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Abstract

We synthesized the ferroelectric perovskite oxide LaCrO3 (LCO) using solid-state reaction method. Scanning electron microscope (SEM), 
energy x-ray dispersive (EDX) and X-ray diffraction (XRD) have been employed to study structural and chemical analysis of synthe-
sized powder, respectively. Electrical admittance properties of the perovskite oxide sample was performed in wide range frequency (1Hz-
10MHz) and temperature (-100 °C to +100 °C) using dielectric/impedance spectrometer. The results showed that the LCO has different 
activation energies and the calculated activation energies are of 0.175 eV and 0.220 eV from the Gdc vs. 1000/T and 0.152 eV and 0.197 
eV from the fmin vs. 1000/T plots, respectively. The temperature-dependent exponent s showed that the overlapping large polaron tunnel-
ing (OLPT), quantum mechanical tunneling (QMT) and the correlated barrier hopping (CBH) conduction mechanism models can be sug-
gested for the LCO compound.
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Öz

Ferroelektrik perovskit oksit LaCrO3’ü (LCO) katı hal reaksiyonu yöntemiyle sentezledik. Sentezlenen tozun yapısal ve kimyasal analizini 
yapmak için sırasıyla, taramalı elektron mikroskobu (SEM), enerji x-ışını dağılımı (EDX) ve X ışını kırınımı (XRD) yöntemleri kullanıl-
mıştır. Perovskit oksit örneğinin elektriksel admittans özellikleri, dielektrik/empedans spektrometresi kullanılarak geniş bir frekans (1Hz-
10MHz) ve sıcaklık (-100 °C ile +100 °C) aralığında gerçekleştirilmiştir. Sonuçlar, LCO’ nun farklı aktivasyon enerjilerine sahip olduğunu 
ve hesaplanan aktivasyon enerjilerinin sırasıyla, Gdc& 1000/T grafiğinden 0.175 eV ve 0.220 eV, fmin&1000/T grafiğinden de 0.152 eV ve 
0.197 eV olduğu görülmüştür. Sıcaklığa bağlı s parametresi, örtüşen büyük polaron tünelleme (OLPT), kuantum mekaniksel tünelleme 
(QMT) ve ilişkili bariyer hoplama (CBH) iletim mekanizması modellerinin LCO bileşiği için önerilebileceğini göstermiştir.

Anahtar Kelimeler: LaCrO3, Perovskit Oksit, Admittans, Aktivasyon Enerjisi.

I.INTRODUCTION
Perovskite-oxide materials stated by ABO3 chemical formula, have considerable attention among the researchers due to their 
physical and chemical properties such as high crystallinity, high electrical conductivity, high stability in air, high temperature 
processability etc. Such unique properties of perovskite-oxides offer very large application areas including gas sensing [1], 
fuel cell [2], membrane [3], heating element [4], catalysis [5] so on. Researchers have synthesized and investigated many pe-
rovskite-oxide type compounds so far [6-9]. They proposed different routes such as solid-state reaction [10], Pechini method 
[11], hydrothermal reaction [12], microwave [13], sol gel [14], citrate gel combustion [15], etc. to synthesis perovskite-oxide 
compounds. Compare to the other synthesis methods solid-state reaction is still a favorable method employed by researchers 
due to the reduced the costs, less amount of chemical waste, minimizing side product and impurity formation, simple appl-
ying heat to the reaction and so on [16].
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LaCrO3 (LCO) is one of the important members of pe-
rovskite-oxide family with high optical band gap (3.4-3.5 
eV), orthorhombic crystalline structure with a = 5.513 Å, 
b = 5.476 Å, c = 7.759 Å lattice parameters (space group 
Pbnm), high p-type conductivity, and high temperature dura-
bility in reducing atmosphere, high physical and chemical 
stability in air ambient etc. [17]. Although, researchers have 
investigated various properties of LCO compound, they ma-
inly focused on the solid oxide fuel cell application [18-19]. 
So, the electrical properties of LCO still need to be inves-
tigated to understand its nature. K. Yoshii et. al [20] synt-
hesized the LCO and studied its structural, chemical, die-
lectric and magnetic properties at room temperature. They 
reported the real and imaginary part of dielectric, conducti-
vity and activation energy of the LCO at room temperature 
for two different frequency values (20 Hz and 1 kHz). S. M. 
Khetre et all [21] synthesized LaCrO3 compound using so-
lution combustion method and they studied its electrical and 
dielectric properties. They documented that the temperature 
dependent resistivity of LCO behaves like semiconductor. In 
addition, they studied frequency dependent dielectric cons-
tant of LCO at room temperature and it showed a disper-
sion based on electron-hole hopping mechanism, which is 
responsible for conduction and polarization. V. D. Nithya et 
al [22] synthesized LaCrO3 and LaCr0.5M0.5O3 (M= Cu and 
Fe) compounds using solution process method. They in-
vestigated their structural, chemical, electrical and magne-
tic properties. The results showed that undoped LaCrO3 has 
1.66x10-5 S/cm conductivity at room temperature and the 
doping Cu increased the conductivity while the doping Fe 
decreased the conductivity. As it can be seen from literature, 
there is no any comprehensive study in terms of wide tempe-
rature and frequency range on the electrical admittance pro-
perties, temperature dependent charge transport mechanism 
and activation energy of LaCrO3 so there is a gap on the ele-
ctrical and dielectric properties of LaCrO3 compound.

In this study, beside the electrical admittance study stru-
ctural and chemical nature of LaCrO3 compound were stu-
died. The powder compound was prepared via solid state 
reaction. Scanning electron microscopy (SEM), X-ray diff-
raction (XRD) and energy dispersive X-ray (EDX) analyses 
were employed to study surface characteristics, crystalline 
morphology and chemical nature of synthesized powder. A 
detailed study has been performed on the electrical admit-
tance in wide range frequency (1 Hz to10 MHz) and tempe-
rature (-100 °C to 100 °C) of LCO compound.

I.MATERIALS AND METHOD

Material synthesis and characterization have been reported 
in our previous work and details can be found in there [6]. 
The LCO powder was prepared by classic solid state rea-
ction technique. In order to synthesis LCO powder, La2O3 
(ACROS, 99.9%) and Cr2O3 (ACROS, 99%) powders were 
used as starting materials. First, the high purity La2O3 and 
Cr2O3 powders were mixed in an agate mortar for 1 h with 
ethanol and calcined at 900 °C for 10 h in the air to obtain 
LCO compound. After the first step calcination the powders 
were reground for homogeneity purpose. After reground the 
powder for several hours the second calcination was carried 
out at 1200 °C for another 12 h in the air. The chemical and 
structural analysis of LCO powder were carried out using a 
FEI scanning electron microscope (SEM), energy dispersive 
X-ray spectroscopy (EDX) and X-ray diffractometer (XRD, 
Bruker D8 Discover) analyses.

The LCO powder was pressed into 13 mm pellets at 10 
tons pressure for several minutes in order to study electri-
cal properties. After that, the pellet was heated at 1150 °C 
for 4 h in air to sinter the targets. Novocontrol Broadband 
Dielectric/Impedance Spectrometer was employed to study 
frequency-depended electrical admittance property measu-
rements varied temperature from – 100 °C to 100 °C with 
20 °C step. In order to investigate of electrical properties of 
LCO, the LCO pellet was sandwiched between two plati-
num (Pt) electrodes and placed into Dielectric Spectrome-
ter for measurements.

II.RESULT AND DISCUSSION

SEM and EDX analyses of synthesized LCO are illustrated 
in Figure1. As can be noticed from the Figures 1 (b) and (c) 
particles are not uniform and their sizes are variable. We can 
clearly see from the Figure 1 (c) particles have different si-
zes and the biggest one has over the 1 µm size. Figure 1 (d) 
displays the energy-dispersive X-ray (EDX) result of stu-
died compound. The EDX analysis confirmed that our com-
pound has La, Cr and O atoms with associated energies. The 
inset figures represents atomic ratio of elements inside the 
LCO. The XRD analysis of present compound was condu-
cted and the result is shown in Figure 2. According to the 
XRD pattern the LCO compound has orthorhombic crystal-
line structure (PDF-01-070-2694 card) and all planes with 
associated two thetas are shown in Figure 2. Further XRD 
analysis results can be found in our previous study [17].
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Figure 2. XRD pattern of LCO compound.

The complex admittance (Y*) is an important parameter 
for dielectric materials and defined as follows [23]:

  (1)
where Z* is the complex impedance, Y’ (Re Y) and Y’’ 

(Im Y) real and imaginary (Im Y) parts of complex admit-
tance and G is conductance and B is susceptance. The comp-
lex impedance, Z*, can be written as [6]:

     (2)
where Rs is series resistance or is called as capacitive rea-

ctance and X is called as inductive reactance. So, if we subs-
titute equation (2) into the equation (1), the complex admit-
tance, Y*, can be rewritten as below:

   (3)
  

    (4)

     (5)

      (6)

Figure 1. SEM micrographs of LCO (a) low, (b) middle and c) high magnification images, d) EDX analysis result of LCO.
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The real part of admittance (Re Y) or conductance (G) of 
the LCO is illustrated in Figure 3 (a). As can be seen from 
the figure the G has two different behavior depend on frequ-
ency. The first part is in the low frequency values that the 
G is frequency independent that called as dc region. It is 
clear that the G strongly depends on temperature and incre-
ases with increasing temperature. The dc region extends to 
the higher frequency with increasing temperature. The se-
cond part is in the high frequency and the G strongly de-
pends on frequency values so this region is called as ac re-
gion. It is noticed that the ac region has two different linear 
slopes. These slopes are related charge transport phenome-
non in the compounds and different slopes mean different 
charge transport mechanisms [6]. Figure 3 (b) shows frequ-
ency dependent the imaginary part of admittance (Im Y) or 
susceptance (B) of the LCO at various temperature.

The negative values indicate capacitive effect is domi-
nant rather inductive effect. The Im Y decreases with increa-
sing frequency then reaches a minimum value and start inc-
reases with increasing frequency between – 100 °C and 0 
°C. However, this behavior is a little bit different between 0 
°C and 100 °C. In this region, the Im Y first increases with 
frequency and reaches a maximum value, then decreases 

with increasing frequency finally reaches a minimum value 
then increases with increasing frequency again. Those mini-
mum and maximum values indicate the relaxation process 
in the studied compound. Furthermore, those maximum and 
minimum values shift through higher frequency with increa-
sing temperature which indicate the relaxation process is hi-
ghly thermally affected. Figure 3 (c) illustrates the Re Y vs. 
– Im Y plots (or Cole-Cole plot) of the LCO at various tem-
perature. It is clear from the plots that there are two diffe-
rent regions: the first region is the low frequency region and 
the Im Y decreases sharply till a certain value (like a verti-
cal line) or minimum value whereas the Re Y remain almost 
constant. After Im Y reaches a minimum value both Im Y and 
Re Y increase together which is the second region and this 
region relatively includes higher frequency region. Moreo-
ver, these minimum values both increase and shift through 
the right side with increasing temperature that indicate re-
laxation process is thermally activated [24].

We have calculated the activation energy of LCO com-
pound via employing the temperature dependent relaxation 
frequency from the – Im Y vs. logf and the dc conductance 
region from Re Y vs. logf plots, which are given by Arrhe-
nius relations [24]:

Figure 3. The real (a) and imaginary part (b) of admittance and (c) Re Y vs. – Im Y (c) plots of LCO.
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 (7)

 (8)

where fmin, f0, Gdc, G0, Ea, kB and T are values at min. frequ-
ency in the – Im Y vs. logf plots, a constant related to frequ-
ency, dc conductance from Re Y vs. logf plots, a pre-expo-
nential factor for dc conductivity, activation energy,

boltzman constant and temperature in Kelvin scale, res-
pectively. The activation energy, Ea, extracted from the both 
Gdc vs. 1000/T and fmin vs. 1000/T plots. It can be noticed 
from the Figure 4 that the LCO compound has two diffe-
rent regions denoted as Region I and Region II. The calcula-
ted activation energy was denoted as Ea1 for Region I and Ea2 
for Region II. In the Region I, the activation energy was cal-
culated as 0,175 eV from the Gdc vs. 1000/T plot and fmin vs. 
1000/T plot. The activation energy for Region II was calcu-
lated as 0,220 eV and 0,197 eV from the Gdc vs. 1000/T and 
fmin vs. 1000/T plots, respectively. As can be seen each acti-
vation energy pretty close each other for LCO. Such activa-
tion energy values have been obtained for

Figure 4. Semilog a) (Gdc) versus (1000/T), b) (fmin) versus 
(1000/T) plots for LCO.

many perovskite type compounds in literature before [6, 
10, 24,]. Two different activation energy values for the LCO 
can be related different charge transport phenomena. In or-
der to proof this different charge transport phenomena we 
plotted frequency depended absolute admittance  plots 
with different temperature ( . 
Figure 5 (a) shows the IYI vs. f plots of LCO compound. It 
is clear that the frequency dependence behavior of the , 
is so similar to Re Y. The , has two different regions: the 
first one is low frequency region and as can be seen from 
the Figure 5 (a) this region called as dc region and is frequ-
ency independent. The second one is high frequency region 
which the  strongly depends on frequency and called as 
ac region.

Figure 5. a) Frequency dependent the total admittance (or 
conductance) plot (inset figure show linear slopes in the ac 
region), b) Temperature dependent variation of exponent s.

Hence the conductance, G, or  consists two parts (dc 
and ac parts) and can be given as below [6]:

  (9)
The Gac is described well by Jonscher’s power law rela-

tion [6]:
  (10)

where A is a constant, ω is angular frequency (ω=2πf) 
and s is the dimensionless frequency exponent constant and 
gives us about the type of conduction mechanism knowle-
dge in the studied compound. The exponent s is strongly de-
pends on the temperature and mostly utilized to study pos-
sible conduction mechanism in material. In present study, 
the exponent s values were calculated from the conducti-
vity measurement results with equation (10) and obtained 
results are given in Figure 5. The temperature dependent of 
the exponent s explained by some models in the literature. 
The first one is quantum mechanical tunneling (QMT) and 
according this model, s is not temperature dependent and 
remain constant [25]. The second one is overlapping large 
polaron tunneling (OLPT) model and according to this mo-
del, the exponent s decreases with temperature until a mi-
nimum value then it increases with increasing temperature 
[26]. The third one is small polaron model and according to 
this model, s value increases with increasing the temperature 
[27]. The last model or the fourth one is the correlated bar-
rier hopping (CBH) model and this model proposes that the 
value of s decreases as the temperature increases [28].

It is realized that the ac region has two different linear 
slopes and these slopes denoted as s1 and s2 (see inset figu-
res in Figure 5 (a)). The s1 is at the high frequency region 
whereas s2 is at the relatively middle or low frequency re-
gion. Figure 5 (b) depicts the temperature dependent expo-
nent s behavior of LCO compound. The s1 first decreases 
with elevating temperature and reach a minimum value then 
increases with escalating temperature. Hence, in the s1 re-
gion the overlapping large polaron tunneling (OLPT) model 
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conduction mechanism is dominant mechanism. The s2 first 
remains constant then decreases with increasing tempera-
ture which shows us that the conduction mechanism inclu-
des both quantum mechanical tunneling (QMT) and correla-
ted barrier hopping (CBH) model.

III.CONCLUSION
LaCrO3 (LCO) compound has been synthesized using the 
solid-state reaction method. Structural and chemical analy-
sis of LCO were carried out using SEM, EDX and XRD 
analyses. The crystal structures of the obtained LCO was in-
vestigated via XRD measurements and the measurement re-
sult revealed that the LCO has an orthorhombic crystalline 
structure. The calculated temperature dependent power law 
exponent, s is less than 1 for LCO compound for all tempe-
ratures as expected, the exponent s showed that the OLPT at 
high frequency region, the QMT and CBH conduction mec-
hanisms observed at low frequency region for LCO depend 
on s exponent behavior, respectively. The calculated activa-
tion energies from admittance and dc conductance measure-
ments are in close agreement with the each other.
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