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Structural, magnetic, and electrical properties of La0.5Ca0.5MnO3 samples prepared at two different 

sintering temperatures (800°C and 1350°C which were labeled S800 and S1350, respectively) have 

been investigated. The Reitveled refined XRD patterns indicate an orthorombic structure with Pnma 

space group for both samples. Ac susceptibility measurements show that, the fraction of 

ferromagnetic and antiferromagnetic phases could be controlled with sintering temperature. S800 

sample has a ferromagnetic state while the antiferromagnetic phase is enhanced in S1350 sample 

which causes the increase of thermal hysteresis in this sample. Two distinct regions (T>ӨD/2 and 

T˂ӨD/2, ӨD is the Debye’s temperature) were noticed to investigate the electrical properties. Based 

on the resistivity data at T>ӨD/2 region, the S800 and S1350 samples follow the adiabatic and non-

adiabatic small polaron hopping (SPH) models, respectively. At T˂ӨD/2 region, the 3-dementional 

variable range hopping (VRH) model displays a good correlation with the experimental data of both 

samples. The related parameters of both SPH and VRH models are extracted. The results show that 

these parameters are particle size dependent.  
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1. Introduction 

      Over past years, manganites of general formula R1-

xAxMnO3 (R= trivalent rare earth ion and A= divalent 
alkaline earth ion) have attracted much attention due to 
their marvelous features including colossal magnetoresistance 
(CMR), magnetic, and electrical transport properties [1-4]. 
Among different perovskite manganites, La0.5Ca0.5MnO3 
manganite has been extensively studied because it displays 
interesting properties such as charge, orbital, and spin 
ordering states [5-9].The bulk sample of La0.5Ca0.5MnO3, 
first undergoes paramagnetic (PM) to ferromagnetic 
metallic (FM) transition below Tc~240 K and subsequently 
charge ordered antiferromagnetic (CO-AFM) insulating 
occurs below TN~120 K upon cooling process [6, 8]. 

      The strong coulomb interaction among electrons on the 
same Mn ion leads to the charge ordering [10]. The PM to 
FM transition is second order and the FM to CO-AFM 
transition is first order with thermal hysteresis [11]. 
However, it is favorable for the system to form an 
inhomogeneous state consisting of distinct FM and CO-AFM 
phases at low temperatures. Also it has been found that 

lower sintering temperature in La0.5Ca0.5MnO3 system leads 
to a FM state and in spite of bulk samples, the FM phase is 
developed and charge ordering (CO) is destroyed in nano-
sized samples of La0.5Ca0.5MnO3 [5]. 
      It is well-known that sintering temperature and particle 
size play a key role in magnetic and electrical transport 
properties of manganites, So that, the magnetic and 
transport properties of nanostructured samples are not 
similar to those of bulk ones [5, 6, 12]. For instance, it is 
reported that the magnetization, Curie temperature (Tc), 
and electrical resistivity (ρ) decrease with increasing 
particle size in La0.67Ba0.33Mn0.9Cr0.1O3 manganite [13]. In 
addition Tc doesn’t change significantly, while metal-
insulator transition temperature (TMI) is affected by particle 
size in La0.7Ca0.3MnO3 [14]. Kuberkar et al. have found the 
reduction of resistivity by increasing particle size and 
improving crystallinity in La0.7Ca0.3MnO3 and Nd0.7Sr0.3MnO3 
nanostructured manganites [15]. As a matter of fact, 
electrical studies revealed that the density of grain 
boundaries can extremely affect the electrical properties of 
nanostructured materials [16-18]. 
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      Usually the reduction of particle size causes a 
monotonically increase in the resistivity of manganites 
because of the high density of grain boundaries [15, 19]. But 
in addition to the effect of grain size, the AFM state at low 
temperatures is also important in the resistivity behavior of 
half doped manganites (R0.5A0.5MnO3). As an example, Levy 
et al. have found that the resistivity of the La0.5Ca0.5MnO3 
samples increases by increasing grain size at low 
temperatures because of the induction of AFM phase at low 
temperatures which can overcome the effect of grain 
size[6].    
      Although double-exchange interaction can basically 
explain the conduction mechanism in ferromagnetic-
metallic region of manganites, however, more useful 
mechanisms, such as charge/orbital ordering [20-23], 
phase separation and small polaron correlated transport 
[24, 25] are needed to explain other features of these broad 
set of materials. Small polaron hopping (SPH) and variable 
range hopping (VRH) models are suggested to explain the 
resistivity of manganites in nonmetallic regime [26-29]. 
Polaron is used to understand the interactions among 
electrons and atoms in a solid material. The polaron could 
be “Large” or “small” which depends on comparable values 
of polaron radius and lattice constant. Actually the radius 
of a large polaron is larger than lattice constant and it is the 
opposite in a small polaron. The electron is confined to a 
volume of one-unit cell or less in small polaron. Also large 
polaron has tendency to band-like electrical transport, 
while small polaron undergoes hopping electrical 
transport. In order to investigate the conductivity 
mechanism in samples, all temperature ranges were 
separated into two ones: T>ӨD/2 and T˂ӨD/2 (ӨD is the 
Debye’s temperature) where different kinds of 
mechanisms are followed. In T>ӨD/2, the SPH model is 
responsible and in T˂ӨD/2, the VRH model is followed [27, 
29]. 
      Up to now, different manganites have been investigated 
by these theoretical models [13, 26, 27, 29], but it seems 
that less attention has been paid to the La0.5Ca0.5MnO3 

manganites. In this work, the La0.5Ca0.5MnO3 samples were 
prepared at two different sintering temperatures, 800˚C 
and 1350˚C and their structural, magnetic, and electrical 
properties have been investigated. Particularly, the 
resistivity data of the samples are fitted to different models 
and the impact of particle size was investigated. 

2. Experimental  

Polycrystalline micrometer and nanometer-sized 
samples of La0.5Ca0.5MnO3 were synthesized by a simple 
method which is based on the grinding of nitrate/acetate 
precursors in the presence of citric acid. Lanthanum 
acetate, calcium nitrate, manganese acetate, and citric acid 
with 99.9% purity were used as starting materials. The 
powders were weighted in appropriate proportions and 
mixed in a planetary ball mill for 135 minutes. The ball-
milled powders were calcined at 600°C. Finally, the 
resulting powders were sintered at 800°C and 1350°C for 5 
hours which were labeled S800 and S1350, respectively. 
The structural characterization of obtained samples was 
carried out by X-ray diffraction (XRD) spectroscopy using 
Philips (X’PERT) X-ray diffractometer with Cu-Kα (λ=0.154 

nm) radiation. The refinement method of Rietveld was 
revealed by Fullprof package. The microstructures of the 
samples were analyzed by field emission scanning electron 
microscope (FE-SEM) using Hitachi FE-SEM (model S-
4160). The magnetic properties were estimated by 
temperature dependence of ac susceptibility using a Lake 
Shore 7000 susceptometer. The electrical transport 
properties were investigated by temperature dependence 
of resistivity using a Leybold closed cycle refrigerator. 

3. Results and discussion 

 3.1. Structural properties 

      The Reitveled refinement was carried out for samples 
using Fullprof program [30], in which the XRD patterns of 
the experimental data are compared with the calculated 
results. Figure 1 shows Reitveled refined XRD patterns of 
samples. In XRD pattern of samples, no trace of secondary 
phase was observed. It is evaluated that the samples don’t 
have any detectable impurity. Based on the XRD 
refinement, formation of orthorhombic structure with 
Pnma space group was confirmed for samples. 
      The crystal data of the samples such as lattice 
parameters and their respective unit cell volumes were 
extracted. It was found that the lattice volume cell is around 
224 Å3 and 223 Å3 for S800 and S1350 samples, 
respectively. The reduction of lattice volume cell could be 
due to the Johan-Teller (JT) distortion of MnO6 octahedron 
and to the variation of ӨMn-O-Mn [13].  
The surface morphology was revealed by FE-SEM and 
Figure 2 shows typical FE-SEM images of the S800 and 
S1350 samples. It is to be noted that the average grain size 
increases from nanometer range to the micrometer range 
by increasing sintering temperature from 800 ˚C to 1350 ̊ C. 

3.2 Magnetic properties 

      In order to study the effect of particle size on the 
magnetic phase transitions, ac magnetic susceptibility 
() versus temperature was measured at an ac field of 1 
mT and frequency of 333 Hz upon cooling and warming 
processes, as shown in Figure 3. It is observable that S800 
sample shows typical features of a PM-FM (at TC~270 K) 
reversible system without any signature of CO in all 
temperature ranges. On the other hand, S1350 sample 
shows PM-FM transition at TC~240 K, the slight reduction 
of () at TCO~205 K, indicates the presence of CO and the 
drastic decline in values of () at TN~120 K on cooling 
curve and TN~180 K on the warming one is due to the AFM 
transition. The transition temperatures were obtained 
from dd curves which can be seen in the inset of Figure 
3. The tendency of FM phase in nanostructured 
La0.5Ca0.5MnO3 samples is also reported by others [6]. As it 
was discussed before, the well-known CO state was not 
found in S800 sample. It has been reported that in 
La0.5Ca0.5MnO3 samples, the CO state is suppressed when 
the particle size is reduced less than 180 nm and it is 
completely destroyed in less than 15 nm nanoparticles [31, 
32].  
      Based on the observed magnetic behavior, the Figures 4 
were proposed to explain the effects of particle size and 
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temperature on the phase coexistence in La0.5Ca0.5MnO3 

manganite. Figures 4(a)-4(c) show the different phases at 
various temperatures in the bulk sample. The system  
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Fig. 1. XRD pattern refinements using Fullprof software for XRD patterns of La0.5Ca0.5MnO3samples sintered at different temperatures, (a) S800 and 
(b) S1350 (red circle; experimental data, upper black solid line; calculated pattern, lower blue solid line; subtracted pattern, and Bragg positions are 

shown as small green bars). 
 

  
Fig. 2. Typical FE-SEM images of (a) S800 and (b) S1350 samples. 

undergoes FM transition at temperature region of TCO˂T˂Tc 

(see Fig. 4(a)), after that CO-AFM phase nucleate and 
develop slowly by decreasing temperature (see Fig. 
4(b)).The CO-AFM phase grow rapidly by further decrease 
of temperature (see Fig. 4(c)) and the coexistence of FM 
and CO-AFM phases can be seen below Nẻel temperature 
(TN). The Figures 4(d)-4(f) display the corresponding 
behavior of nanoparticles. As it is shown in these figures, 
the PM phase converts to the FM one by decreasing 

temperature, so that, the FM phase is the dominant one at 
low temperatures (see Fig. 4(f)). Also it can be seen in 
Figures 4 that the CO state is suppressed by decreasing 
particle size. As a matter of fact, the CO state is not 
significant in nano-sized sample, so only the FM behavior is 
observed in () curve of this sample. 
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Fig. 3. Temperature dependence of the real part of ac susceptibility (in a field of 1 mT and at a frequency of 333 Hz), for samples of (a) S800 and (b) 
S1350. The arrows indicate the direction of cooling and warming processes. The insets show the first derivative of the real part of ac susceptibility 
upon heating process for samples. 
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Fig. 4. Proposed configuration of different phases (PM: yellow, FM: red and CO-AFM: blue) at various temperature regions in bulk and nano-sized 
samples. Figs. 4(a)-4(c) for bulk samples ((a): temperature range of TCO˂T˂TC, (b): temperature range of TN˂T˂TCO and (c): temperature region of 
T˂TN). Figs. 4(d)-4(f) for nano-sized samples at temperature region of T˂TC. 

 

 

      Different reasons such as the effect of uncompensated 
spins on the surface of nanostructured samples and 
variation in oxygen content could be responsible for the 
difference between the magnetic properties of samples 
with different particle sizes[5, 6, 12, 33, 34].  
      It is to be noted in Figure 3 that the S1350 sample 
displays a typical feature of irreversible system and it 
shows thermal hysteresis. In contrast, almost no thermal 
hysteresis was observed in S800 sample. It is well-known 
that the thermal hysteresis is a signature of first order 
phase transition and confirms the coexistence of CO-AFM 
and FM phases in system.  
      It is reported that thermal hysteresis originates from 
lattice distortion, phase separation, martensitic 
mechanism, magnetoelastic energy, and lattice strains [5, 
35-38]. Also it is found that the pining of domain walls by 
lattice defects can lead to thermal hysteresis [39]. As it was 
mentioned above, the S1350 sample tends to CO-AFM 
below TN~120 K upon cooling process, but there are still 
few FM clusters in system at low temperatures and the 

coexistence of FM and AFM phases cause a large thermal 
hysteresis in S1350 sample. It is also reported that the CO-
AFM domains are more strained than the FM ones [40, 41].          
Actually, the system tends to FM phase at low temperatures 
by decreasing sintering temperature, so the interfacial 
elastic energy and lattice strains reduce in system and it 
causes a reduction in the width of thermal hysteresis by 
decreasing sintering temperature. Particle size and 
sintering temperature play a key role in phase separation 
and thermal hysteresis in phase separated manganites[5, 
6]. 

3.3 Electrical transport property 

      The electrical transport is probably the most interesting 
physical property of the manganites. The temperature 
dependence of electrical resistivity of the samples is shown 
in Figure 5. It is obvious that the resistivity of both samples 
increases significantly by decreasing temperature (dρ/dt 
˂0), so these samples show insulator-like behavior within 
our experimental limits. Figure 5 also shows that the 
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resistivity increases with sintering temperature at low 
temperatures (below ~200 K), so the resistivity of S1350 
sample is larger than that of S800 sample. Also, it is 
remarkable to note that, the rate of resistivity 
enhancement in S1350 sample is higher than that of S800 
sample by decreasing temperature at low temperatures. In 
contrast, at high temperature region (T>~200 K) the 
resistivity increases by decreasing sintering temperature 
(see the inset of Fig. 5) and the resistivity of S800 sample is 
larger than that of S1350 sample at this temperature 
region. This behavior could be explained on the basis of 
grain size effects [18, 42-45]. Two kinds of conduction 
channels could be considered in polycrystalline 
manganites. One is related to intragrain and the second one 
to intergrain hopping of the conduction electron between 
the neighboring sites. As it was discussed before, the grain 
size decreases and the grain boundary density increases 
with decreasing sintering temperature, this leads to the 
enhancement of charge carriers scattering at grain 
boundaries. As a matter of fact, grain boundaries are 
naturally less crystalline and non-magnetic, so the increase 
of grain boundary density causes the weakening of double-
exchange mechanism. Based on the magnetic analysis, the 
AFM phase is the dominant one in S1350 sample at low 
temperatures. In contrast, the S800 sample shows FM 
behavior with more grain boundaries at low temperatures. 
Both dominant AFM phase at low temperatures in S1350 
sample and large density of grain boundaries in S800 
sample, cause the increase of resistivity in these systems. It 
seems that the effect of AFM phase on resistivity of S1350 
sample is more than the effect of grain boundaries on the 
resistivity of S800 sample. This causes the larger resistivity 
in S1350 sample than in S800 sample at low temperatures. 
At higher temperatures (T>~200 K), the FM phase is the 
dominant one in S1350 sample, so the resistivity of S800 
sample is more than of the S1350 one due to the large 
density of grain boundaries in S800 sample.  
      In order to investigate the most suitable conduction 
mechanism in La0.5Ca0.5MnO3 manganites, the all 
temperature ranges were separated into two regions: 
T>ӨD/2 and T˂ ӨD/2 (ӨD is the Debye’s temperature). We 
focused our attention on these two regions. 
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Fig. 5. Temperature dependence of the resistivity for S800 and S1350 
samples.The inset shows high temperature resistivity behavior. 
 

3.3.1. T> ӨD/2: Small Polaron Hopping (SPH) model 

      The conductivity of samples at T>ӨD/2 can be explained 
using small polaron hopping (SPH) conduction mechanism. 
In this model, a polaron is assumed to be trapped inside a 
local energy well of height Ea (activation energy) and some 
parameters such as an applied electric field can lower a side 
of the well slightly with respect to the other one, this 
situation helps the polaron to hop more in that direction 
[46].The polaronic models could be either adiabatic or non-
adiabatic approximations. In adiabatic hopping, the 
electron is relaxed in the potential well of its lattice 
distortion all the time but in non-adiabatic hopping, the 
electron jumps out the potential well and then the lattice 
moves to be balanced with the electron new position. 
According to these mechanisms, the temperature 
dependence of resistivity (ρ) is expressed as [47, 48]:  
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Where Ea is activation energy, KB is Boltzman’s constant, 
and  is residual resistivity. First of all, the ӨD should be 
estimated from the plot of Ln(ρ/T) and Ln(ρ/T3/2) versus 
(1/T) (Fig. 6). The ӨD/2 values were obtained from the 
temperature where the linearity of Figure 6 disappears in 
the high-temperature region. ӨD has been found to be 444 
K and 450 K for S800 and S1350 samples, respectively. The 
ӨD values and their increasing trend with increasing 
sintering temperature are similar to previous reports 
about manganites [29, 49, 50].  
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Fig. 6. Variation in Ln(ρ/T) as a function of (1/T) for S1350 sample. The 
 inset shows Ln(ρ/T) versus (1/T) for S800 sample. 

 

      It is important to find conduction in our samples is 
governed by adiabatic or non-adiabatic models. The plot of 
Ln(ρ/T) and Ln(ρ/T3/2) versus (1/T) were drawn 
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separately for both samples, as it is shown in Figures 7(a) 
and 8 (a). Also, the data of high temperature region (T> 
ӨD/2) were selected and fitted by adiabatic and non-
adiabatic models for both samples, as it is shown in Figures 
7(b) and 8 (b). The related parameters are evaluated and 
given in Table 1. The activation energy (Ea) is determined 
from the slope of Ln(ρ/T) and Ln(ρ/T3/2) versus (1/T) plots 
above ӨD/2. It is notable that the linear correlation 
coefficient (R2) of both adiabatic and non-adiabatic models 
are almost the same for each sample and it is difficult to 
distinguish the nature of hopping mechanism in this 
temperature region by this analysis. To further elucidate 
the nature of hopping mechanism, one has to check the 
necessary conditions for using either mechanism. 
Holstein’s relation also confers the nature of hopping 
conduction [51]. The Holstein restriction is established on 
supposing that polaron bandwith (J) can be treated as a 
perturbation in the corresponding Schrodinger equation. 
According to the Holstein’s relation, J should satisfy the 
following conditions: 

 

 

 

 

Where Ø is expressed as: 
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      And the J value can be estimated by approximating the 
equation for high temperature jump site [19, 27]: 
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      Where νph in both above equations is the optical phonon 
frequency which is estimated from the equations of 
hνph=KBӨD and T=300 K. 
      The J and Ø values were estimated and tabulated in 
Table 2. It is reported that the J ˂ Ea/3 is the condition for 
the formation of small polaron, otherwise there will be 
large polaron [51].  
      Since J ˂ Ea/3 for both samples, it can be concluded that 
SPH model is responsible for the conduction mechanism of 
both samples. 
It is also shown in Table 2 that the Ø value was obtained to 
be 22.86 meV (for S800 sample) and 24.55 meV (for S1350 
sample. Also, the J value was estimated to be 23.25 meV for 
S800 sample and 23.48 meV for S1350 sample. Since J > Ø 
for S800 sample and J ˂ Ø for S1350 sample, this leads to 
conclude that the transport properties are dominated by 
adiabatic and non-adiabatic SPH models for S800 and 
S1350 samples, respectively. Consequently, it is evident 
that the value of Ea increases from 111.53 meV for S800 
sample to 156.09 meV for S1350 sample and ρα decreases 
from  6.41×10-6ΩCmK-1 to 2.22 ×10-8ΩCmK-1 for S800 and 

S1350 samples, respectively.The Ea values are nearly close 
to the reported ones for other perovskite manganites 
[29,52]. The reduction of Ea value by decreasing particle 
size may be attributed to the localization of charge carriers 
that hop between the Mn3+ to Mn4+ sites through double 
exchange mechanism which occurs only if the two 
moments are parallel. The reduction of residual resistivity 
with sintering temperature is in consistant with the 
resistivity data at high temperatures (see the inset of Fig5.). 
This reduction could be due to the better quality of crystal 
structure, phase purity, and larger grain size of S1350 
sample than S800 one. 
      Now we can estimate some physical parameters such as 
small polaron coupling constant (γp) which is a criterion to 
measure the electron-phonon interaction in manganites. It 
follows the relation [53, 54]: 
 

γp =
2Ea

hνph
         

 
          (5) 

       
      Also the polaron mass (mp) and rigid lattice effective 
mass (m*) are given by the following relation [53, 54]: 
 

𝐦𝐩 = (
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(6) 

      γp and
𝒎𝒑

𝒎∗  values were estimated and listed in Table 2. 

These values are almost in agreement with reported values 
for other perovskite manganites[27, 55]. It is obseravable 
in Table 2 that the γp value increases from 5.83 to 8.05 by 
increasing sintering temperature from 800 ˚C to 1350 ˚C. It 
is interpreted that γp > 4 exhibits strong electron-phonon 
interaction in manganites. It is also remarkable to note that 
𝒎𝒑

𝒎∗  value increases for S1350 sample compared with S800 

sample. The large values of γp and
𝒎𝒑

𝒎∗  for samples indicate 

strong electron-phonon interaction in these systems which 
also supports the formation of small polaron. Also it can be 
concluded that the electron-phonon interaction in S1350 
sample is stronger in comparison to S800 sample. 

3.3.2. T˂ӨD/2: Variable Range Hopping (VRH) model 

      When the carriers are localized near the Fermi energy 
by random potential fluctuation, as is in the case of hole-
doped manganites, the resistivity data can be studied by 
Mott’s variable range hopping (VRH) model. In this model, 
the conduction mechanism is interpreted on the basis of 
electron hopping. A hopping electron will always try to find 
the lowest activation energy and the shortest hopping 
distance. However, usually the two conditions cannot be 
satisfied at the same time. So, there will be an optimum 
hopping distance, which maximizes the hopping 
probability. As a matter of fact, in this temperature region, the 
electrons don’t hop to the nearest neighbors, so the electron 
hopping is variable range type which can be expressed as [56, 57]:  

 

𝝆 = 𝝆𝟎 𝐞𝐱𝐩 (
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J > Ø            for adiabatic polaron 

hopping 
J˂Ø           for non-adiabatic 

polaron hopping 
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Fig. 7. Plots of Ln(ρ/T) and Ln(ρ/T3/2) versus (1/T) for S800 sample (a) in all temperature ranges and (b) above 222 K. 
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Fig. 8. Plots of Ln(ρ/T) and Ln(ρ/T3/2) versus (1/T) for S1350 sample (a) in all temperature ranges and (b) above 225 K. 

Table 1.Calculated parameters from resistivity data of S800 and S1350 samples fitted with adiabatic and non-adiabatic SPH models. 

 Adiabatic SPH Non-adiabatic SPH 

Sample R2 ρα(ΩCmK-1) Ea (meV) R2 ρα(ΩCmK-1) Ea (meV) 

S800 0.9996 6.41×10-6 111.53 0.9996 2.41×10-7 122.67 

S1350 0.9987 5.99×10-7 144.65 0.9989 2.22×10-8 156.09 

 

 
Table 2. Parameters evaluated using Eqs. (3-6). 

Sample Ø (meV) J (meV) γp mp/m* 

S800 22.86 23.25 5.83 340.36 

S1350 24.55 23.48 8.05 3133.79 

 

(a) (b) 

(a) (b) 
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      Where𝒑 =
𝟏

𝒅+𝟏
 depends on the dimensionality of the 

system. 

      In 3-dimensional conductance, the expression for 
resistivity in this model has the form[58]: 

𝛒 = 𝛒𝟎 𝐞𝐱𝐩 (
𝐓𝟎

𝐓
)

𝟏

𝟒
                     (8) 

       

      Where T0 is the expression for Mott’s activation energy 
and is given by [29, 53, 55]: 

𝐊𝐁𝐓𝟎 =
𝟏𝟔𝛂𝟑

𝐍(𝐄𝐅)
                     (9) 

       
      Where N(EF) is the density of state (DOS) at the Fermi 
level, KB is the Boltzmann’s constant and α is related to the 
localization length.  
 

 

Table 3. Extracted parameters from resistivity data of S800 and S1350 samples fitted with VRH model. 

 3-Demenstional VRH  

Sample R2 ρ0 (ΩCm) T0 (K) N(Ef)(eV-1Cm-3) 

S800 

S1350 

0.9999 

0.9996 

2.39×10-8 

6.09×10-18 

1.77×107 

4.79×108 

1.29×1020 

4.77×1018 

      According to Eq. 8, a fit was made between resistivity 
and temperature below ӨD/2 and the results are shown in 
the inset of Figures 9 and 10. The fitting parameters are 
tabulated in Table 3. R2 values indicate relativity well 
correlation coefficient for both samples and it can be 
concluded that both samples follow VRH model in the 
temperature region of T˂ ӨD/2. It is to be noted that the 
obtained value of T0 for S1350 sample is larger than 
corresponding value for S800 sample. This could be due to 
the reduction of N(EF) (according to Eq. 9).  If we estimate 
α=2.22 nm-1 [27, 49, 57], the N(EF) values can be calculated 
from the obtained T0 values. The N(EF) values are 
calculated and listed in Table 3. These values are 
comparable to corresponding values of other manganites 
[26, 27]. As a matter of fact, when the conduction is 
reduced, more activation energy is needed for carrier 
hopping and consequently, N(EF) decreases. 
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Fig. 9. Ln(ρ/T) versus (1/T) plot for S800 sample. The inset shows the 
 fit of resistivity to VRH model. 
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Fig. 10. Ln (ρ/T) versus (1/T) plot for S1350 sample. The inset shows the 
 fit of resistivity to VRH model. 

 

4. Conclusion 

      The structural, magnetic, and electrical transport 
properties of phase separated La0.5Ca0.5MnO3 manganite 
with two different particle sizes have been studied. The 
XRD data show an orthorhombic structure with Pnma 
space group for both samples with different particle sizes 
and no structural transition is observed by increasing 
particle size. Magnetic study indicates that the AFM phase 
is enhanced with increasing sintering temperature. So that, 
bulk sample shows thermal hysteresis which is due to the 
phase separation. Electrical studies revealed that both 
samples behave like an insulator. The electrical behavior 
investigation based on polaronic transport models shows 
the obvious difference in resistivity patterns of samples. At 
T>ӨD/2, the resistivity data of nanometer sized sample 
follow the adiabatic SPH model, while those of bulk sample 
follows the non-adiabatic SPH model. Also, it has been 
found that 3-dementional VRH model can describe the 
conduction mechanism of both samples at T˂ӨD/2 region. 
The parameters are extracted by analyzing the data with 
SPH and VRH models and the effect of particle size on these 
parameters is investigated. 
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