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Polycrystalline bulk samples of chemical composition La;,SrVO4 (x = 0.0, 0.1, 0.3, 0.5) were prepared by
solid state reaction method. The Morphology and structure wascharacterised by Scanning Electronic
microscopy and powder X-ray diffraction respectively. All the prepared material were single-phase and co-
doped ions were successfully incorporated in LaVOy lattice. The EDAX spectrum shows that the percentage
composition of given elements in the proposed formula was in good agreement with the corresponding
values determined experimentally. The Raman spectra of LavVOj, reflect the VO, type structure that consists of
four different V-O bands. The prominent Raman band at about 860 cm’can be assigned to the symmetric
V-0 stretching mode while the weak Raman band at 792 cm! is assigned to antisymmetric V-O stretching
mode. With increase in Sr doping, optical band gap was found to decrease resulting in increase in
conductivity. The dielectric constant as well as dielectric loss shows a relaxor type of behaviour for higher
doping concentration which can be attributed to the chemical pressure induced in LavVO, with the doping of
Sr ions. The studies performed on ac conductivity identifies that the conduction mechanism follows the
charge hopping between localised states and follow the small polaron conduction.

Introduction

Orthovanadates have technological importance with
applications as scintillators, thermophosphors, or
photocatalysis materials, ionic conductors, non-linear
optical material, lithium-ion  batteries, and in
cathodoluminescence [1-3]. Orthovanadates have attracted
considerable research interest as photocatalysts due to
potential applications in renewable energy and alternative
green technology [4]. Orthovanadates when doped with
trivalent impurities have application as laser-host
materials due to their high-optical conversion efficiency,
high birefringence, and good thermal conductivity [5-7].
In addition, orthovanadate nanoparticles because of
their luminescent properties, chemical stability, and
nontoxicity, can be used in biomedical applications [8-10].

The LaVO4 orthovanadates, which are the focal
point of this report, can likewise be utilized as
thermophosphors, ionic conductors, and non-linear optical
materials [11-14]. What's more, their doping with trivalent
rare earth cations makes them very valuable as laser-host
materials [15]. Indeed, YVO4, which can be developed as
a single crystal utilizing various methods and is one of the
most generally utilized materials in the laser business.
What's more, mixes like LuvVO4 and YbVO4 have been
seen as promising materials for self-Raman lasers. On the
other hand, rare earth mixes are generally utilized in
numerous practical applications due to their impossible to

miss properties beginning from special electronic structure
and various transition modes including 3d and 4f shell of
lanthanide [16-27].

Finally, the combination of the two that is rare-earth
vanadates show interesting structural and magnetic
transformations at low temperatures [28] and a few are
incomparable undergoing Jahn-Teller distortion [29].
Lanthanide (Ln%") orthovanadate possessing chemical
formula ABO. (where A is lanthanide and B = vanadate)
are technologically important materials with immense
applications as catalysis, efficient phosphors, low
threshold laser host, solid-state protonic conductor and
polarizer [30-31]. Lanthanum orthovanadate LaVOs has
attracted much interest of the researchers for the last one
decade both from a fundamental point of view and from
the prospect of applications due to its surface catalytic
properties. Being the binary oxide of vanadium, it is
effectively utilized as catalysts for vapor phase
dehydrogenation of paraffin’s [32]. LaxSrixVOas doped
lanthanum vanadates have been broadly studied for their
basic, magnetic and conductive properties [33,34], while
vanadates containing V®* are being studied for the specific
oxidative dehydrogenation of propane, butane and
ethylbenzene [35,36]. Reduced and oxidized lanthanum
vanadates doped with strontium have been studied by
Trikalitis et. al., for their surface catalytic properties.
Lanthanum orthovanadate is also considered as a
promising host for luminescent lanthanide ions [37,38].
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Lanthanum orthovanadate has been prepared and
characterized by many authors [39-42]. However, in the
literature, there has been no report of frequency and
temperature dependence of dielectric properties. In the
present study, LaSrVO, has been prepared and then their
structural, optical, and dielectric properties have been
studied. Intended in this work is to increase the dielectric
constant with the replacement of Sr for La particles and to
decrease the optical band gap with Sr doping and to bring
about increment in conductivity in the compound.

Experimental procedure

Polycrystalline bulk samples of substance creation
LaxSr1.xVO4 (x = 0.0, 0.1, 0.3, 0.5) were synthesized by
solid state response technique. The high purity (> 99.9%)
antecedents of La)Os;, Sr,0; and V.03 taken in the
stoichiometry proportion were blended and preheated at
1000°C for 12 hours and afterward calcinated again at
1200°C for 12 hours. The homogenous powder was
reground into pellets and afterward was sintered at 1300°C
for 24 hours at a warming pace of 4°C min' and afterward
cooled to room temperature at a cooling pace of 3°C min*
in a tubular furnace. The calcinated material was analyzed
by X-beam diffraction (XRD) utilizing Bruker D8
Advance diffractometer (Cu-Ka radiation). The diffraction
edge (20) range between 20-80° was scanned at room
temperature. Raman spectra were recorded with a Labram-
HR800 miniaturized scale Raman spectrometer furnished
with a Peltier cooled charge-coupled gadget indicator
utilizing an Ar excitation source with wavelength of 488
nm. Neither melting nor any phase transition was observed
in the sample at excitation of Laser intensity of 10 mW.
The SEM micrographs and EDX examination were
obtained utilizing JSM-6490LV Joel. The picture solution
was set at 5,000X and 10,000X. Bulk Samples of LavO4
were dissolved in ethanol and illuminated under ultra
violet radiation to see the impact of Sr doping on
maximum absorption wavelength and hence on optical
properties of systems. Electrical properties were studied
by an impedance analyzer by Wayne Kerr Electronics.
This instrument straightforwardly gives the estimations of
capacitance (C) and dielectric loss (tan &) which were
utilized to ascertain other electric amounts. The
information was recorded in the recurrence scope of 20 Hz
— 3MHz and temperature scope of 20-380°C in air. The
temperature was controlled at a pace of 2°C min? by a
chip-based furnace.

Results and discussions
XRD analysis of Lai«xSrxVO4(x = 0.0, 0.1, 0.3, 0.5)

The X-ray diffraction patterns of La;.xSr«VOs (x = 0.0,
0.1, 0.3, 0.5) Samples are shown in Fig. 1. The XRD data
of all the samples were analyzed using Powder-X software
which clearly indicates the single-phase formation with
space group P.. The calculated XRD parameters of all the
samples are shown in Table 1. With increase in Sr
content, the lattice constants a and ¢ decreases while the
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lattice constant b increases with Sr at higher concentration.
The Cell volume slightly decreases while as the
interplanar distance changes slightly because the angle of
peak (q) does not vary significantly after Sr doping.
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Fig. 1. X-ray diffraction patterns of La;..SryVO, (x = 0.0, 0.1, 0.3, 0.5).
Table 1. XRD parameters of La;«Sr«VO4 (x=0.0, 0.1, 0.3, 0.5)

Sample X=0.0 X=0.1 X=0.3 X=05
La;xSrVO,

Space group P 2,/n P 2:/n P 2:/n P 2:/n

a(A?) 7.05057  7.07849 7.07252 7.06894

b(A%) 7.2868 7.20903 7.20182 7.29221

c(A) 6.73102  6.67837 6.66952 6.7353

B 104.9143 104.07558  104.0696  104.88053
Volume 331.097  330.559 329.521 335.549
Morphological studies and elemental analysis of

La1xSrxVOa (x = 0.0, 0.1, 0.3, 0.5)

The detailed morphological investigations of the samples
were made utilizing the scanning electron microscope.
SEM micrographs of Lai«SrkVOs (x = 0.0, 0.1, 0.3, 0.5)
sintered at 1300°C for 24 h are shown in Fig. 2. The
microstructure uncovers that the particles are circular fit as
a fiddle with mean particle size of 5um. It is obvious from
Fig. 2 that the normal grain size increases with the
increase in Sr doping which may bring about increment in
dielectric constant. So as to distinguish the presence and
the atomic percentage of La, V, Sr and oxygen, the energy
dispersive analysis of X-rays (EDAX) was performed
utilizinga energy dispersive spectrometer (OXFORD ISIS-
300 framework) appended to a SEM JEOL JSM-6490LV.
Fig. 2 shows the EDAX range of LaiSrkVOs (x = 0.0,
0.1, 0.3, 0.5). The presence of La, Sr and V is
unmistakably found in the range. The weight level of La,
Srand V as got by EDAX is appeared in Table 2. The
percentage composition of given components in the
proposed recipe concurs well with the corresponding
determined experimentally as appeared in Table 2.
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Fig. 2. SEM micrograph and EDAX spectrum of La;.«SrVO, (x = 0.0,

0.1,0.3,0.5)
Table 2. The calculated and experimental weight percentage of La,V, O,
Sr.
Compound Element Experimental Theoretical
(Weight %) (Weight %0)
LavO4 0 24.87 25.205
\% 19.12 20.0701
La 56.01 54.7241
La0.9Sr0.1vVO4 0 26.20 25.7225
\Y 19.88 20.4816
La 51.08 50.2616
Sr 2.84 3.5341
La0.7Sr0.3V04 0 26.28 26.8225
\Y 19.63 21.3574
La 43.96 40.76407
Sr 10.13 11.05593
La0.5Sr0.5vV04 0 30.84 28.0207
\Y 21.63 22.3115
La 29.37 30.4179
Sr 18.16 19.2497
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HR800 micro scale Raman spectrometer outfitted with a
50X target, proper step channel and a Peltier cooled
charge-coupled gadget identifier. No phase transition or
melting was seen in the samples at excitation Laser
intensity of 10 mW. Fig. 3 shows the Raman spectra of the
samples at room temperature. The positions allotted to
extraordinary Raman peaks are 860 cm™ and 370 cm™.
Other than this more fragile groups are noticeable at 818,
792, 345, 328, 206 and 147 cm™. The Raman spectra of
LaVO, reflect the VO, type structure that comprises of
four distinctive V—O groups. The most extreme Raman
band at around 860 cm™can be assigned to the symmetric
V-0 extending mode (Ag symmetry), while the weak
Raman band at 792 cm™ is allocated to antisymmetric
V-0 stretching mode (Bg symmetry), the symmetric (Ag)
and antisymmetric (Bg) bending modes are at 370 and
around 345 cm respectively, and outer modes (rotation/
translation) happen at 206 and 147 cm™ [43]. The Raman
groups and their assignments have been accounted for in
Table 3. The situation for the allotted Raman groups
appeared in this examination has a likeness to the bismuth
vanadate tests with comparable monoclinic structure
additionally containing VOg tetrahedron [44]. From the
figure it very well may be seen that Sr doping doesn't
move the Raman groups to higher frequencies.
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Fig. 3. Raman spectra of La;.«SrkVO, (x = 0.0, 0.1, 0.3, 0.5).

Table 3. The observed Raman modes with corresponding atomic motion
for La;«SrkVO, (x = 0.0, 0.1, 0.3, 0.5).

Raman study of Lai1-xSrxVOa4(x = 0.0, 0.1, 0.3, 0.5)

Raman investigation of the synthesized samples were
completed and the spectra were collected in back
scattering geometry utilizing an Ar excitation source
having a wavelength of 488 nm combined with a Labram-

Position Assignments Symmetry

147 La-O External
Rot/trans

206 La-O External
Rot/trans

345 Antisymmetric V-O Bg
bending mode symmetry

370 Symmetric V-O Ag symmetry
bending mode

792 Antisymmetric V-O Bg
stretching mode smmetry

860 Symmetric V-0 Ag
stretching mode symmetry
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Optical study of LaixSrxVOa4(x = 0.0, 0.1, 0.3, 0.5)

The optical band gap Eg was determined from the curve
between (a.hv) 1/2 and E (eV) where a is the absorption
coefficient and E is energy in electron volts (Fig. 4). The
compositional estimations of Eg are appeared in Table 3.
Also, obviously the optical band gap diminishes with
increment in Sr doping bringing about increment in
conductivity with Sr doping. The optical outcomes are
predictable with other dielectric results (as discussed in
next section).

3.0

25

20

abs

15

1.0

05

200 300 400 500 600 700 800
Wavelength(nm)

Fig. 4. UV-Vis spectra of La;.«<SrkVO, (x = 0.0, 0.1, 0.3, 0.5).

Dielectric properties ofLai1xSrxVO4 (x = 0.0, 0.1, 0.3, 0.5)

The dielectric estimations were done in a frequency range
20 Hz — 3 MHz and temperature range 20 — 250°C
utilizing a Wayne Kerr Impedance Analyzer Model
1J43100 and further automated by utilizing a PC for
information recording, storage and information. A chip-
based furnace fitted with a temperature controller and an
extraordinarily structured two-terminal sample holder was
utilized to warm the sample at a warming pace of 2°C
mint. The high impedance analyzerutilized in the current
examination legitimately gives the estimations of
capacitance C and dielectric loss. Different boundaries, for
example, dielectric consistent €' and ac conductivity, ¢ are
processed utilizing the relations:

. Ct
g,4

€

and o =2 fe, ¢ tand

where, C is capacitance (in Farad), t is thickness (in
meters), A is area (in m?), & = 8.854 x 1072 Fm™?, f is the
frequency (in Hz) of the applied electric field and o the
acconductivity (in Q*m™).

It is seen from Fig. 5 that dielectric constant decreases
with the increase in frequency for all the compositions of
La1xSrkVOs (x = 0.0, 0.1, 0.3, 0.5). The decline of
dielectric constant with increment of frequency is an
ordinary dielectric conduct and can be clarified based on
polarization system. There are four essential instruments
of polarization in materials i.e., electronic, ionic or
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nuclear, dipolar or orientational and space charge or
interfacial polarization. At low frequencies, all the
components of polarization add to the dielectric constant.
With the increase in frequency, the commitments from
various polarizations begin diminishing. The high rise of
dielectric constant at lower frequencies might be credited
to space charge polarization because of grain limit
impacts. From the figure, it is unmistakably observed that
dielectric constant increases with increase in in Sr doping.
The variation of dielectric loss with frequency for all the
synthesized samples are given in Fig. 6. The
nonattendance of any loss peak in the dielectric dispersion
of the material (Fig. 6) recommends its conduct to be that
of low frequency dispersion (LFD) or the semi dc process
(QDC) [44-47]. It ought to be noticed that dipolar
framework will show loss peaks, while carrier dominated
systems display QDC reactions.
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Fig. 5. Variation of dielectric constant with frequency of La;«SrVO,
(x=0.0,0.1,0.3,0.5) at 20 °C.
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Fig 6. Variation of dielectric loss versus frequency of La;«SrVO,
(x=0.0,0.1,0.3,0.5).
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Fig. 7. Variation of dielectric constant with temperature of La;xSrxVO4
(x=0.0,0.1,0.3,0.5).

Temperature dependence of dielectric properties

The temperature reliance of dielectric constant (g') and
dielectric loss tangent (tan &) at various frequencies for
LaixSrkVOs (x = 0.0, 0.1, 0.3, 0.5) are presented in Fig. 7
and Fig. 8 separately. From Fig.7, clearly the dielectric
constant doesn't shift at low temperature while at higher
temperature it increases for all the samples. Such a
conduct at higher temperature is because of generation of
additional thermal energy which upgrades the portability
of charge transporters henceforth builds rate of hopping.
At low temperatures, the thermal energy isn't adequate to
add to the portability of charge transporters. This observed
mechanism sets up the higher polarization at higher
temperature which expands the dielectric constant. For
higher doping concentrations, both dielectric loss and
dielectric constant shows a relaxor kind of conduct which
can again be ascribed to the chemical pressure actuated in
LaSrVO, with the doping of Sr particles. The changes in
the oxidation state of La ions brought about by the
divalent Sr ions to maintain charge stability in the
compound induces more dielectric loss into the system.
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Fig. 8. Variation of dielectric loss with temperature of La;«SrcVOq
(x=0.0,0.1,0.3,0.5).
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AC conductivity of La1xSrxVOas (x = 0.0, 0.1, 0.3, 0.5)

To comprehend the system of conduction and the kind of
polarons answerable for conduction, ac conductivity (cac)
was determined utilizing the accompanying connection:

Oac = 2nfeoc'tand

where, o = 8.854 x10-12 F m-1 and f is the recurrence (in
Hz) of the applied electric field. Fig. 9 shows the
temperature dependent (at chosen frequencies) ac
conductivity plots separately. A straight conduct is
watched for ac conductivity with temperature for all
frequencies at low temperature, and shows a sharp
increment at higher frequencies, which might be credited
to the expansion in the quantity of charge carriers and
their floated portability which are thermally activated.
With the increase in doping, ac conductivity increases.
The ac conductivity increases with frequency and the
outcomes obtained are in acceptable concurrence with the
literature [48-49]. The ac conductivity modification
recognizes that the conduction system is following the
charge hopping between localized states. The observed
outcomes follow small polaron conduction and are reliable
with the literature [50-52]. The hopping frequency of
charge transporters is by all accounts the capacity of the
frequency of the applied field which brings about
increment in mobility of charge carriers. Since the
conductivity isn't enhanced by charge transporters rather it
increases as a result of mobility of these carriers, in this
manner at certain higher frequencies, the hopping of
charge carriers stops to follow the applied field
frequencies and decrease in conductivity. The comparison
shows a marked difference in the conductivity behavior of
pure and doped LSVO samples among which the pure
sample shows a stronger temperature as well as the
frequency dependence. As evident, the conductivity (cac)
is showing an increasing trend for both the increasing
temperature as well as increasing frequency, this behavior
unfolds the nature of LSVO to be semiconducting.
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Fig. 9. Variation of ac conductivity with temperature of La;«SrVO,
(x=0.0,0.1,0.3,0.5).
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Conclusion

Polycrystalline bulk samples of Sr doped LaVO4 were
synthesized by solid state reaction procedure. The
replacement of Sr for La particles results in huge changes
in the physical properties of compound. The incorporation
of Sr clearly brings a distortion the crystal structure, which
is reflected in XRD and Raman study. The results of
dielectric study show there is increase in dielectric
constant particularly at higher doping. The higher
dielectric constant and higher ac conductivity drove the
material appropriate for power application as these may
empower gadget scaling down (device miniaturization).
Optical band gap of the compound was likewise observed
to diminish with Sr doping bringing about increment in
conductivity in the compound. The ac conductivity
adjustment recognizes that the conduction component
follows the charge hopping between localized states and
follow the small polaron conduction. The current
examination plainly shows that the physical properties of
Sr doped LaVO4 rely upon the measure of doping and
thus on the charge state involved by Sr and La particles.

Keywords: Doping, XRD, space group, dielectric study, ac conductivity.
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