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Abstract. Many multifunctional properties have been the focus of our interest in Perovskite
research. Herein, we report synthesis and characterization of a new Sro.DyNbOg Perovskite-like
material. Samples were produced via standard solid-state reaction method. Rietveld refinement
of X-ray diffraction experimental data through the GSAS code reveals that this material
crystallizes in a monoclinic complex Perovskite (space group P2i/n, #14) with lattice
parameters a=5.730(3) A, b=5.905(1) A and ¢=8.221(0) A. Scanning electron microscopy
images reveal that samples evidence a surface with strongly diffuse granular structure. From
curves of magnetization as a function of temperature, we determined the paramagnetic
behaviour of this complex Perovskite in the temperature regime between 50 and 320 K. Curie
fitting allows obtaining an effective magnetic moment of 10.28 yg. Polarization curves as a
function of the applied electric field show a hysteretic behavior of typical dielectric loss with
relative dielectric constant of 264.28 at room temperature.
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Introduction

In recent years, much interest has emerged in electronic oxide ceramic oxides with ABOs Perovskite
structure due to their chemical versatility to evaluate different combinations of transition metal cation
in the B site and obtain a variety of magnetic and electric properties [1]. Ideally, a simple ABO;
Perovskite possesses a tri-dimensional cubic network of BOg octahedra with the cation A into the void
formed by eight octahedra with AO,, coordination [2]. If the A and B sites contain a mixture of
cations, distorted complex Perovskite structures with lower symmetries are obtained. Distortions are
mainly related to octahedral tilting due to small cation driving a rotating of octahedra with respect to
the crystallographic axes. Another kind of distortion is the cation displacement caused through first-
and second-order Jahn-Teller effects. Specially, the 1:1 B-site based class with chemical formula
A;BB’Og (or double Perovskites) is the most frequently encountered complex Perovskite [3]. From the
distortions and composition of the double Perovskites, new properties and applications are found in
ferroelectric devices with large dielectric constants and frequency dispersion [4], multiferroicity [5],
solar energy conversion [6], catalysis [7], solid-oxide fuel cells [8], and microwave resonator [9].
Previous studies have shown that under certain conditions, the double Perovskite Sr,RESbOs (RE=Dy,
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Ho, Gd) crystallizes in geometrically frustrating fcc lattices [10]. In this study, the authors report that
the RE®*" and Sb®" cations adopt an ordered array in the double-Perovskite structure with alternate
octahedra. For RE=Dy, tfrustrated magnetic ordering has been observed. In order to study the effect of
the substitution of Nb>* in the crystallographic site of the Sb>* on the crystal structure and magnetism,
we synthesize the non-studied Sr.DyNbOgs double Perovskite. On the other hand, due to the
paramagnetic insulator behaviour reported at room temperature for the Sr,RESbOs [10], the electric
polarizability of this material is particularly interesting.

Experimental

Samples were synthesized by means of the standard solid-state reaction recipe. The precursor powders
SrCOs, Dy20s, and Nb,Os (Aldrich 99.9%) were stoichiometrically mixed according to the chemical
formula Sr,DyNbQs. The mixture was annealed at 900 °C for 12 h. The samples were then reground,
re-pelletized, and sintered at 1350 °C for 36 h. X-ray diffraction (XRD) experiments were performed
by means of a PW1710 diffractometer with Acuk«=1.54064A. Rietveld refinement of the diffraction
pattern was made by the GSAS code [11]. Field cooling measurement of magnetization as a function
of temperature was carried out by using VersalLab Quantum Design equipment. Morphological studies
were performed via scanning electron microscopy (SEM) experiments through the utilization of a FEI
Quanta 200 microscope. Polarization curves as a function of the applied electric field were obtained
through a Radiant ferroelectric tester on the application of voltages up to 1000 V.

Results and discussion

Figure 1 shows the XRD pattern for the Sr.DyNbO¢ double Perovskite at room temperature. It is clear
from Figure 1 that the sample has a single crystallographic phase. From the Rietveld [11] it was
determined that Sr.DyNbOs crystallizes in a monoclinic structure, space group P2:/n (#14), which
denotes a primitive cell with two-order screw axis (180°) rotation, followed by a translation of half
lattice parameter in the [010] direction, and a glide plane reflection perpendicular to the [010]
direction. The structure obtained is shown in Figure 2. The lattice parameters obtained were a =
5.7303 A, b =5.9051 A, and ¢ = 8.2210 A. The presence of the (211), (3-10), and (133) peaks in the
diffraction pattern is an evidence of the possible cationic order of Dy** and Nb°>* in B and B’ sites,
respectively, of the A;BB’Os double Perovskite.
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Figure 1. XRD pattern for the Sr.DyNbOs Figure 2. Crystalline structure of the
complex Perovskite Sr,DyNbOg double Perovskite
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Figure 3 exemplifies the surface morphology of the Sr.DyNbOg¢ sample. The SEM image shows
homogeneous granularity, conformed by strongly diffused grains whose size varies from
submicrometric up to micrometric scale (~ 3 zm).
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Figure 3. SEM image of the surface structure for the Sr,DyNbOs sample

Measurements of magnetic susceptibility as a function of temperature on the application of H = 10 Oe
reveals the paramagnetic behaviour of this material in the temperature regime from 50 to 300 K
(results are shown in Figure 4).

From the fit of the susceptibility curve with the Curie behaviour given by y=C./T, we obtain a Curie
constant C.=13.2423 emu-K/mol, which corresponds to an effective magnetic moment of z.=10.28
us. This value agrees with the expected value of r=10.63 wg predicted by Hund’s rules for the
isolated Dy*" cation [12]. Figure 5 shows the hysteric behaviour of the electric polarization on the
application of electric fields up to 3.0 kV/cm. The characteristic curve reveals strong dielectric loss
with a saturation polarization of 0.065 xc/cm?, remnant polarization of 0.039 uc/cm? and coercive field
of 1.48 kVicm. From the estimated wvalues of Ps, we determined the capacitance of
the Sr.DyNbQOg material through the equation Ps = (C/A)V, where A represents the area of the sample,
V is the applied voltage, and C is the capacitance. Then, we obtained C/A by taking into account the
range of high applied field of Figure 5 curve. The dielectric constant is calculated by the expression &
= (C/A)(d/&), where d represents the distance between the capacitor plates and & is the dielectric
constant in vacuum [13]. The value obtained of the relative dielectric constant at room temperature for
the SZMO complex Perovskite is é=264.28, which is five times the value reported for BaZrOs [14].
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Figure 4. Curve of susceptibility as a function of Figure 5. Hysteretic feature of the electric
temperature for the Sr.DyNbOs perovskite polarization for the Sr.DyNbOs Perovskite
Conclusions

Synthesis and structural characterization of the new Sr.DyNbOg Perovskite-like material were
performed. Rietveld analysis of experimental diffraction pattern reveals that this material crystallizes
in a monoclinic complex Perovskite, which belongs to the space group P2i/n (#14). The SEM images
reveal the strongly diffuse granular surface morphology. Measurements of magnetic susceptibility
show the paramagnetic behaviour of the material in the temperature interval between 50 and 300 K.
The experimental effective magnetic moment agrees with the theoretical value expected for the
isolated Dy** ion. The saturation of polarization in the dielectric hysteresis curve permitted
determining the relative dielectric constant at room temperature £=264.28, which is an appropriate
value for microwave applications.
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