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Effect of A-site cation size mismatch on charge ordering and colossal magnetoresistance
properties of perovskite manganites

A. Sundaresan, A. Maignan, and B. Raveau
Laboratoire CRISMAT, ISMRA, 6 Bd du Mare´chal Juin 14050, Caen Cedex, France

~Received 10 January 1997!

Resistivity and ac-susceptibility measurements demonstrate that the cation size mismatch at theA site in
perovskite manganites influences greatly the electrical and magnetic properties which are associated with
colossal magnetoresistance. It has been reported that the Pr12xCaxMnO3 system does not exhibit an insulator-
metal transition and remains insulating at all temperatures because of charge ordering at high temperatures. We
show that the cation size mismatch at theA site, introduced by replacing the Pr31 ions by larger La31 and
smaller Y31 ions with constant averageA-site ionic radiuŝ r A&51.18 Å, suppresses charge ordering and the
samples withx50.25 and 0.3 undergo insulator-metal transitions at 130 and 60 K, respectively, without
applying a magnetic field. For 0.30<x< 0.5, they all show a spin-glass behavior.@S0163-1829~97!00734-0#
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The ferromagnetic metal transition,Tfm , in distorted per-
ovskite manganites,R12xMxMnO3 ~whereR5trivalent lan-
thanides andM5divalent alkaline earths!, is controlled by
the amount of hole doping,x, and the average radius,^r A&,
of A-site cations and occurs at a maximumT5360 K for
x50.3 with ^r A&51.23 Å. With decreasinĝ r A&, Tfm de-
creases monotonically.1–4 Below ^r A& ; 1.19 Å, the system
becomes a spin-glass insulator5 because of the competio
between ferromagnetic and antiferromagnetic interactio
Due to the large differences in ionic size betweenR31 and
M21 cations, it has not been possible to study the effec
hole concentration,x, alone, ~i.e., with constant̂ r A& and
without introducing ionic size mismatch! on the magnetic
and electrical properties of these perovskites. However, th
exists a system Pr12xCaxMnO3 where the Pr31 and Ca21

ions have almost the same ionic radius~1.179 Å and 1.180
Å, respectively6! but, unfortunately, this system is a
insulator7 because thêr A&~51.18 Å! is just lower than that
reported for a ferromagnetic metal.2 On the other hand, it
shows the colossal magnetoresistance~CMR! effect under an
applied magnetic field for 0.3<x<0.5.8 Several studies hav
shown that the absence of an insulator-metal transition is
to charge ordering and accompanying antiferromagnetic
dering at high temperatures.7,9,10Recently, it has been show
from low-field ac-x measurements that the syste
Pr12xCaxMnO3 ~0.25 <x< 0.5! has a complicated mag
netic behavior.11 For 0.35<x< 0.5, the resistivity and sus
ceptibility measurements show that charge and antiferrom
netic ordering occur simultaneously in the temperature ra
220 – 250 K. At low temperatures and forx50.25, 0.3 they
show a spin-glass behavior.

It is known that disorder due to ionic size mismatch b
tween various ions at the same crystallographic site in
ences the transport properties of materials. In the cas
doped manganites, since the conductivity and magnetism
strongly correlated, it is particularly important to consid
the effect ofA-site ionic size mismatch on the CMR prope
ties, in addition to other lattice effects such as random
tential fluctuation due toR31 and M21 cations and Jahn
Teller distortions associated with Mn31 ion with a 3d4
560163-1829/97/56~9!/5092~4!/$10.00
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configuration. Recently, it has been shown12 that the increase
of ionic size mismatch at theA site of R0.7M0.3MnO3 sys-
tem, with a fixed doping level decreases bothTfm and mag-
netoresistance ratio.

In the present study, we have investigated the effec
cationic size mismatch at theA site on the electrical and
magnetic properties in R12xMxMnO3 with constant
^r A&51.18 Å and differentx to compare the results with
those of Pr12xCaxMnO3 which can be considered as a sy
tem having no or least mismatch due to similar size of
Pr31 and Ca21 ions. In this system, we have introduced si
mismatch at theA site by replacing the Pr31 ion by larger
La31 (r 51.216 Å! and smaller Y13 (r 51.075 Å! ions
without changing thê r A&51.18 Å. We use thevariance
(s25Syir i

2 - ^r A&2) to measure the ionic size mismatch12

~Table I!. Our study shows that the charge ordering in t
Pr12xCaxMnO3 system is suppressed by the ionic size m
match at theA site and samples withx50.25 and 0.3 un-
dergo insulator-metal transitions even at zero applied m
netic field.

Polycrystalline samples of~La,Y! 12xCaxMnO3 with
various values ofx were prepared by the solid-state reacti
method described elsewhere.13 The ratio of La/Y for a given
x with constant̂ r A&51.18 Å was calculated and is given i
Table I. X-ray-diffraction patterns of all the samples co
firmed that the samples are single phase and orthorhom
with the space groupPbnm. Lattice parameters obtaine
from the Rietveld analysis of the x-ray data are also given
Table I. Oxygen content for various samples determined
redox titrations involving Fe31/Fe21 redox couple sug-
gested that the oxygen is stoichiometric. Low-field a
susceptibility (x8) and magnetoresistance measureme
were made with a Lake shore 7000 susceptometer an
physical property measuring system~PPMS, Quantum De-
sign!, respectively.

Temperature dependence of resistivityr(T) at zero ap-
plied magnetic field for~La,Y! 12xCaxMnO3 with variousx
are shown in Fig. 1. Ther(T) behavior of this system shoul
be compared with the Pr12xCaxMnO3 system11 with negli-
gible A-site ionic size mismatch. The room-temperatu
5092 © 1997 The American Physical Society
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TABLE I. Variation of lattice parameters, resistivity at room temperaturerRT , activation energy
Ea~see text!, and thevariance s2 of A-site cation size mismatch withx in ~La,Y!12xCaxMnO3 with
^r (La,Y)&5^r Pr&51.18 Å. s2 for ~Pr,Ca! is ; 2 3 1027.

Composition s2 a ~Å! b ~Å! c ~Å! rRT (V cm! Ea (eV)

~La0.56Y 0.19)Ca0.25MnO3 0.00282 5.4460~2! 5.4974~2! 7.6950~3! 1.05 0.136
~La0.49Y 0.21)Ca0.3MnO3 0.00298 5.4289~2! 5.4806~2! 7.6746~3! 0.92 0.128
~La0.485Y 0.165)Ca0.35MnO3 0.00245 5.4292~2! 5.4599~2! 7.6722~3! 0.37 0.123
~La0.445Y 0.155)Ca0.4MnO3 0.00293 5.4184~3! 5.4426~2! 7.6565~4! 0.24 0.120
~La0.375Y 0.125)Ca0.5MnO3 0.002285 5.3991~3! 5.4255~2! 7.6191~4! 0.06 0.116
~Tb1/2La2/3) 2/3Ca1/3MnO3

a 0.00243 5.4273~11! 5.4603~11! 7.6662~17!

aReference 5.
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resistivity, rRT, in both systems decreases with increas
hole concentration,x, which is in agreement with the fac
that the conductivity increases with increasing of hole c
centration. However, there are remarkable differences in
r(T) behavior of these two systems which reveal the role
ionic size mismatch. First, therRT for variousx in the former
is higher than that for the correspondingx in the latter which
is in agreement with the fact that the disorder localizes
charge carriers. Second, in contrast to t
Pr12xCaxMnO3 system, there is no anomaly in the prese
system that can be linked to the charge ordering. This in
cates that the charge/antiferromagnetic ordering is s
pressed by the ionic size mismatch. The third important
servation is that the samples withx50.25 and 0.3 undergo
insulator-metal transitions at about 130 and 60 K, resp
tively, even without applying a magnetic field. Below 50 K
for both the samples, the resistivity increases with decre
of temperature which suggests the presence of antiferrom
netic correlation at low temperatures. Similar behavior h
been reported for the La0.5Y 0.2Ca0.3MnO3 system13 which
has La/Y ratio very close to the one investigated in
present study~see Table I!. However, this behavior is differ
ent from that observed for Pr12xCaxMnO3 where the system
is an insulator with an anomaly only for 0.35<x<0.5 at
temperatures between 200 and 250 K.11 These results furthe

FIG. 1. Temperature dependence of resistivity
~La,Y!12xCaxMnO3. An insulator-metal transition is clearly see
for x50.25.
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support the suggestion7,9,10 that the low-temperature ferro
magnetism in Pr12xCaxMnO3 is masked by the charge
antiferromagnetic ordering at high temperatures as repo
earlier.7,9–11 In the present system, with the ionic size mi
match at theA site, the charge/antiferromagnetic ordering
suppressed and the ferromagnetic interaction becomes
dominant for the samples withx50.25 and 0.3.

At temperatures above 150 K, ther(T) behavior could be
best fitted with the relationr ; T exp(Ea /kT), predicted by
Emin and Holstein14 for small polaron hopping in the adia
batic approximation. Values forEa obtained from the fit are
given in Table I.Ea decreases with increase ofx, implying
the increased motion of polarons with hole concentrat
which is consistent with the decrease ofrRT with increase of
x.

We now comment upon the results of low field a
x8(T) measurements~see Fig. 2! and compare them with
those of the Pr12xCaxMnO3 system.11 It can be seen that the
x8(T) of all the samples shows a maximum inx8 (xmax8 ) at
a temperatureTmax. The xmax8 decreases with increase ofx.
On the other hand, theTmax first decreases with increase o
x until x50.35 and then it does not change significantly. T
decrease of bothxmax8 and Tmax suggest that the strength o
the ferromagnetic interaction decreases with increase ox.
This is consistent with ther(T) measurements which show
that the samples (x50.25 and 0.3! with the higherx8 un-
dergo insulator-metal transitions withTfm5130 and 60 K,
respectively, while the other samples with lowerx8 remain
insulating at all temperatures. Further, forx50.25 and 0.3,
the decrease ofx8 belowxmax8 explains the increase of resis
tivity below Tfm . A sample with x50.5 shows a small
anomaly at the temperature around 240 K which can be
tributed to charge/antiferromagnetic ordering since the C
loumb interactions are more predominant than the kine
energy of the charge carriers for such a commensurate v
of x. However, the resistivity does not show any anomaly
that temperature, indicating that the charge ordering occ
to a smaller extent. This behavior is different to that o
served for the Pr12xCaxMnO3 system11 where, for samples
with 0.35<x< 0.5, thex8 shows a sharp peak at the tem
perature around 250 K indicating charge ordering. F
x50.30 and 0.25, it shows no anomaly at high temperatu
and the frequency dependence ofx8 suggested a spin-glas
behavior as mentioned in the Introduction.

Spin-glass states arise due to a strong competition
tween ferromagnetic and antiferromagnetic interactions.
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the system with smaller̂r A& and forx near the commensu
rate value (x50.5!, the dominant interaction is antiferromag
netic; for the composition aroundx50.3 a spin-glass behav
ior occurs due to competition between ferromagnetic a
antiferromagnetic interactions. We have studied the
quency dependence of the susceptibilityx8( f ) of all the
samples. For 0.30<x< 0.5, all the samples showed spi
glass behavior with a freezing temperatureTg in the range
40–55 K. For example, the ac-x8(T) plot for x50.4 mea-
sured at various frequencies is shown in Fig. 3. It can be s
that theTmax increases with frequency suggesting spin-gl
behavior. Further support for such spin-glass behavior co
from the power-law dependence of the dynamical slow
down of the spin fluctuations nearTg . The data were fitted to
the relation,

Tg5Tc@11~t0f !~1/zn!#,

wheret0 is usually taken as 10213 andzn are critical expo-
nents. Values forzn andTc obtained from the above fit ar
7.4 and 45 K, respectively. These values forzn are similar to
those observed for spin-glass manganese oxides wit
pyrochlore-type structure.15 The observation of spin-glas
behavior with no anomaly inr(T) associated with charg
ordering for the ~Tb1/3La2/3) 2/3Ca1/3MnO3 system5 with

FIG. 2. Variation of ac2x8 as a function of temperature fo
~La,Y!12xCaxMnO3.
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similar ^r A&~51.177 Å! and ionic size mismatch at theA site
(s250.00243! is consistent with our finding that the charg
ordering is suppressed by ionic size mismatch at theA site.

The r(T) for x50.25 measured under various applie
magnetic fields are shown in Fig. 4. It can be seen that
though there is a negative magnetoresistance effect, theTfm

does not seem to increase with magnetic field. This is diff
ent from the other CMR materials where theTfm increases
with magnetic field. This may be due to ionic size mismat
at theA site. It should be noticed that the low-temperatu
antiferromagnetic state persists even at 5 T. Other sam

FIG. 3. Temperature dependence of the real part
the ac susceptibility at different frequencies for~La0.445Y 0.155)Ca

0.4MnO3, showing a spin-glass behavior.

FIG. 4. Temperature dependence of resisitivity under differ
applied magnetic fields, 0, 1, 3, and 5 T.
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show insulator-metal-insulator transitions similar to tho
observed for the spin-glass Eu0.58Sr0.42MnO3 system having
large^r A&51.199 Å and high disorder due to ionic size mi
match (s250.00879!.16

In conclusion, we have shown that the charg
antiferromagnetic ordering in Pr12xCaxMnO3 is suppressed
em
e

/

by introducing ionic size mismatch at theA site by replacing
the Pr31 ions by the bigger La31 and smaller Y31 ions with
constant ^r A&51.18 Å. Consequently, the samples wi
x50.25 and 0.3 undergo insulator-metal transitions at 1
and 60 K, respectively, at zero applied magnetic fie
Samples withx>0.3 show a spin-glass behavior.
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