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Abstract. Structural, magnetic and magnetotransport properties of Lagz_xCeBagsMnOs; (X = 0-04)
have been investigated although some unreacted secondary phases of CeO, were present. The rhombo-
hedral structure (R-3c) for x = 0 transforms to orthorhombic with the space group Imma for x = 0:8. All
samples showed ferromagnetic transition above 300 K and a negative magnetoresistance. For x > 04,
magnetization data measured at 1 T showed a decrease at low temperatures (T < 50 K) due to antiferro-
magnetic coupling between Ce-local moments and Mn-moments. For x = 04, the resistivity showed a
maximum around 200 K which corresponds to ordering temperature of cerium. Since these results are
similar to that observed in the Sr-containing Lags_«CeSrosMnO; (x = 0-0) system, we suggest that the
cerium ions are in the trivalent state and the anomalous behaviour has been attributed to a Kondo-like

effect.
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1. Introduction

Doped rare earth manganese oxides R;,A.MnO;
(R =trivalent rare earth: A = divalent alkaline earth)
with perovskite structure have been the subject of
intensive research in condensed matter because they
exhibit very interesting properties such as colossal
magnetoresistance (CMR), charge, orbital and spin
ordering.” The origin of the CMR effect in these
doped manganites may be understood on the basis of
double exchange interaction between Mn* and Mn**
ions and charge-spin-lattice coupling.*® A large
number of materials with various rare earth elements
including those containing 4f local moments have
been investigated. We were interested in studying
the effect of substitution of cerium at the A-site be-
cause of the fact that cerium can exist in tri-, tetra
and mixed-valence states and thereby influence the
structure and properties. We have found that Ce ions
exist in a trivalent state in Sr-containing mangan-
ites.”® On the other hand, it has been reported that in
calcium-containing CageCengMnO;, the Ce ions are
in the tetravalent state.® Interestingly, we found that
substitution of cerium leads to a Kondo-like effect in
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a large band width material (W) ProsCepeSrosMnOs.”
In this system the Mn-moments undergo a ferro-
magnetic ordering at 250 K due to double exchange
(DE) interactions, and Ce moments order antiferro-
magnetically with respect to Mn moments below
T~120K. The electrical resistivity increases an-
omalously with decrease in temperature, particularly
below the Curie temperature T¢, exhibiting a resis-
tivity maximum at 120 K (Tma), Which corresponds
to the ordering of Ce moments, and a minimum at
15K (Tmin). The anomalous temperature dependence
of resistivity r (T) isin contrast to the expected me-
tallic behaviour below T: due to DE interactions.
Similar results were reported for LagCepsaSrosMnOs
with the ferromagnetic ordering of Mn-moments at
Tc~280K and Ce ordering below T~130K.2 In
these systems with larger W, since there is no charge
ordering of manganese ions and the Mn-sublattice
remains ferromagnetic down to 18 K, the resistivity
anomaly has been attributed to Kondo-like scatter-
ing of Mn:g; conduction electrons by the localized
Cedf moments. The decrease of resistivity below
Tmax OF cerium-ordering temperature is due to re-
duced spin-dependent scattering.

In this report, we present the results on the effect
of cerium substitution in Ba-containing Lagzx
CeBaysMnOs. It is well known that the perovskite
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BaCeO; is a thermodynamically stable phase. For
this reason we chose a ferromagnetic composition
with low concentration of barium, i.e. a substitution
level of 30%. The results of magnetic and magneto-
transport properties are very much similar to that
observed in cerium-substituted Sr-containing com-
pounds as discussed above.

2. Experimental

Polycrystalline samples of LagezCeBaysMnOs
(x =0-04) were prepared by calcinations of stoi-
chiometric mixtures of La,0O;, CeO,, BaCO3;, Mn,0O;
at 1100°C and sintering at 1500°C. Phase purity and
structural analysis were carried out with powder X-
ray diffraction (XRD) data by the Rietveld analysis
method using the program Fullprof.’® Morphology
and grain size were analysed by scanning electron
microscope. Magnetization measurements were car-
ried out with a vibrating sample magnetometer in
physical property measuring system (PPMS, Quan-
tum Design, USA). Magnetoresi stance measurements
were made by a standard four-probe method with
PPMS by an applied field of 7 T.

3. Results and discussion

For x =0, the structure is consistent with rhombo-
hedral system (space group R-3c) as already report-
ted.™* The structure remains rhombohedral up to x =
022 and for x = 058 and 0+, it could be described by
an orthorhombic phase with the space group Imma
as expected from the analysis of octahedral distor-
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tion as a function of A-site cations.”? In all the cerium-
substituted samples, a secondary phase of unreacted
CeO, was present. In addition, in the case of x = 04,
a small amount of BaCeO; phase could be seen as
expected. These phases were included in the refine-
ment as secondary phases. The observed, calculated
and difference XRD patterns, for x =00 and 03,
obtained from the Rietveld refinement are shown in
figure 1. Vertical tick marks are symmetry allowed
reflections. The first row belongs to the main phase
and the second one is due to the CeO, impurity phase.
The structural parameters for x=04 and 038 are
givenintable 1.

Temperature dependence of magnetic susceptibility
(c) measured at 001 T by a field-cooling process is
shown in figure 2. From this figure we can see that
al the samples show ferromagnetic transition above
300 K. For x=04, the transition temperature has
increased to ~340 K from ~320 K for x = 0. Further
increase of x leads to decrease of T which isconsis-
tent with the fact that the bigger La®* ions are substi-
tuted by smaller Ce* ions which results in the
reduction of one electron band width W. For x = 04,
the temperature dependence of susceptibility shows
a tendency to decrease below ~200 K. In fact, a clear
decrease of susceptibility at low temperatures
(<50K) can be seen from the susceptibility data
measured at 1 T as shown in figure 3. This indicates
an antiferromagnetic coupling between the ferro-
magnetic Mn-moments and Ce-moment as observed
in the system LagsCepsSrosMnOs. Above the ferro-
magnetic transition temperature, the susceptibility of
al the samples follows the Curie-Weiss behaviour.
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Figure 1. Observed, calculated and difference X-ray diffraction patterns of LagzxCeBagsMnO; (x=0 (a) and
x =02 (b)). Vertical tick marks are symmetry-allowed reflections and the second row corresponds to the CeO, secon-

dary phase.
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The effective magnetic moment derived from the
Curie-Weiss fit is larger (5:48-540 m) than the ex-
pected (~4>69 ng) for 30% hole-doping. The obser-
ved higher values of magnetic moment may indicate
the presence of short-range ferromagnetic interac-
tions above the Curie temperature. Values of gp, the
paramagnetic intercept obtained from the fit are
consistent with the observed variation of T with X
as shownin table 2.
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Figure 2. Variation in magnetic susceptibility, meas-
ured at 001 T in field-cooled process, for various x in
Lags_xCeBansMnO; as a function of temperature.
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Figure 3. Variation in magnetic susceptibility, meas-
ured at 10T in field-cooled process, for various x in
LagsxCeBansMnO; as a function of temperature.
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Temperature dependence of resistivity r (T) meas-
ured under zero applied field is shown in figure 4.
The r (T) behaviour is similar to that observed in
L 805CeSrosMn0Os5.2 Just above 300 K, all samples
show a peak which corresponds to ferromagnetic
transition temperature that is consistent with the
susceptibility measurements as discussed above. The
increase of resistivity with decrease of temperature
above T is believed to be due to large ionic size
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Figure 4. Temperature dependence of resistivity under
zero applied field for various X in LagyxCeBagsMnOs.
The peak around 200 K in x = 04 indicates the ordering
temperature of cerium moments.
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Figure 5. Temperature dependence of magnetoresis-
tance, MR=[r(7 T)—r(0 T)]/r(0 T), for various x in
LagzxCeBaysMnO3;. The MR around 200K in x= 0%
arises due to the Ce:4f spin disordered scattering.
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Figure 6. Scanning electron micrograph of x = 0%0 and 0°8 in Lage_xCeBagsMnO; clearly showing that the grain size
of Ce-containing sample (x = 0°8) is larger than the one without cerium.

Table 1. Structural parameters of LagexCeBagsMnO;
(x = 00 and 0>8).

Parameter X=0% X=08
Space group R-3c Imma

a(A) 55470(1) 5%5221(1)

b (A) - 7°8044(2)
c(A) 135001(3) 555443 (1)

V (A% 359575(1) 23894(1)
La/Ce/Ba:x,y,z 0,0,% 0, ¥, —0000(1)
B (A? 0x47(1) 0%6(2)

Mn: x,y, z 0,0,0 0,0,%

B (A? 001(3) 0%06(4)

O(1): x, v, z 0460(1), 0, ¥a Y, Y4, 0041(5)
0O(2):x, Y,z - 15, Ya, 041(5)
c? 383 554

Bragg R (%) 381 680

Table 2. Variation of Tc, gp and particle size with x in
L agz_xCeBagsMnOs.

X 00 04 02 08 04
Te (K) 327 340 330 319 312
a (K) 324 335 328 317 309
Paticle 08708 04595 04593 056396 06815

size (mMm)

mismatch at the A-site.*®* For higher cerium concen-
tration (X = 0x4) there is a second resistivity maximum
around 200 K which is related to an antiferromag-
netic ordering of cerium moments with respect to
Mn-moments. This peak cannot be attributed to
ionic size mismatch because the size difference bet-

ween La** (1216 ) and Ce *(1496 )  is very
small and there is evidence for an antiferromagnetic
ordering as inferred from the susceptibility data
measured at 1 T as shown in figure 3.

The scattering of Mn-e, electrons by the localized
Ce-4f moments is clear from the large negative
magnetoresistance (MR =[r (7 T)-r(0 T)]/r(0 T))
observed for x=0x in the vicinity of 200K as
shown in figure 5. All samples show large magneto-
resistance above room temperature due to double
exchange ferromagnetism. At low temperatures <10 K,
the magnetoresistance for x = 0 may arise from elec-
tron tunneling between the grain boundaries. With
increase of x up to 08, the MR decreases. This is
due to increase in the grain size with increase in cerium
concentration as suggested by our SEM analysis.
Figure 6 compares the grain size for x=0 and 03
samples and it is obvious that the latter has larger
grain size. This is also clear from the particle size
calculation done using Debye-Scherrer formula on
XRD data, given in table 2. For x = 04, however,
the MR increases which is mainly due to Kondo-like
scattering of Mn-g; electrons by the Ce-4f moments
as observed in RyeCepaSrosMnO; (R = La, Pr)."®

4. Conclusions

In conclusion, the system Lags_xCeBagsMnOs trans-
forms from a rhombohedral structure to orthorhombic
at x = 0x3. Its magnetization, resistivity and magne-
toresistance are similar to that observed for Lags
CeSrosMnO; suggesting a Kondo-like behaviour.
Thisindicates that Ceions arein trivalent state.
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