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At high temperatures both the resistivitg)(and thermopower of La ,M,MnO; (M=Ba, Sr, Ca single
crystals can be described well by a small-polaron hopping model. The polaron binding energy decreases while
the orbital ordering transitionT(;1) to a state with a static Jahn-Teller distortion increases as the ionic size of
M reduces from Ba to Ca. With doping) T;t decreases and Curie temperatligeincreases. Orthorhombic
to rhombohedral transitionTpg) decreases almost linearly withup to 0.125 and 0.20 for Ba- and Sr-doped
samples, respectively. For Ca-doped syst@gy decreases at a much slower rate withUnlike Sr-doped
sample, both Ca- and Ba-doped systems do not show large dre@il ¢ followed by an abrupt increase
below T for x=1/8 doping. Both distortion and disorder due to the difference in size between LM affdct
transport, magnetic, and structural properties of manganites. A phase diagram has been constructed from this
study.
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[. INTRODUCTION creases faster within LBMO as compared to LSMO. How-
ever, forx>0.125 we observe thdiyg decreases at a faster

In perovskite manganites, the orbital, charge, and spin degate in LSMO than in LBMO. One needs structural data at
grees of freedom are considered to be key factors because tifgv temperature to observe this difference between the two
huge decrease of resistivity) is observed in the vicinity of Systems. Also, there are some discrepancies in reported re-
the transition from an insulating charge or orbital orderedsults on polycrystalline samples, possibly due to the variation
phase to a ferromagneti&M) metallic state. Parent com- Of Oxygen content and the presence of grain boundafigs.
pounds RMnO; (R= rare-earth ions are insulators and In the case of single crystals,.oxygen content is very close to
show C-type orbital ordering due to static Jahn-Tellgi) 3 and thg effect due to grain bounda_nes is absent. Good
interaction below a transition temperaturg: whereds,2_ 2 quality S|'ngle crystals are also reqplred to 'obs'erve the
and dsy2 2 €4 orbitals are alternately aligned in theb a_nqmaly in the transport and magnetic properties in the V-
plane i pianes e stacked alongatais. i par- ST 9 SULELIS) ety lembcrate e anoman s
ET\;"?:LSSE';ZI Z;rgnv?/gg]ker;lti‘erﬁzﬁggsgz ;g';vls)trgggp'l?nglanq:or Ca-doped system most of the reported studies are con-

' centrated for doping=0.125° It is also important to in-
between the planes, and prevents electron hopping betwegRgiigate how the transport and other properties evolve in

3 . . .
Mn®" sites. As the concentration of 'W‘ N R, xMxMnOs | 5, caMnO; when the doping is changed by small steps
increases by replacing with divalent ionsM, the electron (AxX) aroundx=0 and beyond.
transfer with spin memory between R and Mrf " sites In this work, we present the transport, magnetic, and
becomes prevalent. This coherent hopping of carriers comstryctural properties of La,M,MnO; (M=Ba, Sr, Ca
petes with the cooperative interaction responsible for orbitakingle crystals for &x<0.20. Resistivity has been mea-
or charge ordering and as a consequence, a rich phase digred both above and below the structural phase-transition
gram has been observed. _ _ temperature. The temperature dependence of magnetization
Prototype La ,SrMnO; (LSMO) is well studied over a and x-ray diffraction have been studied only for some se-

narrow range of doping around=0.125, where a sequence |ected samples. For LSMO we have also used data from our
of transitions occur as a function of temperature. In theearlier report®

lightly doped region, transport, magnetic, and structural
properties revealed many interesting features and a rich
phase diagrari.*®In contrast, there are no detail analyses of
transport and magnetic properties as function of doping and
temperature, particularly in the vicinity of structural and  Single crystals were grown by floating-zone metRbd.
magnetic phase transitions on single crystals of lightly dope@oth x-ray and neutron powder diffraction were used to de-
La; ,BaMnO; (LBMO) and Lg_,CaMnO; (LCMO). termine the structure and verify the crystal quality. All the
Dabrowskiet al!” have made a careful study of the struc- samples are single phase. The lattice parameters for LBMO
tural, magnetic, and electronic properties of LBMO poly- system were determined, by powder x-ray diffraction, down
crystalline samples for 0.59x<0.24. However, this study to 80 K. The high-temperature resistivity was measured in
could not reveal all the finer details of the several transitionsyacuum in order to prevent oxidation. Magnetic properties
and crossovers that occur at low temperatures with the variavere measured in the temperature range 2—300 K using a
tion of composition. For example, they observed that thesuperconducting quantum interference device magnetometer
orthorhombic to rhombohedral structural transitibgg de-  (Quantum Designs

Il. SAMPLE PREPARATION AND EXPERIMENTAL
TECHNIQUE
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Ill. EXPERIMENTAL RESULTS AND DISCUSSION % AL L L d
| (a) Ba
A. Transport properties 2 Sr i
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In manganites, the formation of small lattice polarons due < x=0.05
to strong electron-phonon coupling and their properties in g 0F -
the vicinity of ferromagnetic transition and beyond have =
been reported from different measureméité®2*In the 2 Ll
case of small-polaronic conduction, the transport mechanism g
at high temperatures is the thermally activated hopping of
carriers, with the conductivity«) and mobility (u) given 4r
by24—27 P
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where a is the hopping distance of polarod,the transfer 250 100 (k) 550
integral, c the polaron concentratiork, the energy differ- IR .

ence between two sites of identical lattice distortions with 30 35 40 45 50

and without the charge carrier, akd, is one half of polaron 1000/T(K)
formation energyE,. When the polaron hops rapidly be-
tween two sites with identical configuration, it is termed aSadiabatic limit. Inset: Resistivity anomaly in the vicinity of ortho-

adiabatic hon_'ng' In thls_ reQ'me’ IS _equal to 1 ankgTo rhombic to rhombohedral structural phase transition for 5% Ca-
=hv, wherev is the longitudinal optical-phonon frequency yoneq sample(b) S vs 1000 plot for the above three samples.
of the system. In the case of nonadiabatic limi:3/2 and  |,5e-T dependence g down to 100 K Sfor Ba-doped sample has
kBTOZ(WJ4/4WH)l/3- been shifted upward by 100V/K. The solid lines in Figs. (a,b
To elucidate the nature of charge transport, we have plotare fits in the high-temperature regime for polaronic conduction
ted logo(p/T) versus 1T in Fig. 1(a) for Ba-, Sr-, and Ca- [Egs.(1) and(3) in the texi.
doped samples witlk=0.05. p shows a semiconductinglike
behavior for all the three samples. With increasing temperaalmost doping independent up to 0.10 and then decreases fast
ture, a sharp decrease mis observed afl ;v where the with further increase ok. The resistivity data can also be
system undergoes a structural phase transition f@mto fitted well with nonadiabatic hopping of polarons. However,
O-orthorhombic. The values daf;; are 552, 607, and 618 K due to the presence of the exponential temperature-
for Ba-, Sr-, and Ca-doped samples, respectively. Sequeneiependent factor with largg,, the fit is insensitive to the
T;r(Ba) <T,1(Sr) <T;7(Ca) suggests that the dopant with small difference in thd dependence of prefacter, in Eq.
larger ionic size affects the orbital ordering temperaturg(1). Nevertheless, the small value @f for x<0.05 samples
strongly. For a giverx, the Ba-doped sample has larger tol- suggests that the hopping is nonadiabatic in this low doping
erance factor(t) as compared to Sr- and Ca-doped com-range and adiabatic for>0.05. The nonadiabatic value of
pounds due to the larger ionic radius of Ba. At high temperag , is 6% to 8% higher than the adiabatic one.
ture, well aboveT ;1, there is another anomaly &g due to In order to know howwy, depends on the type of dopant,
O-orthorhombic to rhombohedral phase transition but thist is important to determin&, in Eq. (1). Measurements of
anomaly is much weaker than that®fr. Similar toT;r,  thermopower(S) will provide E,. As the carrier hops from
Tor also increases from LBMO to LSMO to LCMO. one locally distorted site to another that has been thermally
All curves in Fig. Xa) are linear over a wide range of activated, thermopower of small-polaronic system is deter-
temperature below ;7. But the slope of the curves, i.e., the mined by barrier energi, similar to band semiconductdr
activation energy,) decreases from Ba to Sr to Ca doping.
Similar behavior has also been observed for samples with Eo
other doping levelsE, for Sr-doped sample is-260 meV, S:(kB/e)kB_T“LSO’ 3
which is about 7%-9% lower and 11%-13% higher tEan
for Ba- and Ca-doped samples, respectively. Similar to thevhereS; is a constant. In Fig. (b), S has been plotted as a
Sr-doped samplée?, E, for Ca- and Ba-doped samples is function of 10007 for x=0.05 doping. Above 200 KS is

FIG. 1. (a) Temperature dependence of resistivity data in the
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approximately linear for all the three samples. The values of 10° T
E, determined from the high-temperature linear part are 70, \ (a)
61, and 49 meV for LBMO, LSMO, and LCMO, respec- E
tively. Thus, similar tcg,,, Eq also decreases from LBMO to \
LSMO to LCMO. Using these values &, and neglecting,

we can calculate that polaron binding eneky=420, 399,
and 370 meV for LBMO, LSMO, and LCMO samples, re-
spectively, for 0.05 doping. So, the polaron binding energy is
slightly higher for LBMO system. At this moment we do not
know why Ep is higher for LBMO. One possible reason for
this small discrepancy is the contribution from the hopping , . , .
due to disorder. In the presence of small disorder the activa- 100 200 300
tion energyE,, contains an additional term Mg, other than T(K)

E, andJ.?” Due to the large difference in ionic radii between

Ba and La the effect due to disorder is expected to be slightly
larger in the case of LBMO.

Thoughp(T) for all the samples (&x=<0.20) have been
studied, here we present the results of some selected samples
close tox=0.125(Fig. 2). We have chosen these concentra-
tions because the electrical resistivity is strongly influenced
by several successive structural and magnetic phase transi-
tions close to this doping. It has already been mentioned that
there are several reports on transport properties of Sr-doped
samples close ta=0.125. However, we have included the
resistivity and thermopower data for 0.125 and 0.15 Sr-
doped samples in the present study to compare and contrast
these results with those of Ca- and Ba-doped systems with
the corresponding value of doping. It is clear from Figg)2
that forx=0.125, the effect of structural and magnetic tran-
sitions onp(T) for LCMO and LBMO are slightly different
from that observed in LSMO. Th& dependence op for
0.125 LSMO is consistent with the earlier repdrbsp de-
creases by about 60% betwe&g and T and then in-
creases sharply just belolq. On the other hand, only 1%
to 2% resistivity drop has been observed belbwfor both
LCMO and LBMO. Although LCMO undergoes a structural
transition to pseudocubic phase belolizg, similar to
LSMO, no abrupt increase op has been observed in
LCMO.?8 In LSMO, a long-range polaron ordering has been
reported belowTo® and this transition is of first order in
nature>'%%However, LCMO does not show any long-range  FIG. 2. Temperature dependence pf for La;_,A,MnOs
ordering of polarons but short-range correlation has been deamples with differenk: (a) x=0.125, (b) x=0.15, and(c) for
tected for 0.15x<0.20 (Ref. 9. For LBMO there is no Ba-doped samples witk=0.175 and 0.20.
such study on polaron formation and polaron-polaron corre-
lation close to 1/8 doping. Nevertheless, the nature of resisstatic JT distortion has been observed in these samples. On
tivity increase belovil . in LBMO is quite similar to that of  the other handT ;1 is as high as 300 K for LCMOT g for
LCMO system. This phenomenon indicates that ionic sizéboth 0.125 and 0.15 LCMO samples are 806 and 777 K,
plays an important role in the nature of resistivity increaserespectively.
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0.02

T T . T T
25 125 225 325

below T, i.e., at an optimum ionic size, shows a sharp For LBMO system, the behavior gi(T) for x=0.175
jump. Also, the anomaly &t ;7 is much weaker for LBMO and 0.20 samples are shown in Figc)2 p for x=0.175
and LCMO than that observed in LSMO. sample decreases beldly: and then increases at low tem-

p for LBMO, LSMO, and LCMO samples witlk=0.15  peratures. However, at low temperatures, the nature of in-
first decreases beloW. but, on further cooling, shows a crease ofp is very different from that fox=0.15 sample.
smooth upturn with a low-temperature insulating behaviorThe In(p) versus 1T plot (not shown shows a saturationlike
[Fig. 2(b)]. p does not increase abruptly at low temperaturesbehavior at low temperatures. Thus, this sample is close to
below T in these samples. A weak feature or a change irthe critical doping Xy;,) at which metal to insulatotMl)
slope has been observedTagg=370 and 265 K for LSMO transition occurs. Ak=0.20, theT dependence g changes
and LBMO samples, respectively. No anomaly due to thedramatically. In the FM regiop decreases with decreasing
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the PM state and then starts to decrease bélgw Below

Tc, closer inspection reveals different temperature regimes
depending on the nature & T). For this sampleS neither
decreases very rapidly beloV¢, like LCMO, nor increases
abruptly belowT ¢ as in the case of LSMG5is positive for

all the three samples in the measured temperature range.
Samples withx=0.15 show an overall decrease $flue to

the increase of carrier density. For this concentration also,
one can see that at low temperatures the nature adpen-
dence ofS for LBMO and LCMO are different from that of
LSMO. At low temperature,S is large and negative for
LCMO while Sis small and negative for LBMO. For LSMO,
Sremains positive over the whole temperature range and the
overall magnitude is smaller than that for other two systems.
S(T) shows weak anomalies at for LCMO and atTqg

for LBMO. As in the case of resistivity, we have not seen any
anomaly inS(T) due to JT transition for LBMO abovg
=0.125. For bothkx=0.125 and 0.15 LCMO, the nature f
dependence o8 is quite similar and the large value &fis
consistent with the high resistivity.

B. Magnetic properties

Magnetic properties of some selected LBMO samples will
be discussed here. Magnetizatid(T) for x=0.125, 0.15,
and 0.20 samples at low fie{[@0 O¢ are shown in Fig. &).

Temperature dependence of thermopower forwith decreasing temperature all the samples show a sharp
La; ,AMnO; with differentx: (a) x=0.125, andb) x=0.15.

transition from PM to FM state a. The sharp transition
indicates that the samples are of good quality with homoge-

T. The small upturn at low temperatures may be due to th@eous distribution of Ba ion. For=0.125, 0.15, and 0.20,
weak localization. Thus, for LBMO system, the Ml transition the values ofT ¢ are 200, 218, and 268 K, respectively. For
occurs at around,,=0.20. This value forxy, is slightly = x=0.20 sample, on coolingyl shows a small steplike de-
higher than that reported for polycrystalline sampled  crease at aroun@igr. Tc for x=0.125 and 0.15 samples are
small thermal hysteresis between heating and cooling cycleslightly lower but sharper than that observed in polycrystal-
has been observed at aroufthg=170 K for x=0.20 line sampleg! This discrepancy may be due to the slightly
sample. For LCMO system we have not seen MI transitiorhigher oxygen content than the stoichiometric value 3 in
up to x=0.20. Neutron diffraction and other studies show polycrystalline samplesvi(H) for these samples increases
that T, is very close toT at x=0.15 and 0.20 for LSMO sharply at low fields and shows almost saturationlike behav-
and LCMO, respectively, and slightly above these values ofor above 0.3—0.5 TFig. 4(b)]. The value of the spin only
doping T, disappears and the systems become mefalfic. moments fu5) calculated at 5 T for 0.125, 0.15, and 0.20
Thus, MI transition in both LSMO and LCMO may be samples are 3.88, 3.77, and 3,68, respectively. The
driven by the suppression of static JT ordering. However, irtheoretical values of.g, calculated using the spin only mo-
the case of LBMO, thougf ;7 decreases at a faster rate asments of MA* (4ug) and Mif* (3ug) ions, are 3.88, 3.85,
compared to LSMO and ;7 is much lower thanlT: for x ~ and 3.80ug, respectively, fox=0.125, 0.15, and 0.20. This
=0.125, the MI transition occurs at a higher valuexg; . shows an excellent agreement between experimental and the-
Other localization phenomena, such as dynamic JT distortionretical values, particularly for 0.125 and 0.15 samples.
in the O-orthorhombic phase and the disorder due to the siz&hough the FM transition is sharp and the spin only moment
mismatch between La and Ba ions, may play important rolés very close to the theoretical value for 0.125 sample, one
in shifting thex,,, to higher value in LBMO. It has been cannot completely rule out the presence of a weak canted
shown in a later section that this disorder increases with BaAFM state at low temperatures beloV, which becomes
doping and acts like a JT distortion. fully spin polarized when a small magnetic field 0.10-0.30 T
Figure 3 shows th& dependence dfor LBMO, LSMO, is applied. In contrast to LSMO, no abrupt change has been
and LCMO withx=0.125 and 0.15S(T) for 0.125 LSMO  observed inM(T) just belowTq for 0.125 LBMO:1°
is consistent with the previous repdftUnlike LSMO, theT We have measured the ac susceptibility for0.125
dependence dsfor 0.125 LCMO sample is quite simple. In sample to see any effect of structural transition on magnetic
the paramagnetiPM) phase, on cooling$ increases, down properties[Figs. 4c), 4(d)]. Both real (¢’) and imaginary
to T¢, and then decreases very rapidly in the FM state. Thé x”) parts of the ac susceptibility increase sharplif atand
behavior ofS(T) for 0.125 LBMO is somewhat in between show a peak just below .. However, xy” exhibits some
LCMO and LSMO.S increases slowly with decreasifAgin additional features well beloW. . x” shows a sharp peak at
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the structural transitio ;=150 K and a shoulderlike fea- AMnNO; perovskiteT ¢ is mainly affected by the average size
ture at around 100 K. Thougk'(T) and the dcM do not  of the A-site cations(r ) (=2y;r;) and by theA-site cation
show any noticeable feature around 100 K Hyt/dT and  size variancer? (zEyiriz—<rA>2), wherey; is the fractional
dM/dT show respectively, a broad maximum and a shallowoccupancy of the atom with ionic radius.?® To quantify the
minimum around 150 K. The peak at 150 K shifts towardseffect of these two phenomena @, Rodriguez-Martinez
higher temperature and becomes sharper with frequencgnd Attfield® proposed an empirical relation betweEg and
However, the peak just beloWc does not shift with fre- Q[ =(r8—(r,))] ando:
quency.

The dependence dfc on doping has been shown in Fig. _ 0 _ 2_ 2
5 for 0.10<x=<0.20. Figcure 5 shows thdi; increases withx Tel{ra), ) =Te(ra,0 = P1Qo~ P20, @

for all the three systems but at a given dopifig, also de- .Whereri is the idealA-site radius for an undistorted cubic

pends on the type of dopant. It has been shown that '?)erovskite witht=1 and is a function ok, Te({r x),a) is

the observed FM transitiof,o(r$,0) is the ideal temperature

300 L - of FM transition of the cubic perovskite, aqd andp, are
—e— Sr / constants. Equatiof#) describes approximately the variation
C_’ 33 / o] of T¢ with the increase of ionic size, as the dopant changes
250 | 2 PEae i from Ca to Sr to Ba for a giver. To calculate(r ») the ionic
_ o radii for 12-coordinated L&1.36 A), Ca(1.34 A), Sr(1.44
< [0 ] A), and Ba(1.61 A) are used® We have estimateg,~7
Fo200F e . X 10° KA ™2, p,~10° KA~2, andT(r$,0)=235+10 K for
Lo e e x=0.10 and the corresponding values for0.20 are 2
150l / | X 10" KA™2, 10 KA™2, and 425-20 K. As the ionic size
R of Ca is very close to La, the effect of disorder?) on T¢
o.|10 : o.|15 : 0"20 suppression is negligible over the whole range of doping for

LCMO. However, due to the smaller size of Ca as compared

to rg, the second term in E@4) is quite large and increases
FIG. 5. The dependence of ferromagnetic Curie temperatgre rapidly with x and as a consequencgg in this system is

on doping (0.18&x=<0.20) for Ba-, Sr-, and Ca-doped systems. much lower thanTC(r,‘i,O). For LSMO too, T suppression

X
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FIG. 6. X-ray diffraction patterns fax=0.15 Ba-doped sample 100 150 200 250 300 350
at: (@) 200 K and(b) 350 K. The insets in the figures demonstrate T(K)
the evolution of(220) peak with temperature.
5.58 T T T T T T T T T T
: . . : . c T
is mainly due to the smaller average size of fasite cations _ L (©) . s l on a ]
thanr$ . However, the effect due to both the smaller average "35 56 /\/
size and the size variance of tiesite ion onT¢ are com- s
parable in LBMO. Forx>0.125, the last term in Ed4) is 2 2"
larger than the second term and increases rapidly wihd gs sal 1
as a consequencéc in LBMO does not increase as fast as o
in LSMO above this doping. This explains why is higher £
for LSMO than for LBMO abovex=0.125 in Fig. 5. S 5 5
. B b b
C. Structural analysis 50 100 150 200 250 300
Figure 6 shows the x-ray diffraction patterns at 200 and T(K)

35?] thor 8.‘15 ITBM? All the pezijks _Cr?nhbe ig]dr(]axsd |With FIG. 7. The temperature variation of lattice parametets and
orthorhombic un]t ce at ZQO K and with rhombohe ra.un|tC for Ba-doped samplesta) x=0.125, (b) x=0.15, and(c) x
cell at 350 K. With increasing temperatu@—,orthorhorﬂblc =0.20. Structural phase transition temperatufgs and Tog are

(space grougPbnm) to rhombohedralspace grougRc3) marked by the arrows.
phase transition occurs at around 265 and 315 K Xor
=0.15 and 0.125, respectively. The insets in the figures denrhombohedral phase at higher temperature. The equivalent
onstrate the evolution of peaks at around=247° as the c¢/\2 for the rhombohedral phase, = co/+/2, is obtained
system undergoes phase transition from orthorhombic térom: ay=ag, by=1/2(ap—bp—Ccp), andcy=2ag+Cq,
rhombohedral. In the rhombohedral phase there is only onso that 18§q: cZ+12a (subscriptH andO stand for hex-
intense and symmetrical pedR20) whereas in the ortho- agonal and orthorhombic, respectivety>? For x=0.125,
rhombic phase it splits into tw(004,220 relatively weaker the lattice parameters in th@-orthorhombic phase decrease
peaks. Similar behavior has also been observed for 0.128lowly with T, down to 150 K and then display a small but
sample. abrupt increase at 150 K due @ to O’-orthorhombic tran-
The T dependence of the lattice parameters calculatedijtion. Unlike LSMO and LCMO, we have not seen any
from the diffraction patterns are shown in Fig. 7. To compareQ’-orthorhombic to pseudocubic phase transition beTewy
with a andb we have actually plotted/ 2. Lattice param-  for 0.125 LBMO samplé:2 This suggests that the transition
etersa andc/+/2 of the orthorhombic phase can be extrapo-to pseudocubic phase either takes place below 80 K or both
late to the equivalent lattice parametexsand ¢y of the  O-to O’-orthorhombic an@’-orthorhombic to pseudocubic

014422-6



TRANSPORT, MAGNETIC, AND STRUCTURA . .. PHYSICAL REVIEW B 68, 014422 (2003

La1-xAan03 Ca-doped systems has been constru¢ked. 8). The mag-
—— netic phase diagramfic versusx for 0.10<x=<0.20 has al-
1000 = Ba ready been presented in Fig. 5. For LBMQ, decreases
--- Ba almost linearly withx up to ~0.125. Abovex=0.125T gy
< 800 —:—ga decreases at a slower rate than linear. However, for LSMO
e 600 _._Sra Tor decreases approximately linearly up to as highxas
5 L o— gt =0.20. In the linear regionT 5 decreases at a faster rate in
© e T LBMO than in LSMO andTgg extrapolated to O occurs at
g 400 x=0.175 and 0.225 for the former and the latter systems,
£ respectively. Due to the slower decreaseTglk for LBMO
li) 200 7] abovex=0.125, the orthorhombic to rhombohedral transi-
ol NN 1 tion is higher for LBMO than LSMO abov&=0.175. For
0.00 0.05 040 045 020 025 LCMO, TR decreases slowly witk and develops a satura-
tionlike behavior at higher Ca concentration. In the doping
X range 0—0.20T o did not decrease below 745 K. This be-

FIG. 8. Temperaturesiog (open symbol T, (filled symbo) ~ havior is consistent with the orthorhombic structure of

and T (stay, determined from transport, magnetic, and structuralCaMnG; well above the room temperatutéOver the whole

properties(see text are plotted as a function of doping The lines ~ doping rangeT;r decreases faster for LBMO as compared

through the symbols are the guide to the eyes. to LSMO and LCMO. We have not seen any indication of
static JT effect for LBMO forx=0.15. Detailed structural

transitions occur so close to each other that we are unable %alysis down to low temperatures, is important to see

separate these two transitions. Thalependence of lattice whether JT effect vanishes et 0.15 or not. For LBMO. the

{Jhar?n;ecters OdegNéO mdthé) prasﬁbg;%?gg dllﬁ?kr]enlt gom dependence of . on carrier density is also shown in the
al ol ~-a- and srdoped sampies ~—c0- e atter figure. We define the temperature whei@) shows a mini-

systemsa increases and decreases sharply while for the mum slightly belowT, asTeo. BelowTeo, the ferromag-

0125L sample botl andc increase belowl 7> netic phase is insulating. For LBMO. is almost flat over
i i . CcO
TheT dependence of lattice parametersxXer0.15 in the he doping 0.125 x<0.175.

O-orthorhombic phase is similar to that of 0.125 sample. Th
lattice parameters of this sample show a small but sharp in-
crease just abov&ygr. However, forx=0.20 samplec in-
creases whereasdecreases algr. We have not seen any
O- to O'-orthorhombic transition down to 80 K fok Analysis of resistivity and thermopower suggests that the
=0.15. Both T dependence of lattice parameters and theransport is governed by the thermally activated hopping of
small difference betweeb and c¢/2 for Ba-doped 0.125 small polarons. Irrespective of the size Afsite ion,E, is
sample are comparable to that of Sr-doped 0.165 sampl@imost independent ofup to 0.10 and then decreases above
Also, Top for these two samples are almost sameis value ofx. BothE, andEp decrease slightly as divalent

(~315 K). It has been suggested that the structural phasgn M changes from Ba to Sr to Ca. In contrast to Sr-doped

transition is governed by the tolerance. factoThe same sample, on cooling, both Ca- and Ba-doped samples do not
TOR for 0.125 LBMO and 0.165 LSMO is due to the same show Iarge drOp Irp below TC followed by an abrupt in-

value of t=0.97 for both the samples. Thoughincreases _ - :
. crease al ¢ for x=1/8 doping.T ;7 decreases more rapidly
faster withx for LBMO as compared to LSMOTog de- o™ 0 | BMO as compared to LSMO and LCMO.qg

creases at a much slower rate withabove 0.125 in the X .
, .shows linear behavior up t®=0.125 and 0.20 for LBMO
former system than the latter. As in the case of magnetlénd LSMO systems, respectively. The decreasdf in

roperty, the disorder due to the larger ionic size of Ba ma : .
Ee rpesp)(/)nsible for the slower decrea%é’@ﬁ in LBMO. Due }iBMO is slower than linear fox>0.125. For LCMO sys-
to the A-site cation disorder there is a random displacementeM Tor does not decrease monotonically withiThe differ-
of oxide ions from their mean crystallographic position with €nces in transport, magnetic, and structural properties be-
mean random displaceme@, = (= o). This Q, is re- tween Ba- and Sr-doped samples aboxe0.125 are
lated through the lattice strain term in the JT part of thestrongly coupled with the distortioft) and disorder ¢) due
Hamiltonian, K(Q?+Q3); here Qu=(r%—(r,)) is the to the A-site lattice mismatch. The higher value xf;, in
change in Mn-O bond length due to the static JT effégtor ~ LBMO as compared to LSMO may also be due to this dis-
Ba-doped samples abowe=0.125, Q,>Q, (at x=0.20, ord.er.. A phase diagram has been c_onstrupted to show the
Q,>2Q,). Thus the local deformations of the Mpdcta-  Variation of Tog, Tyr, Tc, andT¢o with dopingx.
hedra due to thé-site disorder acts as “preformed JT dis-
tortions,” (as described in Ref. 2%hat favor both carrier
localization and orthorhombic structure.

IV. CONCLUSIONS
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