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Abstract 
We report experimental and theoretical results of crystal structure, morphology, magnetic and electric features, and electronic structure for 
the Sr2DyNbO6 ceramic compound.  Samples were produced by the solid-state reaction recipe. X-ray diffraction experiments show that the 
material crystallizes in a monoclinic structure, P21/n space group. SEM images exhibit a granular submicrometric surface. Temperature 
curves of magnetic susceptibility reveal a paramagnetic response.  Curie law fitting permitted to obtain a magnetic moment 10.28 µB.  
Polarization as a function of electric fields shows a hysteretic feature with 264.28 relative dielectric constant at 300 K. DFT calculations 
of electronic structure suggest the semiconductor character of this material, energy gap 3.21 eV for the spin-up polarization and 0.26 eV 
for spin-down. The calculated effective magnetic moment was 10.0 µB, which is strongly in accordance with the measured value. The 
theoretical cell parameters obtained from the Murnaghan state-equation are 98.5% in agreement with the experimental result. 
 
Keywords: Complex perovskite; magnetic properties; electronic structure. 

 
 

Estudio teórico y experimental de las propiedades electrónicas, 
cristalinas, morfológicas, composicionales, magnéticas y dieléctricas 

del material Sr2DyNbO6 
 

Resumen 
Se reportan resultados experimentales y teóricos de estructura cristalina, morfología, carácter magnético y eléctrico, y estructura electrónica para el 
material cerámico Sr2DyNbO6. Las muestras fueron producidas mediante reacción sólida. Resultados de difracción de rayos X muestran que el material 
cristaliza en una estructura monoclínica, grupo espacial P21/n. Imágenes de MEB muestran superficies granulares submicrométricas. La susceptibilidad 
en función de la temperatura revela una respuesta paramagnética con momento magnético 10.28 µB. La histéresis de polarización en función del campo 
eléctrico a 300K permitió obtener una constante dieléctrica de 264.28. Cálculos de estructura electrónica por DFT sugieren que el material es 
semiconductor con brecha de energía 3.21 eV para la orientación espín arriba y 0.26 eV para espín abajo. El momento magnético calculado es 10.0 µB, 
muy próximo del valor medido. Los parámetros de red obtenidos mediante la ecuación de Murnaghan están de acuerdo con los resultados 
experimentales en un 98.5%. 
 
Palabras clave: Perovskita compleja; propiedades magnéticas; estructura electrónica. 

 
 
 

1.  Introduction 
 
Ceramic materials known as perovskites are recognized by 
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the combination of metal with non-metallic elements. The 
atomic arrangement in the mineral can be described as a FCC 
packing of metal cations A and anions X with a small metal 
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cation B occupying octahedral sites generated by the anions. 
Based on this description, the ideal perovskite materials are 
usually depicted as ABX3 in a cubic cell, in whose center is 
placed the cation A; cations B occupy the eight corners and 
anions X occupy the midpoints between cations B [1]. Ideal 
perovskites are insulators and, as the three axes of the cube are 
identical, have isotropy of the electrical, optical and mechanical 
properties. In many perovskites, however, distortions are 
observed because there are differences among the ionic radius 
of A and B cations, which causes the anions X and cations B 
move, giving rise to rotations and inclinations of the octahedral 
coordination. The unit cell can be modified through partial 
substitution of cations B to give rise to double perovskites of 
A2BB'X6 type [2]. Commonly position A is occupied by rare 
earth, alkaline earth or alkali; the B and B' positions are 
occupied usually by transition metals and X is oxygen, giving 
rise to a large number of possible combinations associated with 
different physical properties ranging from ferroelectric 
insulators [3], magnetoresistive and ferromagnetic [4], 
halfmetallics [5] to multiferroics [6]. Previous researches have 
shown that the Sr2RESbO6 (RE=Dy, Ho, Gd) double perovskite 
crystallize in FCC lattices with geometrical frustration [7]. 
Other authors report that the RE3+ and Sb5+ cations adopt an 
ordered arrangement in the double-perovskite structure with 
alternated octahedral. In the case of RE=Dy, they have 
observed frustrated magnetic ordering. The aim of this work is 
to study the effect of the introduction of Nb5+ in the structural 
site of the Sb5+ on the crystal cell and the magnetic and electric 
responses. The starting point for the work done is the synthesis 
of the material through standard methods for the perovskite 
family of compounds, experimentally studying the structural, 
electrical and magnetic responses, and theoretically predicting 
the electronic properties in the vicinity of the Fermi level. 

 
2.  Experimental Setup 

 
In order to prepare Sr2DyNbO6 samples, oxide precursor 

powder of SrCO3, Dy2O3 and Nb2O5, from Aldrich, having a 
purity of 99.9%, were solid-reacted at a temperature of 900 ºC 
for 12 h after being carefully ground in an agate mortar for 3 h 
and pelletized to form discs of 9.00 mm diameter. 
Subsequently, samples were pulverized for an hour, pressed in 
tablet form, and sintered at 1350 °C for 36 h. The diffraction 
patterns were obtained on a Panalytical X'Pert Pro MPD, which 
has a radiation source with wavelength λCuKα=1.54064 Å, a step 
of 0.02 degrees and exposure time of 5 s. Rietveld refinement 
of the experimental data was carried out using the GSAS 
program [8]. Measurements of magnetic susceptibility as a 
function of temperature were performed by means VersaLab 
equipment produced by Quantum Design. A VEGA3 TESCAN 
electronic microscope was used in order to examine the surface 
morphology of samples. Polarization curves as a function of 
electric field were measured by the utilization of a Ferroelectric 
Tester (Radiant Technologies) on the presence of high voltages.  

 
3.  Calculation method 

 
In order to determine both the band and electronic 

structures of the Sr2DyNbO6 ceramic, the method Full-

Potential Linear Augmented Plane Wave method (FP-
LAPW) was implemented by considering the Kohn-Sham 
Density Functional Theory (DFT) [9], for which the 
Generalized Gradient Approximation (GGA) was adopted, 
and considering the exchange correlation energy predicted by 
Perdew, Burke and Ernzerhof [10]. The calculating self-
consistency was carried out through the Wien2k numeric 
package [11]. Theoretical calculations of the structural 
parameters of the material were made through the 
minimization of the energy as a function of the volume of the 
unit cell, with a corresponding fitting to the Murnaghan’s 
state equation [12]. Then, the bulk modulus, the minimum 
energy value and the equilibrium lattice parameters and 
associated volume were obtained. The muffin-tin radii 
introduced for the calculations were RSr=1.25415 Å, 
RDy=1.25415 Å, RNb=1.04777 Å, and RO=0.94194 Å, with an 
angular momentum inside the muffin-tin sphere up to l =10, 
a kmax=250 points in the irreducible Brillouin zone and Gmax 
=12.0, RMT*Kmax = 7.0 (maximum vector in the momenta 
space). At last, for the self-consistent calculation, total 
energies of 0.0001 Ry, charge of 5.3x10-5 Å and internal 
forces of 1.0 mRy/u were taken in to account.  

 
4.  Results and discussion 

 
XRD pattern for the Sr2DyNbO6 material is presented in 

Fig.1. The strong peaks observed in the diffractogram have 
the signature that characterizes a superstructure of the 
perovskite type. These are characteristics of a primitive 
perovskite plus a few weak line diffractions arising from the 
superlattice. From the GSAS Rietveld refinement it was 
obtained that the respective structure corresponds to a 
monoclinic double perovskite, which belongs to the P21/n 
(#14) space group.   

The particular feature of this primitive cell is the 
occurrence of which denotes one 180o rotation around a 
screw axis, with a subsequent translation in the [010] 
direction at the half lattice parameter, and a final diffraction 
perpendicular to the [010] direction respect to a sliding 
crystallographic plane. As a direct result of the Rietveld 
refinement is the cell parameters of the studied perovskite 
were a=5.7314 Å, b=5.9054 Å and c=8.2222 Å. It is known 

 

 
Figure 1. Characteristic XRD pattern for the Sr2DyNbO6 complex 
perovskite.  Index for the respective reflective planes are indicated in the 
picture.Source: The authors.   
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that in the ideal ABO3 single perovskite the bigger cation A is 
12-coordinated with the O anions while the smaller cation B has 
an octahedral 6-coordination with the neighborhood of O 
anions. Double perovskites with mixed B, B' are usually 
characterized by a larger unit cell represented through the 
formula A2BB’O6 [13]. As showed in the structure of Fig. 2, 
there are evidences of distortion of the DyO6 and NbO6 
octahedral from the ideal symmetrical cube. In the bc-plane 
showed in Fig. 2a, tilt angle of octahedral η=15.83o is observed 
and in the ac-plane of Fig. 2b the tilt angle ρ=18.14o is evident. 
The monoclinic angle is calculated to be β=90.0276o. 

The monoclinic structure belonging to the P21/n (#14) 
space group is determined by the following details: peaks 
(011) and (111) appear in the  pattern; diffractions (240), 
(004) and (404) are indicative of in-phase tilting (ood); peak 
(330) in the  pattern shows the occurrence of atomic 
displacements (ddo); and peaks (011), (111) and (3-10) 
reveal the ordered arrangement of cations forming super-
structure diffractions (ooo), which suggest simultaneously 
the appearance of in-phase and out-of-phase tilting [14]. The 
Dy3+ and Nb5+ are located on the 2d and 2c Wyckoff positions 
(see Table 1) make up two DyO6 and NbO6 octahedral 
alternatively arrangement in two subsequent fcc subcells. On 
the other hand, 1,2 and 3 Oxygen anions are sited in the 
octahedral corners and the Sr2+ cation is localized in the A-
site of the generic A2BB’O6 structure, in the cavities 
generated by the corners that are shared by the DyO6 and 
NbO6 octahedral.  As presented in Table 1 and observed in 
Fig. 2c, Sr2+ cation occupies the 4e Wyckoff position 4e. 

These mismatches give rise to rotations of the DyO6 and 
NbO6 octahedral and shifts of Sr cations and O ions that 
rotate the structure to fix the Dy3+ and Nb5+-cations on the B 
and B’ sites of the double perovskite, besides, the small size 
of the Sr cation produces a large distortion from the ideal 
cubic symmetry. Consequently, the DyO6 and NbO6 
octahedral are forced to maintain the union between their 
corners, while supporting the tilting between them. To find 
the mismatch between the Sr–O, Dy–O and Nb–O inter-
atomic bond lengths we calculated the tolerance factor τ 
defined by the ratio  
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where rA, rB, rB’ and rO are the ionic radius of the A, B, B’ 

and O-ions, respectively. The calculated tolerance factor for the 
Sr2DyNbO6 perovskite was τ=0,9285. This value suggests a 
rock-salt arrangement over the two non-equivalent DyO6 and 
NbO6 octahedral sites. The distances between the Dy-O, Nb-O 
and Sr-O ions are not always the same, which justifies a 
tolerance factor less than unity with distortions of octahedral. 
These distortions are also identified through η and ρ angles. 

The Secondary Electrons Image of SEM of Fig. 3 for the 
Sr2DyNbO6 reveals a qualitative approximation to the surface 
microstructure. Strongly coupled particles are observed in the 
surface morphology, which is a characteristic of good 
sinterization in the polycrystalline sample. Picture evidences 
the formation of micrometric clusters of nanometric grains. 

 
Figure 2. Crystalline structure of the Sr2DyNbO6 monoclinic perovskite. (a) 
bc-plane, (b) ac-plane and (c) 3D-structure. 
Source: The Authors 

 
 
The discrepancy between the ionic radii of all cations and 

oxygen is one of the reasons why the double perovskite 
Sr2DyNbO6 is distorted from the ideal cubic A2BB’O6 structure.  
Table 1. 
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Atomic positions of cations and anions on the unit cell of Sr2DyNbO6, 
obtained from the Rietveld refinement.  

Atom Wyckoff Site x y z 
Sr2+ 4e 0.5165 0.5490 0.2483 
Dy3+ 2c 0.0000 0.5000 0.0000 
Nb5+ 2d 0.5000 0.0000 0.0000 

O2-(1) 4e 0.2241 0.1917 -0.0439 
O2-(2) 4e 0.3119 0.7257 -0.0439 
O2-(3) 4e 0.4122 -0.0135 0.2325 

Source: The Authors. 
 
 

 
Figure 3. Scanning Electron Microscopy image for the Sr2DyNbO6 complex 
perovskite. 
Source: The Authors 

 
 
In order to determine the mean grain size, we use the 

intercept method drawing random straight lines across the 
micrograph. Then, we perform a counting of the number of 
grain boundaries intersecting the line. At last, the mean grain 
size is found by dividing the number of intersections by the 
line length. The accuracy depends on the scale and 
magnification micrograph applied in the spread of 
experimental error. It is clear that the grains could end up 
having a few tens of nm, forming groups, which have 
appearance of clusters of several μm sizes. The particle size 
D was calculated using the Scherrer equation, which is based 
on widening of maximum intensity weak of the XRD pattern 
due to particle size exclusively, and defined by the ratio 
D=Kλ/β(θ)cosθ, where K is a constant, λ=0.15406 nm is 
the radiation length and β(θ)=Δ(2θ) represents the half-
widening of  profile [15]. The calculated particle size for the 
Sr2DyNbO6 is D=42.5 nm. As D depends on the nucleation 
and growth rate, then, the value obtained for the Sr2DyNbO6 
material is attributed to the decomposition reaction toward 
oxides, which may be responsible of the particle size D [13]. 
Because the solid-state reaction destroys the original 
morphologies of the precursor oxides, fine particles with 

similar size distributions can be obtained. These fine particles 
might be combined once and again to form agglomerates with 
size distributions like that shown in Fig. 3. Since, the increase 
of the annealing temperature or the sintering time the particle 
size D of material also increases, and then the grain 
morphology changes from the common plate-like form 
observed in ceramics, toward a spherical-like form. These 
phenomena produce a decreasing in surface tension and lead 
to a transformation of the crystallographic structure toward a 
low symmetric P21/n. The crystal structure of the Sr2DyNbO6 
suffers a decrease of the lattice parameters and consequently 
the unit cell volume decreases as D increases; this could be 
due to decreasing of the ratio of surface to volume with the 
D increases [13]. This result suggests that for D=42.5 nm at 
1350 K, the crystal structure of the Sr2DyNbO6 suffers grain 
size-induced polarization rotation, which produces a phase 
transition toward monoclinic P21/n (#14) phase as the 
particle size D increases. Besides, the particle size D obtained 
for the Sr2DyNbO6 morphology suggests that the influence 
of the sliding processes decreases as D increases and ceramic 
samples with small D suffer large amount of grain 
boundaries, which are responsible for sliding processes. 

The magnetic response of Sr2DyNbO6 has been 
investigated by measuring the DC magnetic susceptibility in 
the temperature range 50 to 300 K on the application of H=10 
Oe magnetic field intensity.  Fig. 4 shows the temperature 
dependence of the DC magnetic susceptibility for 
Sr2DyNbO6.     

The magnetic susceptibility data of this picture can be 
fitted well with the Curie law χ=χ0+C/(T-θc), where 
C=Nµ2

eff/3kB is the Curie constant, N represents the 
Avogadros’s number, µeff is the effective magnetic moment 
(µeff=PeffµB), Peff represents the effective Bohr magneton 
number, µB is the Bohr magneton, KB is the Boltzmann 
constant, θc is the paramagnetic Curie temperature and χ0 is 
the temperature independent susceptibility term.   The value 
of the temperature independent susceptibility term is χo = 
0.00812 emu/mol.Oe. The Curie constant, estimated from the 

 
 

 
Figure 4. Magnetic susceptibility curve as a function of temperature and 
Curie fitting for the Sr2DyNbO6 double perovskite. 
Source: The Authors. 
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fitting in Fig. 4 is C=13.2423 emu.K/mol.Oe.  The effective 
magnetic moment due the Dy3+ ion, calculated from the Curie 
constant is µeff=10.28 µB. This value corresponds 96.7% with 
the expected Peff=g[J(J+1)]½=10,63  for an isolated Dy+3 
cation with configuration 4f105d06s2, calculated by the 
Hund’s rules, where g represents the Landé factor and J is the 
quantic number [16].  This difference may be attributed to the 
crystal field effects of the trivalent Dy+3 cation, which explain 
the magnetic susceptibility in Sr2DyNbO6. 

Fig. 5 shows the hysteric behavior 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 µc/cm2, remnant 
polarization of 0.039 µc/cm2 and coercive fields of 1.48 
kV/cm.   

From the estimate values of the PS, we determine the 
capacitance of the Sr2DyNbO6 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 obtain 
C/A as the slope in a picture of saturation polarization as a 
function of voltage. The electric permittivity is calculated by 
the expression ε=(C/A)(d/ε0), where d represents the distance 
between the capacitor plates and ε0 is the electric permittivity 
in vacuum [17]. The saturation of polarization in the 
dielectric hysteresis curve permitted determine the relative 
dielectric constant at room temperature ε=264.28, which is 
an appropriate value for microwave applications. 

Calculations of minimization of energy as a function of 
volume by the GGA approximation, for the space group 
P21/n (#14), produce the points of Fig. 6. The theoretical 
points were fitted by the Murnaghan’s state equation [12]. In 
the picture the minimum energy value is obtained for 0.0734 
eV. The equilibrium volume is 290.8125 Å3, which 
corresponds with lattice constants a=5.8161 Å, b=5.9927 Å 
and c=8.3437 Å, with a monoclinic angle β=90.0276o and a 
volume modulus Bo=148.93 GPa. The lattice parameters 
obtained from the experimental results are ∼ 98.5% in 
agreement with those obtained from the GGA approximation. 

 

 
 
Figure 5. Hysteresis curve of polarization as a function of the electric applied 
field measured in the Sr2DyNbO6 material. Saturation and remnant 
polarizations and coercive field is signaled in the figure. 
Source: The Authors. 

 
Figure 6. Curve of minimizations of energy as a function the unit cell 
volume. 
Source: The Authors. 

 
 

 
 
Figure 7. Band structure with spin polarization calculated for the Sr2DyNbO6 
material. 
Source: The Authors. 

 
 
Fig. 7 exemplifies the band structure calculated for the 

Sr2DyNbO6 material by considering spin polarization.  In the 
picture, the Fermi level is assigned to E=0.  

For the spin up orientation an insulator character is observed 
with gap energy from -1.75 eV to 1.45 eV (Eg=3.21 eV), while for 
the spin down polarization Eg=0.26 eV and five group of localized 
bands are identified in the energy regime from -1.85 eV to 1.05 eV. 
These exotic bands correspond to the 4d4 orbital of Nb. 

Fig. 8 represents Total and Partial density of states (DOS) for 
both up and down spin orientations.  In the valence band majority 
states are located far the Fermi level, in the energy interval 
between -5.8 eV and -1.8 eV. From the Fig. 8 it is clear that the 
predominant contribution to the DOS for the up configurations is 
due to 4d4 states of Nb. Representative participation of 2p4 
oxygen orbitals for the up and down orientations are observed in 
this energy region. Contributions due to 4f10 states of Dy and 
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Figure 8. Total and partial DOS for both up and down spin polarization 
calculated for the Sr2DyNbO6 perovskite. 
Source: The Authors. 

 
 

5s2 of Sr are very incipient. Close to the Fermi level, between 
-0.50 eV and 0 eV, strong contribution of 4d4 Nb-states 
clearly appears in the valence band. Close to the Fermi level 
in the conduction band, three isolated and localized 
contributions of the 4d4 orbital of Nb are observed for the 
spin down orientation. These are responsible for the 
semiconducting behavior in this spin channel. 

On the other hand, in the energy regime from 1.53 eV to 
2.62 eV a symmetric-like feature of the spin up and spin 
down DOS is observed with representative contributions of 
the 4f10 and 2p4 states of Dy and O, respectively. Far the 
Fermi level, above 3.79 eV, 5s2-Sr states and other incipient 
orbital are available. In Fig. 8 is possible to observe an 
apparent conductor character in the DOS for the spin down 
orientation, but it is important to clarify that this effect is due 
to the underestimation of the gap which is characteristic of 
the Wien2k package. Magnetic moment of mixed charge 
density was calculated from the asymmetry of the Dy-4f 
states close the Fermi level. Total magnetic moment in cell 
was determined to be 10.0 µB for Sr2DyNbO6. This result is 
97.3% in agreement with the experimental obtained value. 

 
5.  Conclusions 

 
GSAS refinement of experimental XRD data of 

Sr2DyNbO6 synthesized by the solid state reaction method 
reveals the monoclinic structure of this double perovskite 
material, space group P21/n (#14). Nanometric grains (42.5 
nm) distributed in micrometric clusters were observed in 
SEM images. Curie fitting in the paramagnetic regime 
permitted to determine the effective magnetic moment 
µeff=10.28 µB. This value is close to the theoretical predicted 
by the Hund’s rules. Measurements of polarization as a 
function of applied electric fields reveal the strongly 
dielectric feature of the material. From the polarization 
saturation the relative dielectric constant was determined to 
be ε=264.28. Crystallographic parameters were obtained 
from adjustment of minimal energy with the Murnaghan state 

equation taking in to account the P21/n space group. These 
are 98.5% in accordance with the experimental lattice 
parameters. The obtained volume modulus Bo=148.93 GPa 
is typical of the double perovskite-like materials [18]. 
Calculation of band structure and DOS with spin polarization 
predicts the insulator behavior (Eg=3.21 eV) of the 
Sr2DyNbO6 for the spin up orientation and semiconductor 
(Eg=0.26 eV) for the other. Major contributions to the DOS 
close to the Fermi level are attributed to the 4d4-Nb states. 
The calculated effective magnetic moment is 97.3% in 
agreement with the experimental value. 
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