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Abstract - The structural and magneto-transport properties of La0.7Ca0.3-xSrxMnO3 (x = 0, 0.02, 0.04, 0.06, 0.08, 0.10) at 
sintering temperature of 1120  ◌֯C have been investigated. The sample were prepared by CO-precipitation method and 
sintered at 1120  ◌֯C. X-Ray Diffraction patterns show that the sample have an orthorhombic structure with Pbnm space 
group. The insulator metal transition ( TIM) increase linearly from 248 K to 292 K with the increasing of strontium doping 
concentrations. The percentage of magnetoresistance (MR) increased with the increasing of magnetic field (0.1 to 1 T) and 
strontium doping concentration for all the samples except for x = 0.10. The electrical resistivity data were fitted with several 
equations in the metallic (ferromagnetic) regime. The density of states at Fermi level N(EF) and the activation energy (Ea) of 
electron hopping were estimated by using variable range hopping and small polaron hopping model. 
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I. INTRODUCTION 
 
The history of Colossal Magnetoresistance (CMR) 
materials started with the research papers by Jonker et 
al. [1] and Van Santen et al. [2]. These papers 
described the measurements of polycrystalline 
manganites samples with different compositions of 
La1-xDxMnO3 where D was Ca, Sr or Ba. Since 
1994 when the CMR-term was coined, there have 
been more than 1700 papers published about this 
effect. McCormack et al. found that the value of MR 
has exceeded 99.92%. This CMR effect was found in 
a film made of La0.67Ca0.33MnO3 at 77 K [3]. The 
manganites doped with calcium and strontium [4-7] 
received much attention due to high Tc and small 
variance of the B site ionic radii. For example: Tc for 
La0.7Sr0.3MnO3 is about 370 K and the variance of 
La0.7Sr0.3MnO3 is about 0.0018 Å [8]. With 
increasing annealing temperatures in nanocrystalline 
ferromagnetic La0.7Sr0.06Ca0.24MnO3 perovskites, 
the grain size and insulator-metal transition 
temperature (TIM) increases, and the MR effect at 77 
K decreases [4]. The microstructure, magnetic and 
electrical properties of the material strongly depend 
on the starting crystallites size [9]. 
La0.67Sr0.33MnO3 (LSMO) is known to have high 
magnetic transition temperature Tc [10], while 
La0.67Ca0.33MnO3 (LCMO) exhibits high 
magnetoresistance [10]. 
 
In order to have a CMR material system with both 
high Tc and high MR, a composite system of both the 
composition (La0.67Ca0.33-xSrxMnO3) has been 
studied [8]. Other than this, it was reported that on 
substitution of strontium for calcium, the system 
transforms from intermediate bandwidth to a system 
with large bandwidth giving rise to interesting 

magnetotransport properties [11]. In view of these 
results, preliminary but systematic study on 
manganites based CMR was conducted in this study 
in order to get more insight about this material. 
 
II. EXPERIMENTAL DETAILS 
 
The co-precipitation method was used to prepare 
polycrystalline samples of composition La0.7Ca0.3-
xSrxMnO3 (x = 0, 0.02, 0.04, 0.06, 0.08, 0.10). 
Lanthanum acetate, calcium acetate, strontium acetate 
and manganese acetate (purity ≥ 99.9%) were 
weighted and dissolved in glacial acetate acid. 0.5M 
oxalic acid was added to the solution in an ice bath 
until white suspension was amassed. The resulting 
slurry was filtered after 5 minutes of reaction and 
dried in an oven at 80˚C for 8 hours. The powders 
were then calcined at 900˚C in air for 12 hours to 
produce a black powder.  
 
The powder was then pressed into pellets and sintered 
at sintering temperature of 1120  ◌֯C. The phase purity 
of the samples were examined by using X-ray 
diffraction (XRD) using a Siemens D5000 
diffractometer with CuKα radiation (λ = 1.5418 
Å).The surface morphology was analyzed by a 
scanning electron microscope (SEM). 
The temperature dependence of resistivity was 
studied in temperature range of 50- 300 K in zero 
field using the standard four probe method. MR 
measurement system consists of a magnetic coil with 
high voltage current power supply, a gauss meter 
(F.W.Bell, model 5080), a four probe point holder, 
DC voltage current supply (Yew type 2553), and a 
Keithley 197A auto-ragin micro voltmeter. The 
change in sample resistance was measured with a 
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known constant current in 0.1 – 1 Tfields at room 
temperature. 
 
III. RESULTS AND DISCUSSION 
 

 
Table 1: Lattice parameter and unit cell volume of La0.7Ca0.3- 

xSrxMnO3 

 
Fig. 1 X-Ray diffraction pattern of La0.7Ca0.3-xSrxMnO 

 
Table 1 shows the lattice parameter (a, b, c) forbulk 
samples of La0.7Ca0.3-xSrxMnO3 (x = 0, 0.02, 0.04, 
0.06, 0.08, 0.10). From the data, it can be seen that 
the lattice volume almost increases with the 
increasing of strontium doping except for x = 0.04. 
This is due to the ionic radius of Sr2+ (~1.12 Å) 
which is larger than the ionic radius of Ca2+ (~0.99 
Å) [12]. The x-ray diffraction patterns (Fig.1) reveal 
that all samples have orthorhombic structure with 
Pbnm space group. The samples are single phase 
without any peak shifting observed. The grain size 
decreases with the increasing of strontium doping 
from x=0 to x=0.10 except for x=0.6 (Fig.2). The 
difference in grain size is probably due to the 
congregation of the grains because a grain may 
consist of several crystallite domains and these 
domains arise due to twinning and other structure 
defects (vacancies, dislocations, stacking faults) in 
the grains [13]. Spiral-growth mechanism also occurs 
when strontium doping concentration increases. The 
grains grew by the spiral-growth mechanism in a 
favorable direction which will result in a lattice 
distortion, hence lowering Tc [6]. 
Electrical resistivity measurement of all the samples 
were carried out over a temperature range of 50-300 
K and the results are presented in Fig.3. It is 
interesting to note that TIM values are found to 

increase with the increasing of strontium doping from 
248 K to 294 K as shown in Table 2. However, when 
doping concentration increases from x = 0.08 to x = 
0.10, the TIM value almost constant (~ 293 K). The 
Tc value for La2/3Ca1/3MnO3 prepared by sol-gel 
method is around 250 K and TIM value is slightly 
lower than Tc [14]. The TIM value was seen to shift 
to a lower temperature and the resistivity increased 
with an increase of x [14]. 
  

 
x = 0                                           x = 0.02 

 
x = 0.04                                       x = 0.06 

 
x = 0.08                                      x = 0.10 

Fig.2 SEM micrograph of internal section of La0.7Ca0.3-
xSrxMnO3 

 

 
Table 2 Grains size, TIM, density, and porosity of La0.7Ca0.3- 

xSrxMnO3 
 

A sharpened peak of the graph (Fig. 3) become 
broader and more broaden with increasing of 
strontium doping concentration. Siwach et al. state 
that the observed broadening and suppression of TIM 
is due to disorders and local strain in the grain 
boundary region [15]. As we can see from Table 2, a 
relatively sharp peak at ~ 248 K which possesses the 
largest grain size and the broader peak was observed 
at ~ 292 K which possesses the smallest grain size.  
Magnetoresistance value are found to increase with 
the increasing of strontium doping concentration 
(Fig.4). x = 0.08 which has the highest MR values 
(~15.39 %) in 1 T magnetic field. 
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La0.67Ca0.33MnO3 sintered at 1120 °C shows the 
smallest grain size and gives the highest MR (~11 %) 
at room temperature in 1 T magnetic field [16]. The 
MR for La0.67Sr0.33MnO3 at room temperature was 
around 8 % [31]. A virtually constant MR ratio of 9.5 
± 0.5 % was obtained over the temperature range 
from 205 K to 328 K in (La0.8Sr0.2)0.7MnO3 
perovskite prepared by the solid-state reaction 
method [17]. 
 

 
Fig.3 Resistivity versus temperature curve for La0.7Ca0.3- 

xSrxMnO3 
 

 
Fig.4 Magnetoresistance (%MR) versus magnetic field (B) of 

La0.7Ca0.3-xSrxMnO3 
 
With a view to understand the conduction mechanism 
of manganites, the electrical resistivity data in 
ferromagnetic metallic region can be fitted to the ρ-T 
curve based on several models. The electrical 
resistivity data can be fitted to ρ = ρo+ ρ2T2 and ρ = 
ρo+ ρ2.5T2.5 where ρo represents resistivity due to 
grain boundary and point defects [18, 19], while ρ2T2 
arises due to electron-electron scattering [20] and 
ρ2.5T2.5 represents the resistivity due to electron-
magnon scattering process in ferromagnetic phase 
[21, 22]. The enlargement of grain size may decrease 

the grain boundary region and hence, the net grain 
boundary. 
According to Banerjee et al. [21], ρo decreases when 
grain size is increased and Venkataiah et al. [23] also 
reported that grain boundary plays a dominant role in 
the conduction process. Fig.5 and Fig.6 show that 
electrical resistivity data fitted with ρ-T2 curve and ρ- 
T2.5 curves. It can be seen that ρo value decreases 
with an increase in grain size (Table 3). The value of 
ρo,ρ2 and ρ2.5, might be sensitive to the variations 
in the doping concentration and grain size. It is 
interesting to note that the values of R2 (the linear 
correlation coefficient) are found to be greater than 
0.96 for all samples and it can be concluded that all 
samples are fitted well with ρ = ρo+ ρ2T2 and ρ = 
ρo+ ρ2.5T2.5. 
 

 
Fig.5 Resistivity versus temperature below TIM of La0.7Ca0.3- 

xSrxMnO3 with solid line fitted with ρ = ρo+ ρ2 T2 
 

 
Fig.5 Resistivity versus temperature below TIM of La0.7Ca0.3- 

xSrxMnO3 with solid line fitted with ρ = ρo+ ρ2.5 T2.5

 
Table 3: Grain size,  ,  , (the linear correlation coefficient), . , , and . of La0.7Ca0.3-xSrxMnO3 
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CONCLUSIONS 
 
Structural and magneto-transport properties of 
LCSMO at different strontium doping concentration 
was studied and major conclusions are as follows: 
 
1. All samples are of single phase with 

orthorhombic structure and Pbnm space group. 
There are no peak shifting and no impurities 
observed when doping concentration of 
strontium increases. 

2. TIM value are found to increase with the 
increasing of strontium doping until x = 0.06 
and almost constant (~293 K) for x = 0.08 and x 
= 0.10. 

3. SEM micrograph shows that spiral-growth 
mechanism was observed when strontium 
doping concentration increases. Grain size 
decreases when strontium doping concentration 
increases except for x = 0.04 which possesses 
the biggest grains size (~ 21.97 μm). 

4. The resistivity in the low temperature 
ferromagnetic metallic state may originate due 
to the electron-electron scattering process and 
electron-magnon scattering process. 

5. The highest MR value is found when x = 0.08. 
It is known that La0.67Sr0.33MnO3 have high 
magnetic transition temperature, Tc while 
La0.67Ca0.33MnO3 exhibit high MR. It can be 
concluded that strontium doping concentration 
of x = 0.08 is the best combination of LCSMO 
when it exhibits the largest MR value and TIM 
value compared to the other strontium doping 
concentration. 
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