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Abstract. In this paper we have synthesis of a sample of Y0.3Gd0.2Sr0.5MnO3 by solid state
ceramic route method. The structural and thermodynamic properties of polycrystalline
samples of Y0.3Gd0.2Sr0.5MnO3 were measured in order to investigate the effect of higher
magnetic moment ion Gd and divalent Sr over Y ion. The structural transition from hexagonal
to orthorhombic is observed at very high doping of Gd ion. Low temperature specific heat
measurements were performed at 2-300 K at three different applied magnetic fields, which
reveals the signature of Schottky-like anomaly in the present sample.

1. Introduction
Now a days ,multiferroic materials are attracting a lot of interest because of their tremendous
applications in microwave devices [1], high density data storage [2] and sensor devices [3].
Multiferroics are a class of materials that posses two or more ferroic properties (i.e.
ferromagnetism, ferroelectricity and ferroelectricity) in the single phase. This means that these
materials contains spontaneous magnetization that can be reoriented by an applied magnetic
field, spontaneous polarization that can be reoriented by applied electric field and spontaneous
deformation, that can be reoriented by an applied stress [4-6]. Research into Multiferroic
materials has increased dramatically in recent years [7-9]. A number of new rare-earth oxides
have been shown to exhibit a coupling between magnetic and electric phases. Therefore
understanding the physics behind these class of material is an essential gateway to explore
more interesting features and phenomenon such as spin glass [10] and charge ordering [11].
Effect of magnetic field [12] and suitable doping on multiferroics can change the orientation
of spins [7]. It was studied that application of magnetic field can also alter the physical
properties of the material such as structure, heat capacity and magnetic properties [13].
Therefore the application of magnetic field over the material is taken as a tool to study the
spin exchange mechanism.
Multiferroic materials are generally perovskite structure of RMnO3; where R is a rare
earth material (Gd to Lu, Y, Sc). Depending on the rare earth ionic size RMnO3 (R=Gd to Lu,
Y, Sc) crystallize into either orthorhombic or hexagonal phase [14]. That means compositions
over A site (in ABO3) or the ionic radii of A site can alter the structure from orthorhombic to
hexagonal. Hexagonal YMnO3 is a well studied system [15, 16], where non magnetic Y plays
an important role in exchange interaction [17]. Several attempts were made to see the effect of
© 2013, Institute of Problems of Mechanical Engineering
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externally applied magnetic field, pressure, temperature over YMnO3 [18, 19]. There were
many efforts were made to increase Neel temperature of this materials. It is very interesting to
understand the effect of higher magnetic moment ion such as Gd and simultaneously divalent
Sr on YMnO3. In this present paper we explore the doping of paramagnetic Gd and Sr over
Y ion.
2. Experimental details
Polycrystalline sample of Y0.3Gd0.2Sr0.5MnO3 was prepared by the standard solid-state
ceramic route. Considering the hygroscopic nature of the rare earth material Y2O3, Gd2O3,
SrCO3 and MnO2, they were given pre-heat treatment at 1000 ºC for 10 hours. The obtained
powder is regrind and compressed in to pellets of 10 mm diameter and 1.5 mm thickness by
applying a pressure of 3-4 tons per square inch. The pellets were sintered at 1350 ºC for 24
hours. The room temperature XRD pattern was measured by a Rigaku Dmax 300
diffractometer using the CuKα radiation. Grain size micrographs of fractured surface was
taken by SEM and heat capacity measurements by SQUID PPMS systems under three
different applied magnetic fields 0 T, 5 T, 8 T within the temperature range of 2 K-300 K.
3. Results and discussions
3.1. Structural analysis. In YMnO3, the structure is pure hexagonal Imma space group
[20]. Hopefully with the doping with high magnetic moment material as Gd in our system,
there must be a structural transition from hexagonal to orthorhombic structure. To confirm of
the same, we took the XRD pattern of the sample Y0.3Gd0.2Sr0.5MnO3 which is shown in
Fig. 1.

Fig. 1. X-ray diffraction measurement of Y0.3Gd0.2Sr0.5MnO3 showed mix phase with
orthorhombic and hexagonal phase.
The structure of the sample detected was orthorhombic with Pbnm space group with
some structural distortion towards hexagonal phase. Mix phase with orthorhombic and
hexagonal phase, which is verified with X’pert plus suite. It is noted that the small fraction of
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doping with Gd and Sr over Y led to structural distortion. Dependence of structural distortion
on the sintering temperature has been reported by Liu et al. [21]. We estimated the average
particle size by using Debye-Scherrer formula [22]:
,
where ‘λ’ is wave length of X-Ray (0.1541 nm), ‘β’ is FWHM (full width at half maximum)
and ‘θ’ is the diffraction angle. The average particle size by the above mentioned method was
found around 7 nm.
3.2. SEM measurement. Figure 2(a), (b) shows scanning electron microscopy (SEM)
of the fractured surface provided further insight into the morphology and grain size details of
the sample Y0.3Gd0.2Sr0.5MnO3. The prepared sample shows a compact distribution over the
surface and good connectivity between grains. It shows a flake-type formation with particle
size distribution about 15 nm. The morphology of the particles is generally spherical, but the
bare particles have some big agglomerates.

(a)

(b)

Fig. 2. SEM micrograph of fractured surface of Y0.3Gd0.2Sr0.5MnO3 shows the average grain
size with XRD particle size.
3.3. Heat capacity analysis. Figure 3 shows the low temperature specific heat (LTSH) of
YGSMO under 0 T, 1 T and 8 T magnetic fields. A high value of specific heat at lower
temperatures is observed in contrast to insulating manganites like La 0.8Ca0.2MnO3 [23].
Similar high values of specific heat have been observed in Dy0.5Ca0.5MnO3 studied by Lopez
et al. [24].Under zero magnetic field, the low temperature specific heat shows a significant
shoulder at about 10K which is shown in the inset of Fig. 3 . While the unusual feature in
LTSH becomes indistinctive gradually with the increase in magnetic fields, a hump is still
distinguishable even under magnetic field H=8 T which is shown in the inset of Fig. 3. As can
be seen from Fig. 3, the specific heat below 15 K has a strong Schottky-like anomaly.
Probably the existence of the Schottky anomaly is related with the Kramer’s theorem. It states
that an ion possessing an odd number of electrons, no matter how unsymmetrical the crystal
field, must have a ground state that is at least doubly degenerate [25]. This could lead to the
thermal depopulation that produces the Schottky anomaly in the specific heat. Ions of Ce, Nd,
Sm, Gd, Dy, Er, and Yb all have an odd number of electrons and their respective oxides
present a Schottky anomaly in the specific heat. However, the Kramers theorem does not
exclude that ions with an even number of electrons might also have a doubly degenerate
ground state.
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Fig. 3. Low temperature specific heat measurement of Y0.3Gd0.2Sr0.5MnO3 showed
Schottky-like anomaly in the low temperature region.

Fig. 4. Differece plot of specific heat of background data La0.7Pb0.3MnO3 and
Y0.3Gd0.2Sr0.5MnO3 gives the excess contributions C (T) to the specific heat at low
temperature.
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In order to get an idea of these anomalies, we have subtracted a suitable background from the
measured data for YGSMO. As a background, we used specific-heat data for
La0.7Pb0.3MnO3 [26]. La0.7Pb0.3MnO3 is a ferromagnetic metallic manganite, which has
specific-heat contributions from electronic excitations and spin waves at low temperatures,
but it has no anomalies related to rare-earth 4f electrons or glassy magnetic behavior.
Therefore, the data for La0.7Pb0.3MnO3 yield a background estimate to the maximum in the
low temperature region, which helps to appreciate the magnitude of the anomalies in the
specific heat of YGSMO.
The difference plot shown in Fig. 4 gives qualitative information on the excess
contributions C (T) to the specific heat at low temperature. The main feature is a prominent
wide peak below 25 K, which should be associated with a Schottky-like anomaly caused by
crystal-field level excitations of 4f electronic states in the Gd ions. The re-increase above
25 K may be related to the spin-glass ordering.
For manganites the basic contributions to the specific heat in the low temperature range
can be described by [27]:
C = β3/2T 3/2 + γ T + B3T 3 + B5T5.

(1)

Here, β3/2 is the coefficient of the contribution from spin wave excitations for ferromagnetic
order, γ is the coefficient of the electronic specific heat, B3 and B5 are coefficients of the
contribution from the lattice. The best range for the fitting according to equation (1) has been
found to be 20–40 K. For this temperature range nuclear hyperfine effects in the specific heat
need not be considered, as they contribute appreciably only at much lower temperature T < 2
K. From B3 we calculate the Debye temperature (θD), θD= (12π4pR/5B3)1/3 where R is the gas
constant and p is the number of atoms in each molecule The results of the fitting by
Equation (1) are shown in the Fig. 5 and the parameters obtained are shown in Table 1. The
results are in good agreement with these kind of manganites [28].

Fig. 5. Linear fitting by Equation (1).
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Table 1. Fitting parameter for YGSMO.
β3/2,
γ,
Sample
mJ mol-1 K-5/2
mJ mol-1 K-2
YGSMO
7.21
67.73

B3,
mJ mol-1 K-4
0.16

B5,
θD,
mJ mol-1 K-6×10-3
K
-0.03
392.79

4. Conclusions
Polycrystalline Y0.3Gd0.2Sr0.5MnO3 orthorhombic sample was prepared by standard solid state
ceramic route method and mix phase is confirmed with X ray studies and reveals the obvious
shift of structure towards hexagonal phase to orthorhombic phase. This is due to the disorder
of higher magnetic moment ions which we introduced at R site. The low temperature specific
heat was investigated and Schottky-like anomaly was found.
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