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Abstract
A-site cation disorder effects on the structural, electrical transport and
magnetic properties have been studied in the Nd0.7(Ca, Sr, Ba)0.3MnO3

series with a fixed A-site mean radius 〈rA〉 = 1.21 Å by resistivity,
dc susceptibility, infrared spectra and thermopower measurements. The
disparity of transition temperature obtained from resistivity, magnetization
and thermopower increases with increasing amounts of A-site cation disorder
quantified by the size variance σ 2. The insulator-like ferromagnetic behaviour
and the sign change of thermopower induced by σ 2 have been observed below
the Curie temperature TC. As σ 2 increases, the size of the ferromagnetic
domains decreases, and the carriers seem to be trapped strongly in the interfaces
between ferromagnetic domains; such behaviours may help to understand the
insulator-like ferromagnetic state induced by σ 2 below TC.

1. Introduction

The colossal magnetoresistance (CMR) materials L1−x Mx MnO3 (L = rare earth; M = alkaline
earth) have attracted much interest due to their potential technological applications and the
fascinating physics involved [1]. The metal–insulator (M–I) and the paramagnetic (PM)–
ferromagnetic (FM) transition temperatures are very close to each other and the CMR response
is produced around Curie temperature TC. This phenomenon was initially explained in terms
of a double-exchange mechanism, in which FM coupling between localized Mn t2g spins is
mediated by itinerant eg electrons [2]. However, this mechanism is insufficient to account
for the observed transport behaviours in these mixed-valent manganites, and accumulating
theoretical and experimental evidence [3–7] indicates that the extra physics associated with
electron–lattice coupling, such as strong Jahn–Teller-type coupling [6] and nonmagnetic
randomness [7], appears to play an important role.

0953-8984/04/091631+08$30.00 © 2004 IOP Publishing Ltd Printed in the UK 1631

http://stacks.iop.org/JPhysCM/16/1631


1632 S Zhou et al

Table 1. The cation-size variance σ 2, the residual resistivity ρ0 measured at 15 K, the
metal–insulator transition temperature Tm, the Curie temperature TC and the unit-cell volume Vc
measured at room temperature for a series of Nd0.7(Ca, Sr, Ba)0.3MnO3 perovskites with constant
〈rA〉 = 1.21 Å.

Sample σ 2 (Å2) ρ0 (� cm) Tm (K) TC (K) Vc (Å3)

1 Nd0.7Sr0.3MnO3 0.0045 0.006 211 215 230.420(5)
2 Nd0.7Ca0.033Sr0.24Ba0.027MnO3 0.0058 0.02 182 185 230.525(3)
3 Nd0.7Ca0.066Sr0.18Ba0.054MnO3 0.0070 1.07 152 156 230.625(3)
4 Nd0.7Ca0.099Sr0.12Ba0.081MnO3 0.0083 13.9 119 132 230.719(4)
5 Nd0.7Ca0.132Sr0.06Ba0.108MnO3 0.0096 2100 84 114 230.796(5)
6 Nd0.7Ca0.165Ba0.135MnO3 0.0108 — — 102 230.860(3)

A-site cation disorder was extensively studied recently [8–12]. Rodriguez-Martinez and
Attfield [8, 9] employed the size variance of the A-cation radius distribution,σ 2 = 〈r2

A〉−〈rA〉2,
to quantify the A-site cation disorder. It has been observed that the M–I transition temperature
Tm shows a strong linear dependence upon σ [8, 10, 11]. A-site cation disorder can produce
random oxygen displacements and,as a consequence, an enhanced local distortion of the MnO6

octahedron. Such distortions can slow down the eg electrons that mediate the FM interaction
between Mn ions and thus influence the magnetic and transport processes in the manganites.
However, it is still difficult to understand the fact that the residual resistivity increases
dramatically and meanwhile the saturation magnetization remains almost unchanged with
increasing σ 2 [9, 11]. In order to further understand such observed phenomena, we prepared a
series of six Nd0.7(Ca, Sr, Ba)0.3MnO3 samples (table 1) in which σ 2 is systematically varied
by use of different compositions of Ca, Sr and Ba in this paper. Our samples are designed to
have a fixed rare-earth element (Nd), a fixed doping level (x = 0.3) and a fixed mean A-site
radius (〈rA〉 = 1.21 Å is calculated by the use of ninefold coordination for A cations [13])
in order to ensure that the observed changes are mainly caused by A-site cation disorder. We
performed the measurements of XRD, resistivity, dc magnetization, infrared (IR) spectrum
and thermopower on Nd0.7(Ca, Sr, Ba)0.3MnO3 samples, and present possible explanations
for the observed results.

2. Experiment

The samples were prepared from stoichiometric amounts of Nd2O3, MnO2, CaCO3, SrCO3

and BaCO3 by solid state reaction under identical conditions. After pre-sintering with three
intermediate grindings in air at 1000–1200 ◦C for three days, the mixtures were then pressed
into discs and sintered at 1420 ◦C for 16 h. In order to minimize micro-inhomogeneity, the hard
sintered discs were broken into pieces, reground to fine powder and again pressed into discs.
The final sintering was carried out in air at 1440 ◦C for 12 h. X-ray powder diffraction (XRD)
analyses were performed using an MXP18AHF x-ray diffractometer. Structural parameters
were refined by the Rietveld method and XRD patterns indicate that the obtained samples
are clearly of single phase with Pnma space group. The room temperature unit-cell volume
(see table 1) does not change significantly with σ 2, as might be expected for samples with
a fixed 〈rA〉 and doping level. The magnetizations of bulk samples were recorded using a
Lake Shore M9300 vibrating sample magnetometer. The measurements of IR transmission
spectra (Nicolet 700) are carried out with powder samples in which KBr is used as a carrier.
The thermoelectric power measurements were performed in a cryostat working from 300 K
down to liquid nitrogen temperature. The SEM micrographs were obtained using a JEOL
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Figure 1. The SEM images for the samples 1, 4 and 6 in sequence.

JSM-6360LA microscope with an EDS attachment. Resistivity was measured by the standard
four-probe technique.

3. Experimental results

The SEM images as shown in figure 1 are corresponding to samples 1, 4 and 6 (from top
to bottom), respectively. In this series of six Nd0.7(Ca, Sr, Ba)0.3MnO3 samples, the micro-
particles exhibit various shapes and the particle size varies widely with average size of about
10 µm. But the particle aspects in shape and size between different samples are quite similar,
and such a SEM result is rational because these six samples were sintered under the same
conditions.
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Figure 2. IR transmittance spectra at room temperature for Nd0.7(Ca, Sr, Ba)0.3MnO3 with
σ 2 = 0.0045, 0.0058, 0.0070, 0.0096 and 0.0108 Å2, respectively. The curves are numbered
according to table 1.

A-site cation disorder results mainly in random displacements of oxygen atoms from their
average crystallographic positions [8, 9]. Direct evidence for this can be obtained from IR
spectra which are sensitive to local lattice distortions [4, 14]. Figure 2 depicts the observed IR
spectra of the five mixed oxides with σ 2 = 0.0045, 0.0058, 0.0070, 0.0096 and 0.0108 Å2,
respectively. The negative peaks around υ3 = 592 cm−1 are assigned to the stretching vibration
mode of the MnO6 octahedron in which the Mn–O bond distance is modulated,and the negative
peaks around υ4 = 393 cm−1 to the bending vibration in which the Mn–O–Mn bond angle is
modulated [4, 14]. As seen in figure 2, the bending vibration becomes more prominent with
increasing σ 2; this reflects directly the fact that the symmetry of the local MnO6 octahedra
reduces with increasing σ 2 due to random displacements of oxide ions.

The temperature dependence of resistivity at zero field for the six samples, which are
numbered in order of increasing σ 2, is shown in figure 3. Samples 1–5 exhibit a clear transition
from insulator to metallic-like behaviour. Increasing σ 2 causes a decrease in Tm and an
increase in the magnitude of resistivity. For the sample with σ 2 = 0.0108 Å2, measurements
were carried out down to 50 K and no metal transition was observed; however, the sample is
ferromagnetic at low temperatures with TC = 102 K (see table 1) according to the magnetization
measurements. Here, the Curie temperature TC is defined as the temperature corresponding to
the inflection point in the magnetization curve.

Thermopower S(T ) is expected to be very sensitive to local moments and it can monitor
the FM transition more sensitively, because it is less affected by the interfaces of the grains
than resistivity and magnetization [15]. As shown in figure 4, each sample shows a positive
enhancement of S(T ) as the sample was cooled from room temperature, and S(T ) has a
tendency to collapse as TC is approached from high temperatures. When σ 2 � 0.0096 Å2,
thermopower for samples 5 and 6 becomes unmeasurable at temperatures below about
120 K, where most of the carriers have become trapped. It is well known that the short
range ferromagnetic correlations exist far above TC in such manganese oxides [5]. The
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Figure 3. Temperature dependence of resistivity for Nd0.7(Ca, Sr, Ba)0.3MnO3 with different
variances σ 2. The inset shows ln(ρ) versus T −1/4 for the corresponding samples.
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Figure 4. The temperature dependence of thermopower for Nd0.7(Ca, Sr, Ba)0.3MnO3. The arrow
indicates TC.

collapsing tendency of thermpower implies that the strength of the ferromagnetic correlations
is significantly enhanced when the temperature approaches TC.

Figure 5 shows the σ 2 dependence of Tm, TC and TS (the temperature corresponding to
the peak value of thermopower) for the Nd0.7(Ca, Sr, Ba)0.3MnO3 series. Tm shows a strong
linear dependence on σ 2, and gives the slope dTm/dσ 2 = −24 907±472 K Å−2 in the present
samples. So far, the experiment data have shown that |dTm/dσ 2| increases with decreasing
〈rA〉 in the L0.7M0.3MnO3 system [8, 11]. For example, the absolute value of the slope is about
17 400, 20 600 and 24 907 K Å−2 for 〈rA〉 = 1.26, 1.23 and 1.21 Å, respectively. This reflects
the fact that the effect of A-site cation disorder on Tm becomes strong when 〈rA〉 decreases from
the ideal radius r0

A = 1.30 Å (equivalent to a perovskite tolerance factor of 1.0). This can help
to understand why the ferromagnetic insulator behaviour induced by σ 2 was observed in the
present sample with 〈rA〉 = 1.21 Å rather than in the ones with 〈rA〉 = 1.26 and 1.23 Å [8, 11].
In figure 5, the most significant phenomenon is that TC and TS gradually deviate from linearity
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Figure 5. The metal–insulator transition temperature Tm, Curie temperature TC and the peak
temperature TS of thermopower versus σ 2.

as σ 2 increases and that the relation TS > TC > Tm can be obtained for each sample. The
implications of these facts will be discussed in the next section.

4. Discussion

The internal phonon mode of v3 is sensitive to the Mn–O bond length,and related to Jahn–Teller
distortions. According to the IR results, no frequency shifts of the v3 mode were observed
with σ 2; this implies that the force constant of the Mn–O bond is not significantly affected by
σ 2. However, the internal phonon mode of v4, which is sensitive to a change in the Mn–O–Mn
bond angle, varies obviously with σ 2. From the difference of IR spectra between samples 1
and 6, it can be obtained that the v4 mode is significantly activated in the sample with larger σ 2.
Therefore, A-cation disorder results mainly in random rotations of the local MnO6 octahedra
which can be viewed as the random impurity potential in the lattice. The conduction carriers
are strongly localized due to such local lattice distortions caused by random rotations of MnO6

octahedra and the resistivity is governed mainly by the variable range hopping above Tm in the
samples with large σ 2 (see the inset in figure 3). The local distortions increase and the number
of itinerant eg electrons decreases with increasing σ 2; consequently, the size of ferromagnetic
clusters, which are built depending on hopping eg electrons, may tend to decrease. As a result,
the FM transition temperature decreases with increasing σ 2.

However, the enormously large residual resistivity and the insulator-like ferromagnetic
state cannot be explained only by the electron-localizing effects due to distortions of the MnO6

octahedra. In our samples, A-site divalent cations with large size disparities may lead to a
local micro-inhomogeneity in A-site ion distribution of bivalence and trivalence, so that a
local variation of Mn oxidation state can be caused. This kind of inhomogeneity increases
and gives rise to an increasing broadening of the PM–FM transition with increasing σ 2, which
can be clearly seen in S(T ) curves around TC (see figures 4). Therefore, the neighbouring FM
regions are actually separated by the remaining PM interfaces in the FM state. As temperature
further decreases, the remaining PM compositions decrease and may finally vanish, leaving
FM domains with different magnetization directions in the grains. It can be expected that
the FM domains may be subject to splitting and domain–domain interactions may become
weaker as temperature rises towards TC due to the increasing amounts of PM compositions.
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In fact, similar magnetic domain behaviours have been observed directly by a magnetic force
microscope in La0.65Ca0.35MnO3 thin film [16]. Therefore, the rapid increase of the residual
resistivity should be related to the decreasing size of FM domains with increasing σ 2. The eg

electrons may be trapped strongly in the interfaces between FM domains.
The decreasing size of FM domains with increasing σ 2 can lead to increasing magnetic

fluctuations in the FM state. Such an effect can be reflected by the thermopower. It has been
successfully demonstrated in La0.75Sr0.25MnO3 and La2/3Ca1/3MnO3 below TC that increasing
the degree of spin disorder can decrease the thermopower [17, 18]. In figure 4, the thermopower
is reduced and a sign change is caused below TC due to increasing σ 2; this implies that magnetic
fluctuations increase with increasing σ 2 around TC.

When samples are cooled to TC, ferromagnetic correlations become strong and
consequently the thermopower starts to collapse (see figure 4). Therefore, S is the most
sensitive technique to detect the FM transition as compared with resistivity and magnetization.
As the sample is further cooled, the size of ferromagnetic clusters sharply increases, and an
upturn can be seen in the M(T ) curve. In the case of larger σ 2, though the FM state has occurred
and eg electrons can hop freely within FM domains, the carriers are still strongly trapped in the
interfaces between FM domains due to the smaller size of domains; therefore, the M–I transition
has not occurred until the temperature is further lowered below TC. Such a mechanism is
responsible for the disparity of Tm, TC and TS, and thus the relation of TS > TC > Tm can be
observed in the present samples (see figure 5). The disparity of Tm, TC and TS clearly suggests
that the size of FM domains in grains becomes smaller with increasing σ 2. In addition, it is
well known that the disparity between Tm and TC will increase as the crystalline grains become
smaller in polycrystalline samples [19]. The observed disparity between Tm and TC in the
present work is due to the size decrease of FM domains in grains, however not due to the size
decrease of grains, because the average grain size of the samples with different σ 2 is almost
the same as shown in figure 1.

5. Conclusions

In summary, we studied the A-site cation disorder effects in polycrystalline
Nd0.7(Ca, Sr, Ba)0.3MnO3 with a fixed 〈rA〉 = 1.21 Å by means of a combination of XRD,
resistivity, dc magnetization, IR spectra and thermopower measurements. The disparity of tran-
sition temperature obtained from resistivity, magnetization and thermopower increases with
increasing σ 2. The insulator-like ferromagnetic behaviour and the sign change of thermopower
induced by σ 2 have been observed below TC. IR spectra show that A-site cation disorder causes
random rotations of local MnO6 octahedra. Increasing σ 2 may weaken FM interactions and
decrease the size of FM domains. The carriers are strongly localized in the interfaces between
the FM domains and this may be responsible for the insulator-like ferromagnetic state in the
sample with large σ 2.
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