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In this work we report synthesis and characterization of RE2TiMgO6 (RE=Dy, Gd) double-perovskite materials. Dy2TiMgO6 and Gd2TiMgO6

were prepared by the standard solid-state reaction recipe. Structural study of samples was carried out by X-ray diffraction measurements
and Rietveld refinement. Results reveal that the material crystallizes in a monoclinic perovskite with space groupP21/n. Experimen-
tal lattice parameters for Dy2TiMgO6 were a=5.3624(4)Å, b=5.5973(2)Å and c=7.6794(2)Å, and for Gd2TiMgO6 a=5.3143(5)Å,
b=5.5826(2)Å and c=7.6324(2)Å. From Rietveld analysis we also determine atomic positions, tilt angle, inter-atomic distances and site
occupancies. Morphologic study was performed by Scanning Electron Microscopy experiments. Images show strongly coupled grains with
mean size 3µm. Measurements of magnetic susceptibility show that both compounds evidence paramagnetic behavior. The Curie-Weiss
fitting supplies effective magnetic moments which are 98% in agreement with the theoretical predictions for the isolated rare earth elements
for each compound.

Keywords: New materials; complex perovskite; paramagnetic; rare earth.

En este trabajo reportamos la sı́ntesis y caracterización de las perovskitas dobles RE2TiMgO6 (RE=Dy, Gd). Dy2TiMgO6 y Gd2TiMgO6

fueron producidas por el ḿetodo reaccíon de estado śolido. El estudio estructural de las muestras fue realizado a través de medidas de
difracción de rayos X y refinamiento Rietveld. Los resultados revelaron que los materiales cristalizaron en una perovskita monoclı́nica
con grupo espacialP21/n. los paŕametros experimentales para Dy2TiMgO6 fuerona=5.3624(4)Å, b=5.5973(2)Å y c=7.6794(2)Å, y
para Gd2TiMgO6 a=5.3143(5)Å, b=5.5826(2)Å y c=7.6324(2)Å. Del ańalisis del ḿetodo Rietveld también se determinaron las posiciones
atómicas, eĺangulo de inclinacíon, y las distancias interatómicas y sus ocupaciones. El estudio morfológico fue realizado a través de la t́ecnica
del Microscopio Electŕonico de Barridos. Las iḿagenes muestran fuertemente granos acoplados con una medida de 3µm. Las medidas de
susceptibilidad magńetica mostraron que ambos compuestos evidenciaron un comportamiento paramagnético. El ajuste de Curie-Weiss
proporciono los momentos magnéticos efectivos los cuales son un 98% de acuerdo con los predichos teóricamente para elementos aislantes
de tierras raras para cada compuesto.

Descriptores: Nuevos materiales; perovskitas complejas; paramagnético; tierras raras.

PACS: 61.05.cp; 68.37.Hk; 75.20.-g

1. Introduction

Double perovskites have been widely studied in the past con-
cerning the structure and the properties that they present [1].
Such compounds, of the general formula A2BB’O6, tend to
adopt the perovskite structure when A is a large cation ca-
pable of 12-fold coordination with oxygen, while B and B0
represent smaller cations suitable for octahedral coordina-
tion. A large difference in charge or size between B0 and
B can lead to their ordered arrangement. Numerous com-
pounds with this A2BB’O6 stoichiometry have been synthe-
sized recently and magnetic, optical and transport properties
have been reported for some of them [2,3]. Therefore, the
lanthanide ion usually sits at the A site of the perovskite-
oxide ABO3. Not the A site ions but the B site ions nor-
mally determine the physical properties of the perovskites.
The perovskites have the flexibility of chemical composition
and the possibility of combination of many kinds of ions. By
selecting large alkaline earth elements such as Dy and Gd as
the A site atoms, one finds that the lanthanides occupy the
6-coordinate B sites [4].

Two particularly important and relatively little studied
materials are Dy2TiMgO6 and Gd2TiMgO6 by the solid state

reaction procedure. The ceramic materials Gd2TiMgO6 and
Dy2TiMgO6 with rare earth has been carefully investigated
because evidences the existence of paramagnetic ordering.
However, origin of magnetic behavior in this interesting ma-
terial is still discussed. In this work, we report an experimen-
tal study of crystalline structure, superficial morphology and
chemical composition for the Dy2TiMgO6 and Gd2TiMgO6

complex perovskites. This ceramic materials usually behave
as good electrical and thermal insulators at room temperature
due to the absence of conduction electrons, have high melt-
ing temperatures and show different electrical and magnetic
properties. These properties are due to structural distortions
and substitutions with magnetic transition elements [1].

The physical properties of perovskite oxides, particularly
the magnetic and paramagnetic, have been used for a variety
of technological applications since they can retain informa-
tion in its crystalline structure without being connected to a
power source [5].

2. Experimental

Samples were synthesized by means of solid state reaction
recipe. The precursor powders Dy2O3, Gd2O3, TiO2 and
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MgO (Aldrich 99.9%) were stoichiometrically mixed ac-
cording to the chemical formula Sr2TiMnO6. Mixture was
ground to form a pellet and annealed at 1200oC for 12 h.
The samples were then regrinded, repelletized and sintered
at 1300◦C for 36 h and 1400◦C for 48 h. X-ray diffraction
(XRD) experiment was performed by means of a PW1710
diffractometer withλCuKα=1.54064̊A. Rietveld refinement
of diffraction pattern was made by the GSAS program [6].
Zero field cooling (ZFC) and field cooling (FC) measure-
ments of magnetization as a function of temperature were car-
ried out by using an MPMS Quantum Design SQUID. Mor-
phological studies were performed by means scanning elec-
tron microscopy (SEM) experiments through the utilization
of a FEI Quanta 200, and chemical composition of samples
was analyzed by energy dispersive X-ray (EDX) technique.

3. Results and discussion

The analysis of XRD pattern shown in Fig. 1 and Fig. 2 re-
veals the presence of characteristic peaks of complex per-
ovskite systems. In Fig. 1 and Fig. 2, crosses repre-
sent the experimental data and lines correspond to simu-
lated pattern by means of GSAS code. Rietveld refine-
ment permitted to establish that this ceramics materials
crystallizes in a monoclinic double perovskite with space
group P21/n (#14) and lattice parameters for the first sample
Dy2TiMgO6 a=5.3624(4)Å, b=5.5973(2)Å andc=7.6794(2)
Å, and for the second sample Gd2TiMgO6 a=5.3143(5)Å,
b=5.5826(2)Å andc=7.6324(2)Å. These results are 99.78%
in agreement with the theoretical values obtained from the
structure prediction diagnostic software SPuDS [6], which
predicts the lattice constantsa = 5.3626Å, b= 5.6009Å and
c = 7.6788Å. Positions of atoms in the crystal structure are
shown in Table I and Table II.

In SEM image of Fig. 3, it is possible to observe the ho-
mogeneous distribution of grains, from 2 up to 3µm size.

FIGURE 1. Characteristic XRD pattern for the complex perovskite
Dy2TiMgO6.

TABLE I. Atomic positions for RTMO obtained from Rietveld anal-
ysis, which are 9% in concordance with the SPuDs predictions for
the sample Dy2TiMgO6

Atom site x y z

Dy 4e 0.5116 0.5606 0.2412

Ti 2c 0.5000 0.0000 0.5000

Mg 2d 0.5000 0.0000 0.0000

O 4e 0.2110 0.1873 -0.0610

O 4e 0.3565 0.7953 -0.0352

O 4e 0.4150 -0.0276 0.2336

FIGURE 2. Characteristic XRD pattern for the complex perovskite
Gd2TiMgO6

TABLE II. Atomic positions for RTMO obtained from Rietveld
analysis, which are 90% in concordance with the SPuDS predic-
tions for the sample Gd2TiMgO6.

Atom site x y Z

Gd 4e 0.5157 0.5649 0.2480

Ti 2c 0.5000 0.0000 0.5000

Mg 2d 0.5000 0.0000 0.0000

O 4e 0.2123 0.1995 -0.0592

O 4e 0.3401 0.7399 -0.0467

O 4e 0.3981 -0.0386 0.2257

From EDX spectrum of Fig. 4 we determine that sample con-
tains the expected chemical composition for the Dy2TiMgO6

and Gd2TiMgO6 samples. On the other hand, the semiquan-
titative analysis obtained from the energy spectrum of Fig. 4,
showed results that are 96% in agreement with theoretically
expected values. The most difference between the experi-
ments and theoretical concentration corresponds to oxygen,
because it is a very light element to be disperser of X-ray
radiation.
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FIGURE 3. SEM micrograph for a) Dy2TiMgO6 and b) Gd2TiMgO6 double perovskite.

FIGURE 4. Energy dispersive X-ray spectrum obtained for a) Dy2TiMgO6 and b) Gd2TiMgO6 perovskite-like material.

FIGURE 5. AC molar susceptibility measurements at 1 kHz depending on the temperature, and Curie-Weiss fit for the Dy2TiMgO6 and
Gd2TiMgO6 sample.
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TABLE III. Atomic positions for STMO obtained from Rietveld
analysis, which are 90% in concordance with the SPuDS predic-
tions for the sample Gd2TiMgO6.

Sample Diamagnetic term Curie constant µeff

α(emu·mol−1) C(emu·K ·mol−1)

Dy2TiMgO6 0.0761 10.3305 9.079µB

Gd2TiMgO6 0.0937 10.3765 9.100µB

Now we see the proprieties magnetic of the ceramics ma-
terials in when the characteristic spin-glass-like sharp peak
usually observed in the magnetic response of cluster glasses
close to the critical temperature do not occur for our ma-
terial, and a smooth behavior is observed through the tran-
sition temperature. Figure 5 shows the temperature depen-
dence of the DC susceptibility as a function of temperature
for Sr2ZrMnO6. The susceptibility data of this picture can
be fitted well with the Curie–Weiss law

χ = α + C/(T −ΘC),

where
C = Nµ2

eff/3kB

is the Curie constant, N is Avogadro’s number,µeff is the
effective magnetic moment (µeff = peffµB), peff repre-
sents the effective Bohr magneton number,µB is the Bohr

magneton, kB is the Boltzmann constant,ΘC is the magnetic
transition temperature andα is the diamagnetic term.

The values estimated from the fitting in Fig. 5 for the
diamagnetic termαs the Curie constantC and the effective
magnetic moment are registered in Table III. These results
are characteristic of the paramagnetic materials.

4. Conclusions

Synthesis and structural characterization of the new
Dy2TiMgO6 and Gd2TiMgO6 like material was performed.
Rietveld analysis of experimental diffraction pattern reveals
that this material crystallizes in a monoclinic complex per-
ovskite which belongs to the space group P21/n (#14). Mea-
surements of magnetic susceptibility show a paramagnetic
material with the presence of typical irreversibility of frus-
trated systems. Saturation of magnetization in the ferromag-
netic hysteresis curve permitted to determine an effective
magnetic moment of 9.079µB for the Dy2TiMgO6 sample
and 9.100µB for the Gd2TiMgO6 sample. These values are
in agreement with the expected moments of Dy3+ and Gd3+

isolated ions [7].

Acknowledgements

Authors wish to thank to Prof. Luis Ghivelder from IF-UFRJ-
Brazil for magnetic susceptibility measurements.

1. R. Von Helmolt, J. Wecker, B. Holzapfel, L. Schultz, and K.
Samwer,Phys. Rev. Lett.71 (1993) 2331.

2. M.T. Anderson, K.B. Greenwood, G.A. Taylor, and K.R. Poep-
pelmeierSolid State Chem22 (1993) 197.

3. M.A. Alario Franco, J.L. VicentSuperconductividad. EU-
DEMA (Ediciones de la Universidad Complutense, S.A. 1991.)

4. Yukio Hinatsu, a, Yuki Izumiyama, a Yoshihiro Doi,Journal
of Solid State Chemistry.177(2004) 38–44.

5. R.A. Young,The Rietveld Method(Oxford University Press.,
1993)

6. J. Roa-Rojaset al., Journal of Magnetism and Magnetic Mate-
rials 320(2008) e104–e106.

7. C. Kittel, “Introduction to Solid State Physics” 8th Ed. (Uni-
versity of California, Berkeley 2005).

Rev. Mex. Fis. S58 (2) (2012) 93–96


