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Effect of the cation size disorder on charge ordering in rare-earth manganates
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The effect of disorder arising from the mismatch between the average sizes of theA-site cations in the
rare-earth manganates,L0.5A0.5MnO3 (L5rare earth,A5alkaline earth), on their charge-ordering behavior has
been investigated. Measurements on two series of manganates with a fixed average cation radius,^r A&, of 1.17
and 1.24 Å, reveal that the charge-ordering transition temperature,TCO, is not very sensitive to the size
mismatch unlike ferromagneticTC or metal-insulator transition data. Furthermore,TCO is not affected greatly
by the orthorhombic lattice distortion. The observed decrease inTCO with increase in̂ r A& is consistent with a
quadratic dependence upon (r A

02^r A&) wherer A
051.13 Å. @S0163-1829~99!02218-3#
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Two of the important features of the rare-earth mang
ates, L12xAxMnO3 (L5rare-earth;A5alkaline earth), are
the ferromagnetic metallic and the charge-ordered states
hibited by them.1,2 The ferromagnetic Curie temperatureTC
around which an insulator-metal transition occurs in th
manganates has been shown to be sensitive to the mism
in the sizes of theA-site cations.3–5 While the TC and the
insulator-metal transition temperatureTM increase with the
increase in the average size of theA-site cation^r A&, the
value saturates at higĥr A& values probably because many
these manganates haveA-site cations with a large siz
mismatch.6 In order to account for the effects due to th
strain arising from the size mismatch of theA-site cations on
TC or TM , Rodriguez-Martinez and Attfield3,4 employed the
variance in the distribution of̂r A&. The variances2 is de-
fined by

s25Sxir i
22^r A&2, ~1!

wherexi is the fractional occupancy ofA site ions andr i is
the corresponding ionic radii. Rodriguez-Martinez a
Attfield3,4 as well as Damayet al.5 have studied several se
ries of manganates of the typeL12xAxMnO3 for fixed values
of ^r A& and have found a linear relation betweenTC ands2,
with the TC decreasing with the increase ins2. Since the
charge-ordering behavior of the rare-earth manganate
very sensitive tô r A&,2,7 we considered it important to quan
tify how the charge-ordering transition temperatureTCO de-
pends on the size mismatch between theA-site cations. For
this purpose, we have studied charge-ordering in sev
manganates of the typeL0.5A0.5MnO3. In order to understand
the dependence ofTCO on s2, we have determinedTCO in
two series of manganates with fixed^r A& values of 1.24 and
1.17 Å, albeit in a few members of each series, becaus
the difficulty in realizing compositions which permit reliab
measurements.

Polycrystalline samples of manganates of the composi
L0.52xLx8A0.52yAy8MnO3 with ^r A&51.24 and 1.17 Å, as wel
as several manganates of the typeL0.5A0.5MnO3 with vari-
able ^r A& were prepared by the ceramic route by heat

stoichiometric quantities of the respective rare-earth oxid
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Mn3O4 and the carbonates of the alkaline-earth eleme
The final sintering temperature in the preparations w
1400 °C. The Mn41 content in all the compositions was clos
to 50% as determined by redox titrations.

The manganates with an^r A& of 1.24 Å studied by us are
akin to Nd0.5Sr0.5MnO3 exhibiting distinct ferromagnetic and
the charge-ordering transitions both in the magnetization

FIG. 1. Temperature variation of~a! the magnetizationM of the
L0.5A0.5MnO3 series with a fixed̂ r A& of 1.24 Å and~b! of 1/M of
the manganates of the series with a fixed^r A& of 1.17 Å. TCO is
shown by an arrow.
13 539 ©1999 The American Physical Society



ts

a

i
in

red
how

rom

-

-
ier

f
re-

h
of
ital

nge
-
ith

-

has

nts

ur

m
s

the

13 540 PRB 59BRIEF REPORTS
resistivity data. We have employed both the measuremen
obtainTCO values for these compositions. TheTCO data for
manganates witĥ r A&51.17 Å were obtained from the
minima in the inverse magnetization-temperature plots
well as from the maxima ind(ln r)/dT21 plots. In Fig. 1, we
show the typical magnetic behavior of the manganates w
^r A&51.24 and 1.17 Å. The method employed to determ

FIG. 2. Variation of the charge-ordering transition temperat
TCO with s2 in the L0.5A0.5MnO3 series with~a! ^r A&51.17 Å and
~b! ^r A&51.24 Å. Filled circles, triangles, and squares are fro
magnetic measurements and the corresponding open symbol
from resistivity measurements.

FIG. 3. A plot of TCO values against̂r A& in L0.5A0.5MnO3.
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TCO is also indicated in the figure. In the otherL0.5A0.5MnO3
compositions with variablêr A&, TCO values were obtained
from the magnetization data.

In Fig. 2~a!, we have shown the variation ofTCO with s2

of the L0.5A0.5MnO3 series with^r A&51.17 Å. In Fig. 2~b!,
we have plotted the ferromagneticTC as well asTCO values
of the manganate series with^r A&51.24 Å againsts2. Al-
though we could properly characterize the charge-orde
states only in a few members of each series, the data s
discernible trends. TheTCO values from electrical resistivity
data generally tend to be somewhat lower than those f
magnetization data. In thêr A&51.17 Å series, theTCO val-
ues up to as2 of 0.0006 Å2, obtained from both the magne
tization and electrical resistivity data, give a slope,p1
532 00063000 K Å22. This slope is comparable to that ob
tained in the metal-insulator transition data in earl
studies.3–5 For higher values ofs2, there is no statistically
significant dependence ofTCO on s2 in the manganates o
the^r A&51.17 Å series. Within the accuracy of our measu
ments, theTCO2s2 slope is less than 4000 K Å22 when
s2>0.0006 Å2. In effect therefore, for moderate and hig
values ofs2, TCO appears to be essentially independent
s2. This may be because there may be no long-range orb
ordering when̂ r A&51.17 Å for s2>0.0006 Å2, suggesting
that below this value ofs2 the dependence ofTCO on s2

reflects the effect of cation size mismatch on the long-ra
structural distortion atTCO. This could also make the tran
sition rather broad as found in the many manganates w
^r A&51.17 Å @see Fig. 1~b!#. Similarly, there is no signifi-
cant dependence ofTCO on s2 in the manganates witĥr A&
51.24 Å, unlike the ferromagneticTC values in these mate
rials @Fig. 2~b!#.

For the insulator-metal transition in the manganates, it
been proposed3,4 that

TM
0 5TM* 2p2~r A

02^r A&!2, ~2!

wherep2 is analogous top1 , the value ofr A
0 corresponds to

that of the ideal perovskite having maximumTM
0 value and a

perovskite tolerance factor of 1. Oxygen atom displaceme
proportional to (r A

02^r A&) lead to suppression ofTM
0

through a changing strain energy.8 Unlike in metal-insulator

e

are

FIG. 4. Variation ofTCO with the orthorhombic lattice distortion
index, %D. Filled circles are from magnetic measurements and
corresponding open circles are from resistivity measurements.
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transitions, it is difficult to fix the ideal value of^r A& for the
charge-ordered state. Experimentally, the variation ofTCO
with ^r A& suggests that the charge-ordered state is favo
for small^r A&,2,7 as the bending of the Mn-O-Mn bond ang
and the associated distortion of the MnO6 octahedra facilitate
the localization of separate Mn31 and Mn41 states. If we take
the value ofr A

0 to be the minimum observed value of^r A&
51.127 Å, we can describe theTCO data by using an expres
sion similar to~2!. The variation ofTCO seems to be bes
described by the curve given in Fig. 3 withTCO* 5260 K and
p256900 K Å22.

We have explored the relationship betweenTCO and the
orthorhombic lattice distortion index, which is strongly d
pendent on̂ r A& or (r A

02^r A&)2. The lattice distortion index
%D, is defined as
y

d

%D51/3~Suai2a8u/ai !3100, ~3!

wherea85(a3b3c/&)1/3. In Fig. 4, we have plotted th
experimentalTCO values obtained for all the manganat
studied by us against %D. We see thatTCO does not vary
much, particularly when the distortion is high; the dep
dence ofTCO appears to be significant at best for small v
ues of %D.

In conclusion, the present study indicates that the cha
ordering transition in the rare-earth manganates is not
sensitive to the mismatch between the sizes of theA-site
cations or to the orthorhombic lattice distortion arising fro
the small cation size. The decrease in the charge-orde
transition temperature at high^r A& ~Refs. 2 and 7! is consis-
tent with the observed quadratic dependence uponr A

0

2^r A&) wherer A
0'1.13 Å.
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