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Effect of A-site cation size mismatch on charge ordering and colossal magnetoresistance
properties of perovskite manganites
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Resistivity and ac-susceptibility measurements demonstrate that the cation size mismatchA att¢him
perovskite manganites influences greatly the electrical and magnetic properties which are associated with
colossal magnetoresistance. It has been reported that the@&,MnO5 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 #esite, introduced by replacing the Prions by larger Ld* and
smaller Y3* ions with constant average-site ionic radiugr ,)=1.18 A, suppresses charge ordering and the
samples withx=0.25 and 0.3 undergo insulator-metal transitions at 130 and 60 K, respectively, without
applying a magnetic field. For 0.38x< 0.5, they all show a spin-glass behavi@#0163-1827)00734-0

The ferromagnetic metal transitiofi,, in distorted per-  configuration. Recently, it has been shdfmat the increase
ovskite manganite}; _,M,MnO3; (whereR=trivalent lan-  of ionic size mismatch at thA site of Ry;MyMnO5 sys-
thanides andM =divalent alkaline earthsis controlled by tem, with a fixed doping level decreases bdth and mag-
the amount of hole doping, and the average radiug; ), netoresistance ratio.
of A-site cations and occurs at a maximurs 360 K for In the present study, we have investigated the effect of
x=0.3 with (r,)=1.23 A. With decreasindr,), T;, de- cationic size mismatch at tha& site on the electrical and
creases monotonically? Below (r,) ~ 1.19 A, the system magnetic properties inR;_,M,MnO; with constant
becomes a spin-glass insulatdrecause of the competion (r,)=1.18 A and differentx to compare the results with
between ferromagnetic and antiferromagnetic interactionghose of Py_,Ca,MnO3 which can be considered as a sys-
Due to the large differences in ionic size betwd® and tem having no or least mismatch due to similar size of the
M?2* cations, it has not been possible to study the effect oPr®* and C&™" ions. In this system, we have introduced size
hole concentrationx, alone, (i.e., with constantr,) and mismatch at theA site by replacing the P ion by larger
without introducing ionic size mismatgton the magnetic La®*" (r=1.216 A and smaller Y (r=1.075 A ions
and electrical properties of these perovskites. However, thengithout changing the(r,)=1.18 A. We use thevariance
exists a system Rr,Ca,MnO; where the P}¥* and C&"  (0?=3y;r? - (r,)?) to measure the ionic size mismatth
ions have almost the same ionic radids179 A and 1.180 (Table ). Our study shows that the charge ordering in the
A, respectivel$) but, unfortunately, this system is an Pr;_,CaMnO; system is suppressed by the ionic size mis-
insulatof because thér ,)(=1.18 A) is just lower than that match at theA site and samples witk=0.25 and 0.3 un-
reported for a ferromagnetic mefalOn the other hand, it dergo insulator-metal transitions even at zero applied mag-
shows the colossal magnetoresista(@®IR) effect under an  netic field.
applied magnetic field for 08x=<0.58 Several studies have Polycrystalline samples of(La,Y);_,Ca,MnO5; with
shown that the absence of an insulator-metal transition is duearious values ok were prepared by the solid-state reaction
to charge ordering and accompanying antiferromagnetic omethod described elsewhérThe ratio of La/Y for a given
dering at high temperaturés:'°Recently, it has been shown x with constantr,)=1.18 A was calculated and is given in
from low-field acy measurements that the systemTable I. X-ray-diffraction patterns of all the samples con-
Pr,_,Ca,MnO; (0.25 <x=< 0.5 has a complicated mag- firmed that the samples are single phase and orthorhombic
netic behaviot! For 0.35<x=< 0.5, the resistivity and sus- with the space grougPbnm Lattice parameters obtained
ceptibility measurements show that charge and antiferromadrom the Rietveld analysis of the x-ray data are also given in
netic ordering occur simultaneously in the temperature rang&able I. Oxygen content for various samples determined by
220 — 250 K. At low temperatures and fior=0.25, 0.3 they redox titrations involving F&"/Fe?* redox couple sug-
show a spin-glass behavior. gested that the oxygen is stoichiometric. Low-field ac-

It is known that disorder due to ionic size mismatch be-susceptibility ') and magnetoresistance measurements
tween various ions at the same crystallographic site influwere made with a Lake shore 7000 susceptometer and a
ences the transport properties of materials. In the case ghysical property measuring systaf@PMS, Quantum De-
doped manganites, since the conductivity and magnetism amign), respectively.
strongly correlated, it is particularly important to consider Temperature dependence of resistivityT) at zero ap-
the effect ofA-site ionic size mismatch on the CMR proper- plied magnetic field fofLa,Y),;_,Ca,MnO; with variousx
ties, in addition to other lattice effects such as random poare shown in Fig. 1. The(T) behavior of this system should
tential fluctuation due t&R®* and M2* cations and Jahn- be compared with the Rr,Ca,MnO5 system® with negli-
Teller distortions associated with Mf ion with a 3d* gible A-site ionic size mismatch. The room-temperature
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TABLE I. Variation of lattice parameters, resistivity at room temperatgpg, activation energy
E,(see text, and thevariance o of A-site cation size mismatch witk in (La,Y);_,Ca,MnO3 with
(rLay))=(rpp=1.18 A. 0% for (Pr,Cais ~ 2 X 107"

Composition o? aA) b (A) cA) prr (Q cm) E, (eV)
(Lag sgY 019 Cag 2:MNO5 0.00282 5.446(@) 5.49742) 7.695G3) 1.05 0.136
(Lag 45Y 021 Cap aMNO; 0.00298 5.428®) 5.480862) 7.67463) 0.92 0.128
(Lag.sgeY 0160 Ca0sMnO;  0.00245 5.4292) 5.45992) 7.67223) 0.37 0.123
(LagaseY 0159Ca.MNO;  0.00293 5.4188) 5.44262) 7.65654) 0.24 0.120
(LagsreY 0129CaMnO;  0.002285 5.399B) 5.42582)  7.61914) 0.06 0.116

(Tbyplays) ,:Ca/3MnO; 2 0.00243 5.427@1) 5.460311) 7.666217)

8Reference 5.

resistivity, prr, in both systems decreases with increasingsupport the suggestiéf’® that the low-temperature ferro-
hole concentrationx, which is in agreement with the fact magnetism in Py_,Ca,MnO; is masked by the charge/
that the conductivity increases with increasing of hole con-antiferromagnetic ordering at high temperatures as reported
centration. However, there are remarkable differences in thearlier’°=1In the present system, with the ionic size mis-
p(T) behavior of these two systems which reveal the role oimatch at theA site, the charge/antiferromagnetic ordering is
ionic size mismatch. First, thes for variousx in the former  suppressed and the ferromagnetic interaction becomes pre-
is higher than that for the correspondixgn the latter which  dominant for the samples witk=0.25 and 0.3.

is in agreement with the fact that the disorder localizes the At temperatures above 150 K, tp€T) behavior could be
charge carriers. Second, in contrast to thebest fitted with the relatiop ~ T exp(E,/kT), predicted by
Pr,_,Ca,MnO; system, there is no anomaly in the presentEmin and Holsteitf for small polaron hopping in the adia-
system that can be linked to the charge ordering. This indibatic approximation. Values fd€, obtained from the fit are
cates that the charge/antiferromagnetic ordering is supgiven in Table |.E, decreases with increase »f implying
pressed by the ionic size mismatch. The third important obthe increased motion of polarons with hole concentration
servation is that the samples wi0.25 and 0.3 undergo which is consistent with the decreasepgf; with increase of
insulator-metal transitions at about 130 and 60 K, respecx.

tively, even without applying a magnetic field. Below 50 K, We now comment upon the results of low field ac-
for both the samples, the resistivity increases with decreasg’(T) measurementgsee Fig. 2 and compare them with
of temperature which suggests the presence of antiferromaghose of the Pr_,Ca,MnO; system‘! It can be seen that the
netic correlation at low temperatures. Similar behavior has,’(T) of all the samples shows a maximum yn (Xmay at
been reported for the LaY o Cag MnO3 systemt® which 3 temperaturd,,. The x/,., decreases with increase xf
has La/Y ratio very close to the one investigated in theon the other hand, th&,, first decreases with increase of
present studysee Table)l However, this behavior is differ-  y yntil x=0.35 and then it does not change significantly. The
ent from that observed for or,Ca,MnO; where the system  gecrease of botly!,, and Tpay SUggest that the strength of

is an insulator with an anomaly %?Iy for 08%=<0.5 at e ferromagnetic interaction decreases with increase. of
temperatures between 200 and 256 Rthese results further  1his is consistent with the(T) measurements which show

that the samplesx=0.25 and 0.Bwith the highery’ un-
dergo insulator-metal transitions wiffx,,=130 and 60 K,

10 v T T T respectively, while the other samples with lowgr remain
108 L (La,Y), _,Ca MnO, ] insulating at all temperatures. Further, fo=0.25 and 0.3,
. . %05 the decrease of’ below x/,,, explains the increase of resis-
10" ¢ . x-04 3 tivity below T¢,. A sample withx=0.5 shows a small
/E\ 10 L - x=0.35 § anomaly at the temperature around 240 K which can be at-
s . W\ - x=03 tributed to charge/antiferromagnetic ordering since the Cou-
o 107 ¥ AN x=0.25 loumb interactions are more predominant than the kinetic
5 1ot | ‘ ' energy of the charge carriers for such a commensurate value
; ~ E of x. However, the resistivity does not show any anomaly at
10% E v that temperature, indicating that the charge ordering occurs
ot _ o 5 to a smaller extent. This behavior is different to that ob-
"(Layy):rpr:1 A8 A : served for the Pr_,Ca,MnO, systen’tl where, for samples
21 : ! R P F with 0.35<x=< 0.5, they' shows a sharp peak at the tem-

0 50 100 150 200 250 300 perature around 250 K indicating charge ordering. For

T (K) x=0.30 and 0.25, it shows no anomaly at high temperatures
and the frequency dependence)df suggested a spin-glass
FIG. 1. Temperature dependence of resistivity of behavior as mentioned in the Introduction.
(La,Y);_«Ca,MnO;. An insulator-metal transition is clearly seen ~ Spin-glass states arise due to a strong competition be-
for x=0.25. tween ferromagnetic and antiferromagnetic interactions. In



5094 BRIEF REPORTS 56
40 prererree T rrerrrrr P rrerre prreeTT 1 60 6.0 S RN —
s Lay 445Y0.155C0 4MR0; ]
; ° - « x=0.25 o ]
r o o x=0.3 / o
g30r o . x=0.35 14 ~ 55 [ //-\ E
of [ R v ] E fgan] r \
™~ 5 ] 3 E 2 v\
3 J° ] 5 ) \
= o . ] £ . o
5} g ° — ] = K
" 20F 7 o 430 © E ./
| rS v T ¢ 5.0 S E
8 e o R [} ™ T °/ v\v
D S A d = | C y
- 4 ° (@] [
e A oLt B R = r / > 8 Hz \
° ] > NI L o v
s v o 15 - % 33 Hz
S = 45 g < 133 Hz
Vel [
_ Uhrag o 5 /
0 preerrere RARARAASE IRAARARRRM (RAREAR A kesass f 0 /v
&b W
°° ooo x=0.4 4.0 '/ ...... [T |
of 2% o x=05 16 30 40 50
= F oo % 1 & Temperature (K)
® [ e * 3T ] Z
S .
g 6L & % 14 QE) FIG. 3. Temperature dependence of the real part of
¢ T S . the ac susceptibility at different frequencies ft@g 442 159 Ca
°|°O L A ®oa, 'S 0..Mn0O3, showing a spin-glass behavior.
- Z
Z [ — %o, R
> 3r . & similar(r 5)(=1.177 A and ionic size mismatch at thfesite
[ (02=0.00243 is consistent with our finding that the charge
e, oo ordering is suppressed by ionic size mismatch atAlsite.
: Tt teennne, The p(T) for x=0.25 measured under various applied
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FIG. 2. Variation of ae-xy' as a function of temperature for
(La,Y);_4Ca,MnO,.

the system with smallefr ») and forx near the commensu-
rate value x=0.5), the dominant interaction is antiferromag-
netic; for the composition around=0.3 a spin-glass behav-

ior occurs due to competition between ferromagnetic and
antiferromagnetic interactions. We have studied the fre-

guency dependence of the susceptibiligy(f) of all the
samples. For 0.38x< 0.5, all the samples showed spin-
glass behavior with a freezing temperatdrigin the range
40-55 K. For example, the a¢~T) plot for x=0.4 mea-

though there is a negative magnetoresistance effectthe
does not seem to increase with magnetic field. This is differ-
ent from the other CMR materials where thg, increases
with magnetic field. This may be due to ionic size mismatch
at the A site. It should be noticed that the low-temperature
antiferromagnetic state persists even at 5 T. Other samples
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sured at various frequencies is shown in Fig. 3. It can be seer
that theT ., increases with frequency suggesting spin-glass
behavior. Further support for such spin-glass behavior comes
from the power-law dependence of the dynamical slowing
down of the spin fluctuations nedy . The data were fitted to
the relation,

Tg:Tc[1+ (Tof)(llzy)],

where 7, is usually taken as 10" andzv are critical expo-
nents. Values forv and T obtained from the above fit are
7.4 and 45 K, respectively. These valuesZorare similar to
those observed for spin-glass manganese oxides with ¢
pyrochlore-type structurt. The observation of spin-glass
behavior with no anomaly im(T) associated with charge
ordering for the (Thyslays) 23Ca;sMNO; system with
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FIG. 4. Temperature dependence of resisitivity under different
applied magnetic fields, 0, 1, 3, and 5 T.

SRETE

uuuuuuuuu Loavea s b b Legasessoa loaaa ™

0 50 100 150 200 250
Temperature (K)




56 BRIEF REPORTS 5095

show insulator-metal-insulator transitions similar to thoseby introducing ionic size mismatch at tihesite by replacing
observed for the spin-glass ESro 4MnO5 system having the PP* ions by the bigger LA™ and smaller ¥* ions with
large(r,)=1.199 A and high disorder due to ionic size mis- constant (r,)=1.18 A. Consequently, the samples with
match @2=0.00879.1¢ x=0.25 and 0.3 undergo insulator-metal transitions at 130
In conclusion, we have shown that the charge/and 60 K, respectively, at zero applied magnetic field.
antiferromagnetic ordering in Pr,Ca,MnO is suppressed Samples withx=0.3 show a spin-glass behavior.
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