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Abstract. Vibrational and microwave dielectric properties of xLa(Mg1/2Ti1/2)O3–(1-x)Ba(Mg1/3Nb2/3)O3 (x = 0.0, 0.1,
0.3, 0.5, 0.7, 0.9 and 1.0) synthesized by the solid-state reaction technique are investigated. The Rietveld refinement of the
X-ray diffraction (XRD) data confirms that Ba(Mg1/3Nb2/3)O3 (x = 0.0) adopts the 1:2-ordered structure with trigonal P3m1 space group, whereas La(Mg1/2Ti1/2)O3 (x = 1) has monoclinic P21/n crystal structure. Both the materials have single
phase crystal structure. For x = 0.1, the sample is found to have double phase. Further, with the increase in the value of x,
the crystal structure becomes monoclinic P21/n. The vibrational properties of the materials are studied by the Raman
spectroscopy and are correlated with the structural parameters. All the materials show high dielectric constant (er [35) at
microwave range. The factors affecting the microwave dielectric properties are discussed based on the vibrational and
structural data.
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Introduction

The complex perovskite oxides having low dielectric loss
(tan d * 10-4–10-5) or high quality factor (Q), high
dielectric constant (er * 20–40) and very low temperature
coefficient of resonant frequency (sf * 0 ppm °C-1) are
desirable for resonators and filters applications in microwave frequency [1–6]. A higher er value enables the resonator size to be reduced. Whereas very low value of sf
provides the stability of the device at room temperature.
The Q value determines their frequency selectivity. These
requirements are almost always mutually exclusive in
dielectric materials. The additional ability of the complex
perovskite oxides via appropriate doping and/or the formation of the solid solutions with other member compounds
are also of widespread interest and use. In this regard, the
A(B0 1/3B00 2/3)O3 ceramics with 1:2-ordered perovskite
structure, are known for their remarkable microwave
dielectric properties. These perovskites are particularly
studied because they often exhibit very low dielectric losses
and high Q value in the microwave region and have a great
potential for industrial applications, such as dielectric resonator. Among the 1:2-ordered family of perovskite oxides,
barium magnesium niobate, Ba(Mg1/3Nb2/3)O3 (BMN) is
one of the well-studied promising microwave dielectric
materials. BMN has interesting microwave dielectric
properties (er = 32, sf = 33 ppm °C-1 and quality factor Qf =
56 THz at 10 GHz) [4]. The B-site cation ordering is an

important factor which affects the crystal structure and
dielectric properties of microwave dielectric perovskite
oxides [7,8]. The substitution of different cations at A- and
solidus or B-site can modulate the structure and the properties of the solid solutions. Many research works have been
carried out to improve the ordering, sintering temperature
and dielectric properties of BMN by substituting A-site or
B-site element or to make a solid solution with other perovskite oxides [4,9–12]. Galasso and Pyle [13] first reported
the 1:2-ordered structure of BMN sintered at 1400°C.
Moreira et al [14] have studied the polarized micro-Raman
scattering spectra of BMN single crystal. In this study, they
confirmed that BMN belongs to the trigonal P-3m1 space
group, with 1:2 ordering of Mg and Nb atoms along the
[111] cubic direction. Dias and Moreira [15] have studied
the infrared reflectivity spectrum of BMN sintered at
1400°C and obtained the value of dielectric constant, loss
tangent, quality factor using generalized four-parameters
oscillator model. Akbas and Davies [4] have studied the
structural and dielectric properties of BMN–LaMg2/3
Nb1/3O3 (LMN) and showed that due to the doping of LMN,
crystal structure goes toward 1:1 ordering. Veres et al [9]
have studied the microwave dielectric properties of BMN–
Ba(Zn1/3Nb2/3)O3. The crystal structure and microwave
dielectric properties of BMN–BaHfO3 have been studied by
Zhang et al [10].
Another complex perovskite oxide La(Mg1/2Ti1/2)O3
(LMT) belonging to 1:1-ordered family of perovskite
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oxides, has been proposed for microwave application due to
its promising relative permittivity (er = 27.4) and quality
factor (Qf = 82 THz at 7.1 GHz) [16]. However, the relatively high magnitude of the temperature coefficient of the
resonant frequency (sf = -81 ppm K-1) restricts LMT to
use in microwave devices. LMT is a distorted B-siteordered perovskite with space group P21/n and is characterized by both in-phase and anti-phase tilting of the oxygen
octahedra, La displacement and high degree of Mg/Ti
ordering [17].
It is well known that the materials having sf preferably
close to 0 ppm °C-1 is desirable to achieve the resonator
functions for radio and microwave frequency applications
that are suitable to temperature variations. One of the
simplest ways to achieve very low sf materials is to form
solid solutions of different dielectric ceramics that have
opposite sf. Realizing this technique, we have synthesized a
series of new complex perovskite oxides by adding LMT
with BMN; such as xLa(Mg1/2Ti1/2)O3–(1-x)Ba(Mg1/3
Nb2/3)O3 (x = 0, 0.1, 0.3, 0.5, 0.7, 0.9, 1). LMT alone cannot meet the requirements for the microwave dielectric
ceramics. Yet, it can be considered as an important end
member for creating applicable solid solutions which have
excellent microwave dielectric properties. In this regard,
various solid solutions of LMT with other perovskite oxides
have also been reported [18–20]. It is expected that the
combination of two different perovskites of BMN and LMT
may generate the complex perovskite structure which
results from the occurrence of co-substitution at A and B
sites if the content of LMT increases relative to that of
BMN. In this work, we have investigated the vibrational
and microwave dielectric properties of xLa(Mg1/2Ti1/2)O3–
(1-x)Ba(Mg1/3Nb2/3)O3 (x = 0, 0.1, 0.3, 0.5, 0.7, 0.9, 1)
synthesized by the solid-state reaction technique. The
composition (x)-dependent microwave dielectric properties
have been studied and correlated with the crystal structure
and vibrational modes.

2.
2.1

Experimental
Synthesis of xLa(Mg1/2Ti1/2)O3–(1-x)Ba(Mg1/3Nb2/3)O3

The complex perovskite oxides xLa(Mg1/2Ti1/2)O3–
(1-x)Ba(Mg1/3Nb2/3)O3 (x = 0 (BMN), 0.1 (LMTBMN1),
0.3 (LMTBMN3), 0.5 (LMTBMN5), 0.7 (LMTBMN7), 0.9
(LMTBMN9) and 1 (LMT)) were synthesized by the solidstate reaction technique. The powders of La2O3 (reagent
grade, Loba Chemie), BaCO3 (Loba Chemie, 99%), MgO
(Alfa Aesar, 99.9%), Nb2O5 (Alfa Aesar, 99.9%) and TiO2
(Ranbaxy Lab. Ltd., 98.0%) were weighed in stoichiometric
ratio. To evaporate the moisture, the powder of La2O3 was
pre-heated at 1073 K for 72 h. The starting materials were
mixed in the presence of acetone for 12 h using agate mortar
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and pestle. The wet mixed powder was dried and initially
calcined at 1273 K for 4 h. After repeated cycles of heating
and mixing, the final calcination was done at 1573 K. The
calcined powder was brought to room temperature at the
cooling rate of 100 K h-1. The phase formation of the
materials was checked after each calcination step by taking
X-ray diffraction (XRD) data. The calcination temperature
was optimized by analysing the XRD data. The calcined
powders were pelletized into circular discs of diameter
*8 mm and a rectangular pellet of size 24 9 11 mm, using
polyvinyl alcohol as a binder. The pellets were annealed at
1323 K for 6 h and cooled down to room temperature at the
cooling rate of 1 K min-1.

2.2

Characterization

XRD measurement of the calcined powder was carried out
by a Rigaku Miniflex-II automatic X-ray powder diffractometer over a range of Bragg’s angle (10° B 2h B 80°) at
room temperature using CuKa radiation. The Rietveld
refinement of the experimental XRD patterns was carried
out by a model based on the hypothesized crystal structure
using Full-Prof program [21]. In the Rietveld refinement
process, the 6-coefficients polynomial function was used to
fit the background and the pseudo-Voigt profiles were used
for the peak shapes. Throughout the refinement process,
scale factor, lattice parameters, positional coordinates (x, y,
z) and thermal parameters were varied. During the Rietveld
refinement process, the site occupancy of the cations (Ba,
La, Mg, Ti and Nb), and the unit cell content were constrained considering the nominal chemical composition of
the constituent ions.
The scanning electron microscopic (SEM) images of the
sintered pellets of the samples were collected using FEI
Quanta FEG 250 field emission scanning electron microscope. The energy dispersive analysis of the X-ray (EDAX)
was carried out using an energy dispersive spectrometer
attached with the SEM to obtain the percentage of the
chemical compositions in the synthesized materials.
The Raman spectroscopic measurements of the samples
were carried out at an excitation wavelength of 488 nm
(Ar laser) using a Lab-RAM HR 800 (Jobin Yvon,
Palaiseau, France) Raman spectrometer. The Fourier
transform infrared (FTIR) spectra of the samples were
recorded between 400 and 1000 cm-1 with a Perkin-Elmer
FTIR 1000 instrument (Waltham, MA), using the KBr
pellet technique.
The microwave dielectric properties of the materials were
measured by a Vector Network Analyzer (ZNB-20, Rohde
& Schwarz) using the rectangular pellets. The room temperature dielectric permittivity (er) and the quality factor
(Q) were measured between 8 and 12 GHz using the
reflection line method by the waveguides.
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Results and discussion
XRD and microstructural study

The Rietveld refinement of the room temperature XRD
pattern of BMN is shown in figure 1. The presence of small
reflection peaks in the 2h range from 10 to 20° indicates the
trigonal P-3m1 crystal structure of BMN. The crystal
structure is further verified by the Raman spectrum. The
lattice parameters and the reliability factors obtained from
the refinement of the XRD data are given in table 1. The
positional coordinates of P-3m1 phase are listed in table 2.
Figure 2 shows Rietveld refinements of LMTBMN1,
LMTBMN3, LMTBMN5, LMTBMN7, LMTBMN9 and
LMT. The refinement parameters are listed in table 1. The
Rietveld refinement of the XRD profiles suggests that
except LMTBMN1, other five materials LMT, LMTBMN9,
LMTBMN7, LMTBMN5 and LMTBMN3 are crystallized
in monoclinic P21/n structure with 1:1 ordering of the B-site
cations. The positional coordinates of P21/n phase of LMT
are given in table 2. Owing to the presence of a small peak
at 2h % 17°, the XRD pattern of LMTBMN1 is well-fitted
considering both the P-3m1 and P21/n phases. A good fitting between the observed and calculated patterns suggests
that the chosen model is appropriate for this histogram. It is
observed from table 1 that with the increase in LMT content, the lattice parameters decrease. The decreasing trend
of the lattice parameters is associated with the smaller ionic
radius of La3? (1.36 Å) with respect to Ba2? (1.61 Å). The
bond lengths and bond angles obtained from the Rietveld
refinement are listed in table 3. With the increase in LMT,
the average ionic radius of A-site cation decreases, but the
average ionic radius of B-site cation is not changed much
because of the nearly same ionic radius of Nb5? (0.64 Å)
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and Ti4? (0.604 Å). This significantly reduces the tolerance
factor from its unit value for the ideal perovskite structure.
The tolerance factor is defined as Tf = (hrA i ? ro)/H2(hrB i
? ro), where rA and ro denote the ionic radius of A- and Oions, respectively, and hrB i represents the average ionic
radius of the B-site cations. Due to the decrease in Tf, the
LMTBMN systems go to the lower symmetric structure i.e.,
from trigonal to monoclinic with the increase in LMT. The
value of bond angles in table 3 shows a significant distortion in the BO6 octahedra. In the ideal cubic perovskite, the
B–O–B angle is equal to 180°, but in the investigated
materials, the average value of this angle is low (table 3)
because of the octahedral tilting. The decrease in the unit
cell volume and hBOBi angle with the increase in LMT
content can be correlated. In the perovskite oxides, B-ions
are surrounded by regular octahedra of oxygens. The BO6
octahedra are linked together by their corners to form a
three-dimensional frame work, while the A ions are seen
between these octahedra. For a perfect size match, the B–
O–B bond angle h would be 180°. In the studied materials,
the average ionic radius of A-site cation decreases, because
of the substitution of Ba2? ion by smaller La3? ion. In this
condition, the octahedra tilt and rotate to reduce the excess
space around the A-site, leading to h = 180°-/, where /
increases with the decrease in ionic radius of A-cation.
Therefore, the B–B distances decrease and hence, the unit
cell volume decreases with decrease in A-site ionic radius.
The microstructures of BMN, LMTBMN1, LMTBMN3,
LMTBMN5, LMTBMN7, LMTBMN9 and LMT are shown
in figure 3a–g, respectively. A homogeneous microstructure
with regular arrangement of grains of different sizes and
shapes are observed in all the materials. SEM images
confirm the low porosity of the sintered pellet with wellpacked grains. The absent of any secondary phases in any of
the SEM micrographs, suggests the existence of a complete
solid solution of two parent compounds (BMN and LMT) in
these materials. The average grain size is found to be 0.51,
0.55, 2.28, 2.16, 2.13, 2.21 and 0.85 lm for BMN,
LMTBMN1, LMTBMN3, LMTBMN5, LMTBMN7,
LMTBMN9 and LMT, respectively. It is observed that the
grain size increases more significantly with the increase in
LMT above 10%, even though the annealing temperature of
all the materials is kept same. The EDAX results are given
in table 4. It is observed that the atomic percentage of the
chemical elements in the materials is close to their nominal
compositional values.
The Archimedes’ method is used to measure the bulk
density of the annealed pellets. The materials attain [95%
densification relative to their theoretical density. The relative density of the materials is listed in table 6.

3.2
Figure 1. Rietveld refinement of the X-ray diffraction patterns
of BMN. The symbols represent the experimental data and line is
the Full-Prof simulated patterns.
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Raman and FTIR spectroscopic studies

The room temperature Raman spectra of the materials are
shown in figure 4. The observed spectrum of BMN is very
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Table 1. Structural parameters obtained from the Rietveld refinement of the XRD patterns of xLa(Mg1/2Ti1/2)O3–(1-x)Ba(Mg1/3
Nb2/3)O3 (x = 0.1, 0.3, 0.5, 0.7 and 0.9).
Crystal structure
(phase)

Materials

Phase fraction

Lattice parameters

BMN

Trigonal (P-3m1)

100%

a = b = 5.7671(3) Å, c = 7.0755(6) Å,
a = b = 90°, c = 120°

LMTBMN1

Trigonal (P-3m1)

84.49%

a = b = 5.7669(2) Å, c = 7.0483(5) Å,
a = b = 90°, c = 120°
a = 5.7386(4) Å, b = 5.7587(4) Å,
c = 8.1611(3) Å, a = c = 90°,
b = 90.2015(4)°
a = 5.7192(4) Å, b = 5.7213(1) Å,
c = 8.1024(9) Å, a = c = 90°,
b = 89.8931(2)°
a = 5.6781(1) Å, b = 5.6847(1) Å,
c = 8.0246(2) Å, a = c = 90°,
b = 89.9783(8)°
a = 5.6275(2) Å, b = 5.6252(9) Å,
c = 7.9691(8) Å, a = c = 90°,
b = 89.9401(9)°
a = 5.5717(1) Å, b = 5.5688(7) Å,
c = 7.8979(4) Å, a = c = 90°,
b = 89.7987(4)°
a = 5.5530(1) Å, b = 5.5639(8) Å,
c = 7.8670(1) Å, a = c = 90°,
b = 90.0128(1)°

Monoclinic (P21/n)

15.51%

LMTBMN3

Monoclinic (P21/n)

100%

LMTBMN5

Monoclinic (P21/n)

100%

LMTBMN7

Monoclinic (P21/n)

100%

LMTBMN9

Monoclinic (P21/n)

100%

LMT

Monoclinic (P21/n)

100%

Table 2.
Materials

Reliability factors
v2 = 2.74, Rp = 8.37,
Rwp = 11.1,
Rexp= 6.6
v2 = 1.27, Rp = 6.92,
Rwp = 9.02, Rexp = 8.0

v2 = 1.39, Rp
Rwp = 10.6,
Rexp = 9.03
v2 = 1.47, Rp
Rwp = 11.9,
Rexp= 9.81
v2 = 1.54, Rp
Rwp = 12.0,
Rexp = 9.67
v2 = 1.59, Rp
Rwp = 13.0,
Rexp = 10.26
v2 = 1.46, Rp
Rwp = 12.8,
Rexp = 10.62

= 8.26,

= 9.31,

= 9.55,

= 10.10,

= 9.62,

Positional coordinates of the atoms in BMN and LMT obtained from Rietveld refinement of the XRD patterns.
Crystal structure
(phase)

BMN

Trigonal (P-3m1)

LMT

Monoclinic (P21/n)

similar to the previously reported spectrum [22]. The
presence of Raman modes between 150 and 300 cm-1
suggests the 1:2 ordering of the B-site cations in BMN and
confirms the P-3m1 crystal structure. The 1:2-orderedstructure materials belonging to P-3m1 space group has 15
atoms per unit cell. Thus, the total normal vibrational
modes predicted by the factor group analysis can be
expressed as [23]:

Atomic positions
BaI (0.0, 0.0, 0.0)
BaII (0.3333, 0.6667, 0.6677)
MgI (0.0, 0.0, 0.5)
MgII (0.3333, 0.6667, 0.1706)
NbI (0.3333, 0.6667, 0.1706)
NbII (0.0, 0.0, 0.5)
OI (0.175 (4), 0.175 (4), 0.348 (7))
OII (0.5, 0.0, 0.0)
La (0.4914 (7), 0.5291 (1), 0.2446 (1))
Mg (0.0, 0.5, 0.0)
Ti (0.5, 0.0, 0.0)
OI (0.2622 (7), 0.3114, 0.0430 (1))
OII (0.2954 (1), 0.7026 (5), 0.0507 (4))
OIII (0.5448 (7), 0.0070 (3), 0.2998 (1))

C ¼ 4A1g ðRÞ½A,B00 ; O þ A2g ðSÞ
þ 5Eg ðRÞ½A,B00 ; O þ 2A1u ðSÞ
þ 7A2u ðIRÞ þ 9Eu ðIRÞ
þ ðA2u þ Eu Þfacousticg:

ð1Þ

In P-3m1 crystal structure, the A and B00 cations and O
anions reside at the 2d and 6i Wyckoff sites, respectively.
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(a)

(c)

(b)

(d)

(e)
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(f)

Figure 2. Rietveld refinement of the X-ray diffraction patterns of xLa(Mg1/2Ti1/2)O3–(1-x)Ba(Mg1/3Nb2/3)O3 (x =
0.1, 0.3, 0.5, 0.7, 0.9 and 1.0) (a) LMTBMN1, (b) LMTBMN3, (c) LMTBMN5, (d) LMTBMN7, (e) LMTBMN9 and
(f) LMT. The symbols { } represent the experimental data, the Full-Prof simulated patterns {
}, difference
}, Bragg’s position P-3m1 { }, Bragg’s position P21/n { }. In figure 2a, T stands for P-3m1 and M stands for
{
P21/n.

Among the above modes, the nine (4A1g ? 5Eg) Raman
active modes are related to the motion of A, B00 and O atoms.
The Raman spectrum of LMTBMN1 matches with the BMN
spectrum where the increase in the width of the lower frequency mode indicates the lowering of the crystal symmetry
with the doping of LMT. This also supports the presence of
both P-3m1 and P21/n crystal structures in LMTBMN1.
Further increase in LMT changes the Raman spectrum in
terms of spectral feature and frequency position of the different modes. It is observed from figure 4 that in
LMTBMN3, a new mode appears in the lower frequency side

of the A1g(O) mode of BMN. The intensity of this mode
increases and it shifts to the lower frequency side with the
increase in LMT content. Above 70% doping of LMT, this
mode becomes the highest frequency mode and the mode
appearing nearly 800 cm-1 in BMN spectrum is abolished.
In the case of monoclinic crystal structure with P21/n
(C2h) space group, the B0 and B00 ions should occupy the 2c
and 2b Wyckoff sites of Ci symmetry, and the A and O ions
are at 4e sites of general C1 symmetry. Thus, from the factor
group analysis, the normal modes of the C2h point group
are given as [24]:
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Table 3. The bond lengths and bond angles of xLa(Mg1/2Ti1/2)O3–(1-x)Ba(Mg1/3Nb2/3)O3 (x = 0.0, 0.1, 0.3, 0.5, 0.7, 0.9 and 1.0)
obtained from Rietveld refinement.
Materials
BMN (1350°C)
LMTBMN1

LMTBMN3

LMTBMN5

LMTBMN7

LMTBMN9
LMT

Bond length

Bond angles

hBaOi = 2.885; hNbOi = 2.038;
hMgOi = 2.053; hBOi = 2.045
hBa/LaOi = 2.859; hNbOi = 2.185;
hMgOi = 1.942; hTiOi = 2.155;
hBOi = 2.094
hBa/LaOi = 2.878; hNbOi = 2.108;
hMgOi = 1.971; hTiOi = 2.108;
hBOi = 2.062
hBa/LaOi = 2.855; hNbOi = 1.935;
hMgOi = 2.098; hTiOi = 1.935;
hBOi = 1.989
hBa/LaOi = 2.828; hNbOi = 2.195;
hMgOi = 1.812; hTiOi = 2.195
hBOi = 2.067
hBa/LaOi = 2.697; hNbOi = 2.184;
hMgOi = 1.793; hTiOi = 2.184
hLaOi = 2.694; hTiOi = 2.156;
hMgOi = 1.765

hBOBi = 176.6°
hBOBi = 162.83°

hBOBi = 169.36°

hBOBi = 168.72°

hBOBi = 166.78°

hBOBi = 160.01°
hBOBi = 156.92°

Figure 3. SEM images of (a) BMN, (b) LMTBMN1, (c) LMTBMN3, (d) LMTBMN5, (e) LMTBMN7, (f) LMTBMN9 and (g) LMT
are shown.
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Table 4. Atomic percentages of constituent elements of xLa(Mg1/2Ti1/2)O3–(1-x)Ba(Mg1/3Nb2/3)O3 (x = 0.1, 0.3, 0.5, 0.7 and 0.9)
obtained from EDAX.
Element (atomic %)
BaL
LaL
MgK
NbL
TiK
OK

Eg(Nb)
A1g(Nb)

Eg(O)

A1g(Ba)+Eg(Ba)

LMTBMN1

LMTBMN3

LMTBMN5

LMTBMN7

LMTBMN9

17.91
01.98
06.98
12.01
01.01
60.11

13.90
06.02
07.61
09.30
03.02
60.15

10.10
10.10
08.13
06.56
04.93
60.18

05.95
14.08
08.95
03.98
06.97
60.07

02.01
18.01
09.64
01.28
09.10
59.96

A1g(O)+Eg(O)

BMN

A1g(O)

Eg(O)

Intensity (arb. unit)

LMTBMN1

LMTBMN3

LMTBMN5

LMTBMN7

LMTBMN9

LMT

100 200 300 400 500 600 700 800 900
-1

Raman shift (cm )

Figure 4. Raman spectra of xLa(Mg1/2Ti1/2)O3–(1-x)Ba
(Mg1/3Nb2/3)O3 (x = 0.0, 0.1, 0.3, 0.5, 0.7, 0.9 and 1.0) at room
temperature.

C ¼ 12Ag ðRÞ þ 12Bg ðRÞ þ 18Au þ 18Bu :

ð2Þ

Among them, 24 (12Ag ? 12Bg) modes are Raman
active. Except three acoustic modes, (Au ? 2Bu) and other
33 (17Au ? 16Bu) modes are IR active [25]. The fitting of
the experimental Raman spectrum with the sum of 21 and

22 Lorentzian lines for LMTBMN3 and LMT, respectively,
is shown by the solid red lines in figure 5. For the clarity of
the figure, the fittings are shown separately in two different
regions. The Raman shift and the full-width at half maximum (FWHM) of the fitted profiles are given in table 5.
In this study, we have used the Raman spectroscopy
technique for the qualitative analysis of the long-range and
short-range orders in these materials. In perovskite oxides,
the highest frequency A1g mode corresponds to the displacement of the oxygen atoms along the B0 –O–B00 axis.
The frequency of A1g mode is determined by the B0 –O and
B00 –O distances and bonding forces. The FWHM of the A1g
mode gives a measure of the B-site cation ordering. Indeed,
the B-site cation ordering affects the vibrational frequency,
yet the sharpness and intensity of the A1g modes affect with
the variation of B-site cation ordering. The diffuseness of
the Raman peak as well as the red-shift of the A1g mode
with increasing LMT content, indicates the decrease of
cation ordering. With the lowering of the cations ordering
degree, the rigidity of the crystal structure decreases which
means that the ions vibrate in a looser environment, thus,
the frequency undergoes red-shift. As suggested by Reaney
et al [26], the presence of A1g mode is either due to longrange order or short-range order. Whereas Zheng et al [27]
observed that the localized 1:1-ordered F2g mode in complex perovskites is present only when the compound contained the long-range order. This F2g mode splits into A1g
and Eg modes when the long-range 1:2 order is preserved. It
is observed from figure 4 that both the sharpness and the
intensity of F2g (A1g ? Eg) mode decrease with the doping
of LMT and beyond LMTBMN1, no clear evidence of this
mode is present. This indicates the absence of long-range
order in all the materials from LMTBMN3 to LMT.
FTIR reflectivity spectra for these ceramics are presented
in figure 6. The reflection bands are due to the polar lattice
vibrational absorption. The high frequency modes above
500 cm-1 are due to the oxygen octahedra-elongation mode
i.e., BO6 stretching modes. The lower energy bands found
between 400 and 500 cm-1 are related to the O–B–O
bending modes. The vibrational bands corresponding to the
MgO6 and NbO6 octahedra in BMN appear at higher and
lower wavenumber sides, respectively, since Mg is lighter
than Nb. It is observed from figure 6 that initially all the
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Figure 5. Lorentzian peak fit of the experimental Raman profile for LMTBMN3 and LMT at
room temperature where symbols are the experimental points and solid lines are the fitted curves.

vibrational bands are blue-shifted for LMTBMN1 with
respect to BMN. For LMTBMN3, the vibrational bands are
red-shifted with respect to LMTBMN1. But a further
increase in LMT percentage in the materials, all the bands
are blue-shifted. The shifting of vibrational bands with
LMT concentration can be correlated with the hBOBi
bond angle of the materials. It is observed from table 3 that
hBOBi bond angle decreases from 176.6 to 162.83° for
BMN to LMTBMN1 and the vibrational bands are blueshifted. Due to change in the crystal symmetry from
LMTBMN1 to LMTBMN3 i.e., P-3m1 ? P21/n to P21/n,
the hBOBi bond angle increases to 169.36° for
LMTBMN3. As a result, the vibrational bands are redshifted. The hBOBi bond angle further decreases continuously from LMTBMN3 to LMT (169.36 to 157°) and
hence, the FTIR bands are blue-shifted.

3.3

Microwave dielectric properties

The microwave dielectric constant er, Qf and density of the
materials are summarized in table 6. Figure 7 shows the
variation of er and Qf with x. It is observed that xLa(Mg1/2
Ti1/2)O3–(1-x)Ba(Mg1/3Nb2/3)O3 (x = 0.1, 0.3, 0.5, 0.7 and

0.9) have high er with respect to BMN and LMT. The
sudden increase in er from BMN to LMTBMN1 is attributed
to the phase transition from P-3m1 to P-3m1 ? P21/n. The
perovskite cell gets deformed with the lowering of the
crystal symmetry from cubic. The deformed perovskite cell
produces extra polarization, which increases the dielectric
constant in the system. The presence of monoclinic P21/n
phase in LMTBMN1 is responsible for the lowering of the
crystal symmetry with respect to BMN and hence, an
increase in er. A further increase in LMT, changes the
crystal symmetry of LMTBMN3 to P21/n. The value of er
decreases continuously beyond LMTBMN1 and reaches the
value of 40.07 for LMTBMN9. The decreasing trend of er
with increasing LMT content can be correlated with the
hBOi bond length. It is observed from XRD data that the
hBOi bond length decreases continuously with increasing
LMT. A similar observation has been made by Khalam et al
[28]. The change in er can also be correlated with the ionic
polarizability of the materials. The ionic polarizability of Ba
(6.4 Å) is higher than La (6.07 Å) and the ionic polarizability of Nb (3.97 Å) is higher than both Ti (2.93 Å) and
Mg (1.32 Å). Thus, with the increase in LMT, the ionic
polarizability is decreased as a whole, which in turn
decreases the value of er. It is observed from table 6 that the
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Raman spectrum fitting parameters (peak positions and FWHM) for LMTBMN3 and LMT.
LMTBMN3

Band

FWHM (cm-1)

Peak position (cm-1)

FWHM (cm-1)

788.32
745.32
590.81
556.16
529.56
504.31
478.05
453.46
438.17
421.17
331.64
309.07
276.88
248.61
223.48
198.46
174.88
144.56
125.57
110.50
91.07

43.40
63.03
77.64
56.62
48.31
45.94
42.74
34.84
33.65
14.08
31.91
58.54
60.49
55.41
49.29
48.36
48.62
44.52
07.88
31.27
19.27

724.76
716.06
600.23
577.91
559.97
544.59
530.10
513.35
484.54
447.97
436.58
357.59
285.36
259.26
246.02
221.25
203.91
181.04
155.26
137.18
129.07
117.04

22.12
12.30
43.54
36.99
31.75
28.03
27.88
32.41
33.24
15.73
07.84
41.60
47.67
38.81
40.92
38.19
50.37
16.33
24.57
06.35
27.61
27.34

Eu

BMN

Intensity (arb. unit)

LMT

Peak position (cm-1)

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

A2u

Eu
Eu

Eu

LMTBMN1

Table 6. Microwave dielectric properties of xLa(Mg1/2Ti1/2)O3–
(1-x)Ba(Mg1/3Nb2/3)O3 (x = 0.0, 0.1, 0.3, 0.5, 0.7, 0.9 and 1.0).

A2u
Au

Eu A Bu
2u
Eu

AuBu
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Eu

Material
BMN
LMTBMN1
LMTBMN3
LMTBMN5
LMTBMN7
LMTBMN9
LMTa
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LMTBMN5
Au

LMTBMN7

Au

Au B
u

Bu

Au

Au B
u

Bu

Bu

AuBu

Bu

700

600

500

Density
(%)

er

Qf (GHz)

98.1
95.6
97.3
96.4
97.1
96.8
95.9

31.80
87.00
46.57
45.71
44.70
40.07
27.60

38000
10512
25092
13932
12852
13428
114312

a

Ref. [29].

Au
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800

Bu A Bu
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36
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Figure 6. FTIR spectra of xLa(Mg1/2Ti1/2)O3–(1-x)Ba(Mg1/
3Nb2/3)O3 (x = 0.0, 0.1, 0.3, 0.5, 0.7, 0.9 and 1.0) at room
temperature.

Qf value of the LMT-doped materials is low with respect to
pure BMN. The low Qf value can be explained from the
cations ordering degree in the material. It is observed from
the Raman analysis that only short-range order is present in
LMT-doped materials. The short-range order induces a
distribution of the unit cell parameters of the order of a few
nanometres, which may result in anharmonicity and phonon
damping, thereby reducing Qf. Thus, the presence of shortrange ordering is responsible for the low Qf value of
LMTBMN materials.
It is to be noted that the microwave dielectric properties
of these materials can be compared with a similar system
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responsible for the low value of Qf in the materials for x =
0.1–0.9.
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Variations of er and Qf with x.

BMN–LMN [4], where the ordering of the crystal structure
changes from 1:2 to 1:1 with increasing LMN content. In
BMN–LMN systems with 10% doping of LMN, the maximum value of er is 35 which is slightly greater than er = 31.8
for BMN, but 10% doping of LMT at BMN, gives large
enhancement in the value of er (= 87). The Ni doping at Mg
site of BMN sustains the 1:2 cation ordering, but the value
of both er and Qf decrease with increase in Ni content [14].
It is to be mentioned that use of ceramic material as
resonator, it must have a high relative permittivity (er [ 30)
for size reduction or miniaturization, the size of a microwave circuit being proportional to e-1/2
. A high-quality
r
factor (Q [ 10,000) or Q = 1/tan d, low tan d means fine
frequency tunability and better filters. The BMN–LMT
systems satisfy both the above conditions and hence, can be
used as dielectric resonator in microwave frequency range.

4.

Conclusions

The microwave dielectric properties of xLa(Mg1/2Ti1/2)O3–
(1-x)Ba(Mg1/3Nb2/3)O3 (x = 0.0, 0.1, 0.3, 0.5, 0.7, 0.9 and
1.0) synthesized by the solid-state reaction technique are
investigated and correlated with the structural symmetry of
the materials. The Rietveld refinement of the XRD data of
the compounds indicates the change of crystal structure
with the increase in x. The refinement of XRD data shows
that all the materials crystallize in monoclinic phase except
x = 0.0, 0.1 and 1.0. The x = 0.0 has P-3m1 symmetry,
whereas both P-3m1 and P21/n symmetries are present in x
= 0.1. In these materials, only short-range B-site cations
ordering is present due to the doping of LMT, which significantly affects the microwave dielectric properties. The
shifting of the FTIR vibrational band with x is explained
from the change in hBOBi bond angle. The Raman
spectrum supports the crystal structure of the materials. The
factors affecting the microwave dielectric properties are
discussed based on the vibrational data. Our results indicate
that all the materials have high value of er [ 35. The
absence of long-range order in the B-site cations is
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