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Abstract

Samples of the low-doped manganite Lagg7551) 125_,Ca,MnO; (0 < x <
0.125) have been synthesized and the effect on the structural, magnetic and
transport properties of decreasing the tolerance factor by replacing larger
Sr’* jons with smaller Ca>* ions are reported. For samples with x >
0.0625, a concentration (x) dependent structural transition (rhombohedral
(R3C) to orthorhombic (Pnma)) has been detected at room temperature and
the Curie temperature 7¢ is found to decrease with increased Ca doping
level. For samples with x < 0.0625, a narrow metallic region exists and
the corresponding insulator to metal transition temperature 7y decreases with
increasing Ca content, i.e. decreasing tolerance factor. In the paramagnetic
region, x dependent crossover from Mott variable range hopping (Mott-
VRH) to Shklovskii—Efros variable range hopping (SE-VRH) occurs as the Ca
content increases. The thermoelectric power (TEP) of the samples increases
substantially, varying inversely with the tolerance factor. These results are
analysed from the consideration of increased bending of the Mn—O—Mn bond
with the decrease of the average ionic radius of the A-site element (ra) and
the tolerance factor #, which causes narrowing of the bandwidth, decrease of
mobility of e, electrons and weakening of the double exchange (DE) interaction
associated with the substitution of Ca.

(Some figures in this article are in colour only in the electronic version)
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1. Introduction

Elaborate investigations on the perovskite type rare-earth manganites having general formula
Ln;_yAe,MnO; (Ln = rare earth, Ae = alkaline earth) have highlighted two most important
factors, namely hole carrier density (controlled by the Mn3*/Mn** ratio) and the average
ionic radius of the A-site element (ra) [1-6], that profoundly affect the physical properties
of such systems. A detailed discussion on the dependence of various properties on (r) invokes
consideration of the geometrical quantity called the ‘tolerance factor’ r = (ra + r0)/+/2(rs +
ro), where r; (i = A, B or O of an ABO3 compound) represents the average ionic size of each
element. As ¢ tends to 1, a cubic perovskite structure is expected to form. With decreasing
(ra), t also decreases and the lattice structure and other physical properties also change. An
additional lattice effect is the random disorder of the trivalent and divalent cations with different
sizes distributed over the Ln;_, Ae, sites in the perovskite structure, which is quantified by the
variance (second moment) of the A-cation radius distribution, namely o2 [1]. Though the size
effects in moderately doped Lng;Aey3MnO5 [6, 7] as well as in LngsAeysMnO5 [3] type
systems have been reported earlier, systematic study of the effect of cation size on different
physical properties in low-doped manganites has not yet been well reported.

With the above picture in mind, we have synthesized a series of low-doped manganite
samples, namely Lag g7551 125_,Ca,MnO3 (0 < x < 0.125), where the average ionic radius
of the A-site, i.e. the tolerance factor ¢ and variance, have been systematically reduced while
keeping the Mn** /Mn** ratio fixed at 7. Our aim is primarily to correlate tolerance factor
with various physical properties (magnetic and transport properties) of the said system. As
anticipated, the structure, Curie temperature, thermoelectric and transport properties are found
to be strongly influenced by the substitution of even smaller Ca>* ions (ionic radius = 1.18 A)
in place of larger Sr>* ions (ionic radius = 1.31 A) elucidating the significance of A-site ionic
size effects even in the low-doping regime of the manganite family.

2. Experimental details

Ceramic samples of Lagg75S1g 125-,Ca,MnOs3 (0 < x < 0.125) were synthesized by the
conventional solid-state reaction method in air. The precursors La, O3, CaO, SrO, and MnO,
(each of purity better than 99.9%) were mixed in appropriate stoichiometric proportion, ground
and then preheated at 1173 K for 24 h. The mixed powders thus obtained were reground,
pelletized (bar shaped) and sintered at 1523 K for 12 h. The same procedure was repeated once
and finally the pellets were sintered at 1773 K for another 12 h. The samples were cooled to
room temperature at a rate of 2 K min~!. The structures of the samples were characterized by
x-ray powder diffraction (XRD) using Cu Ko radiation at room temperature. The symmetry
and the lattice constants were determined by Reitveld analysis of the XRD data using the
FULLPROF program [8]. A scanning electron microscope image of the sample was obtained
using field emission scanning electron microscopy (JEOL JSM 6700F); energy dispersive
spectroscopy (EDS) of the sample was done using the same instrument. The resistance as a
function of temperature was measured by the standard four-probe method from 50 to 300 K
with and without the application of an external magnetic field of 7 T. The ac susceptibility
measurements were performed on a Quantum Design superconducting quantum interference
device (SQUID) MPMS system from 4 to 350 K. Thermoelectric power (TEP) measurements
were made by employing a differential thermocouple method using a closed cycle refrigerator
within the temperature range of 80-325 K.

3. Results and discussion

3.1. Characterization

The single-phase character of all the samples was confirmed by XRD at room temperature.
XRD patterns of the samples with x = 0 and 0.025 can be categorized by a rhombohedral
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Figure 1. XRD patterns of the compound Lag g75Sr¢.125—Ca,MnOs, with (a) x = 0 and (b) 0.125.
The dots represent the experimental data and the calculated data are the continuous line overlapping
them. The lowest curve shows the difference between the experimental and calculated patterns. The
vertical bars indicate the Bragg reflection positions.

lattice with the space group R3C. On the other hand, the samples with x = 0.0625, 0.1 and
0.125 change structure and can be indexed by an orthorhombic lattice with space group Pnma.
Figure 1 shows experimental and calculated XRD patterns for the samples with x = 0.0 and
0.125. The structural parameters obtained for the sample series are listed in table 1. The
orthorhombic samples exhibit a cooperative Jahn—Teller distortion of the perovskite structure.
Orthorhombic perovskites can be separated into type O*(b/c > 4/2), where the predominant
distortion is the octahedral tilting, as in GdFeOs, and type O'(b/c < ./2), where the
main distortion is driven by the cooperative Jahn-Teller (JT) effect, as in our samples. For
Lag g75510.125—xCa, MnO3; with 0 < x < 0.125, the room temperature crystal structure changes
from the rhombohedral phase R3C (for x = 0.125 and 0.1) to an orthorhombic phase Pnma
(for x < 0.0625). The lattice distortion and the bend of the Mn—O—Mn bond increase when
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Table 1. Refined structural parameters (at 300 K), tolerance factor and band width of
Lag.g75S10.125_,Ca,MnO3 (0 < x < 0.125). Here O(1) and O(2) denote the apical oxygen and
basal plane oxygen, respectively. Brackets beside the numerals denote the standard deviation of the

last digit.

Parameter x=0 x = 0.025 x =0.0625 x=0.1 x =0.125
Symmetry R3c R3c Pnma Pnma Pnma

a (A) 5.5265(4) 5.5329(2) 5.5490(2) 5.4892(3) 5.4896(2)
b(A) 5.5265(4) 5.5329(2) 7.7763(2) 7.7691(4) 7.7667(3)
¢ (A) 13.3585(7) 13.3582(5) 5.5298(3) 5.5207(2) 5.5179(2)
v (AS) 353.9966(1) 353.7145(3) 238.6146(3) 235.4365(1) 235.2616(2)
Mn-0(1) (A) — — 1.948(1) 1.965(5) 1.973(2)
Mn-0(2) (A) — — 1.970(5) 2.011(4) 2.162(5)
Mn-0(2) (A) — — 1.995(4) 1.941(4) 1.846(4)
Mn-0 (&) 1.966(2) 1.971(3) — — —
Mn-O(1)-Mn (deg) — — 156.34(5) 162.29(1) 164.47(4)
Mn-O(2)-Mn (deg) — — 168.72(6) 165.02(2) 162.61(7)
Mn-O-Mn (deg) 164.06(5) 163.69(7) — — —

Ry (%) 8.08 9.11 6.47 2.02 391

t 0.9207 0.9195 0.9178 0.9160 0.9149

w 0.09294 0.09208 0.09195 0.09191 0.08840

the crystal structure varies from the rhombohedral to the orthorhombic lattice (table 1). It is
well known that one of the possible origins of the lattice distortion of perovskite structures is
the deformation of the MnQOg octahedra originating from the JT effect that is directly related
to the concentration of Mn3* ions. But for the present system, where the concentration of
Mn3* ions is fixed, the observed lattice distortion should be caused by the average ionic radius
of the A-site element (r5) or the tolerance factor ¢ only. As (ra) decreases, so does t, the
lattice structure transforms to a rhombohedral R3C phase and then to an orthorhombic Pnma
structure in which the bending of the B-O-B bond increases and the bond angle deviates from
180° [9]. For Lagg75Sr9.125-xCa,MnO3 (with 0 < x < 0.125), the structural transition at
room temperature mainly originates from the variation of the tolerance factor ¢ caused by the
substitution of smaller Ca>* in place of larger Sr>* ions. As usual, standard values of ionic
radii [10] for different elements have been used to calculate (r5) and .

The SEM image (inset of figure 2) of a fracture surface shows the well defined character
of the grains (~8-10 um) and grain boundary. The atomic composition of the samples was
checked by EDS analysis as shown in figure 2 for the Ca-free Lag 375519.12sMnO3 sample only
due to lack of space. The well resolved lines originating from the constituent atoms, i.e. La,
Sr, Mn and O, can be observed. The chemical composition as determined by the EDS analysis
shows satisfactory results within the limits of experimental error.

3.2. Magnetism

Figure 3 shows the temperature dependent real part of the ac susceptibility x’ of
Lag g75510.125—xCa,MnO3 with 0 < x < 0.125. Upon decreasing the temperature, all the
samples show a sudden increase in the value of x’ which is identified to be due to the
paramagnetic to ferromagnetic transition [11, 12]. The Curie temperatures 7T¢ (determined
from the point of maximum change obtained in the dx’/dT value) tabulated in table 2 show
that 7¢ decreases monotonically with an increase in the Ca doping level. The reduction in T¢
is attributed to the reduction of the Mn—O-Mn bond angle with decreasing average ionic radius
of the A-site element (ra), and thereby a reduction in the electron hopping between the Mn
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Figure 2. Scanning electron micrograph and energy dispersive spectra of a fractured surface of
Lag 875S10.12sMnO3.

Table 2. Tc, Twvi, p (as described in the text) and the characteristic temperatures of SE-/Mott-VRH
for the Lag g7551¢.125_,Ca,MnO3 (0 < x < 0.125) samples.

Parameter x =0.125 x=0.10 x = 0.0625 x = 0.025 x=0

Tc (K) 168 176 199 212 254

v (K) — —2 189 204 235

P —0.45097 —0.51746 —0.38638 —0.30951 —0.25788

To (K) 2.12x10*"  3.10 x 10*® 1.41 x 10°¢ 133 x100¢ 243 x 1084
2 No TMI-

b Obtained in the SE-type VRH regime.
¢ Obtained in the intermediate VRH regime.
4 Obtained in the Mott-type VRH regime.

sites [9]. Also the DE interaction between Mn*t—O-Mn>* becomes weak due to the narrowing
of the bandwidth (the calculated values of approximate band widths of the sample series [13]
are presented in table 1) and the decrease of the mobility of e, electrons due to the increase of
Mn-O bond length and the decrease of Mn—O—Mn bond angle caused by the substitution of
smaller Ca?" ions for larger Sr** ions. Susceptibility is expected to diverge at ferromagnetic
Tc and its value below T¢ is not intrinsic to the sample; it is the demagnetization limited value
for that particular sample. Actually, 1/ (internal) = 1/ (measured) — N (demagnetization
factor). Hence the values of the ac susceptibility x’ cannot be compared below T¢. The x’
versus 7' curves for the samples with x > 0 show a sudden decrease at lower temperatures
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Figure 3. Thermal variation of the real part of the ac susceptibility for Lag g7551¢.125—Ca, MnO3,
(0 < x <0.125) measured at 10 kHz.

(for instance at 97.66 K for the x = 0.125 sample) which looks like an antiferromagnetic
transition at a first glance. But it is found from magnetization studies (discussed below) that
the antiferromagnetic state is absent in the studied samples, and the decrease in the value of x’
might be due to some kind of freezing of spins or glassy nature or indicative of mere irreversible
effects which can be due to the irreversible domain wall dynamics; this is beyond the scope of
our discussion in this paper.

To check for a possible change of ferromagnetic fraction, isothermal (I = 5 K)
magnetization measurements were also performed in a low magnetic field of 0.2 T. In
principle, such a value is sufficient to align the ferromagnetic moments without inducing an
antiferromagnetic metamagnetic transition [14]. All the values were found to be in the range
of 2.8-3.0 up/Mn (figure 3, inset). This indicates that all the samples of the series are almost
~100% ferromagnetic. Clearly, the electrical localization induced by the substitution of Sr>*
by Ca?* cannot be explained by the appearance of an insulating antiferromagnetic phase. In
fact, such a substitution generates a ferromagnetic insulating (FMI) state similar to the one
encountered in Pry gCay,MnOs3 [15].

3.3. Transport properties

Figure 4 shows the temperature dependence of resistivity o (7") for all the samples at zero field
within the temperature range of 50-300 K. For the samples with x = 0, 0.025 and 0.0625,
there exist insulator to metal transitions (7, listed in table 2). Interestingly, peaks in the p(T)
curves are almost suppressed when a high external field (7 T) is applied, as seen from the inset
of figure 4. With further Ca doping (x > 0.0625), the insulator to metal transition vanishes and
the p(T') curves display small inflection-like behaviour near 7¢.

The above mentioned semiconducting behaviour of p(T) curves for the samples with
x > 0.0625, throughout the temperature range, and the increase of resistivity of the Sr-free
(x = 0.125) sample by four orders of magnitude compared to that of the corresponding Ca-
free (x = 0.0) sample, implies gradual enhancement of the localization of carriers [9] with
increasing Ca content or in turn decreasing tolerance factor ¢.

6
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Figure 4. Thermal behaviour of the resistivity of Lagg755r0.125-xCa,MnO3 (0 < x < 0.125)
samples measured at zero field. The inset shows the p(T) behaviour of the x = 0.0625 sample at
fields of 0 and 7 T.

To explain electronic conduction considering hopping conductivity over the nearest sites
(NSH) an Arrhenius-like law has been proposed:

p(T) = poexp(E./kT) D
where the prefactor p, is only a weak function of temperature and the activation energy E, can
be written in a universal form

E.(T) = kT (Ty/T)". )

In equation (2) Ty is a constant and p = 1, 1/4 or 1/2 for the NSH conductivity, the
Mott-VRH [16] and the SE-VRH conductivity [17], respectively. In the SE-VRH regime, the
prefactor in equation (1) p, ~ T''/? [18], while in the Mott regime, p, ~ TS, where a variety of
values of the exponent s = —1/4, —3/4 [17] or —3/8 [18] have been proposed depending on
the details of the applied model. Therefore, to identify the type of VRH conductivity, the usual
practice is to plot In[T~'/2p(T)] versus T~'/% or In[p(T)] versus T~'/* to obtain a straight
line. However, as is evident from figures 5(a) and (b), above T¢, the two plots for the LCMO
sample represent straight lines of the same quality (similar plots were also made for the rest of
the samples but have not been shown as they show almost the same pattern). In such a situation
evaluation of the local activation energy [18]

Eioe(T) = d[ln p(T)1/d[1/kT] 3

is an effective method for identifying the type of hopping. As follows from equations (1)—
(3), neglecting the weak temperature dependence of p,, the slope of the linear dependence
of In[E.(T)/kT] on In(T) gives the value of (—p) and hence the type of conduction law
according to which the electronic conduction occurs in the paramagnetic region, as was done
for the present set of samples. A constant slope with p close to 1/2 satisfies the SE-VRH
requirement. The value of —p is obtained from a least square fitting. It was observed that
the slope of the In[E1,.(7)/kT] on In[T'] remains close to 1/2 in the case of the sample with

7
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Figure 5. The resistivity versus (a) 7~'/? and (b) T~'/4 for the x = 0.125 sample. The straight
line represents the fit to a linear function.

x = 0.125 and 0.1 only (the values obtained for all the samples are tabulated in table 2). The
value of the slope decreases as the Ca content decreases and reaches a value of ~—0.257 for
the x = 0.0 sample, showing that a gradual transition from SE-VRH to Mott-VRH occurs with
decrease in the Ca content in the case of the studied sample series. The In[ Ejo.(T)/kT] versus
In[T] curves for samples with x = 0.125, 0.0625 and 0.0 are shown in figure 6. The value
of Ty (characteristic SE-VRH temperature) was found from the slope of the linear dependence
of In[T~'2p(T)] versus T~'/2. The characteristic VRH temperatures of the samples with
x = 0.0625, 0.025 are determined from the slope of In(p) versus TP (value of p as
determined from the In[ E1,.(7")/kT] versus In[T'] plots) curves (shown in figure 7). The values
of p and TO(SE—VRH or Mott—VRH) are shown in table 2.

A salient question may arise here about the physical significance or reason for this
gradual transition from Mott-VRH to SE-VRH conduction. The physical significance of these
conduction mechanisms is that the density of states (DOS) remains constant within some
interval of energy around the Fermi level in the case of Mott-VRH, while the presence of a

8
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Figure 6. Local activation energy versus temperature for samples with x = 0, 0.0625 and 0.125.
p is the angular coefficient of log(Ejoc/kT) onIn 7.

parabolic gap with a width (of say A) due to the Coulomb interaction between the localized
carriers is assumed in the SE-VRH model. SE-VRH sets in when Coulomb interaction between
charge carriers is important. There are various reports which show a crossover from Mott-
to SE-VRH type conduction in same sample with varying temperature [19]. In a previous
report Lohneysen showed in the case of compensated Si:(P, B) [20] that for VRH the long-
range Coulomb interaction between an electron and a hole left behind after a hop leads to a
soft Coulomb gap pinned to the Fermi energy Ef, as was first recognized by Shklovskii and
Efros (SE). Close to Ef, the density of states varies as D(E) ~ (E — Eg)?, leading to an
exponent p = 1/2 in the T dependence of the VRH conductivity o = o, exp[—(T,/T)P]
instead of p = 1/4 and D(E)~ constant around Er as assumed by Mott. As screening sets
in upon approaching the metal-insulator transition, the SE gap closes. Therefore, a crossover
from SE- to Mott-VRH occurs as a function of N, or, at fixed N, with increasing 7, where,
N 1is the carrier concentration. Also, Zhang er al [21] showed crossover from Mott to SE
hopping as temperature was decreased from 15 to 0.04 K for five insulating compensated
n-type CdSe samples. The temperature at which crossover occurs decreases with increasing
donor concentration, indicating that the Coulomb gap narrows as the metal—insulator transition
is approached from the insulating side. Considering all the above reports it may be assumed that

9



J. Phys.: Condens. Matter 19 (2007) 266218 E Bose et al

ot () s——
-1 x=0.0
2L
006 008 __ 010 o012
1 T-O.E7(K-0.257)
_ b
O
[$]
e x=0.025
Q
s 7
016 020 024 0>
T-0.309(K-0.309)
@
0 x=0.0625
20
0.12 0.16 0.20
T-0.386(K-0.336)
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as Ca increases in the present sample series, the samples become more insulating, i.e. carriers
get more localized. Hence the Coulomb interaction among the carriers becomes significant.
In the present sample series, with increasing Sr level (metal-insulator transition is observed),
screening sets in and the Coulomb gap closes. So a crossover from SE- to Mott-VRH is
observed.

Interesting results supporting the low temperature resistivity data are also observed
from the temperature dependent thermoelectric power (TEP) measurements on the
Lag 875510 125—,Ca,MnO; samples with x = 0, 0.025, 0.0625, 0.1 and 0.125 as shown in
figure 8. The sensitivity of TEP to the compositional variation is strongly pronounced. It is
worth noting that the TEP values of all the samples are positive. Based on the TEP behaviour,
two groups of samples can be separated by the borderline composition x = 0.0625. The
samples with 0 < x < 0.0625 have similar behaviour. It is seen that for the x = 0.0625
sample, the value of the Seebeck coefficient S(V K~!) starts increasing from a value of about
20.5 uV K~ ! at 300 K to about 39.68 'V K~! at 205 K (close to its PM to FM transition
temperature) and falls sharply to a value of 10 at about 150 K, and finally the value of S remains
almost constant until the lowest temperature is reached. For the second group of samples, as can
be seen from the behaviour of the x = 0.125 sample in figure 7, S at 300 K is 35.03 uV K™!
and the value goes on increasing as temperature decreases. The value of S starts decreasing
from about 69.34 uV K~! at 160 K (which is again in the vicinity of the corresponding
Tc), but for these samples, the decline is not as sharp as that of the first group of samples.
The S value decreases gradually to 17.9 'V K~! at 75 K. It is also noticed that S increases

10
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Figure 8. Temperature dependent thermoelectric power of Lag g7551r¢.125—xCa,MnO3 (0 < x <
0.125) samples. The arrows show the corresponding 7c. The S(uV K~1) values of the samples at
the corresponding 7¢ have been plotted against the Ca doping level in the inset.

as the Ca doping level increases, as seen clearly from the inset of figure 7 (S—x curve at
corresponding T¢). Qualitatively, a decrease of TEP indicates an increase in the mobile carrier
concentration [22]. Therefore, the increase in the value of S for the present samples (where Mn
valency is fixed) is a signature of the localization of carriers. This result is consistent with the
resistivity results discussed above. The TEP data for the samples Lag g7551) 125 ,Ca,MnOs,
when Ca content is varied, suggest that strong electronic modification induced by the cationic
size (ra) effect is correlated to the modification in the Mn—O orbital (observed from structural
data).

Summarizing the above results we can construct a phase diagram as a function of tolerance
factor or variance, shown in figure 9. The 7¢ values of the samples decrease with the decrease
in tolerance factor t. As the average A-site cationic radius (ra) and ¢ decrease, the lattice
structure transforms from a rthombohedral R3C to an orthorhombic Pnma structure. At the
same time, phase transitions also occur from PMI to FMM to FMI (figure 8). All these results
are associated with the increase of the bending of the Mn—O—-Mn bond with the decrease of A-
site cationic radius and in turn tolerance factor ¢ because of the substitution of smaller Ca>* ions
in place of larger Sr>*. Except for the narrow FMM phase exhibited by the samples with x = 0,
0.025 and 0.0625, the FMI phase dominates the phase diagram. Earlier the FMI phase had also
been found in various low-doped manganite systems [23, 24]. It is to be noted that the FMI
behaviour cannot be explained only on the basis of DE, as the model requires the simultaneous
presence of ferromagnetism and metallicity. At low temperatures, both the FM clusters and
antiferromagnetic insulating regions coexist, which contribute to the resistivity of the samples,
as in the present situation the metallic clusters cannot develop into a whole network. Therefore
in the present case increase of resistivity at low temperatures and thermoelectric power for
the sample series where Mn valency is fixed but the cationic size varies as the Ca substitution
level increases is a signature of the carrier localization corresponding to the growing fraction
of ferromagnetic insulating regions.
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variance o*(x10™)(A?
1.4175  3.4893 6.2011 8.4375 9.6643
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0.914 0.915 0.916 0.917 0.918 0.919 0.920 0.921

Tolerance factor t

Figure 9. Phase diagram of temperature versus tolerance factor for the low-doped sample series
Lag g75S10.125_,Ca,MnO3, (0 < x < 0.125). Squares denote the Curie temperature 7¢ and
triangles denote the metal—insulator transition temperature 7j;. The abbreviations used in the figure
are: PMI, paramagnetic insulator; FMI, ferromagnetic insulator; FMM, ferromagnetic metal. The
solid lines are guide to eyes.

4. Conclusion

The effect of Ca doping on the structural, magnetic and transport properties in the low-
doped manganites series Lagg7551y 125-,Ca,MnO3 (0 < x < 0.125) has been studied
systematically. The doping of Ca in place of Sr keeps the carrier concentration fixed but varies
the tolerance factor. Concentration (x) dependent room temperature structural transition from
rhombohedral (R§C ) to orthorhombic (Pnma) symmetry occurs with x > 0.0625. All the
samples undergo PM to FM transition. The Curie temperature 7¢ shows a linear dependence
on the tolerance factor, i.e. Tc decreases with decrease in . The insulator—metal transition
disappears for samples with x > 0.0625 in the resistivity curves and they show insulating
behaviour throughout the studied temperature range. The results of the resistivity data indicate
the increase of the trend of localization of carriers as the Ca doping level increases, i.e. as
t decreases. A concentration dependent gradual crossover from Mott-VRH to SE-VRH is
observed in the paramagnetic region of the samples. The sample with x = 0 follows a Mott-
VRH type conduction mechanism, while the samples with x = 0.025 and 0.0625 follow an
intermediate VRH conduction mechanism and in samples with x = 0.1 and 0.125 SE-VRH
type conduction prevails. The temperature dependent thermoelectric power data further support
the resistivity results. The results of the present work clearly demonstrate that the structural,
magnetic as well as transport properties of Lag g75Srq 125_,Ca,MnO3 (0 < x < 0.125) depend
strongly on the A-site cationic radius (r) and the tolerance factor ¢ of the samples. A phase
diagram has also been drawn depicting the structural and magnetic transitions in the present
low-doped manganite system.
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