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Abstract. In this study we report the effect of sintering temperature on the low field magne-
toresistance (LFMR) of Lao,7 Cao,3 MnOs manganite synthesized through sol-gel technique. The
Lao,7 Cap,3 MnOs has been sintered at 600 ° C, 700 ° C, 800 ° C, 900 ° C and 1200 ° C. The crystal-
lite as well as particle size also show strong dependence on the sintering temperature. While
the ferromagnetic — paramagnetic (FM-PM) transition temperature remains almost constant,
the metal — insulation transition temperature drop gradual and the low field magnetoresistance
(LFMR) increase with a decrease in grain size. We have analyzed our data based on the spin —
polarized transport of conduction electrons at the grain boundaries.

I. INTRODUCTION

The colossal magnetoresistance (CMR) in hole doped manganese oxides widely known
as manganites with formula L;_,A,MnOj3, where L. = La, Nd, Pr, etc and A = Ca,
Ba, Sr, Pb, etc., has been intensively studied over the last decade for their application
potential [1]. This CMR (intrinsic MR) is usually observed around the PM-FM transition
temperature (T¢) at a high magnetic field and is explained in terms of the Zener Double
Exchange mechanism [2]. However, this model cannot properly explain all the details of
observed CMR effect. Therefore, other theories have been developed, which besides DE
mechanism also incorporate the Jahn-Teller character of Mn37 ion by a variable electron-
phonon coupling [3]. The concept of phase separation has recently emerged according to
which the physics of manganites in the CMR [1]. In polycrystalline samples, great values
of LFMR (extrinsic MR) have been observed at temperatures well below T [4]. This
extrinsic MR effect is dominated by spin polarized tunneling between neighboring grains
[4].

A number of such investigations of the grain size effect on electrical, magnetic, and
magneto transport properties of perovskites Li_;A,MnOshave been recently published.
Mahesh et al. [5] and Siwach et al. [6] have reported that in the grain size materials range
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of 25 nm — 3.5um, the MR increases with decreasing grain size in the low temperature
regime while the MR around T¢ remains unaffected. In another report Sanchez et al.[7]
show the MR be independent with grain size in the range ~20 nm — 110 nm. Andrés et al.[8]
proposed the concept of a conduction channel mechanism for polycrystalline manganites
having grain size in the range of 12 nm - 1,5um, based upon the nature of connectivity
between grains. Later, Yuan et al.[9] discussed the transport phenomena for polycrystalline
manganites in the light of spin polarized tunneling (SPT) model with a major consideration
about the size of grain, which is essentially larger than 100 nm for their case. But the paper
[9] does not clearly provide any physical explanation for gradual drop of the metal-insulator
transition temperature (T)) with decrease in grain size, while T remains almost constant.
In this paper we studied detail the effect of sintering temperature on microstructure and
low field magneto transport properties and based upon the SPT mechanism to give a
plausible physical explanation of the observed electrical transport behavior over the whole
temperature range studied (30-300K).

II. EXPERIMENTAL

A sol-gel method was used to prepared powder of Lag7Cag3MnOs (LCMO). This
method has the advantage of using low-temperature synthesis. Gel is then heated at
a temperature 300 ° C for 2h. Phase pure completely crystalline samples have been ob-
tained at the temperature as low as 600 ° C. The LCMO samples were ground, pelletized
and sintered at Tg = 600, 700, 800, 900 and 1200 ° C for 6h will hereafter be referred to
as LC6, LC7, LC8, LC9 and LC12 respectively.

The structural characterization was done through X-ray diffraction (XRD) and surface
morphology was observed by scanning electron microscope (SEM). The temperature de-
pendent of resistivity, R(7"), and magnetoresistance of the samples were measured by a
standard dc four-probe technique in the temperature range of 30-300K and in applied
magnetic field in the range 3kOe. The magnetization of the samples was measured by a
vibrating sample magnetometer (VSM).

III. RESULTS AND DISCUSSION

The crystalline and phase analysis of all the synthesized samples (S0, S6, S7, S8, S9,
S12) were determined by the powder X-ray diffraction and the corresponding pattern are
shown in Fig.la. All the samples are orthorhombic and single phasic. In the present sol-
gel, the characteristic perovskite phase formation starts at significant low temperature of
600 ° C as compared to other conventional methods. The intensity of the X-ray peaks for
the LCMO perovskite phase increases as sintering temperature (Tg) increases from 600 ° C
to 1000 ° C indicating that the crystallinity of LCMO becomes better with higher sintering
temperature. Fig.1b shows the reflection of the samples at the 20 = 32.8°. It is clear
from figure that as the sintering temperature increases, the full width at half maximum
(FWHM) decreases and hence the crystallite size increases.

The average crystallite sizes (Dpy;) of the samples are obtained by the X-ray line width
using Scherrer formula Dy = 0.89\[Bcos#] ™!, where 3 is the actual FWHM and @ is the
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Fig. 1. (a) Powder X-ray Diffraction pattern of the as synthesized samples sin-
tered at 200 ° C (S0), 600 C (S6), 700" C (S7), 800° C (S8), 900 C (S9) and
1200 ° C (S12), (b) shows the width of the peaks for different sintered samples

angle of diffraction. The average crystallite size has been calculated to be ~ 25, 30, 40,
45, 60 and 75 nm respectively.

Fig. 2 shows the representative images elucidation surface morphology for the samples.
SEM observation reveals that there is a distribution of particle size for all samples and as
the sintering temperature increases, the particle size increases and the porosity decreases.
The highest temperature (1200 ° C) sintered sample (S12) has well connected particles
whereas as we go down to lower temperature sintered sample, the particles connectivity
becomes poor. The average particle size is to 32 nm from 250 nm for the samples LCO
and LC12, respectively. The crystallite sizes (CS) and the particle size (PS) obtained for
the different samples are listed in Table 1. Both crystallite as well as particle size increase
as the sintering temperature is increased due to congregation effect. However, it has been
observed that there is a difference between CS and PS at all sintering temperature and is
more pronounced at higher sintering temperature. For example, CS = 30 nm and PS =
50 nm for LC6 and for S12 it is 75 nm and 250 nm, respectively. This difference is due to
the fact that particles are composed of several crystallites, probably due to the internal
stress or defects in the structure [10].

The temperature dependence of magnetization (M-T) data were taken in the range 100
- 300 K (Fig. 3). T¢(is defined as the temperature corresponding to the peak of dM /dT in
the M vs T curse) is found about 265 K for all the samples. It has also been observed that
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Fig. 2. SEM micrographs of the samples revealing surface morphology and par-
ticle size distribution
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Fig. 3. Temperature dependence of magne- Fig. 4. Temperature dependence of resitivity
tization measured at 5 kOe for the samples (p) of the samples sintered at different tem-
sintered at different temperatures peratures

as the sintering temperature decreases the width of transition broadens, which suggests
that at low sintering temperature grains are loosely connected as also visible in the SEM
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shown in Fig. 2. Also Fig. 2 indicates that the magnetization of the samples increases as
the sintering temperature increases. Which is same as found in earliest results [11].

The temperature dependence of resistivity was measured in the temperature range ~30-
300 K. The dc resistivity (p) of the LCMO samples exhibit strong dependence on the grain
size. As the sintering temperature is decrease, the resistivity increase. This increase in
resistivity is believed to be caused mainly due to enhanced scattering of the charge carriers
by the higher density of magnetic disorder in grain boundaries (GBs) at smaller particle
size. On increasing Tg, the particle size increases leading to decrease in the GBs and the
associated disorder. This results in decrease in scattering of the carriers expressed by a
decrease in the resistivity.

All the samples show an increase in the resistivity on lowering temperature and at a
characteristic temperature, which is lower than the corresponding T, an insulator to
metal like transition is observed. The insulator-metal transition temperature (T)) are ~
160 K, 180 K, 220 K, 240 K and 265 K, for LC6, LC7, LC8, LC9 and LC12, respectively.
The insulator-metal transition temperature (T,) obtained for the different samples are
listed in Table 1.

Table 1. Crystalline size (XRD), particle size (SEM) and insulator-metal tran-
sition temperature (Tp) of the samples sintered at different temperatures

Crystalline | Particle
Sample | size (nm) |size (nm) | Tp(K)
XRD SEM

LCO 25 32

LC6 30 50 130
LC7 40 65 165
LC8 45 80 198
LC9 60 150 217
LC12 85 300

The sol-gel prepared samples show a large difference between T¢ and T), and the differ-
ence increases as we lower the sintering temperature. The large difference in the T and
Tp for all the LCMO samples is thought to be due to the existence of the disorder and is
in fact a common feature of the polycrystalline maganites [12]. The T¢ being an intrinsic
characteristic does not show significant change as function of the sintering temperature.
On the other hand T, is an extrinsic property that strongly depends on the synthesis
conditions and microstructure (e.g. grain boundary density).

Thus the T, goes down by 135K on lowering the sintering temperature from 1200 * C to
600 ° C whereas T¢ remains almost constant. The strong suppression of the T, as com-
pared to T¢ is caused by the induced disorders and also by the increase in the non-magnetic
phase fraction, which is due to enhanced grain boundary densities as consequence of lower
sintering temperature. This also causes the increase in the carrier scattering leading to
a corresponding enhancement in the resistivity. Thus lowering of sintering temperature
reduces the metallic transition temperature and hence the concomitant increase in resis-
tivity.
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Fig. 5. Magnetoresistance (MR%) as a func- Fig. 6. Magnetoresistance (MR%) as a func-
tion of temperature for applied magnetic field tion of magnetic field at 30 K for the samples
of 3kOe for the samples sintered at different sintered at different temperatures
temperatures

The temperature dependence of MR (MR is calculated by the formula MR(%) = [(po —
pm)/po] x100; where pg and pp are the resistivity measured at H = 0 and H, respectively)
for LC6, LC7, LC8, LCY and LC12 samples measured in the range 30-300 K at 3kOe are
shown in Fig. 5. All the samples show a sequential increase in low temperature MR with
decreasing temperature. The appearance of peak in the (MR-T) curve around T¢ depicts
that in all the samples there is a contribution of the intrinsic component of MR, which
arises due to the double exchange (DE) mechanism around T¢. However, around T¢ the
peak in the (MR-T) curve of the sample LC12 is significantly higher in comparison to
other samples. The peak MR values are ~ 8% and 4% at 3kOe applied for sample LC9
and LC12 whereas for sample LC6, LC7, LC8 there is a hump in the MR variation around
Te.

At 30 K, the MR values are measured to be ~ 26.36%, 25.35%, 24.29%, 21.49% and
20.67% for LC6, LC7, LC8, LCY and LC12 respectively at the field of 3kOe (Fig. 6). Thus,
decreasing crystalline/grain size leads to the enhancement in LFMR at lower temperatures
while the MR in the higher temperature regime is suppressed. The disappearance of the
high temperature MR can be explained by weakening of the DE mechanism around the
respective FM — PM transition temperatures due to decrease in particle size which results
from low sintering temperature. The LFMR increases as the sintering temperature and
hence particle size decrease. This is consistent with previous studies [10,11].

The magnetic field dependence at various temperatures of the LFMR, of LC6 and LC7
are given in Fig.7. It can be observed that at T =30 K, LFMR (at H = 3kOe) is about 26%
for the LC6 sample and 25% for the LC7 sample. In order to explore the basic physics
behind this temperature dependence of MR in our nanocrystalline LCMO sample, our
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primary approach is to separate out the part of the MR originating from SPT (MRy),
from the part of the MR identified by the suppression of spin fluctuation (MR;,;) and
mainly to inspect their respective temperature dependencies. For this purpose, we have
used the model as proposed by Raychaudhuri et al. [13] and Dey et al. [14], based on
SPT transport of conduction electrons at the grain boundaries with attention paid to the
magnetic domain wall motion at grain boundaries under the application of a magnetic
field. According to this model we get the expression for MR as:

3
390500 3000 10000 1000 2000 3000 3000 2000 -1000 0 1000 2000 3000
H(Oe) H(Oe)

Fig. 7. Magnetoresistance (MR%) as a function of magnetic field at various tem-
peratures (30-300 K) for the sample sintered at 600°C (a) and 700°C (b)

H
MR =—-A /f(k:)dk: —JH — KH? (1)
0

Within the approximation of the model, in zero field the domain boundaries are pinned
at the grain boundary pinning centers having pinning strengths k. The grain boundaries
have a distribution of pinning strengths (defined as the minimum field needed to overcome
a particular pinning barrier) given by f(k), expressed as:

f(k) = Aexp(—Bk?) + Ck? exp(—DE?) (2)

All the adjustable fitting parameters, A, B, C, D, J, K with A’ absorbed in A and C, are
required to known from a nonlinear least square fitting to calculate MR, which defined
as:

H
MRspt = - ff(k)dk (3)
0
Differentiating Eq. (1) with respect to H and putting Eq.(2), we get:
d(MR)
dH

— Aexp(—BH?) + CH? exp(—~DH?) — J — 3kH* (3)
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Table 2. Experimental MR (Expt. MR), MRy (H), MRy (H) at several tem-
perature for nanocrystalline LCMO samples (LC6 and LC7) sintered at different

temperatures
EXpt.MR MRspt MRmt

Sample | T (K) (%) (%) (%)
30 26.36 22,76 | 3,60

70 20.78 17.68 | 3.10

110 15.45 1254 | 2.01

LC6 150 10.51 767 | 2.84
190 6.27 311 | 3.16

230 3.33 0.09 | 3.04

30 25.25 20.04 | 5.21

70 20.19 16.36 | 3.83

110 14.43 11.29 | 3.14

LC7 150 11.65 760 | 2.75
190 6.72 333 | 3.39

230 441 1.78 | 2.63

The experimental (MR-H) curves were differentiated and fitted to Eq.(3) to find the
best-fit parameters at several temperatures. Fig.8 shows the differentiated curve and the
best-fit function at T=30 K for LC6 sample and LC7 sample. The value of experimental
MR, MR, (H) and MR;,+(H) at H = 3kOe in Table 2 for nanocrystalline LC6 and LC7,
respectively.

We observe that the total magnetoresistance is a no nmonotonic function of temperature
with a slow decrease at low temperature followed by increases as we approach T¢. The
intrinsic contribution MR;,,;, however, follows the expected DE behavior with a steady
increase in temperature. On the other hand MRy, de creases steadily with temperature.
In order to elucidate the basic physics behind temperature dependence of MR, Dey et al.
[14] believed that the nature of the surface region of nanosize grains plays a very crucial
role in electrical transport, magnetic and magneto transport behavior of nanodimensional
systems. When grain size of LCMO are 17 nm and 27 nm, MRgpy (H) remains constant up
to a high temperature (about T ~ 200 K) and then drops sharply with temperature. This
effect gets enhanced with the decrease in particle size. This result for nanodimensional
maganites is in contrast to the results reported by Hwang et al. [4] for Lag ¢7Srg 33MnOs3
polycrystalline sample prepared through conventional solid-state reaction process in air
and thus have a large grain size (~ pum). According to them the part of the MR most
clearly identified with spin-polarized tunneling shows a gradual decrease with an increase
in temperature. They had observed earlier that the temperature dependence of MR, is
described quite well by an expression of the type a + b/(c+ T'), which is a characteristic
of spin polarized tunneling in granular ferromagnetic systems.

Fig. 9 shows the best fit of MR, with the expression a + b/(c+ T'). The fitted curve
matches well with the extracted values of MRy, from model. However our values of b and
c for the best fit are much higher compared to that observed by Hwang et al. although the
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Fig. 8. Derivative of the experimental (MR-H) curve (dot) and the fitted curve
(line) using Eq. (5) at 30 K in the magnetic field range of (0.2-3k Oe) for samples
LC6 and LC7
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Fig. 9. The best fit of MRspt to a function of the form a+ b/(c+ T) for samples
LC6 with a = —0.6653; b = 514.3 K; ¢ = 544.1 K and LC7 with a = —0.5715;
b=4704K; ¢c=576.4 K

T of our system is much smaller. In this context we should note that the intergranular
spin polarized tunneling have different temperature dependences for ferromagnetically
coupled and superparamagnetically coupled grains [15].
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IV. CONCLUSION

In summary, we have studied the effect of sintering temperature on microstructure
and low field magneto transport properties of polycrystalline LCMO. The ferromagenetic
— paramagnetic (FM-PM) transition temperature remains almost constant, the metal —
insulation transition temperature shift towards lower temperatures as the particle size
decreases. It has been found that LFMR increases as the sintering temperature (parti-
cle size) decreases but at the same time peak (intrinsic) MR decreases. This enhanced
LFMR for small size particle is due to increased spin polarized tunneling behavior at lower
temperature. We have analyzed our experimental MR data following a phenomenological
model to separate out the MR arising from spin polarized transport, from the intrinsic
contribution in our nanosize grannular LCMO samples. A detailed study on magnetic
behavior and magnetoresistance properties with particle size is in progress and results will
be forthcoming.
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