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ABSTRACT

Calcium manganites (CaMnO3) ceramic powders were prepared by sol–gel

technique using citric acid as a chelating agent. The polycrystalline powder

crystallized in an orthorhombic structure with lattice parameters a = 5.270 Å,

b = 7.421 Å and c = 5.231 Å. Dielectric relaxation was observed which can be

attributed to Maxwell–Wagner relaxation behavior. The oxidation states of

Calcium, Manganese and the presence of oxygen deficiencies in the prepared

samples were ascertained by XPS studies.

1 Introduction

Perovskite structured materials have gain attraction

in technological point of view in various fields of

sensors, microwave absorbers, pigments, catalysts,

magnetic storage and microelectronics [1]. Perovskite

oxides like ATiO3 (A–Ca, Sr) ceramics are promising

n-type thermoelectric materials due to the flexibility

of doping on both the sites [2]. The AMnO3 (A=Ca,

La, Sr, Ba) crystal structure consists of corner sharing

octahedral where Mn is surrounded by six oxygen

atoms with A locating the cavities [3]. The structure

of AMnO3 ceramics makes it feasible for doping of

several dopants to tailor its properties [4, 5]. Among

them CaMnO3 have gained special attention due to

their peculiar structural, thermoelectric, magnetic

and electrical properties [3]. Calcium manganite

crystallizes in an orthorhombic structure with n-type

semiconductor characteristics [6]. The flexibility in

the crystal structure of CaMnO3 makes it more fea-

sible for several dopants on both the sites to alter its

properties [5]. Calcium manganites possess high

thermal conductivity, high Seebeck coefficient and

appreciable electrical conductivity [5]. The variation

of oxygen content in calcium manganites over a

broad range makes it a potential candidate as cathode

in solid oxide fuel cells [7]. CaMnO3 possess superior

thermoelectric properties like high Seebeck
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coefficient and low values of electrical conductivity

which makes it a promising material for thermo-

electric applications [6]. Several synthesis techniques

like solid-state reaction [8], chemical coprecipitation

method [9], electrostatic spray deposition [10], gas

phase reaction synthesis [11], soft chemistry synthesis

[12] were adapted to prepare CaMnO3 ceramics.

Herein we have synthesized CaMnO3 by sol–gel

technique to achieve a homogeneous sample with

uniform particle size, morphology and high crys-

tallinity. The dielectric behavior of CaMnO3 have not

been extensively analyzed; this thrived our interest to

carryout dielectric measurements at higher tempera-

tures and herein we report about the dielectric

relaxation present in the prepared CaMnO3 sample.

2 Experimental methods

Adopting sol–gel technique CaMnO3 ceramics have

been prepared using citric acid as a chelating agent.

The initial precursors Calcium nitrate (Ca(NO3)3-

4H2O), and Manganese nitrate (Mn(NO3)3�4H2O) are

taken in stoichiometric ratios and dissolved in

deionized water to obtain the homogenous solution.

Citric acid solution (C6H8O7) is added drop wise to

the homogenous solution and stirred continuously

for about 3 h in room temperature. Later the solution

is heated up to 80 �C and stirred well until the for-

mation of gel. The obtained gel is dried in a vacuum

oven at 120 �C. Further it was pre-sintered at 300 �C
in air for 4 h to remove the organic constituents

present in it. The final product is obtained after sin-

tering it at 800 �C for 5 h and it is ground into fine

powders for further characterizations.

3 Results and discussion

3.1 X-ray diffraction studies

The crystallinity and phase formation of the synthe-

sized material were found by measuring the X-ray

diffraction patterns in a 2h range from 10� to 80�
using Bruker D8 advance (Cu Ka radiation,

k = 1.5406 Å). The powder diffraction patterns of

CaMnO3 polycrystalline material calcined at 800 �C is

shown in Fig. 1. The diffraction patterns revealed that

the synthesized material crystallized in an

orthorhombic structure (space group Pnma) without

any secondary phases. The lattice parameters of the

crystalline material were found to be a = 5.270 Å,

b = 7.421 Å, c = 5.231 Å and volume found to be

204.577 Å.

3.2 Dielectric studies

The CaMnO3 powder is made into pellets and coated

by silver paste for carrying out electrical measure-

ments. The dielectric measurements were carried out

in the frequency range 50 Hz to 5 MHz at various

temperatures using a LCR meter (HIOKI3532-50LCR

meter HITESTER). The variation of dielectric constant

with frequency for various temperature ranges are

shown in Fig. 2. On increasing the temperature the

dielectric constant value increases due to the thermal

activation of charge carriers [13]. Due to the presence

of space charge polarization and grain boundary

effect, the dielectric constant increases at lower fre-

quency regions [14]. At higher temperatures the

dielectric constant increases due to the rise of con-

duction in the prepared sample.

3.3 Impedance studies

The frequency dependence of real part of impedance

(Z0) for increasing temperatures are shown in Fig. 3.

At lower frequency region, the values of Z0 seems to

be constant for all the temperatures due to the accu-

mulation of charge carriers at the electrode interface

and grain boundaries. On increasing the frequency

and temperature, Z0 values decrease due to the

Fig. 1 XRD pattern of CaMnO3 sample
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enhancement of conductivity in the prepared mate-

rial. This phenomena attributes to the behavior of

negative temperature coefficient of resistance that

usually occurs in semiconducting materials [15, 16].

The frequency dependence of imaginary part of

impedance (Z00) for increasing temperatures is shown

in Fig. 4. On increasing the temperature, a peak shift

is observed toward the higher frequency side which

indicates the spreading of relaxation in the material.

On increasing the temperature, the Z00 values

decrease signifying the existence of thermally acti-

vated charge carriers. The presence of temperature-

dependent relaxation in the prepared samples were

validated by the broadening of peaks [17]. At higher

frequencies the accumulation of charges in the elec-

trode interface results in the merging of Z00 [14]. The

high-temperature synthesis of oxide ceramics results

in the presence of oxygen vacancies which con-

tributes the relaxation phenomenon in the prepared

material.

The variation of relaxation time for different tem-

peratures (Arrhenius plot) is shown in Fig. 5, the

activation energy is found to be 0.789 eV. The value

of activation energy signifies the origin of dielectric

relaxation is due to the presence of oxygen vacancies

[16].

Fig. 2 Variation of dielectric constant with frequency for different

temperature of CaMnO3

Fig. 3 Variation of Z0 with frequency for different temperatures

Fig. 4 Variation of Z00 with frequency for different temperatures

Fig. 5 Arrhenius plot of temperature dependence of relaxation

time from variation of imaginary part of impedance with

frequency
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To analyze the contribution of grain, grain

boundary and interfacial effects separately, Nyquist

plots for various temperatures are plotted (Fig. 6). On

increasing the temperature, depression in the center

of semicircle is observed due to the presence of

thermally activated conduction process [18].

At lower temperatures, single semicircle is

observed which is attributed to the grain conduction

mechanism and on increasing the temperature the

grain effect is dominated by grain boundary effect.

The presence of a semicircle at lower frequencies

(Inset of Fig. 6) denotes the existence of space charge

polarization effect. From the plot it can be observed

that the grain resistance decreases for increasing

temperature and the irregular semicircles at higher

temperatures may be due to grain boundary stress–

strain, grain size distribution, volume fraction and

defects in the material [13]. The presence of dielectric

relaxations in the prepared samples have resulted in

the occurrence of depressed semicircles. Complete

semicircles were not observed due to the dominance

of electrode polarization effect at lower frequency

regions [19]. The frequency dependence of ac con-

ductivity for different temperatures is fitted by Jon-

scher’s Power law (Fig. 7a). Deviation was observed

from the fitting for the lower frequency regions due

to domination of electrode polarization effect. The

activation energy for obtained from the Arrhenius fit

(Fig. 7b) is found to be 0.898 eV. The activation

energy value attributes to the oxygen vacancies,

localized ions and hopping of electrons present in the

material [20, 21].

3.4 XPS studies

The oxidation state of the Calcium, Manganese and

presence of oxygen vacancies was confirmed by car-

rying out XPS studies. The XPS survey spectra

(Fig. 8a) for the synthesized CaMnO3 ceramics reveal

the presence of Ca, Mn, O and C without any other

impurity peak. The two Mn 2p peaks (Fig. 8b) cor-

responding to Mn2P3/2 and Mn2P1/2 are centered

around 643 eV and 655 eV, respectively. Both the

peaks seem to be asymmetric and contains an addi-

tional peak which corresponds to the presence of

Mn4?, this confirms the presence of oxygen vacancies

Fig. 6 Nyquist plots of impedance data for different temperatures

of CaMnO3

Fig. 7 a Variation of frequency versus rac conductivity fitted with Jonscher power Law for different temperature. b Arrhenius behavior of

dc conductivity ln (r) versus 1000/T from frequency-dependent conductivity for different temperature
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in the prepared samples [22]. The reduction of Mn4?

to Mn3? ions are related to the oxygen vacancies

present due to the oxygen vacancies as a consequence

of high-temperature sintering. The charge neutrality

is maintained by the following mechanism [23]:

Ox
0 ¼ V::

o þ
1

2
O2 þ 2e�

Mn4þ
lattice þ 4O2�

lattice ¼ V::
o þ

1

2
O2 þ 2Mn3þ

lattice þ 3O2�
lattice

The XPS spectra for Ca2p are shown in Fig. 8c, the

peak centered around 346 eV and 349.5 eV corre-

sponds to Ca2P1/2 and Ca2P3/2, respectively [24].

4 Conclusions

Ceramic powders of CaMnO3 were synthesized by

sol–gel technique using citric acid as chelating agent.

The synthesized material crystallized to an

orthorhombic structure. Maxwell–Wagner relaxation

were observed in the dielectric measurements for

temperature ranges between 373 and 573 K. The

presence of electrode polarization effect was

observed in the Nyquist plot and in conductivity

measurements. The existence of Mn3? and Mn4?

states for manganese is confirmed by XPS studies

which clearly evident the presence of oxygen vacan-

cies in the prepared samples.
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