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Structural and Magnetic Properties of Ca3CoMnO6 and
Mn-Deficient Ca3CoMn1-xO6 Multiferroic Ceramics
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II. Experimental
Pure CCMO and Mn deficient solid solutions with general formula
Ca3CoMn1-xO6 (x = 0, 0.02, 0.04, 0.06 and 0.08) samples were
prepared by conventional solid state reaction route. The raw
materials CaCO3, Mn2O3 and Co3O4 with minimum 99% purity
weighed in the stoichiometric proportions and mixed in ball milling
(Zirconia balls used) in the propan-2-ol (as medium) for 24 hours.
Then samples made dry and then calcined for 24 hours at 950 °C.
The calcined powder was mixed with 2% PVA as a binder. The
pallets made with 10mm (diameter) and uniaxial hydraulic press
and these pallets sintered at 1200°C for six hours. The structural
characterization was done with XRD (SHIMADZU MAXima
XRD-7000), Raman Spectroscopy (Reinshaw inVia) and FTIR
(Parkin Elmer). The surface morphology was seen by FE-SEM
(Carl ZEISS Supra 55) and Magnetic Studies were performed
using Vibrating Sample Magnetometer (Microscence EZ9).
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I. Introduction
Multiferroics are materials which have more than one ferroic
(Ferroelectricity, Ferromagnetism and ferroelasticity) properties.
The materials which have coexistence of ferroelectricity
and magnetism are very important in these days due to their
technical applications. The coupling between ferroelectric and
magnetic orders is known as magnetoelectric coupling [1]. Type
II multiferroics are those in which ferroelectricity appear even
in collinear magnetic structure and these are also known as
magnetically driven ferroelectrics systems [2].
Ca3CoMnO6 (Pure CCMO) is one of the new series of the complex
oxides of A3MXO6 (where A= Ca or Sr, M and X are the magnetic
or nonmagnetic transition metal ions. It is quasi one dimensional
compound which crystallizes into rhombohedral structure and
spin chains are made up of alternatively placed CoO6 at trigonal
prisms and MnO6 at the octahedra and structural unit lies along
the hexagonal c-axis and are surrounded by six chains made of
Ca antiprism [3-5]. The quasi one dimensional structure of the
compound determines the anisotropic physical and magnetic
properties [8].
Our purpose to study Mn-deficient Ca3CoMnO6 is that the Mn
deficiency favors Spin non frustration which is beneficial for the
ferroelectricity.
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III. Results and Discussion
Fig. 1 shows the room temperature XRD patterns of CCMO and
(Mn deficient) Ca3CoMn1-xO6 samples. The room temperature
XRD patterns are indexed according to rhombohedral structure
with space group R3c. All Mn-deficient samples show slight peak
shift in XRD patterns. This attributes to the defects that are created
to due to Mn-deficiency.
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Abstract
Ca3CoMnO6 and Mn-deficient Ca3CoMn1-xO6 (x = 0.02, 0.04, 0.06,
0.08) solid solutions were synthesized by the solid state reaction
route. XRD confirms the rhombohedral with space group R3c phase
formation in all the samples. SEM micrographs clearly depicts that
the grain size decreases as the Mn deficiency increases. Raman
spectroscopy and FTIR analysis shows the bonding structure and
different new vibration modes in Mn-deficient samples. Magnetic
studies at room temperature revealed paramagnetic type behavior
in all the samples.
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Fig. 1. XRD Pattern of CCMO and Ca3CoMn1-xO6 with x = 0.02,
0.04, 0.06 and 0.08
Fig. 2 shows the SEM micrographs of all the samples. It is clear
from the microstructure that grain size decreases with increase
in the Mn deficiency in all the samples.
FTIR spectroscopy was performed by using Parkin Elmer FTIR
spectrometer. There is appearance of some additional vibration
modes at 1022, 1261, 1384, 1460, 1632 and 1745 cm-1 in x =
0.08 sample in comparison to the pure CCMO sample (shown
in fig. 3).
Raman spectra of the samples were observed using Rainshaw inVia
spectrometer with 488 nm laser. Fig. 4 shows the Raman spectra of
samples recorded at room temperature. The two prominent peaks
have been found at 510 cm-1 and 659 cm-1 in samples with x =
0.02, x = 0.04 and x = 0.08.

2(a)			

2(b)

w w w. i j e a r. o r g

ISSN: 2348-0033 (Online) ISSN : 2249-4944 (Print)

IJEAR Vol. 4, Issue 2 Spl-1, July - Dec 2014

(a)

0.6
0.4

(b)

0.2

0.0

0.0

-0.1

-0.2

-0.2

-0.4
-15k -10k -5k

0

5k 10k 15k

Field(kOe)

0.20
0.15
0.10
0.05
0.00
-0.05
-0.10
-0.15
-0.20

0.3

0.1

0.2

-0.6

Magnetization(emu/g)

2(d)

Magnetization (emu/g)

2(c)				

Magnetization (emu/g)

The Raman vibration modes are not showing a proper trend. So
there may be possibility of two types of deficiencies such as Mn
and O. The different vibration modes may be attributed to these
defects.
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Fig. 2: SEM Micrographs of CCMO (pure) and Ca3CoMn1-xO6. (a)
CCMO (pure) (b) x = 0.02 (c) x = 0.04 (d) x = 0.06 (e) x = 0.08

Fig. 5: M-H Curves at Room Temperature of Samples. (a) CCMO,
(b) x = 0.02 and (c) x = 0.08
The M-H curves at room were performed with the Vibrating
Sample Magnetometer (VSM) showing paramagnetic behavior
at room temperature.
IV. Conclusion
XRD pattern revealed pure CCMO and Mn-Deficient Ca3CoMn1O with x = 0.02, 0.04, 0.06 and 0.08 prepared by solid state reaction
x 6
route technique showed rhombohedral phase formation. SEM
micrographs decrease in grain size with increase in Mn-Deficiency.
FTIR and Raman Spectra show appearance of additional vibration
modes with Mn deficiency. The Room temperature M-H plots
showed the paramagnetic behavior in all samples.

Fig. 3: FTIR Spectra of CCMO (pure) and Ca3CoMn1-xO6 with x
= 0.02, 0.04, and 0.08

Fig. 4: Raman Spectra of CCMO and Ca3CoMn1-xO6 with (a) x =
CCMO, (b) x = 0.02, (c) x = 0.04, (d) x = 0.06 (e) x = 0.08
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