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Abstract
Neutron diffraction, ac magnetic susceptibility and magnetization measure-
ments have been performed to study the magnetic properties of Ce-doped
La0.7Ce0.15Ca0.15MnO3. A slightly distorted monoclinic P21/c symmetry for
the crystal structure was found to describe the high-resolution powder diffrac-
tion pattern, taken at room temperature, better than the normally used or-
thorhombic Pnma symmetry does. Three anomalies, at around 165, 105 and
38 K, were clearly evident in the ac susceptibility measurements. Neutron
diffraction measurements then confirmed that the anomaly at high temperature
is associated with the ferromagnetic ordering of the Mn spins, whereas the
low-temperature one corresponds to the ordering of the Ce spins. The ordering
temperatures for the Mn and Ce spins were found to be at TC (Mn) 180 K and
TC (Ce) 45 K, respectively, with a saturated moment of 〈µz〉 = 2.54(5) µB for
the Mn spins and an average moment of 0.27(3) µB on the rare-earth sites.

(Some figures in this article are in colour only in the electronic version)

1. Introduction

The strong interplay between the structure, magnetism and electronic transport has generated
a large variety of interesting properties [1–6] in the hole-doped perovskite-type manganese
oxides. It has been realized that the creation of a mixed-valent state,where both Mn3+ and Mn4+

ions are present, is essential for the double-exchange (DE) interaction [7, 8] to operate and gives
rise to colossal magnetoresistance (CMR) [9–11] and related phenomena. Depending on the
doping concentration, these systems exhibit quite different magnetic and transport behaviours.
In many cases, the tilting distortion of the MnO6 octahedral framework, resulting from smaller
cations being used for doping, is superimposed on the imperfection of the octahedron, caused
by the Jahn–Teller effect, which leads to the complicated magnetic and electric properties for
the systems. Generally speaking, the hole carrier density and the overlapping between the
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manganese and the oxygen orbitals are the two key parameters that govern the transport and
magnetic properties of the systems. In La1−xCax MnO3 (La113) the maximum CMR effect
occurs at x = 1/3 [12], where ferromagnetic couplings among the Mn ions have been found. It
is known that the ionic radius of Ce is considerably smaller than that of La. Modifications in the
MnO6 octahedron, and hence the strength of DE interactions, may be expected, when Ce ions
are used to replace the La ions. Ce doping causes the O atoms in both the LaO and the MnO2

layers to shift further away from the centre positions, so that smaller Mn–O–Mn angles and a
larger apical distortion in the MnO6 octahedron result. The substitution also leads to increases
in all three unit-cell parameters, and hence the unit-cell volume, but a reduced degree of
orthorhombicity of the basal MnO2 plane [13]. Ce-doped RMnO3 (R = rare earth) manganites
have recently been investigated [13–17], and the CMR effect was observed and is sensitive to
the stoichiometry. In this paper, we report results of studies made on the structural and magnetic
properties of polycrystalline La0.7Ce0.15Ca0.15MnO3. A slightly distorted monoclinic P21/c
symmetry for the crystal structure was found to describe the high-resolution powder pattern,
taken at room temperature, better than the orthorhombic Pnma symmetry does. In addition,
a long-range ferromagnetic ordering of the Mn spins, with TC (Mn) 180 K, and an induced
ordering of the Ce spins, with TC (Ce) 45 K, were observed.

2. Crystal structure

A polycrystalline sample of nominal composition La0.7Ce0.15Ca0.15MnO3 was prepared
employing the standard solid-state reaction technique. A stoichiometric mixture of high-purity
La2O3, CeO2, CaCO3 and Mn2O3 powders was ground and heated at 1100 ◦C for 24 h. The
resultant powder was then pressed into small pellets and sintered at 1250 ◦C for 24 h and then
at 1350 ◦C for another 24 h. After regrinding and repressing, the pellets were sintered again at
1400 ◦C for 24 h. X-ray diffraction was used to first characterize the sample,pellet by pellet. No
obvious differences were found in the x-ray diffraction patterns taken from different portions
of the sample. High-resolution neutron powder diffraction was then employed to determine
the detailed crystalline structure. The measurements were performed at the NIST Center for
Neutron Research and the data were collected on BT-1, the 32-detector powder diffractometer,
using a Cu(311) monochromator crystal to extract neutrons of wavelength 1.5401 Å. Angular
collimators, with horizontal divergences of 15′, 20′ and 7′ full width at half maximum (FWHM)
acceptance, were employed for the in-pile, monochromatic and diffracted beams, respectively.
During the measurement the sample was loaded into a cylindrical vanadium can, which gave
rise to no measurable neutron diffraction peaks. Many studies [4, 11, 18] have concluded that
the Ca-doped La113 compounds have an orthorhombicPnma symmetry in the crossover region
at room temperature. Breakdown of the orthorhombic symmetry on a micro-domain scale has
been reported [19, 20]. A phase separation into two structural phases that contain the parent
orthorhombic structure together with a slightly distorted monoclinic structure has also been
observed [21, 22]. Recently, a structural study [23] combining electron diffraction, electron
microscopy and neutron powder diffraction revealed a monoclinic P21/c structure for a 15%
Ca-doped La113 compound at room temperature, with an orthorhombic Pnma symmetry at
low temperatures. A structural transition from an orthorhombic Imma symmetry to a tetragonal
I4/mcm symmetry has also been identified [17] in a 40% Ce-doped Pr113 compound. All
these observations indicate that the detailed crystal symmetry of the 113 compounds is quite
sensitive to chemical composition. In our structural analysis we then pay special attention to
searching for the possible symmetries that can describe the observed diffraction pattern well.
The diffraction patterns were analysed using the General Structure Analysis System (GSAS)
program [24], following the Rietveld refinement method [25]. Several models with different



Crystal structure and magnetic ordering of Mn and Ce in La0.7Ce0.15Ca0.15MnO3 12587

Figure 1. Observed (crosses) and fit (solid curves) diffraction patterns, assuming a monoclinic
P21/c symmetry, taken at room temperature. The vertical lines shown below the pattern mark
the angular positions of the calculated Bragg reflections. Shown at the bottom are the differences
between the observed and the calculated patterns.

symmetries were assumed during the preliminary analysis. All the structural and lattice
parameters were allowed to vary simultaneously, and refining processes were carried out until
Rw , the weighted R factor, differed by less than one part in a thousand within two successive
cycles. Two types of crystal structure, one belonging to the monoclinic P21/c symmetry and
the other to the orthorhombic Pnma symmetry, were found to fit the diffraction pattern well.
However, the P21/c structure (Rp = 5.17%, Rw = 7.20%, χ2 = 1.464) fits slightly better
than the Pnma one (Rp = 5.21%, Rw = 7.27%, χ2 = 1.498). Figure 1 shows the observed
(crosses), fitted (solid lines) and difference patterns using a model with a monoclinic P21/c
symmetry. The portions of the diffraction pattern around the characteristic {220} + {022}
and {440} + {044} peaks for the two structures are plotted together in figure 2 for a direct
comparison, and indicate that the fit using P21/c symmetry is evidently better than the one
using Pnma, as can be seen from the difference patterns plotted at the bottom of each plot. This
result is similar to what was reported [23] for a La0.85Ca0.15MnO3 sample. Table 1 summarizes
the refined structural parameters of the two models. Note that the monoclinic P21/c structure
can be viewed as a slightly distorted (θ = 90.109◦) orthorhombic Pnma structure, so that
nonequivalent MnO6 octahedra are obtained. Careful analysis of the occupancy factors shows
that all sites are almost fully occupied. Both the P21/c and the Pnma fits give a chemical
composition of La0.7Ce0.51Ca0.49MnO2.99 for the compound, which agrees very well with the
stoichiometric composition. In addition, the structural analysis was also used to search for
impurity phases, especially MnO2, but no additional peaks were present, indicating that the
sample is single phase. We estimate that any impurity phase is less than 1%.

3. Magnetic response

AC magnetic susceptibility and dc magnetization measurements, using conventional setups,
were performed to search for magnetic responses. For the ac susceptibility, both the in-phase
component χ ′ and the out-of-phase component χ ′′ were measured, covering 1.4–300 K. These
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Figure 2. The characteristic{022}+{220} and {044}+{440} peaks for the two proposed structures
are plotted together, using an expanded scale to facilitate a direct comparison. The fit using a
monoclinic P21/c symmetry is slightly better than that using an orthorhombic Pnma symmetry,
as can be seen from the difference patterns plotted at the bottom and the goodness parameters in
the insets.

data were collected by employing weak driving fields with various strengths and frequencies,
with and without the presence of an applied dc magnetic field. We note that χ ′ measures the
response of the system to the driving field, whereas χ ′′ signifies the dissipative loss of the
driving field to the system. Figure 3(a) shows the variations of χ ′ and χ ′′ with temperature,
measured using a driving field with an rms strength of 1 Oe and a frequency of 100 Hz. The
main features seen in χ ′(T ) (filled circles) are the peak marked Tm1 at 165 K (peak position), the
anomaly marked TS at 105 K (inflection point) and the anomaly marked Tm2 at 38 K (inflection
point). Each anomaly in χ ′(T ) is associated with a dissipative loss, as seen in χ ′(T ) (open
circles), where two peaks and an anomaly are clearly evident. No obvious differences were
found for χ ′(T ) and χ ′′(T ) measured using a higher frequency for the driving field (up to
104 Hz), indicating that the relaxation rates of the associated responses are much higher than
the frequency used. No spin-glass behaviour was observed for the present Ce-doped compound,
as stronger responses in χ ′ and χ ′′ were obtained for the measurements made using a stronger
driving field, opposite to what would be expected for a spin glass system. This observation is
different from what has been reported [16] for a Tb-doped system, where spin-glass behaviour
was suggested. An applied dc magnetic field, on the other hand, suppresses the amplitudes
and alters the profiles of χ ′ and χ ′′ significantly, as seen in figure 3(b), where χ ′(T ) and
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Table 1. Refined structural parameters of La0.7Ce0.153Ca0.147MnO2.99 at room temperature,
assuming the monoclinic P21/c and orthorhombic Pnma symmetries. B (Å2) represents the
isotropic temperature parameter.

Space group P21/c, a = 7.7655(2) Å, b = 5.5062(1) Å, c = 5.4883(1) Å
α = 90◦ , β = 90.109(3)◦ , γ = 90◦

Atom X Y Z B (Å2) Occupancy

La 4e 0.2508(6) −0.0040(5) −0.0212(3) 0.80(3) 0.7
Ce 4e 0.2508(6) −0.0040(5) −0.0212(3) 0.80(3) 0.153(3)
Ca 4e 0.2508(6) −0.0040(5) −0.0212(3) 0.80(3) 0.147(2)
O(1) 4e 0.2495(1) 0.0655(5) 0.5088(5) 1.01(6) 0.997(2)
Mn(1) 2c 0 1 0.5 0.29(1) 1
O(2) 4e 0.0338(6) 0.7301(9) 0.7223(9) 0.88(4) 1.003(3)
Mn(2) 2d 0 0 0.5 0.38(1) 1
O(3) 4e 0.4640(6) −0.2176(1) 0.2224(1) 1.24(1) 0.999(3)

Rp(%) = 5.17 Rw(%) = 7.20 χ2 = 1.464

Space group Pnma, a = 5.4882(1) Å, b = 7.7683(2) Å, c = 5.5062(1) Å
α = 90◦ , β = 90◦ , γ = 90◦

Atom X Y Z B (Å2) Occupancy

La 4c 0.0212(3) 0.25 0.4963(5) 0.84(2) 0.7
Ce 4c 0.0212(3) 0.25 0.4963(5) 0.84(2) 0.153(2)
Ca 4c 0.0212(3) 0.25 0.4963(5) 0.84(2) 0.147(2)
O(1) 4c 0.4913(5) 0.25 0.5657(4) 1.05(6) 0.997 (3)
Mn 4b 0 0 0 0.34(3) 1
O(2) 8d 0.2772(3) 0.0349(2) 0.2238(3) 1.08(4) 1.001(5)

Rp(%) = 5.21 Rw(%) = 7.27 χ2 = 1.498

χ ′′(T ), measured with various applied fields for Hdc, are plotted. It appears that the responses
are strongly suppressed by the applied field. The peak at Tm1 is associated with the ordering
of the Mn spins (see below). A ferromagnetic character was observed for this peak, as the
peak position shifts to a much higher temperature when Hdc is applied. Figure 4(a) shows
the variation of Tm1 with Hdc, revealing that Tm1 shifts from 165 K at Hdc = 0 to 242 K at
Hdc = 9 T, a 50% increase, while the rate of increase for Tm1 is reduced at high Hdc. This
increase in Tm1 is consistent with the ferromagnetic DE being enhanced by the applied field, as
has been observed [11] in many CMR compounds. However, the amount of increase observed
for the present Ce-doped compound is substantially higher than that for other related systems.
Magnetic hysteresis was also observed at temperatures below Tm1, as shown in figure 5, where
the magnetization as a function of Hdc, taken at four representative temperatures, is plotted.
A weak but definitive magnetic hysteresis begins to appear at 160 K; and becomes more
pronounced as the temperature is further reduced. The anomaly marked by TS also appeared
in the Ce-free compounds, indicating that the appearance of Ce may not be the main origin of
this anomaly. In La0.85Ca0.15MnO3, it has been attributed [23] to the structural change from
a monoclinic P21/c symmetry at high temperatures to an orthorhombic Pnma symmetry at
low temperatures. Our neutron magnetic diffraction measurements show no obvious magnetic
signals to be associated with this anomaly. In addition, the anomaly is completely smeared by
an applied field of 0.3 T, as seen in figure 3(b), suggesting that the application of a magnetic
field enhances the ferromagnetic exchange but weakens the environment for the onset of the
structural change and suppresses the anomaly linked to it. The anomaly marked by Tm2 is
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χ
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χ

Figure 3. (a) Temperature dependences of χ ′ and χ ′′, measured using a weak driving field with an
rms strength of 1 Oe and a frequency of 100 Hz. Three anomalies marked as Tm1, TS and Tm2 are
clearly evident. (b) Effect of applied field on χ ′(T ). Hdc significantly alters χ ′(T ), with Tm1, TS

and Tm2 affected differently.

a direct result of Ce doping, since it does not appear in Ce-free systems, and signifies the
ordering of the Ce spins. It shifts rapidly to lower temperatures with applied fields, indicating
antiferromagnetic coupling. Figure 4(b) shows the variation of Tm2 with Hdc, revealing that
Tm2 is reduced from 38 K at Hdc = 0 to 5 K at 1 T. The temperature dependence of the
magnetization, measured using a warming process with a field Hdc = 0.1 T, is plotted in
figure 6. It shows a rapid increase with reducing temperature starting at around 180 K, and
the magnetization saturates at around 100 K, indicating the occurrence of a ferromagnetic
transition. This is associated with the ordering of the Mn spins. Below 70 K, a sizeable
decrease in the magnetization with reducing temperature was seen. However, finite values for
the magnetization were obtained at low temperatures,showing that the magnetization decreases
when the Ce spins order.

4. Magnetic ordering

Neutron magnetic diffraction patterns, covering certain temperature regimes where the
susceptibility shows anomalies, were collected to search for magnetic signals. These
measurements were also conducted at the NIST Center for Neutron Research, using the
BT-9 triple-axis spectrometer and a pyrolytic graphite PG(002) monochromator crystal to
extract =2.359 Å neutrons, and a PG filter to suppress higher-order wavelength contamination.
Angular collimations with horizontal divergences of 40′, 48′ and 48′ FWHM acceptance
were used for the in-pile, monochromatic and diffracted beams, respectively. A pumped
4He cryostat was used to cool the sample. Diffraction patterns covering the angular range
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Figure 4. Plot of the variations of Tm1 and Tm2 with an applied field. Tm1 shifts to a higher
temperature, whereas Tm2 shifts to a lower temperature in the presence of an applied field. The
solid lines shown are guides to the eye only.

Table 2. The lattice constants obtained at low temperatures.

Space group Pnma

Temperature (K) a (Å) b (Å) c (Å)

14 5.4611(9) 7.7441(9) 5.4722(8)
50 5.4686(8) 7.7500(8) 5.4885(7)

220 5.4725(6) 7.7604(9) 5.4975(5)

from 2θ = 5◦ to 65◦ were collected at several temperatures. No significant structural changes
were observed over the temperature range studied. Portions of the diffraction patterns taken at
three representative temperatures are plotted in figure 7, where the indices shown are based on
the low-temperature nuclear orthorhombic Pnma unit cell. Only nuclear peaks were seen for
the pattern taken at 220 K. Reducing the temperature to 50 K, the intensities of both reflections
shown in figure 7 increase significantly. Further reducing the temperature to 14 K, a relatively
weak peak at 2θ = 27.8◦ develops, as seen in the inset to figure 7, while the intensities for
the two reflections continue to increase but at a much reduced rate. Two separate magnetic
orderings are hence observed,which we associate separately with the Mn and Ce spin orderings.
The lattice constants that we obtained at low temperatures are listed in table 2.

4.1. Mn spin ordering

The magnetic diffraction pattern obtained at 50 K is shown in figure 8, where the diffraction
pattern taken at 220 K, serving as the non-magnetic background, has been subtracted from
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Figure 5. Magnetization curves measured at four representative temperatures. A small but definite
magnetic hysteresis develops below 160 K.

Figure 6. Temperature dependence of the magnetization, measured in a field Hdc = 0.1 T. A rapid
increase starting near 180 K and a decrease below 70 K with reducing temperature are seen.

the data at 50 K. These two resolution-limited peaks signify the long-range ordering of the
Mn spins. They appear at the same scattering angles as the nuclear ones do, indicating a
ferromagnetic arrangement of the ordered Mn moments. A ferromagnetic arrangement, where
the moments point in a direction that is 45◦ away from the b-axis direction, as is shown in the
inset to figure 8, fits the observed pattern well. Unfortunately, the specific moment direction
in the a–c plane cannot be determined from our powder data due to the similarity between
the a and c axes. The solid curves shown in figure 8 indicate the fit using the proposed spin
arrangement convoluted with the Gaussian instrumental resolution function, and the overall fit
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λ

θ

θ

Figure 7. Diffraction patterns observed at three representative temperatures. The indices shown
are based on the orthorhombic Pnma nuclear unit cell. The solid curves show fits of the data to the
Gaussian instrumental resolution function.

is very good. We note however that the moment direction proposed for the Mn ions can only
be considered as tentative, since only two magnetic peaks were observed. The temperature
dependence of the representative {101} + {020} peak intensity is shown in figure 9. In the
temperature regime studied, the background intensity and the widths of the magnetic peaks
remain essentially unchanged. The temperature dependence of the peak intensity is then the
same as that of the integrated intensity, representing the variation of the square of the order
parameter with temperature. The ordering temperature of the Mn spins, as determined by the
inflection point of the order parameter curve, is TC (Mn) 180 K. The Mn spin ordering gives
rise to the most pronounced anomaly in χ ′(T ), shown in figure 3(a), where the transition is
marked as Tm1. This TC for the present 15% Ce-doped compound is much lower than the 233 K
observed [14, 16] for the 30% Ce-doped compound. On reducing the temperature the intensity
increases monotonically. Around 50 K, a plateau is evident as shown in the inset to figure 9,
indicating that the Mn moments have saturated, while below 50 K the peak at 2θ = 27.8◦
begins to develop. By comparing the magnetic intensities obtained at 50 K with the nuclear
ones, we obtain a saturated moment of 〈µz〉 = 2.54(5) µB for the Mn spins, which is about
10% smaller than what is usually obtained [18, 23] in Ce-free La0.85Ca0.15MnO3. This, we
believe, is a direct result of the crystal field effect on the Mn 3d moments.

4.2. Ce spin ordering

Figure 10 shows the change in the magnetic diffraction pattern as the temperature is reduced
from 50 to 14 K. The main new feature is the development of the resolution-limited
reflection at 2θ = 27.8◦, which is accompanied by further increases in the {101} + {020}
and {200} + {121} + {002} intensities. If the increases in the {101} + {020} and
{200} + {121} + {002} intensities are due to further increases in the Mn moments, an intensity
ratio of R ≡ I{101}+{020}/I{200}+{121}+{002} = 1.5 is then expected, which differs significantly from
the observed value of R = 8.4. Developments of moments on the other sites may then be
anticipated. In addition, the reflection at 2θ = 27.8◦ cannot be indexed using simple Miller
indices, if based on the nuclear unit cell. It, however, fits to the {555} reflection of the Ce
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θ

λ

Figure 8. Magnetic diffraction pattern observed at 50 K. The inset plots the magnetic structure
of the Mn spins that fits the observed pattern. The solid curves are the fitted pattern, using the
proposed model convoluted with the instrumental resolution.

λ

Figure 9. Temperature dependence of the {101} + {020} peak intensity, showing a TC (Mn) of
180 K for the Mn spins. A plateau appears at around 50 K as seen in the inset, indicating that the
Mn moments saturate around 50 K.

unit cell, which is seven times the nuclear one along all three crystallographic directions.
Based on the nuclear unit cell, this reflection may then be indexed as the {5/7 5/7 5/7}
reflection. Most likely, the magnetic peaks shown in figure 10 are associated with the ordering
of the Ce spins. The contributions of the ordered Ce moments to the {101} + {020} and
{200} + {121} + {002} reflections preclude an antiferromagnetic configuration for the Ce
spins, while the susceptibility data shown in figure 3(b) indicate that an applied field shifts
the transition to a lower temperature. Accordingly, we conclude that the Ce moments point in
the same direction, but opposite to the ferromagnetic Mn moments, as shown in the inset to
figure 11. Figure 11 shows the observed (open circles) and calculated (solid curves) magnetic
diffraction patterns at 14 K. In the calculation, the Mn moments were taken to be at 2.54 µB
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θ

λ

30

Figure 10. Magnetic peaks develop as the temperature is reduced from 50 to 14 K. The solid curves
are fits of the data to the Gaussian instrumental resolution function.

θ

λ

T

Figure 11. Magnetic diffraction pattern observed at 14 K. The inset plots the magnetic structure
that fits the observed pattern. The solid curves are the calculated pattern, using the proposed model
convoluted with the instrumental resolution. The calculated (solid curve) and observed (open
circles) intensities of the {5/7 5/7 5/7} reflection are also plotted in the inset, using expanded
scales.

(as they have saturated at 50 K) and the unit cell was taken to be seven times the one shown
in the inset along all three crystallographic directions, assuming the Ce ions occupied the
same site in each sub-cell. Calculations assuming the Ce ions occupied other rare-earth sizes
give essentially the same results. The fit is reasonably good. The average moment on the
rare-earth site is 0.27(3) µB , which corresponds to a moment of 1.89 µB on each Ce ion,
assuming that the Ce ions are randomly distributed on the rare-earth sites. The proposed
antiferromagnetic coupling between the Mn and Ce ions in the present compound agrees with
that suggested for a 40% Ce-doped Pr0.1Ce0.4Sr0.5MnO3 [17]. However, work on single-crystal
samples, where more magnetic reflections may be identified, will be needed to elucidate the
detailed arrangement for the Ce spins. The variation of the {5/7 5/7 5/7} peak intensity
with temperature is shown in figures 12(a) and (b) shows the low-temperature portion of the
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λ

θ

λ

θ

Figure 12. Temperature dependences of the (a) {5/7 5/7 5/7} and (b) {101} +{020} peak
intensities, where the solid curves shown are guides to the eye only. Both plots reveal a TC (Ce)
45 K for the Ce spins.

{101} + {020} order parameter curve using an expanded scale. Both curves show an ordering
temperature of TC(Ce) 45 K for the Ce spins. Correspondingly, an anomaly, marked as Tm2,
is also seen in χ ′(T ) (see figure 3(a)). We believe that the separation between the nearest Ce
ions in the present 15% Ce-doped compound is too large to develop coupling without being
assisted by neighbouring Mn ions. The relatively high ordering temperature observed for the
Ce spins, together with the observation that it is strongly affected by an applied magnetic field,
indicate that the ordering of the well separated Ce moments is induced by the ferromagnetic
Mn moments.

5. Conclusions

We have studied the crystal structure and magnetic properties of a polycrystalline
La0.7(Ce0.51Ca0.49)0.3MnO2.99 sample, fabricated using the standard solid-state reaction
techniques. Three transitions were observed to be associated with structural change, Mn spin
ordering and induced Ce spin ordering. At room temperature, a slightly distorted monoclinic
P21/c symmetry for the crystal structure was found to fit the diffraction pattern better than the
orthorhombic Pnma symmetry does. The simple ferromagnetic arrangement of the Mn spins
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is consistent with the interaction being dominated by the DE interaction. Surprisingly, the
diluted Ce spins become ordered at a relatively high temperature, showing that the coupling
between the Mn and Ce spins is quite strong. We finally remark that the other rare earths in the
related compounds were usually found [26–28] to be ordered at a lower temperature (below
30 K). Apparently, the magnetic coupling between the Mn 3d moments and the Ce 4f spins is
stronger than between the Mn and other rare earths in the manganites.
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