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Abstract. The electrical transport properties of a series of samples, Nd0.7(Ca,Sr,Ba)0.3MnO3,
with a fixed average A-site cation radius〈rA〉 have been studied. Infrared spectra revealed that the
symmetry of the local MnO6 octahedra reduces due to the size differences between various A-site
ions. From the metal transition temperatureTm up to room temperature, the variable-range-hopping
conduction mechanism has been observed, andTm exhibits a systematic decrease with increasing A-
site cation disorder. In the very-low-temperature range, we have observed that resistivity increases
with decreasing temperature.

1. Introduction

Manganese perovskites are of considerable current interest owing to a colossal decrease of re-
sistivity in an applied magnetic field near the metal–insulator transition temperature (Tm) that
can be controlled by hole doping and the A-site cation sizes [1–5]. In the ABO3 perovskite
structure, the mismatch between the equilibrium bond lengths A–O and B–O is given by the
deviation from unity of the tolerance factort = (A–O)/

√
2(B–O). For t < 1, the internal

stresses of the lattice are relieved by a cooperative rotation of the BO6 octahedra that lowers
the symmetry of the unit cell from cubic to, for example, orthorhombic [1]. However, for two
or more A-site species, with fractional occupancies and different cation radii, the local structure
is quite distinct from that suggested by the crystallographic structure [6]. Recently, Rodriguez-
Martinez and Attfield have studied the effect of this A-site cation disorder quantified by the size
variance of the A-site cation-radius distributionσ 2 = 〈r2

A〉−〈rA〉2 on the metal–insulator transi-
tion temperatureTm, and found thatTm shows a strong linear dependence uponσ 2 (dTm/dσ 2 =
−20 600±500 K Å−2) in a series of (L0.7M0.3)MnO3 perovskites with a constant mean A-site
cation radius〈rA〉 = 1.23 Å [4, 5]. Therefore A-site cation disorder with a constant mean〈rA〉
shows interesting effects and is worthy of further investigation. In this paper, we focus on the
effect of A-site cation disorder on electrical transport properties. We have prepared a series of
six samples of Nd0.7(Ca, Sr, Ba)0.3MnO3 (table 1), in whichσ 2 is systematically varied by use of
different compositions of Ca, Sr and Ba. These 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 from tabulated values [7]) in order to ensure that the observed changes are mainly
caused by A-site cation disorder. In addition, the relatively lowTm of these samples can
offer a wide temperature range over which we can study the electrical transport properties
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Table 1. The resistivity maximumρm, the metal–insulator transition temperature measured from
the resistivity (Tm) and the unit-cell volume measured at room temperature with cation-size variance
σ 2 for a series of Nd0.7(Ca, Sr, Ba)0.3MnO3 perovskites with constant〈rA〉 = 1.21 Å.

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

1 Nd0.7Sr0.3MnO3 0.0045 0.226 211 230.420(5)
2 Nd0.7Ca0.033Sr0.24Ba0.027MnO3 0.0058 1.321 182 230.525(3)
3 Nd0.7Ca0.066Sr0.18Ba0.054MnO3 0.0070 31.334 152 230.625(3)
4 Nd0.7Ca0.099Sr0.12Ba0.081MnO3 0.0083 285.190 119 230.719(4)
5 Nd0.7Ca0.132Sr0.06Ba0.108MnO3 0.0096 17447.300 84 230.796(5)
6 Nd0.7Ca0.165Ba0.135MnO3 0.0108 — — 230.860(3)

quantitatively aboveTm. We have found that cation disorder reduces the localization length.
FromTm up to room temperature, the variable-range-hopping conduction mechanism has been
observed. At the lowest temperatures, resistivity increases with decreasing temperature.

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
sintered hard discs were broken to pieces, reground to fine powder and again pressed into
discs. The final sintering was carried out in air at 1440◦C for 12 h. The samples were
then slowly cooled down to room temperature. X-ray powder diffraction (XRD) analyses
were performed using an MXP18AHF x-ray diffractometer with a rotating anode operating at
40 kV and 100 mA. Cu Kα radiation was selected using a graphite monochromator. Structural
parameters were refined by the Rietveld method, using the program DBWS-9411 [8]. Electrical
resistivity was measured by the standard four-probe method. The measurements of infrared
(IR) transmission spectra (Nicolet 700) were carried out with powder samples in which KBr
is used as a carrier. The IR spectra taken are in the frequency range from 4000 to 350 cm−1.

3. Results and discussion

All lines of the XRD patterns for the Nd0.7(Ca, Sr, Ba)0.3MnO3 samples could be indexed with
thePnma space group (see figure 1), thus confirming that all samples were of perfect single
phase with the same space group. The room temperature unit-cell volume slightly increases
with increasingσ 2 (see table 1). A-site cation disorder results mainly in random displacements
of oxygen atoms from their average crystallographic positions [4, 5]. Directly evidence for this
can be obtained from IR spectra which are sensitive to local lattice distortions. Figure 2 depicts
the observed IR spectra of the three mixed oxides withσ 2 = 0.0045, 0.0070 and 0.0108 Å2

respectively. Obviously, two strong absorption regions are present for all samples. The neg-
ative peaks aroundν = 594 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
ν = 391 cm−1 are assigned to the bending vibration in which the Mn–O–Mn bond angle is
modulated [9]. As seen in figure 2, the bending vibration becomes more prominent with in-
creasingσ 2; this directly reflects the fact that the symmetry of the local MnO6 octahedra reduces
with increasingσ 2 due to random displacements of oxide ions. Therefore it can be stated that
A-site cation disorder results in local distortions of MnO6 octahedra which can be viewed as the
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Figure 1. The output from the Rietveld analysis of the XRD pattern for one of the samples of
Na0.7(Ca, Sr, Ba)0.3MnO3 with σ 2 = 0.0070 Å2. The plus signs show raw data. The solid line
is the calculated profile. The vertical bars indicate the expected Bragg reflection positions. The
lowest curve is the difference between the observed and calculated intensity, plotted on the same
scale and shifted downwards a little for clarity.

Figure 2. IR transmittance spectra for Nd0.7(Ca, Sr, Ba)0.3MnO3 with σ 2 = 0.0045, 0.0070 and
0.0108 Å2, at room temperature.

random impurity potential in the lattice. The temperature-dependent resistivity at zero field for
the six samples is shown in figure 3. Increasingσ 2 causes a decrease inTm and an increase in the
magnitude of the resistivity. Note that forσ 2 = 0.0108 Å2,ρ increases sharply with decreasing
temperature and exceeds the experimental limit. Here, we can see thatρ versusT aboveTm is
virtually identical for all the samples, the only difference being that the magnitude increases
with increasingσ 2. This suggests that the natures of the charge transport in the nonmetallic
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Figure 3. The temperature-dependent resistivity of Nd0.7(Ca, Sr, Ba)0.3MnO3 with different A-site
size variancesσ 2. The samples are numbered in order of increasingσ 2.

Figure 4. ln(ρ) is plotted againstT −1/4 for the six samples in the series Nd0.7(Ca, Sr, Ba)0.3MnO3.
The inset shows ln(ρ) versusT −1 for the corresponding samples in the same temperature range
(from room temperature down to 95 K).

state aboveTm are the same. At temperatures aboveTm and up to room temperature,ρ(T ) can
be described better byρ(T ) = ρ(0) exp(T0/T )

1/4 than byρ(T ) = ρ(0) exp(E0/kBT ); the
former is typically found when conduction takes place by hopping between localized states
(variable-range hopping) [10]. A relatively good fit is obtained for all of the samples and it is
also clear from the linear behaviour of the plot of lnρ versusT −1/4 as shown in figure 4 (lnρ
versusT −1 is also plotted in the inset for comparison). The values ofT0 obtained from this
fitting are increasing withσ 2 as shown in figure 5, where systematic change ofT0 andTm with
σ 2 is observed. In the theory of variable-range hopping, theT0-parameter is related to the decay
length (L) of the localized wave function and to the density of states (g(EF )) at the Fermi level:
T0 ∝ 1/L3g(EF ). The bandwidth is calculated from the average bond distances and angles; for
the Nd0.7(Ca, Sr, Ba)0.3MnO3 series with fixed doping and constant〈rA〉, the changes in band-
width andg(EF ) are very small [5], so one can expectL to decrease with increasingσ 2. Thus
we obtained that increasingσ 2 associated with increasing the lattice distortions decreases the
localization lengthL and consequently the carrier mobility is reduced.Tm shows a strong lin-
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Figure 5. T0 andTm are plotted againstσ 2.

ear dependence uponσ 2, which is consistent with the results obtained by Rodriguez-Martinez
and Attfield [4]. For their series of samples with〈rA〉 = 1.23 Å, the experimental value of
dTm/dσ 2 is−20 600± 500 K Å−2. But for the present series of samples with〈rA〉 = 1.21 Å,
dTm/dσ 2 = −24 907± 472 K Å−2. Here we can see that dTm/dσ 2 is strongly dependent on
〈rA〉. With increasingσ 2 (increasing localization of carriers), the reduced carrier itineracy sup-
presses the double-exchange interaction and henceTm. According to the results in the literature
[1, 3, 4] and the present study, at fixed doping level, both〈rA〉 andσ 2 are key factors for de-
termining the temperature at which ferromagnetic ordering occurs. At very low temperatures,
all of the samples have shown minima in the resistivity and at even lower temperature, there is
a small rise in the resistivity down to the lowest temperature measured. The resistivity mini-
mum occurs in the metallic phase in the temperature range below 30 K. As shown in figure 6,
the temperature of the minima seems to increase with increasingσ 2; this implies that such
low-temperature resistivity behaviour is intimately related to A-site cation disorder. A similar
phenomenon of the appearance of a minimum has also been observed for other manganite
samples in a similar temperature range [11, 12]. The gradual increase inρ(T )with decreasing
T below 24 K may reflect lowering numbers of phonons coupling to the electrons [11].

As shown in figures 3 and 6, the zero-field residual resistivityρ0 increases dramatically
with increasingσ 2. According to the result obtained by Rodriguez-Martinez and Attfield that
the mean ferromagnetically ordered moments at the Mn site at 4 K are close to the ideal value of
3.7µB and show no significant variation withσ 2 in a series of (L0.7M0.3)MnO3 perovskites [5],
the possibility that spin-disorder scattering increases with increasingσ 2 at lowest temperatures
can be ruled out. Thereforeρ0 originates mainly from the random impurity potential which can
lower the mobility of carriers and increase the number of trapped carriers. The less-itinerant
carriers at lowest temperatures seem not to contribute to the macroscopic charge transport, but
can still mediate the ferromagnetic double-exchange interaction in a bond-percolative manner.
This idea was presented previously to explain why an insulating but ferromagnetic state exists
near the insulator-to-metal phase boundary for La1−xSrxMnO3 [2].

In summary, the infrared spectra measurements confirm that increasing A-site cation-size
varianceσ 2 results in increasing local distortions of MnO6 octahedra in the orthomanganites
Nd0.7(Ca, Sr, Ba)0.3MnO3 with a constant average A-site cation radius〈rA〉 = 1.21 Å. Such
local structure distortions can be thought of as introducing the random impurity scattering
potential and greatly increasing the resistivity and decreasing the metal–insulator transition
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Figure 6. Expanded resistivity data for three samples in the series Nd0.7(Ca, Sr, Ba)0.3MnO3 for
T 6 40 K.

temperature.Tm shows strong linear dependence onσ 2 consistent with the results obtained
by Rodriguez-Martinez and Attfield [4]. FromTm up to room temperature, the observed
conduction behaviours can be explained well by the variable-range-hopping mechanism. The
localization length reduces with increasing A-site cation disorder. In addition, at very low
temperatures, we have observed a minimum in the resistivity; this phenomenon seems to be
related to A-site cation disorder.
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