 K. We have made the necessary
corrections due to diamagnetic contributions and to the mag-
netization of cerium ions. Therefore, the curve shown in the
T f@g_u_re represents the net Mn ions c_ontributio_n to the suscep-
910 900 890 880 870 880 850 tibility. In order+ to subtraﬁrctl the cerium contr_lbutlon we as-
Binding Energy (ev) sumed tha_t ct ar_1d Cé" ions are present in the relative
concentrations estimated from XPS results. Tetravalent ce-
FIG. 2. XPS spectrum of L@ Ce, ,Ca 2MnO; in the region UM has a zero magnetic moment, so we must only subtract
of the Ce-3l core-level peaks. Also included for comparison are thethe nonzero C¥ (u¢=2.54ug) component. For that pur-
spectra of Ce@and CgOjs (thin solid lines taken from Ref. 18. pose we supposed that Ceions are paramagnetic and their
magnetization follows a pure Curie lawCge/T) in the
V of the CeQ spectrum and by the peaks andV, of the  \yhole temperature range. This procedure neglects any mag-
Ce,0; spectrum. Similarly, the broad structure labeled Bpetjc coupling between the Ce moments and the surrounding
gets contributions from the peaks”, U, and V" of the  jons, These interactions may be present according to recent
CeQ, spectrum and from the peaks andU, of the CeO3;  peutron diffraction data obtained in 4.4 Ca, £Cé.5) o MnO;
spectrum. In this case, however, there is an additional comsy \wy et al'® However, the correction introduced to the high
tribution coming from thel 3M, 3V Auger electrons of Mn,  temperature susceptibility by subtracting a Curie-Weiss
which have kinetic energies in the range 575-594 eV, angdcwy) law® with 0 ce~45 K, instead of a Curie law, is very
thus apparent binding energies in the range 893-908 e\ma|l, and does not affect our main conclusions.
Finally, it is seen that the peak labeled A coincides in shape Thereis a positive curvature gf 1(T) vs T at the lower
the compqund. Er_om the intensity of this peak one can estigrder effects. A subtle anomaly appears closd 0720 K,
mate the intensities of th¥” and V contributions to the  propably associated with the high temperature orthorhombic
structureC and by difference the intensities of tié andVy {0 rhombohedral transition observed in other lanthanum
Contributions. The I’elative intensities Of the Coﬂtributi0nSr'nanganitegfL Future high_temperature X_ray_diﬁraction
(V",V) and (V',V,) give the percentages of Ce ions in the studies are necessary to test this assignment. Well above this
+4 and + 3 charge states, respectively. Our conclusion iSfeature,X‘l exhibits a CW behavior given by(T)=C/(T
that about 60% of the cerium atoms are in thé charge —0), with C=3.26 (5) emuK/mole Oe for=5.12ug),
state and the remaining 40% in the3 charge state. This and @ =298 (10) K. TheC value so obtained should be
result indicates that our samples are hole-doped compounggmpared with the average calculated on the basis of the
with an effective level of 21%. Future studies with careful relative amounts of C?’é' and Cé+ estimated from XPS re-
control of oxygen stoichiometry are encouraged to determingyjts ij.e..C=2.76 emu K/mole Oe.
the Mn valence state in these cerium-doped manganites. An oxygen deficiency, leading to an increment of ¥n
ions, would raise the value of the effective moment. How-
ever, the Curie constant corresponding to an oxygen deficient
The high-temperature dc magnetization is linear with thecompound with all Mn ions in the 3 state is
magnetic field up tdd =50 kOe abovel~200 K. The in- 3.0 emu K/mole Oe. Thus, the observed enhancement of the

Ce,0, (Ce™ 4f')

P
930 920

B. High-temperature susceptibility
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0 50 100 150 200 250 300 100 K (squarey 150 K (circles, and 295 K(triangles.
2.5 T ey gimes can be defined according to the behavior observed in
~ 20 -Cﬁgoom%o —50k c) 1 the ZFC and FC measurement®: From 5 to 70 K, there is
é i ‘ H =50 kOe ] a strong dependence on the magnetic historybetween 70
= 15| T s ZEC and 200 K, some irreversibility still persists; afid) above
= 10 E o o FC ] 200 K the curves are fully coincident within experimental
= osL OOQQODO ] uncertainty. When the magnetic field is increased above 1
Y T T 900000 kOe, ZFC and FC curves differ only at the lowest tempera-
) 50 100 150 200 250 300 tures, as shown in Fig.() and 4c). The maximum in the

low field (50 O@ ZFC magnetization and the plateau of the
FC suggest a “freezing” of the spin system below the tem-

FIG. 4. Zero-field-cooledZFC) and field-cooledFC) magneti- ~ PeratureTe~70 K. In this case, the small ratib-/©~0.2
zation vs temperature curve®) H=50 Oe, (b) H=5000 Oe, and IS an indication of the large degree of magnetic frustration.
(c) H=50 kOe. Freezing temperatureE| are indicated with ar- Recall thafTc /0 (whereT is the temperature of long-range
rows. ferromagnetic ordgrhas been used in the same spirit to ana-

lyze the frustrated compounds &Y Ca& 3dVInO5 in Ref.

magnetic moment cannot be explained by this assumptior.

Second, a non-negligible content of Rnhwould lead to an Detailed measurements of the Mn-magnetization vs field,
increase of the Curie constant, but we have mentioned thahown in Figs. 5 and 6, complete the description of the low-
this situation is not structurally favored. Finally, some con-temperature magnetic behavior. In Fig. 5, the shape of the
tribution to the effective magnetic moment could arise frommagnetization loops changes strongly with temperature. The
itinerant electroné? There are important experimental evi-
dences that such kind of mechanism may play an importan” 4
role in the measured enhancement of the magnetic momen [
In fact, appreciable departures of the effective Curie constan 5 [ 0 ]
from the expected value have been observed in another pel LS ]
ovskite systems: it is reduc&dn SrFeMoQ, and enhancéd  ~ 166
in Lage7_xYxC&3dMNO;. Since yttrium is always in the l
3+ state, the last compounds are expected to be a mixture cs* |, [
67% Mr?™ and 33% MA'. The measured valeof C 1
=2.95 emu K/mole Oe is 12% higher than the calculated Cu- ¢
rie constant. A similar deviation is found here for r
Lag 4L 2 3MNO3, with a difference of 18% between 04l
calculated and experimental values. -

Temperature (K)

0.0l

C. Low-temperature magnetization

H (kOe)

The temperature dependence of the magnetization in the
range 5-300 K is Shown.in Fig. 4. We measured. th? Z€ro- FIG. 6. Details of the magnetization curves, including the virgin
field-cooled (ZFC) and field-cooled (FC) magnetization  pranches(filled symbolg, measured at 5 Kcircles and 100 K
curves up to 300 K, foH=50 Oe, 5000 Oe, and 50 kOe. (triangles. The solid lines are guides to the eye. Inset: initial sus-
From the 50 Oe curvetsee Fig. 43 three temperature re- ceptibility, yzrc vs H.
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magnetization curve measured at 295 K indicates that the RO T T T ' ' ' ]
system is paramagnetic at high temperatures. In re@ion a) 100
the magnetization increases slowly with magnetic field in the 2 10001 o _f\ i
whole H range. A small hysteresis arises below 200 K, and 8 © \
increases slowly as the temperature is decreased. A tiny co- < 800 » 1
ercive fieldH,<20 Oe is measured at 5 K, similar to those 5 %0 B0 %
observed in LggCay 30MnO; compound<2 Due to the elon- g 600F T& 1
gated shape of the magnetization loops, with very small re- &"3
manence and coercivify, it is very difficult to estimate the 400 1
ferromagnetiqdFM) fraction of the sample.

The magnetization does not saturate at low temperatures, 200 1
even at 50 kOe, and attains 2.2/Mn at 50 kOe and 5 K, 0

far below the Mn-system saturation valdég,~3.7%ug. 0
This result is another indication of a highly frustrated spin
system. In FM manganites, the magnetization usually satu-

50 100 150 200 250 300 350
Temperature (K)

rates aboveH~2 kOe. This is not the case of the lower ' ' ' ' ' '
temperature loops [region (i)], where M;—My)/ - L2y
M (50 kOe)=2% at 50 Oe, and the hysteresis closes at 5 é
kOe. T 10
ZFC magnetization branches, measured below and above 5
the freezing temperaturg-~70 K, are shown in Fig. 6. At Z 08t
T=5 K, the virgin curve exhibits ars-shaped form. The &
initial susceptibility xzec=[IMzpc/dH =0, IS smaller 061L _
than the susceptibility reached at an inflection poinviof- ¢ s s s s ) .
for a critical field,H.,;; . This behavior is better evidenced in o 1020 T 30 40 K 0 6070
the inset of Fig. 6, whergzrc vs H is plotted. The maxi- emperature (K)
mum of xzec is observed at the critical fieldHc; FIG. 7. (a) Resistivity vs temperature, measuredHat 0 (empty

~1490 Oe. AboveTg, the S shape of the virgin curve is symbolg andH =50 kOe(filled symbol3. M-I transition tempera-
blurred andyzgc has a small maximum afd~0. ThisS  tures (T,,) are indicated by arrows. Inséf:dependence of the MR,
behavior of the ZFC magnetization has been observed in as obtained from data if). (b) ZFC and FC resistivity curves
wide variety of spin-glasses below the freezing (H=20 kOe).
temperaturé® and adds more evidence for the existence of a
frustrated, glassy state in y.8Cey ,dCé 3MNO;. Lag 4Ce& 2T 3MNO5 do not show clear evidences of a
long-range ordeLRO) magnetic transition. We have ob-
served that there is a tiny hysteresis between ZFC and FC
magnetization curves below 200 K, and the presence of FM
Figure @) shows the temperature dependence of the reshort-range ordere(BRO) regions is evident from the mag-
sistivity p(T), measured at zero field, and applyity netization loops measured in the same temperature range.
=50 kOe. The LgsLe2fCa 3MNO; samples are much The M-I transition may indicate the percolation of FM re-
more resistive than LaCa,sMnOs: the RT resistivity of the  gions across the sample. It is known that the conduction
former samples is three orders of magnitude highdihis  electrons are driven in the lowest resistive channels. There-
ratio is also found when comparing residual resistivifigs fore, our results can be explained by the existence of a short
(measured at 4 K At high temperature, 180 K, p(T) circuit through the percolated FM regions. Within this pic-
shows a thermally activated behavior: p(T) ture, the effect on the resistance of the presence of more
=p.exp@/kgT). The activation energy deduced from the disordered zones would be negligible. The shape of the mag-
fits, A=130 meV, is higher than the values measured imetization loops does not allow one to estimate the FM frac-
LaysCa,sMnO; compoundsA =54 meV2° This increase of  tion of the samples accurately. It is also known that the per-
the gap suggests that Ce doping not only modifies the scatolation limit strongly depends on the geometrical
tering potential but it affects the band structure of the com-arrangement of the entiti€S:the theory of random con-

D. Resistivity and magnetoresistance

pound. tinuum percolation gives a volume concentration limit as low
The zero-field resistivity has a maximum aroug, as x,=0.15, while this concentration limit is raised i
~145 K, that signals the metal-insulatoM¢l) transition, =0.31 for a three-dimensional cubic lattice. However, the

usually found in ferromagnetic manganite compounds. Theelative proportion of ferromagnetic pha&hort- and long-
relationp(Tyw)/p(20 K)~930 is huge, much larger than the range order may be rather small. Studies performed in
values found in Lgg/Cay 3MnO; compound€®~2 It must  Au-Fe and Cu-Ni alloys determined a percolation of a LRO
be noted that the parent compound, k& a 3MnO; pre-  zon€? for a magnetic concentration of around 15%.

sents the M-I transition at a higher temperatfiréT,, At low temperature T~20 K) a resistivity minima is
=260 K), close to the FM transition of the Mn moments. As measured. This feature has been recently attributed to
we commented above, the magnetization curves otlectron-electron quantum interferenteysually found in
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a) 0.0F E.100*[R(O)—R(50 kOe)]/R(O), is plotted in the inset of
Fig. 7. It reaches a flat maximum close to 100% between 100
-0.2 i and 150 K.
. 04+ Normalized magnetoresistance loops MRBE[R(H)
T 0.6 = ol SRy i —R(0)]/R(0), measured at different temperatures between
= Ul ‘W NG ] 5 K and 300 K, are presented in Figag Here also, as in the
% 0.8  wlisee® VAN ixtin case of magnetization data, three different temperature re-
-1.0 [ - ] gimes can be identified, according to the shape of the curves.
1 For T<75K [region(i)], the curves measured under increas-
-1.2+ ing and decreasing magnetic fields, are almost completely
-14 B revers(ible ar;%3exr?ibit an inf’nportant Io(\j/v field ngfnetorisis—
P tance(LFMR).*® The LFMR fraction is determined from the
-30 <20 -10 0 10 20 30 MR(H) curves [Fig. 8@)]. It is calculated as the ratio
H (kOe) AR/ARg1a=100*[R(H=0)—R(Hma) I/[R(H=0)—R(H
=30 kOe)], beingH,,.x the magnetic field where a change
b) SOF ' i of slope is measured in the low-field region of the curve.
| | This feature is particularly noticeable in the lowest tempera-
60 L i ture plots, i.e.,T=5 and 75 K. The intrinsic magnetoresis-

tance(IMR) fraction is obtained by difference between the
total MR and the LFMR.
The LFMR component is attributed to spin-dependent in-

MR, o (%)
I
o

- ./I 1 tergrain scattering, and increases with decreasing tempera-
20 F i ture due to the progressive increase of the spin polarization
a——a\o\o | of the carriers. A non-negligible quasilinear decrease of the

resistivity is observed at higher fields. This magnetoresis-
tance component is intrinsidMR), and has been tradition-
' ally explained in manganites by the double exchange
0 50 100 150 200 250 300 coupling between MA* and Mrf" ions. In the 75 K<T
Temperature (K) <200 K range[region (ii)], the p(H) curves are character-
. ) ized by a strong hysteresis. The irreversibility increases
FIG. 8. (@) Normalized magnetoresistance MR(=[R(H)  ahryptly above 60 K, passes through a maximumTat
@gﬁgl{g?ﬂ‘éi@%i&ﬁ;;é SKT(ﬁg(%'iS)?’g 512 ésgt:ja;ei (]:-L(J)r?lgs ~100 K, and decreases smoothly, attaining zero above 200
"o ) ! ! X K. The MR(H) curves have been measured in different mag-
have been displaced by 0.20, —0.40, and—0.60, respectively. - . .
i . . netic field sweep rates between 1 and 6 kOe/min, without
(b) Total MR (filled squares LFMR (circles, and IMR (triangles findi h in the hvst is of th .
components of the magnetoresistance, as deduced from d@a in Inding any change in the nyslteresis of the curves, meaning
that the relaxation processes involved in this effect are very
slow and of characteristic times much different from the
disorder alloys. Similar behaviors have been also reportegheasuring times. FoF=200 K [region(iii )], the MR is very
for spin glasses and distorted bulkdg Y o 20C& 3qVInOg, small, decreasing smoothly with increasing temperature, and
being associated with different physical phenom&nBur-  the curves show no hysteresis. They have a bell-shape found
ther experiments are needed to elucidate the origin of thesa FM manganites abovéc .
results. The temperature dependence of the low-field and high-
The resistivity has also been measured under ZFC and Flield magnetoresistance contributions, estimated from the
conditions, with a measurement field of 20 kOe. We lookedVR(H) curves, are plotted in Fig.(8). We observe that the
for magnetohistory effects, associated with the frustratedotal magnetoresistance, as well as the LFMR and IMR com-
magnetic phase observed in the magnetization curves at loponents, remain constant beloWw:. The simultaneous
temperature. An enlarged view of the low-temperature regiorifreezing” of both the extrinsic and intrinsic magnetoresis-
of these curves is shown in Fig(bj. The FC resistivity tance at around 30% is unusual in manganite systems, and it
remains smaller than the ZFC resistivity below a characteris probably associated with the low-temperature glassy
istic temperaturd’ ,~60 K. These results show the influence phase.
of the whole magnetic structure on the charge carriers. In

fact, the describgd behaviqr can be a:'scribed to spin- IV. CONCLUSIONS
dependent scattering mechanisms present in the magnetically
frustrated system. We have obtained single-phase, high-quality polycrystal-

The resistivity measured under an applied field of 50 kOdine samples using the nitrate decomposition route. XPS
drops several orders of magnitude and presents a maximumeasurements on ha/Ce, ,{Ca 3MnO;3 indicate that both
at higher temperatures, confirming the direct correlation be3+ and 4+ charge states of cerium ions are present in an
tween spin disorder and thé-I transition. The temperature estimated 40—60 % relation, giving a compound with an ef-
dependence of the magnetoresistance ratio MR (50 kOdgctive hole doping level of 21%.
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The low ratio T./@~0.2 observed in the high- the transport properties. Thé-I transition is associated with
temperature susceptibility, together with the Idwnagneti- g percolation of the FM regions across the sample, and is
zation measurements, indicates thap :&&) 2fCa 3MNO3  explained by DE interactions between #nand Mrf* ions.
orders in a complex magnetic structure, built of ferromag-the |arge MR ratios could be explained within the same
netic SRO regions with a broad size distribution, either emyictyre. However, the anomalous low-T dependence of the

bedded in a frustrated matrix or coupled forming a CIUSter'magnetoresistance, and the magnetic-history-dependent be-

glass system. This behavior could be understood in the framgaior of the resistivity, can only be explained by the intro-

qf intrinsic cation'disorder and consequent structural diStorduction of other sources of spin-dependent scattering, related
tions. As occurs in LY «Ca sMnO; compound$, mag- 16 the low-temperature, glassy phase of the system.

netic frustration would arise in l,aCe ,dC& 3gMnO; from A clear correlation between magnetic and transport prop-
the competing FMdouble exchangeand antiferromagnetic grties has been found in the whole temperature range. In fact,
(superexchangeinteractions in a background of structural ihe magnetic behavior of the system is reflected in the resis-

disorder. In Lg,LCe& L& 3Mn0O3, the disorder arising tivity measurements.
from the La substitution and the random positions of*Mn

and Mrf™" ions, is reinforced by the presence of cerium ions
in the 3+ and 4+ charge states.

A metal-insulator transition is observed &,~145 K
that moves to higher temperature when a magnetic field is We thank Adriana Serquis, Marcelo ¥guez Mansilla
applied. This fact, together with the large magnetoresistancand Martn Sirena for experimental assistance, and Rorberto
ratios observed, reveals the magnetic nature oMhketran-  Zysler for useful discussions. We acknowledge support from
sition in a system where long-range FM order is not evidenFOMEC program, CONICETPIP 4947, ANPCYT (PICT
to set up. This is a very interesting feature of 3-52-1027 and 3-6340 and Fundacio Antorchas, Argen-
Lag 4Ce 2 3MNO; that suggests the existence of a low- tina. M.T., L.B. S., D.G.L., G.Z,, G.A., and J.E.G. are mem-
lying, FM short-range order that would play a crucial role in bers of CONICET.
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