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Summary & Conclusions

Recent development in nanotechnology requires PbWO, material having different
morphologies and dimensions suitable for nano dimentional devices. So it is
' important to study effect of different reaction parameters (Precursor, pH,
Concentration, Time and Temperature) on morphology of the ﬁngl product.

We have prepared undoped as well as Cerium doped PbWO, phosphor with
various morphologies using facile Low Temperature Hydrothermal method. Self-
designed Teflon Lined Stainless Steel Autoclave having 90 ml capacity was used to
prepare all samples. We have divided our experiment into two parts to do systematic
analysis of structural and opticall properties of undoped and Cerium doped Lead
Tungstate (PbWO,) phosphor. In the first part of our experiment undoped as well as
Cerium doped PbWO, phosphor were synthesized with different Lead sources (Lead
Acetafe, Lead Nitrate and Lead Chloride), Na,WOy as a metallic cation and distilled
§vater as solvent. In the second part of our experiment PbCl, was kept constant as a
Lead source and phosphor were synthesizeé by varying reaction temperatures and pH
of solution. Crystal structure, phase and morphology were characterized by X-ray
Diffraction (XRD) Analysis Technique, Scénning Electron Microscopy (SEM),
Transmission Electron Microscopy (TEM) and Photoluminescence. Lattice
parameters, unit éeﬂ volume and average crystallite size were performed with

PowderX program.

Effect of Lead Sources

X-ray spectra of PbWO; and PbWO4: Ce synthesized 100°C temperature with

different Lead sources are polycrystalline in nature and contain mixture of two phases
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i.e. stolzite and raspite phase of PbWO,. All X-ray diffraction peaks were indexed to a |
tetragonal stolzite phase with space group I14;a and moﬁoclinic raspite phase with
space group P2;.a. The highest relative intensity is obtaix;ed for (112) crystallographic
plane of tetragonal cryétai structure. At 100°C temperature raspite phase is produce
predominantly and with increase in temperature it transforms irreversibly into stolzite
phase. Using Pb(CH3COO); as a lead source, lérge amount of raspite phase was
produced czompared to Pb(NOs), and PbCh. PbWO, prepared with Lead Chloride
showed highest crystallanity and contained least amount of raspite phase inclusions.
Hence Lead Chloride proved to be better Lead source to produce high crystalline
PbWOy crystals over Lead nitrate qnd Lead acetate. Range of unit cell volume for
stolzite phase is 359.47-383.83 (A)® and that is for raspite phase is 359.09 -375.32
(A). Tt is observed in our analysis that volume of unit cell of tetragonal and
monoclinic structures are very close to each other; the difference is less than 0.53%.
The average crystallite sizes were estimated by the Scherrer’s equation using the Full
Width at Half Maximum (FWHM) from the most intense peak (1 1 2).

The effect of different Lead sources on the morphology of PbWOQO, was
- investigated from TEM and SEM characterization. Many interesting morphologies
were produced in our experiments without the use of expensive template or surface
directing capping agents. When Pb(CH3COOQ), was used as the lead source, product
with mixture of two phases (stolzite and raspite) were produced. PbWO4 prepared
with Lead Acetate posses mixed morphologies of single branched dendrite around
Sum iong and tetrahedron microparticles are about 500 nm in size. When Pb(NOs),
was used as the Lead source, six branched dendrite (2.10 pum x 1.18 pm) and rhombic
shaped particle and flat nanobelt (Sum x 1pum) were produced. When PbCl, was used

as the Lead source, octahedron shaped microparticles of having size around 100 nm
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were produced and flat nanobelts having width 100-150nm and about few pm in
length were obtained due. We assumed that dendrite, tetrahedron, rhombic and
octahedron shaped microparticles are possesses stolzite phase of PbWOQy. Similarly
nanobelts are possesses raspite phase of PbWO,. As soon as both reactants mixed in
supersaturated aqueous solution nanoparticles of PbWO, were formed. Nanopérticles
were assembled to form nanorod and nanoﬂake like structure when such mixture was
treated in the autoclave for shortér duration of time. If we increasé the reaction time
for (12 h), rhombic shaped microparticles were produced which turns into single or
multiple branched dendrite or flat microbglts. We can also conclude that at lower
temperature raspite phase is produced and with increases in temperature raspite phase
turns into stolzite phase. In general, two phases of PbWOy (stolzite and raspite) are
p;’oduced irrespective of Lead sources at low temperature (100°C) and both phases
produced have different morphologies in mic;rometer range. The form_ation various
morphologies of PbWO; is attributed to favourable‘ thermo-dynamic conditions. The
formation and evolution processes can be divided into three steps: initial nucleation
process in supersaturated solution, self-assembly process (oriented aggregation), and
subsequent crystal growth process (Ostwald ripening).

Photoluminescence spectra of PbWO,; were investigated at room
temperature using a 305-nm excitation wavelength. PL emission spectra of PbWO,
consists two components, a fast blue component around 450 nm which is an intrinsic
feature of stolzite phase and a slow green one around 480-520 nm which is an
intrinsic feature of raspite phase. A broad blue luminescence peak around 450 nm
origmates from tetragonal W02~ groupé. The dendrite with six branched structure,
thombic shaped nanoparticles and nanobelt have highest surface to volume ratio

i

~compared to single branched dendrite and tetrahedron microparticles, hence they
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contain higher concentration of surface related defects (particularly oxygen vacancies)
which enhance PL emission of PbWOy prepared with Lead Nitrate compared to
PbWO, prepared with Lead Acetate. Photoluminqscencc spectra of PbWOQy prepared
with Lead Chloride shows higher intensity compared to Lead Acetate and Lead
Nitrate. The shape of PL spectra of PbWOy synthesised using PbClé has “spread-
eagle-shape” with a central peak surrounded by two broad shoulder peaks. Emission
spectrum reveals that it is composed of several sub-bands which are almost distributed
throughout entire 350-550 nm region. We proposed thét the Gaussian peak 1 (367
nm), the Gaussian peak II (392 nm) and the Gaussian peak III (452 nm) mayA
correspond to the radiative transitions, from *A; — 'A;, *A; =2 °E - 'A; and 3A,
—'Ay, respectively. Hence blue emission occurs from the lower lying triplet state split
by Jahn-Teller interaction. The peak position of all (he three blue Gaussian
components in PL spectra recorded at room température is shifted tqﬁards the short

wavelength side compared to those reported at lower temperatures.
Effect of Cerium doping on PbWO,

XRD reflection spectra confirm that Cerium doping in PbWO,4 does not distort its
characteristic shape. Cerium doping in PbWO, prepared with different Lead sources
does not change the crystal structure or induce a new phase: Cerium doping reduces
lattice parameters of all PbWO, samples prepared with different I!ead sources. Ce**
substitute well Pb?* in PbWO, lattice and induce Pb>* vacancy in order to keep the
charge neutral. The Ce*" ions are likely to enter PBWOQy crystal lattice to substitute
Pb?* sites considering that the ion radius of Ce*" (0.103 nm) is similar to that of Pb**
(0.120 nm). Cerium éuppresses the intensity of XRD peaks representing raspite phase.

Hence we conclude that Cerium act as catalyst and helps raspite phase to convert into
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stolzite phase whén Lead Chloride was used as Lead source. Effect of Ce** doping on
‘crystal structure of PbWO, at different temperatures is not reported till date vand first
time we have done this type of study. It is also inferred from the XRD spectra that
with Cerium doping, intensity of peaks representing raspite phase decreases and
intenéity of peaks representing stolzite phase increases. This behaviour is observed in
all the samples for all the temperatures. Thus we can conclude that along with
temperature, cerium als§ 1;1ays an important role to decrease the amount of raspite
phase and increase the amount of stolzite phase with increase in temperature. The cell
parameters, unit cell volume and average crystallite size of Cerium doped PbWO4
crystals at 100°C, 150°C and 200°C temperatures were investigated. It is found that
lattice parameters and unit cell volume decreased with doping of Cerium at all
temperatures. Cerium increases the average crystallite size for more than 50% at all
te}nperatures.

Cerium doping in PbWOQ, synthesized with Lead Acetate changes
morphology to nanobelts (Spum x 1pm) having bamboo-leaf- like morphology. Growth
mechanism of PbWO; microbelt explained. Cerium will not play any direct role in the
production of belt like structure. These n‘anobelts‘ are produced at comparatively low
(100°C) temperatures for short (12h) reaction time at 7pH. It shows that PbWO,
nanobelts can be produced at lower temperature without using any
surfactant/capping agent or composite salt by hydrothermal method. Preparation of
Cerium doped PbWOQ, using Lead Nitrate as a Lead source is not reported yet by any
other method except us with hydrothermal method. Cerium doping in PbWOy
~ synthesized with Lead Nitrate as well as Lead Chloride produces tetrahedron shaped
PbWO4 nanpafticles having 100nm in size. Cerium doping in PbWOQs, tetrahedron

shaped microparticles with stolzite phase is dominantly produced over raspite phase.
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Thus Cerium plays an important role in controlling the morphology of PbWO,
prepared with Lead Nitrate and Lead Chloride. So we proposed that Cerium plays the
role of surfactant or capping agent by regulating crystal growth direction. This is a
very interesting phenomenon and it should be investigated for other types of rare
earth elements also. |

The intensity of PL is suppressed to a great extent by doping with cerium.
The cerium doped PbWO, shows weaker luminescence intensity than that of undoped
PbWO,. Green emission of PbWQO4:Ce prepared with Lead Acetate is more compared
to PbWO,:Ce prepared with Lead Nitrate which is assumed to related with respite
inclusions. Photoluminescence emission spectra shows structured character for both
undoped and cerium doped samples. Such type of structural shape invokgs presence
of four Gaussian components: three peaks fall in blue region and one in green region.
The presence of four Gaussian components indicates the excited states of emission
center are relaxed and degenerated under the influence by perturbation. According to
Kobayashi et al. Cérium doping in PbWOy4 results low energy shift of absorption
spectra due to 4f —>5d transitions and hence emission spectra should also shift to
lower energy side due to Stokes shift. Similar type of red shift ié observed in pos.ition
of Gaussian peak IV in our case. Furthermore, decrease of light yield (LY) for
PWO:Ce sample by a factor 2-3 was observed with respect to undoped PWO. The
absenée of intrinsic Ce** emission at the room temperature and observed lower Light
Yield ‘can be explained by a non-radiative 5d — 4f tfansition to the ground state of
excited Ce‘3+ ions, i.e. Ce*" ions can serve as effcient non-radiative traps in the PWO
matrix. Suc;,h a conclusion support the observed faster PL decay of PWO: Ce at room

temperature (RT) with respéct to the undoped sample, which can be explained by
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selective suppression of the delayed recombination process due to non-radiative

recombination of free electrons and holes at the Ce** sites.

Effect of pH of reaction solution on Pb WO,

To study the effect of pH of solvent on structural and optical properties of PbWO,,
three samples were selected which are prepared at 3pH, 7bH and 1lpH.
PbWO, synthesized at different pH of reaction solution are éingle phase. X-ray
diffraction analysis of these samples shows that all Vthree samples are highly
crystallized and completely indexed to a pure tetragonal stolzite phase of PbWO, vs;'ith
space group I4;/a. This result shows that the different pH promotes the formation of
crystalline PbWO, powders at low synthesi;s ieinperature and reduced processing time
than the other éonventional methods.

In order to analyze morphology of these samples with TEM, two samples
(samples prepared at 7pH and 1,1va) were chosen based on their excellent
photoluminescence spectra. PbWO, prepared at 7pH and 11pH show better
crystallization than the one made at 3pH. Our result shows that PbWO, nanomaterials
with good crystallinity can be formed even at 11pH and optimal pH range for PDWO,
is 3-11 pH. TEM images shows that Quasi-spherical hallow nanoparticles (HNPs)
with an average diameter of about 20-40 nm and hollow nanotubes (HNTSs) having
outer diameter approximately 12.37 nm and length around 80-170 nm were produced
at 7 pr. Upon rising pH to 11, solid nanorods were produced with increased length
from 80-170 nm to 2um with 40 nm outer diameter. Formation of hollow
nanoparticles (HNPs) and hollow nanotubes (HNTs) explained on the basis of
Kirkendall c&mter diffusion effect. Formation of PbWO, Hollow Nano Tubes (HNTs)

have not been reported yet, hence we are first to synthesis it. XRD and TEM analysis
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shows that in the 7-11pH range highly crystallized 1-Dimenstional PbWO, nanorods
with pure stolzite phase obtained. From the present work, it is found that the pH value
of reaction system has great influence on the morphologies of the obtained samples,
when the other conditions were the same. Regarding to the formation mechanism of
the PbWOQ;, nanorods through hydrothermal approach, it is clear that the growth
process is not surfactant-assisted or template-directed, because no surfactants or
templates are introduced into the reaction system. It can be noted from our result that
with increase in pH, size of PbWOy nanoparticles and length of the POWOy increases
and morphology changes from HNTs to nanorods.

| In order to study the effect of pH of the reaction solution on luminescence
property, PL spectra of PbWO, synthesized at different pH was recorded at two
excitation wavelengths 300 nm and 254 nm. PbWO, shows “spread-eagle-shaped”
‘brozid luminescent emissions in blue and green range. PbWO, (Nanoparticles and
HNTs) obtained at 7pH, display a strong emission peak cantered at about 485 nm at
room temperature. However, the absolute luminescence intensity iﬁcreased with
increasing pH, over vthe range .of 3-7 pH, implying that the hollow nanoparticlés
(HNPs) and hollow nanotubes (HNTs) had much improved luminescence intensity.
Very weak PL intensity of the éample obtained for 3pH due to poor crystallinity.
Obtained PL spectra was fitted with four individual Gaussian peaks having peaks
position for peak I (365 nm), peak II (395 nm), peak III (459 nm) and peak IV
(500nm). Gaussian peak I, the Gaussian peak II and the Gaussian péak I may
correspond to the radiative transitions from *A; — 'Aj, *A; = ’E — 'A; and A,
—'A}, respectively. The Gaussian peak IV ascribed to oxygen deficient irregular
WO; neutral molecule. The PL intensity of blue and green emission peak is highest

for sample prepared at 7pH (HNTs), it is intermediate for sample prepared at 11pH
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| (Nanorods) and lowest for sample prepared at 3pH which indicates that PbWO, HNT's
-have more regular lattice structure, uniform morphology and highest defect centres
relative to oxygen (due to faster 1-D crystal growth) compared to Nanbrods. Sample
prepared at 3pH has lowest regular lattice structure and lowest defect centres relative

to oxygen.

Effect of synthesis Temperature on PbWO,

In order to study the effect of reaction temperature samples synthesized at four
different temperatures: 100°C, 125°C, 150°C and 200°C were selected. PbWO,
prepared at 100°C temperature contains highest amount of raspite phase compared to
those prepared at 150°C and 200°C temperatures. With increase in temperature from
100°C to 200°C percentage of raspite phase of PboWO, decreases. Among all samples,
pure stolzite phase produced only at 125°C with highest crystallinity. However, on
comparing the XRD peaks of the products, we found that the relative intensity of the
peaks varied significantly, indicate that at different temperature PbWO, with different
crystallinity forms. Thus different reaction temperature in our experiment would bring
about significant changes in the crystallization of stolzite phase of PbWQ,. Lattice
parameter (a, b) is highest for sample prepared at 100 °C which decreases with
increase in temperature up to 150 °C and aéain increase for sample prepared at 200°C.
While lattice parameter (c) remains constant for sample prepared at 100 °C to125 °C
and increase and become maximum for 150 °C then again decrease for sample
prepared at 200°C. Unit cell volume is highest for sample prepared at 100 °C which
decreases with increase in temperature up to 125 °C and again increase for sample

prepared at 150°C. Unit cell volume then remains constant up to 200 °C. While
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average crystallite size is highest for sample prepared 125 °C and decrease for 150 °C
then again increase for sample prepared at 200°C. From our results we can conclude
that unit cell volume is inversely proportional to average crystallite size.
To investigate the effect of temperature on morphology of undoped PbWO,4, TEM
images of samples prepared at two different reaction temperatures ie 100°C and
125°C were selected. TEM photographs of product obtained at 100°C temperature
shows mixture of microparticles of octahedral shape having size around 100 nm as
well as aggregation of nanoflakes like stfucture having width 100-150nm and about
few pm in length. When the temperaturé rose to 125 °C, Quasi-spherical hollow
nanoparticles (HNPs) having average diaméter of about 20-40 nm and Hollow Nano
Tubes (HNTs) having outer diameter 12.37 nm and around 80-170 nm in length with
uniform and smooth surface were obtained. These HNPs and HNTs are highly
crystalline compared to product obtained at 100 °C. Octahedraon microparticles and
nanoflakes obtained at 100°C contains mix phases of stolzite and raspite structures,
while Hollow nanoparticles and HNTs produced at 125 °C are of pure stolzite phase
with high crystallinity. Comparison of these products shows that at low temperature
(around 100°C), PbWO, microstructures contéining mix morphologies influenced by
raspite as well as stolzite phase will obtained. As we go from low temperature to high
temperature raspite phase is diminished and nanostructures with lower dimensions
having pure stolzite phase is obtained.

Room temperature photoluminescence spectra of PbWO,4 nanophosphor
prepared at different temperatures (100°C, 125°C and 200°C) were recorded with 254
nm and 300 nm excitation wavelengths. It is well known that PL intensity has direct
relation with crystallinity. The better crystallinity, the higher PL emission peak is.

Hence among all three samples (HNTs) of PbWOg prepared at 125 °C shows strong
186



Chapter 6 Summary & Conclusions

green luminescence due to its highest crystallinity while (microparticle + microplates)
of PbWO4 prepared at 100 °C shows weak luminescence due to poor crystallanity.
Higher crystallinity of Quasi-spherical nanoparticles and Hollow Nano Tubes are
main reason to prc;duce high PL intensity compared to low crystalline microparticles
and flake like inclusions. It implied that PHWO, nanostructure have a better
luminescence intensity then microstructure at room tempefature. Higher intensity of
blue emission at low temperature shows that samples prepared at low temperature has
higher concentration of WO3~. At higher reaction temperature lattice regularity breaks
and also decreases the corncentration of blue emission center. Enhancement of Green
emission of the sample prepared at 125°C is due to presence of larger amount of

surface defect is also discussed.

Up Conversion emission

Up-conversion emissién was observed in undoped PbWO, synthesized with different
pH and temperatures excited with 625 nm wavelength, respectively. Iritensity of up-
conversion luminescence is highest for PbWO, sample prepared at 7pH or 125°C,
intermediate for 11pH and lowest for 3pH. Up-conversion lunﬁncscence intensity is ‘
also least for sample prepared at 100°C and 200°C.

Large single crystals of PbWO, are produced either via Czochralski or
Bridgman method which réquire highly expensive and specially designed equipments.
These methods produce PbO and WO; harmful gases during crystal growth due to
higher synthesis temperature (i.e.1125°C). Products obtained by these methods are in
bulk size which cannot be used for devices based on nano dimensions. These
limitations lower the applicability of these methods for large scale production of

PbWO, crystals. Shortcomings of high temperature synthesis techniques such as:
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inhomogeneity, production of harmful gases, impurity contamination and powders
with different sizes anci non-uniform distribution of PbWO4 can be resolved by Low
temperature Hydrothermal x}lethod. Thus Hydrothermal process is proved to be
effective, facile and green route for the synthesis of PbWO, nanostructures having
low-cost, high efficiency and good potential for high-quantity production. Unlike
many advanced methods that can prepare a large variety of forms, the respective costs
for instrumentation, energy and precursors are far less for Hydrothermal method.
Lead Tungstates synthesized at room temperature by Hydrothermal method do not
contain Schottky defects usually present in similar materials prepared at high
temperatures which results in improved luminescent properties. This facile method
does not néed any seed, catalyst, harmful and expensive surfactant or template thus it
is promising for large-scale and low-cost production with high-quality PbWO,

nanophosphor with variouslmozphologies.
Applications

On passing current through low-pressure Hg discharge, UV light having wavelength
254 nm is generated. This light is invisible and harmful and has to be convérted into
visible light. This can be done by the application of PbWO, spherical ﬁollow
nanoparticles (HNPs) which are produced at 125°C temperature because they show
strong absorption at 254 nm and convert this into visible light very efficiently. Cerium
doped PbWO, can be used for green emitting Lamp phosphor. The application of
Oxidic inorganic nano particles doped by lanthanides is thus an Interesting alternative
to the use of organic fluorophores and quantum dots for many application areas, e.g.,
in medical diagnostics, in biological sensors, and in fluorescence marking of

biological probes for high throughput screening. Hollow Nano tubes of PbWO, can be
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used or nano ﬂuidic application in biomedical science. Early up-conversion lasers
were demonstrated with bulk crystals, which often had to be cooled to very low
temperatures, making the systems irhpractical. Nowadays, most up-conversion lasers
are based on nano fibers, where high pump intensities can be maintained over long
lengths, so that the laser threshold can be reached even under otherwise difficult
conditions.1-dimmentional .HNTS shows strong up-conversion at 625 nm wavelength
which can be used for such application. Though our assumptions are primitive further
rcsearch‘ required for practical application of PbWO4 nano phosphor in above

proposed areas.

Future Work

Our future planning is to prepére PbWO, using PbCl; with different Cerium

concentration and do optimization of its Photoluminescence intensity.
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Microcrystalline undoped as well as cerium-doped lead
tungstate (PbWO04) powder with different phase and shape,
were successfully synthesized via a low-temperature hydro-
thermal method using different lead sources (lead acetate and
lead nitrate) and Na2\W04 as metallic cations and distilled water
as solvent. The effect of lead sources and Ce3+ doping on
crystallite size and shape were investigated with XRD, SEM
and TEM. The average crystallite size was found between 28
and 82 nm using the Scherrer formula. Incorporation of Ce3+
into undoped PbWO04 reduces the average crystallite size. The
raspite phase of PbWO04 generates nanobelts-like structure.
Photoluminescence spectra show broad blue-green emission in
the 450-550 nm range and the luminescence intensity decreases

1 Introduction The shape- and size-controlled syn-
thesis of inorganic materials at all dimensions from

nanoscale to macroscale is a challenging issue to material
scientists [1-8] because these could determine the opdcal,
electronic and magnetic properties of the materials and also
the performances of those material-based devices [9-13].
Most of the previous approaches for the preparation of
PbWO04 required high temperature and harsh reaction
conditions, such as a high-temperature solid-state reaction
for powders [14, 15], Lead tungstate thin films have been
prepared by various metal oxide thin films with W03 vapor
[16] and single crystals have been grown from the melt using
the methods of Czochralski [17, 18] and Bridgman [19].
However, few studies on the synthesis and luminescent

with cerium doping compared to undoped PbWO04 due to the
nonradiative 5d-4f transition of the excited Ce33.

as 2011 WILEV-VCH Verlag GmbH 8 Co. KGaA, Weinheim

properties of nano-sized PbWO04 powders prepared via the
hydrothermal method have been reported [20, 21],

In the present work, we report the synthesis of undoped
as well as cerium-doped PbWO04 microcrystallites using the
hydrothermal method. We have studied the effect of
different lead sources and cerium doping on structural,
particle morphology and luminescence properties of as
synthesized PbWO04 powder that were characterized by
XRD, SEM, TEM and photoluminescence (PL).

2 Experimental

2.1 Sample preparation Lead sources [lead acetate
[Pb(CH3CO0)2], lead nitrate [Pb(N03)2]], Na2W04 2H20

and Ce02 purchased from Alfa Aesar were all A.R. grade

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 1 Summary of produced phase, lattice parameters and average crystallite size calculated using Scherrer formula for undoped and

cerium-doped PbWO04 samples.

sample JCPDS card No. phase
a
a 01-070-7590 stolzite 5.4697
b 00-019-0708 stolzite 5.4619
00-016-0156 raspite 13.525
c 00-008-0476 stolzite 5.4616
d 00-008-0476 stolzite 5.4616

Intenslty(a.u)

angle (20)

Figure 3 (online colour at: www.pss-a.com) Magnified XRD
spectrum of two characteristic peaks of PbwO04. (a) Magnified
(112) 20 diffraction peak between 26 and 28°. (b) Magnified
(200) 20 diffraction peak between 31.5 and 33.5°.

conclusion that the decrease in size of crystallites is
occurring due to cerium doping. The substitution of Ce3+

ion with ionic radius (0.103 nm) is slightly smaller than that
of Pb2+ (0.120nm) [22] which could be the possible reason

for the occurrence of this interesting phenomenon.

3.2 SEM The morphological studies of undoped and
cerium-doped PbWO04 samples were characterized with field
effect scanning electron microscopy (FESEM) is shown in
Fig. 4a-d. SEM images reveal that as-prepared samples are
of micrometer size.

From Fig. 4a it is observed that hydrothermally prepared
PbWO04 microcrystals are bipyramidal octahedral shaped.
Figure 4b shows the nanobelt-like structure of sample b with
a few nm thickness. In Fig. 4c coagulation of such
microcrystals is observed. From Fig. 4d, some plate-like
structure is seen between coagulated microcrystals.
Nanobelt-like structure is produced due to raspite phase of
PbWO04. A similar effect is also seen in Fig. 4d but in smaller
proportion. Hence, from SEM images it is concluded that
raspite phase of PbWO04 generates nanobelts-like structure.

3.3 TEM The morphologies and macrostructures of the
as-prepared samples were further investigated by TEM and
electron diffraction patterns (EDP) of the PbWO04 micro-
crystallites prepared by the hydrothermal method at 100 °C.

Figure 5aand c indicate that the obtained samples were a
mixture of PbWO04 nano- and microcrystals with rhombic
and spindle-shape, while Fig. 5b shows ID nanobelts and

WWW.pss-a.com

cell parameter (nm)

average crystallite
size (Scherrer formula) nm

b C

5.4698 12.063 38.53
5.4619 12.049 28.05
4.9682 5.546

5.4616 12.046 82.90
5.4616 12.046 26.03

Figure 4 SEM images of undoped and cerium-doped PbWO04
samples; (a) sample a, (b) sample b, (c) sample c, (d) sample d.

Figure 5 TEM images of undoped and cerium-doped PbWO04
samples; (a) sample a, (b) sample b, (c) sample c, (d) sample d.

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Figure 6 (online colour at: www.pss-a.com) Room-temperature
PL spectra when (a) Pb(CH3COOQO)2 is used as a lead (Pb) source and
(b) Pb(NO03)2 is used as a lead (Pb) source.

some plate-like structure is present in between microcrystals,
which can be seen from Fig. 5d. The TEM results also
support our previous assumption that nanobelts were
produced in raspite phase.

3.4 Photoluminescence (PL) studies The PL spec-
tra of undoped samples (samples a and c) and cerium-doped

samples (samples b and d) of PbwWO04 are shown in Fig. 6a
and b. The PL spectra of undoped and cerium-doped PbWO04
were investigated at room temperature using a 305-nm
excitation wavelength.

The PL spectra shows broad luminescence in the blue
and green range. The broad blue-green emission band
around 450-550 nm is observed in all four samples which is
in good agreement with reported values [20, 23]. It is well
known that stolzite PbWO04 of the tetragonal scheelite
structure generates two emission bands, i.e. the intrinsic
‘blue’ band around 440 nm and the ‘green’ band around
500 nm [24]. A broad blue luminescence peak around
450 nm is observed in all samples which originates from
tetragonal WO4- groups [25]. The cerium-doped samples
(samples b and d) show weaker luminescence intensity than

that ofundoped samples. The reduction in PL intensity is due
to the nonradiative 5d-4f transition of the excited Ce3+.

Therefore Ce3+ ions could serve as efficient nonradiative
traps in PbWO04 crystal lattice [26]. The blue emission
originates from the tetragonal W04 groups, while the origin
of the green emission remains controversial [27]. The green
emission is assumed to arise from the W04 groups located
in the crystal regions of the lead-deficient structure [28]. The
green emission of undoped crystals was ascribed to the W03
oxygen-deficient complex anion [29-31]. This emission was
connected with the inclusions of the raspite structure formed
due to the thermal stress appearing in the process of crystal
growth [32, 33]. PbWO04:Ce prepared with lead acetate
contains more inclusions of respite phase as compared to
PbWO04:Ce prepared with lead nitrate, which can be
confirmed from the intensity of their PL spectra.

4 Conclusions In summary, we have successfully
demonstrated the synthesis of stolzite-phase microcrystal-

lites of undoped PbWO04 and cerium-doped PbWO04

© 2011 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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nanobelts with raspite phase by the hydrothermal method
using different lead sources. A large amount of raspite phase
is observed when Pb(CH3COO)? is used as a lead source
compared to when Pb(NO03)2 is used as a lead source. Efforts
to find the reason for the well-observed raspite phase due to
Pb(CH3COO)2 are underway. The average crystallite size
was found to be between 28 and 82 nm using the Scherrer
formula. The formation of nanobelts-like structure is due to
raspite phase with a crystallite size of 28.05 nm. A broad
blue-green emission band around 450-550 nm is observed in
all the samples which originates from tetragonal WO04
groups. Doping with cerium reduces the PL intensity
compared to undoped samples grown by different lead
sources. It is concluded that Ce3+ ions could serve as
efficient nonradiative traps in PbWO04 crystal lattice. The
percentage of raspite phase inclusion is responsible for the
intensity of green emission in cerium-doped PbWO04
microcrystallites.
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Abstract
In the present work, we have used a new technique called Hydrothermal method to grow pure as well as Cerium
doped PbWO, nanocrystallites at two different temperatures (100°C and 180°C). As synthesized material were
characterized with different methods like XRD (X-ray diffraction), SEM (Scanning Electron Microscopy), TEM
(Transmission Electron Microscopy) and PL (Photoluminescence) at room temperature. XRD studies reveals that as
prepared samples are polyerystalline in nature having tetragonal scheelite (stolzite) phase with space group 14,/a
and monoclinic raspite (wolfiamite) phase with P2,,c space group. Broad blue emission arises from the WO,
related tightly bounded Frenkel exciton states in the regular PEWO, structure. PbWO, contains two green emission
bands at room temperature. One is produced due to WO, ? lead deficient scheelite type PbWO, while other is due to
WO; oxygen vacancies of the type of WO; complex. By doping trivalent rare earth ion Ce’*  green emission
decreases due to suppression of the oxygen vacancies. With increase in temperature emission bands become

gradually shified to lower energies.

Keywords: Hydrothermal method, X-ray diffraction, Photoluminescence, Scintillation detector

1.0 INTRODUCTION

Controlled variation in shape and size of inorganic nano-
and micro- materials are important factor that determine
their electrical and optical properties. Controlling the
architecture and morphology of materials at all dimensions
is a challenging issue to material scientists[1-5].

PbWO, i1s a quite unique phosphor material because it
possess two stable structure modifications under normal
conditions. PbWQ, phosphor is most attractive for high-
energy physics applications because of its high density (8.3
g/em?), short decay time (less than 10 ns), and high-
irradiation damage resistance (107 rad for undoped and 10*
rad for La-doped PbWO,). Trivalent rare earth ion doped
PbWQ, single crystals are also used in Microwave, Optical
fiber, Scintillator material, Humidity sensor, Catalysis,
etc[6-9].

2.0 EXPERIMENTAL

Pb(CH;COO0),, Na,W0,-211,0 and CeO, purchased from
Alfa Aesar were all are A.R.(analytical reagent) grade
purity and used without further purification. Distilled water
was used to prepare all required solutions. Initially 30 ml
solution of 0.01 M concentration of Pb(CH;COQO), was
prepared by continuous stirring and 30 ml solution of 0.01
M concentration of Na,WQO, concentration was added in it.
Three samples were prepared in this way are called sample
a, b and ¢. 0.001 M concentration of Ce0O, was added into
sample c. These three solutions were transferred to Teflon
lined stainless steel autoclave of 90 ml capacity filled 80%

with reaction media (i.e.distilled water) one by one in three
separate experiments. The autoclave was maintained at
temperature 180°C for sample a and at 100°C for sample b
and ¢ for 12 hr respectively and then air cooled to room
temperature. Obtained precipitates were washed several
times with distilled water and lastly with absolute ethanol.
Finally white powder was obtained after drying in vacuum
at 80°C for 2hr.

3.0 CHARACTERIZATION

Powder X-ray diffraction (XRD) patterns were recorded
with a Japan Rigaku D/max-RB diffractometer at a
scanning rate of 3°/imin using Cu Ka radiation (.= 0.15400
nm). Morphology of as-prepared samples were studied with
JEOL JSM-6380LV  scanning electron  microscopy
(FESEM). The microstructure and surface morphology of
the microcrystalline  powders were observed by
transmission electron microscopy (TEM, Tecnai 20 G2 FEI
made). The photoluminescence (PL) of these samples were
investigated on a Shimadzu spectrofluorophotometer at
room temperature with Xenon lamp as excitation source.

4.0 RESULTS AND DISCUSSIONS

4.1 X-ray diffraction (XRD)

Fig. 1 shows the typical XRD patterns of undoped PbWO,
(sample a and sample b) synthesized at 100° C and 180° C
respectively and cerium doped PbWO4 (sample «¢)



Effect of temperature and doping of Cerium on PbWQO, nano Phosphorby D.Tawde et al

synthesized at 100° C. Primitive xrd patterns were refined
with PowderX software (provided by Cheng Dong) and Cu

Intensity(a.u)

MWWWHTWWWW
20 25 30 35 40 45 S0 55 60 65 70 75 &0
angle(20)

Fig.1: Xrd of PbWO,

Koy removal, background subtraction, adaptive smoothing
were done. All diffraction peaks are indexed to a tetragonal
scheelite (stolzite) phase with cellparameters a = 5.46A and
c = 12.06A(JCPDS Card Number 08-0476) and a =
13.52A, b = 4.9682 and ¢ = 5.54A (JCPDS Card Number
00-016-0156)monoclinic (raspite) phase for samples a, b
and ¢ respectively. The identification of raspite phase peaks
for all samples are marked with symbol (¥).

To observe the effect of temperature on as synthesized
undoped PbWO, nanocrystals, xrd patterns of sample a and
b were compared. It is cleared from the graph that with
increase in temperature crystallinity of prepared samples
also increases. As we can see from the graph, some peaks
representing raspite phase also present at 180°C but their
numbers are less compared to number of peaks at 100°C.
Increase in crystallinity and decreases in raspite phase with
increase in temperature can be observed from SEM and
TEM analysis also which we can see further.

By comparing undoped PbWOQ, and Ce doped PbWO, (i.e.
sample b and sample ¢), it is observed that intensity of
those peaks which represent stolzite phase. (i.e. peaks
without symbol *) decreases in sample ¢ and intensity of
those peaks which represents raspite phase (i.e. peaks with
symbol *) increases in sample ¢. From this observation, we
can say that undoped PbWO, (sample b) contains less
concentration of raspite phase and by doping of cerium,
percentage of respite phase is increased and stolzite phase is
decreased[10]. One more observation, which is common to
" all patterns is that broaden of xrd peaks which represents
the decrease in crystallite size of PbWO, compared with
large single crystals of PbWO,, there for as prepared
samples falls in the range of nanophosphor.

42 Scanning Electron Microscopy (SEM)

The morphological analysis of undoped and cerium doped
.~ -PbWO, nanophosphor was characterized with field effect
- scanning electron microscopy (FESEM), is shown in figure
. 2<(a-c). It is observed from the SEM photographs of sample
. -4 (fig.2. (2)) and sample b (fig.2. (b)) that hydrothermaily

prepared PbWO, nanocrystals are bypiramidal octahedral
shaped. In Fig.2 (a) coagulation of such nanocrystals is
observed Fig.2(b) represent an isolated crystal of

o S ra «

Fig.2: SEM images of PbWO,
PbWOy with some flake like inclusions. Fig.2(c) shows
nanobelt like structure of sample ¢ with few nm thickness
and um in length. These nanobelts are generated due to
;aspite phase of PbWO,, which is confirmed from the xrd
graphs. Hence we can say that at 100°C temperature

bypiramidal octahedral shaped nanocrystals of stolzite
phase are formed with some flake like inclusions but at
180°C temperature this flake like inclusions are vanished.
On the other hand at 100°C one dimensional growth of
nanobelt like structure with raspite phase is accelerated due
to ceriom doping.

4.3 Transmission Electron Microscopy (TEM)

The morphologies and structure of as-prepared samples
were further investigated by TEM as shown in figure 3(a-b)
Figure 3 (a) and Figure 3 (b) denote PbWQy nanocrystals
prepared at 180°C and 100°C respectively.

Fig.3: TEM images of PhWO,

Scale: (a) 1000 nm (b) 100 nm {c) 2000 nm
Fig. 3 (c) shows cerium doped PbWQ, nanorods. Similar to
SEM results, TEM images also shows coagulations of
PbWO, nanocrystals having diameter less than 100 nm(fig
3(a)) and presence of flake like inclusions of raspite phase
(fig 3(b)). One dimensional nanobelt has approximately
2um in length and 50-60 am in width which can be
confirmed from fig.3(c) [7, 8].

4.4 Photoluminescence (PL)

The room temperature Photoluminescence spectra of
PbWQ, nanocrystals and Cerium doped PbWO, nanoflakes
prepared at two different temperatures (180°C for sample a,
100°C for sample b and sample ¢) are shown in fig.4. This
PL spectrum was recorded at room temperature by using
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305 nm excitation wavelength. Primary investigation of PL.
spectra shows broad emission around 450 nm to 550 nm
(blue-green region) of visible band {11, 12], which is the
characteristic feature of tungstate family. If we compare
PL spectra of sample a with sample b, it is seen that large
reduction in PL intensity with decrease in temperature from
180°C to 100°C which remains contimie with Ce doping

(sample ).
40
a e PHWO,: 180°C
—t— POV, 100°C
—8— PHWO,Ce 100°C
304
5
g
£
b
E
10+
C
. .mm"“’“o‘w
o laanne®®? .
0 430 0 sk 60

wavelength(Ay nm
Fig.3: PL spectra of PDWQ,
Absorption of ultraviolet irradiation occurs by the
luminescent tungstate group in PbWO, host lattice {sample
a and sample b) and by luminescent center Ce** (in sample
¢). Ultraviolet irradiation is absorbed in PbWO, by WO,
group, and in the excited state of WO,? group the hole (on
oxygen) and the electron (on tungsten) remain together to
form a Frenkel exciton, due to strong interaction between
them which prevents delocalization hole and electron.
Broad emission band in all three spectra suggests the large
configurational coordinate (AR) change and hence larger
the Stokes shift. PL spectra also contain two green emission
bands at room temperature. One is produced due to WO,?
lead deficient scheelite type PbWOQ, while other is due to
WO; oxygen vacancy. As we can see from PL spectra of
sample a and sample b that PbWO, nanophosphor prepared
at 180°C gives high luminescent intensity compared to
sample prepared at 100°C at the same position.
Luminescence  characteristic  is  connected  with
morphologies and size of PbWOQ, nanostructures. PbWO;,
nanocrystals prepared at 180°C (sample a) contains high
percentage of tetragonal stolzite phase as compared to
sample b (can be observed from XRD (fig.1), SEM (fig.2)
and TEM (fig.3)) and also contains less amount of
structural imperfection which might lead to higher
luminescence intensity. Large amount of luminescence
- intensity suppression in sample € can be attributed due to
cerium doping followed by formation of raspite phase. The
. Ce™ ion has ground state configuration 4/ ' and excited

" state configuration 5d'. The 47" state yields two levels (i.e.

~~2F5,; and %Fyp ) due to spin-orbit coupling and The 5d" state

o ‘split into 2 to 5 levels by the crystal field. These crystal
"7 field components which are present in the band gap of

. - PbWQ;, nanophosphor crystal lattice results nonradiative

return of absorbed energy by forming efficient nonradiative
traps[12].

5.0 CONCLUSIONS

Polycrystalline PbWO, nanophosphor with  tetragonal
stolzite phase formed at 180°C and I1-Dimensional
nanorods with monoclinic raspite phase are generated due
to doping of ceriumn at 100°C. PbWO, nanocrystals having
dimensions less than 100 nm and PbWO, nanobelts around
2um in length and 50-60 nm in width. PL spectrum shows
broad emission around 450 nm to 550 nm in blue-green
region. Luminescence intensity is suppressed with decrease
in temperature attributed due to cerium doping followed by
formation of raspite phase. Ce** is also strongly decreases’
green emission due to suppression of oxygen vacancies.
Thus we can conclude that Temperature and Cerium plays
an important role to synthesize PbWO, nanophosphor with
different morphologies and these factors are also effect on
optical properties which can be helpful in many
applications. :
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Abstract

Nano sized Lead Tungstate (PbWO,) crystallites were
successfully synthesized via hydrothermal method using
distilled water as reaction media. The effect Lead
Chloride as a base material and the doping of rare earth
ion Ce** on the structure formation of PbWO;, and its
optical properties have been investigated. The
morphologies of as prepared samples were characterized
using Field Effect Scanning electron microscopy
(FESEM) and phase identification was. conducted by the
X-ray diffraction (XRD). The examination of
Photoluminescence (PL) properties of as-prepared
samples revealed that the intensity of emission of PBWO,
nanocrystallites  strongly depend on  preparation
conditions. Two emission bands of PbWO4 are
wellknown i.e. the intrinsic blue band in the range 400-
450 nm and the green band in the range 500-550 nm.
The emission spectra in blue range are occurring due to
radiative transition of [WO7] complex. It is observed
from our measurements that doping of Ce®* decrease the
Pholtoluminescence intensity suggest that Ce®* perform
role of non radiative trap.

Key Words:  Photoluminescence, XRD, SEM,‘
_ Hydrothermal method.

1. Introduction :
The development of a wide range of nanomaterials has
sparked tremendous interest on account of their novel
physical properties and their potential applications in
. constructing electronic and optoelectronic devices at the
© nanoscale, so controlling the architecture and
. morphology of materials at all dimensions is a
“challenging issue to material scientists [1-4]. PbWO4 is

-+ most attractive for high-energy physics applications

+ ~because of its high density (8.3 g/em’), short decay time

(fess than 10 ns), and high-irradiation damage resistance

“(10 rad for undoped and- 10® rad for La-doped PbWQ,)

[5-8].

In the present work, we have used hydrothermal
method to grow pure and Cerium doped PbWOs
microcrystallites at low temperature. We have studied the
effect of lead source (PbClL,) as well as roll of Cerium in
synthesized PbWO,: Ce and characterization is done by
XRD, SEM and PL

2. Experimental

PbCly, NayWO0,-2H,0 and CeO, purchased from Alfa
Aesar were all A.R: grade purity and used without further
purification. Distilled water was used to prepare all the
required solutions. Initially 30 ml solution of 0.01 M
concentration of lead source PbCl; was prepared by
continuous stirring and 30 ml solution of 0.01 M
concentration of Na,WQ, concentration was added in it.
Some amount of these solutions was collected in different
beakers in which 0.001 M concentration of CeO, was
added. The prepared two solutions were transferred to
Teflon lined stainless steel autoclave of 90 m! capacity
filled with reaction media of 80% one by one. The
autoclave was maintained at a temperature of 150°C for
both samples for 12 hrs and air cooled to room
temperature. Obtained precipitates were washed several
times with distilled water and lastly with absolute
ethanol. Finally white powder was obtained after drying
in vacuum at 80°C for 2hrs.

3.Characterization

Powder X-ray diffraction (XRD) patterns were recorded
with a Japan Rigaku D/max-RB diffractometer at a
scanning rate of 3°/min using Cu Ko radiation (A=
0.15406 nm). The microstructure and surface
morphology of the microcrystalline powders were studied
with JEOL JSM-6380LV scanning electron microscopy



(FESEM). The photoluminescence (PL) of the samples
was investigated on a Shimadzu spectrofiuorophotometer
at room temperature with Xenon lamp as excitation
source.

4. Structural studies

4.1 X-ray diffraction (XRD)

&
i
*
o

Intensity(a.u)

Angle(26)

Figure 1 XRD pattern of (a) PbWO, nanocrystals
grown with PbCl, (b) Ce ** doped PbWO,

Fig. 1 shows the typical XRD pattern of as-prepared
samples of PbWO, sample. All diffraction peaks are
indexed to a tetragonal scheelite (stolzite) phase and
monoclinic raspite phase for sample a and b respectively.
The identification of raspite phase peaks of sample b are
marked with symbol (*).It is inferred from Fig. 1 that
stolzite phase of PbWO; was obtained by using PbCl; as
lead sources, Incorporation of cerium into these samples
produce raspite phase of PbWO, in small proportion.

4.2 Scanning Electron Microscopy (SEM)

The morphological studies of pure and cerium doped
PbWO, samples were characterized with Field Effect
Scanning Electron Microscopy (FESEM) are shown in
Fig.2.

- Flgure 2 SEM images of (a) PbWO, nanocrystals
- grown with PbCl; (b) Ce * doped PbWO,

From Fig.2 (a) it is observed that hydrothermally prepared
PbWO, microcrystals are bypiramidal octahedral shaped.
(b) shows nanoflak like structure with few nm thickness.

4.3 Photoluminescence (PL)

Fig4 shows Photoluminescence spectra of PbWO,
prepared at different temperatures and with Ce**. PbWO,
broad blue band luminescence 400-500 nm which is the
characteristic behavior of tungstates. [9,10]. Two
emission bands .of PbWO4 are wellknown ie. the
intrinsic blue band in the range 400-450 nm and the
green band in the range 500-550 nm. The emission
spectra in blue range are occurring due to radiative
transition of [WO,”] complex. According to
photoluminescence spectra intensity decreases with Ce
doping.

120

|——PbWO, (PbCL)
100 w POW O, with Gerium
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Abstract

PO, nano crystals prepared by hydrothermal method using micro emulsion system.

As prepared samples are

characterized with DLS, SEM, PL, and FTIR. The effective diameter of PhIWO, nanomaterial obtained from the Stokes—
Einstein relation is 96.9 nm. PbWO, nano crystals having tetragonal structure were characterized by SEM. We
investigated upconversion emission in UV band 360nm under 630 nm excitation and up and down conversion emission in
UV and IR band at 300nm and 630nm under 400 nm excitation wavelength respectively. The absorption band around
7000-9000 cni’ was ascribed to the W-O stretching vibration in WO, tetrahedron.

INTRODUCTION

The luminescence of lead tungstate (PbWO,) was first
researched around 40 years ago. Now days it has great
technological importance as an inorganic scintillation
crystals due to its high density (8.3 g/cm®), Short decay
time (less then 10 ns) and high irradiation damage
resistance (107 rad for undoped and 10® rad for La-doped
PbWO,) [1,2]. PbWO, has been approved for use in
Compact Muon Solenoid (CMS) and Assembly Line
Balance (ALICE) experiments to construct a precision
electron-magnetic calorimeter at Large Hadron Collider
(LHC). Nowdays nanometer-sized inorganic materials
have attracted much interest from scientists, due to their
wide range of optical and electrical propertics [3,4].
In this work, we described a micro emulsion [5,6,7]
hydrothermal method to synthesize PbWO4 nano crystals.

EXPERIMENTAL

The micro emulsion system was composed of TritonX-100,
cyclohexane, water and 1-hexanol. The amounts of each
component used in a typical reaction for Wo (water to
surfactant molar ratio) of 3 are 8 % Triton X-100, water and
I-hexanol at 0.027 % (v/v) each with cyclohexanc as the
remainder. Next 2.5 ml Na, WO, (0.10 M) aqueous solution
and 2.5 ml Pb (CH,COO); (0.10 M) aqucous solution were
scparately added to the above ternary system and allowed to
stir for 30 minutes under constant stirring at 25 + 2 «C in
scparate vial. After getting transparent individual micro-
emulsion system mixed both system and allowed to stir for

1 hrs in order to complete reaction. Instantaneous formation
of the particles was observed. The resultant micro-emulsion
system was then transferred into 125 ml Teflon-lined
stainless steel autoclave and heated at 150 °C for 18 hr. The
resultant suspension was cooled to room temperature
naturally after heating. The sample was collected by
centrifugation and washed several times with absolute
alcohol and distilled water and dried in vacuum oven.

CHARACTERIZATION
1. Dynamic Light Scattering

A Brookhaven 90 plus DLS instrument with a solid state
laser source operated at 660 nm was used to measure the
particle size and size distribution of the prepared micro-
cmulsion in a dynamic mode. The effective diameter of
PLWQ, obtained from the Stokes -Einstein relation,

AT
3nnd

15 96.9 nm. Where d is the particle diameter, D s the
translational diffusion coefficient, k is Boltzmann constant,
T is the temperature (°C), and n is the viscosity of the
medium. The scattering intensities from the samples were
measured at 907 with a photomultiplicr tube. To minimize
the inter particle interactions, the analysis of the latex was
done after 10 times dilutions with the refractive index and
viscosity of cyclohexane considered as that of micro-
emulsion. All of the measurements were performed in
triplicate.

D



2.SEM

Figure 1 SEM images of PbWO, nanocrystals

PbWO, nano crystals having tetragonal structure were
characterized by SEM as shown in fig.1.[10].

3. Photolnminescence .
Photoluminescence spectra of PbWO, nanocrystals were
recorded from OCEAN OPTICS Spectrofluorimeter model
HR 2000-CG with different excitation wavelengths at room
temperature.
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Figure 2(a) PL spectra of PHWO4 at exitation wavelength 630 am

The upconversion luminescence spectra of PbWO,
napomaterial is investigated as shown in fig.2(a).The
photoluminescence upconversion for the UV emission is
directly excited with by 630 nm by ground state absorption
process (GAS) and/or by energy transfer process. The
upconversion is thought due to multiphonon relaxation in
the PbWO, nanocrystals.
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Figure 2(b) PL spectra of PbWO4 af exitation wavelength 400 am
The up as well as downconversion spectra is shown in fig.
- 2(b) under 400nm excitation shows emission bands at
300nm and 630 nm due to stokes and anti-stokes transitions
respectively. When nanocrystals are illuminated with light
(WOg)® anions are excited due to strong absorption of
lAlg—-) Ty, transitions [8,9] and then transfer excitation
energy to, Pb™? jons and hence luminescence efficiency is
greatly enhanced.

4. FTIR

The FTIR spectra of PbWO, nanocrystals was recorded by
using JASCO Spectrometer FTIR-4100 in the frequency
region 350-7800 cm! under a resolution of 4cm” with

‘scanning speed 2mm/sec. The recorded IR spectra were

compared with standard spectra of the functional group
shown below in fig.2. The absorption band around 7000-
9000 cm™ was ascribed to the W-O stretching vibration in
WO, tetrahedron.
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Figure 3: The FTIR spectra of POWO, nanomuterial
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CONCLUSIONS

Present investigation of PbWO, nano crystal suggest its use
as IR-to-UV convertor, VIS to UV and NIR converter and
solid state photonic devices.
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Abstract

PbWO, nanocrystallites were synthesized by hydrothermal technique. The as-synthesized
PbWO, nanocrystallites having tetragonal structure were characterized by various techniques:
SEM, XRD. The luminescence properties of the PbWO,4 nanocrystallites were investigated by
Photoluminescence (PL) spectroscopy. The PL spectrum for the sample under study exhibits an
emission peak in blue- green region.

Introduction

Recently, controlling the size and dimensionality of nanostructure at the microscopic level is one
of the most challenging faced by researchers [1-3]. Low dimensional systems represent one of
the important frontiers in advanced material research. Quantum confinement of electrons in low
dimensional systems provides a powerful tool for manipulating their optical, electrical and
thermo electrical properties [4-6]. Some unique and fascinating properties, such as higher
luminescence efficiency, 1D nanostructure have already been demonstrated [7]. Currently, nano
stimulated tungstate materials, such as CdWQ,, BaWQ4, ZnWOQO, [9-15], and so forth, have
aroused much interest because of their luminescence behavior, structural properties, and
potential applications. The preparation and properties of tungstate materials have received
considerable attention. Various techniques have been developed to synthesize tungstate. PbWO,
single crystals have also been grown from sodium metasilicate gel using water solutions of lead
acetate and sodium tungstate as the reagent [16].

Nanometer—sized inorganic materials have attracted much intercst from scientist, duc to their
wide range of optical and electrical properties [17-19]. In this work, we described a hydrothermal
method to synthesize PbWO, nanocrystallites. The as-synthesized samples were investigated at
room temperature by means of XRD, SEM and PL.

Experimental Procedure

Lead acetate (CH;COO); Pb-3H,0 and Sodium tungstate Na,WO42H>0 were used of analytical
grade purity and distilled water was taken as reaction media. In a typical procedure, 0.1M
concentration of Lead acetate and sodium tungstate were added into a Teflon- lincd autoclave of
90 ml capacity. Then the autoclave was filled with reaction media up to 80% of its capacity. The
autoclave was maintained at temperature 100-120°C for 10 hr and then air cooled to room
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temperature. The precipitate was collected, filtered off and washed with distilled water several
times and absolute ethanol, successively. After drying in vacuum for 4h, the final white powders

were obtained.

Characterization

The morphologies were characterized using Scanning electron microscopy (SEM). Phase
identification was conducted by the X-ray diffraction (XRD) technique, using Cu K<, radiation by
Rigaku X-ray diffractrometer. SEM images were taken with Hitachi S-3000N Scanning electron
microscope. The luminescence and excitation spectra of the sample were determined by a

Fluorescence spectrometer with Xe lamp at R.T.

Results and discussion

Fig 1 XRD of PbWO,

Fig. 1 shows the typical XRD pattern of as-
prepared sample grown by using
hydrothermal method. All the diffraction
peaks are consistent with reported values of
(JCPDS Card no.720765).From the XRD it
is found that prepared sample consists of
Tetragonal system with space group 14i/a
having lattice parameter a=5.50 and
c=12.12.The morphologies of the as-
prepared samples by SEM were shown in
Fig.2 (a). It could be seen that the sample
appeared to show tetragonal structure with
diameter 400nm.

It is well known that different tungstate species existed in solution at different pH. A low pH
favors the polytungstate species and occurrence of Pb2+ ion, while a high pH favors the

Fig. 2

(@)

monotungstate in WO 4 . Fig 2 show,
the SEM images of PbWO4
nanocrystals prepared at a pH of 7 for
the formation of nanocrystals when
reaction temperature was kept in the
range of 100

120 °C for 10 h.
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Fig.3 shows the room temperature PL
emissions of PbWO4 nanocrystallites
hydrothermally prepared. The PL
spectrum of sample was measured using
a 256 nm excitation line. The spectrum of
sample exhibited emission sharp intense
peak in blue-green region at 514 nm and
weak peak at 768 nm region. The result
demonstrated that the morphologies of
the nanocrystallites may affect their
luminescence characteristics. According
to literature, the luminescence properties
of PbWO, are very sensitive to the
structure and strongly depend on
structural defects [20]. Further studies on
the mechanism of the PL of PbWO,
nanocrystallites are underway.

In summary, PboWQ, nanocrystallites were successfully prepared by via a mild hydrothermal
reaction route. Prepared sample consists of Tetragonal system with space group 14,/a having
lattice parameter a=5.50nm and ¢=12.12nm. Our examination of the PL property of as-prepared

sample revealed that PL of the PbWQ, was strongly dependent on structure.
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Abstract

Polverystalline PSW ferroelectric ceramics with perovskite structure have been prepared by high temperature solid state

reaction technique.  Structural analysis

with X-ray confirms mixed phases of PWO:SWO solid solution.

Thermoluminescence(TL) studies shows high intensity peaks with increase in concentration of Sr’“and f-irradiation of
high radiation dose. Dielectric studies as a function of dielectric constant(e') and dielectric loss(tan ) with varying
Sfrequency between 100Hz-10MHz in temperature range 25°C-120°C reveals a diffused phase change around 70°C.

INTRODUCTION

Ferro(seignette)electric ceramics such as PZT,PLZT and
PMN etc. are of great interest since last few years due their
large applications in electronics and optics. Perovskite solid
solutions such as(Ba,Sr)TiO; [1] and PLZT [2] shows a
diffuse phase transition (DPT) which is identified by
broadened €, at Curic point against temperature curve.
The electro-optic and optical memory applications of PLZT
depends on the amount of substitution of La** in PZT.
Based on this idea we reported our effort to enhance optical
and electrical propertics of PWO perovskite by proper
substitution Sr*" at A site. As far as our knowledge this is
the first attempt to study Thermoluminescence (TL) in term
of ferroclectric application. Dielectric properties of PSW
ferroclectric has been studied as a function of dielectric
constant(e') and diclectric loss(tand) with varying frequency
between 100Hz-10M1z at different temperature between
25°C-120°C.

Experimental

All the specimens Pbyx(Sr2Wy2)O; . where x = 0.5,0.7
used in this investigation were prepared by using PbO,
SrCO; and WO as starting reactants with high temperature
solid state reaction technique. Sample were synthesized
from the starting materials of PbO, SrCO; and WO; in the
stoichiometric proportion 0.5: 0.25: 0.25 called Samplel
(S-1) and 0.7: 0.35 : 0.35 called Sample2 (8-2) taken in
molar ratio and then mixed thoroughly in agate mortar for 1
hour for each sample and conformed for uniform mixture.
The calcination was performed in a closed ceramic crucible
at 800°C for 12 h with hcating rate of 200°C/h. After
calcinations samples are again grinded and then pellets of
the size 13.72mm diameter and 1.45 mm thickness are
prepared under the pressure of 10 tons. Thesc pellets then
sintered at 800°C for 12 h. For better contact surface of
pellets as well as electrodes are polished with fine emery

paper and pellets surface are coated with silver. The
diclectric properties of the sintered samples are studied with
Solartron impedance/Gain-Phaze analyzer with changing
frequency from 100Hz to 10MHz over the temperature
range from RT to 120°C

Results and Discussion

Figure 1,2 show the X-ray diffraction pattern of PSW
samples. It is clear from XRD that both the samples arc not
single phase but they consist mixed SWO and PWO phases
which is tetragonal with space group 14,/a in small amount

(3]
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Thermoluminescence (TL) experiment was carried out with
Nucleonix TL reader. The samples were irradiated
-
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Figure 3 TL curves <;f Sjl & S-2

from Sr’° B-source with rate 5 Gy/min for 5 minutes. Figure
3 shows TL curve for both S, and S, samples. It observed
that with increase of Sr** concentration a strong glow peak
is observed at 75°C.The increase in intensity is attributed

due to p-irradiation thereby, results in radiative
transitions[6].

Figure 4 Variation of dielectriz constant with
frequency

Figure 4 shows strong dependence of dielectric constant on
frequency which confirms its relaxor behavior.The
dielectric constant increase with increase in concentration
of Sr** and decrease with increase in frequency up to 100
kHz and then remains almost constant for rcmaining
frequency. High dielectric constant for S; is supposed due
to movement multiple domain walls in large grain size of S;
compared to S; with change [4].

A
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Figure & \'a:a-::r:;;:ele:m: constant

with temp=rature at 1KH:
Figure 5 shows that diclectric constant decreases with
increase in temperature for both Sy and S; at constant 1kliz
frequency but in the case of S, it increases at nearby 50°-
60°C determines DPT which is suppressed in S;.The
composition of S*" and Pb*" is sclected such a way that it
leads to different ferroelectric transition temperature which
broadens the diclectric peak.This DPT is due to Phase
transition from paraclectric to ferroelectric phasc at T, {5,7].

tans

Tenzentiw T
Figure 6 Vanaton of dielectans loss with
temperature at IKH:

Fig.6 shows the diclectric loss is very less for both the
samples it reaches highest value just belove Curic point
which also satisfied relaxor behavior.

¢

s Y

H
ey
Figure 7 Vanation of diefectnc loss with
frequency

Figure 7 shows variation of dielectric loss with frequency
which also very less for both samples. Initially it is
increases for both samples reaches maxima at 10kHz but
after it decreases with increases in frequency.

CONCLUSION

The PSW with Sr = 35% shows relaxor ferroclectric phase
transition. Among chosen combination of Sr** 35% is good
for its optical application whercas attempts are made to
increase the intensity and dielectric constant of PSW
ferroclectric ceramics by varying combination of Pb'?,Sr™
and W*® to make it best candidate for Opto-electronic
applications.
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Abstract

CdWO, nanorods with a bundle like structure were synthesized at 95 °C for 12 h by
hydrothermal process from 0.1 M Na,;WO.2H,;0 and CdCl, H;0. The synthesized bundie -like
structure of CAWO, nanorods were characterized by X-ray diffraction (XRD), Transmission
electron microscopy (TEM). The luminescence properties of the bundle -like structure of
CdWOy nanorods were investigated by photoluminescence (PL) spectroscopy.

Keywords: Hydrothermal process, CdWO4, Photoluminescence

Introduction

Because of metal tungstates have good
application prospects in scintillators, optical
fibers, microwave applications, humidity
sensors, photoluminescence materials, and
catalysts, etc. [1-4] Cadmium tungstate
(CdWOQ,) with a monoclinic wolframite
structure is one of thc families of metal
tungstates. It is a popular functional material
because of its low radiation damage, high
average refractive index and high X-ray
absorption  cocfficient [5]. At room
temperature, CdWO, shows
photoluminescence (PL) whosc peak is about
460 nm and has been used as an X-ray
scintillator.[6] As a scintillator, its
advantages, such as high efficiency, short
decay time, high chemical stability and high
stopping power make CdWO,
irreplaceable.[7] Recently, because of its
potential usc as an advanced medical X-ray
detector in computerized tomography [8] it
has attracted special interest. CAWOy, is a

monoclinic crystal structure with
intermediate divalent cations and has been
described as an ABXj, structure, whose
crystals are of the wolframite structurc and
not the scheclite structure. The monoclinic
cell contains two CdWO4 units. The divalent
Cd has the usual octahedron configuration
whose distances are close to the standard onc.
W has a very distorted coordination
polyhedron: four O atoms arc at the same
distance and two arc at different distances.
The two distant O atoms were usually
excluded from the first coordination sphere of
W and were assigned to that of Cd. [9]

Experimental

The sample was synthesized by hydrothermal
mcthod.  Appropriatc  amount of 0.1M
CdCl,.H,0  (Cadmium  Chloride)  with
distilled water was put in a Teflon-lined
stainless steel autoclave of 90 ml capacity.
The solution was stirred for 1 h and 0.1 M
Na,W0,.2H>0 (Sodium Tungstate) solution
was added drop wisc with strong magnetic



stirring. The autoclave was filled with
distilled water up to 70% of the total volume.
The autoclave was sealed and maintained at
95°C for 12 h, then cooled to room
temperature naturally. The obtained white
precipitate was centrifuged and washed with
distilled water and absolute ethanol to
remove any impurities, then dried at room

temperature.
Characterization of Cd\\VVo4

X-ray diffraction

Intensity (Count)

ST-r-

Fig. 1 XRD patterns of CdWO04 prepared at 95°C for
12 h

The XRD measurements were carried out
with a Japan Rigaku D/max X-ray
diffractometer, using Ni-filtered Cu Ka
radiation. A scan rate of 0.05°/s was applied
to record the patterns in the 2# range 10-70°.
XRD patterns revealed that the CdWoa4 can
be indexed to the monoclinic wolframite
structure with space group P2/c (13) and cell
parameters are:

a: 5.01100

b: 5.80400

¢ : 5.05000

p : 91.620; in agreement with the respective
JCPDS (Joint Committee on Powder
Diffraction Standards) card No. 01-080-0139.
According to the literature [10, 11], XRD
patterns are able to estimate the degree of
structural order-disorder at long-range in the
materials. Therefore, the strong but not sharp

peaks indicate that the CdWCss powder is
crystallized in nature.

Transmission electron microscopy

Fig.2 TEM images of CdWO04 prepared at 95°C for 12
h

The morphologies of the as-synthesized
CdWC»4 are demonstrated in the TEM images
shown in Fig.3. It is clear that these CdWCfi
nanorods self-assemble into bundle-like
structures. The length of the CdWoa4 nanorod
is approximately 80-220 nm and the width is
about 50nm.

Photolumincsccncc Studies

Intensity (a.u.)

350 400 450 500 550 600 650 700 750 800
Wavelength (nm)

Fig.3 PL spectra (with the excitation wavelength 263
nm and 290nm) of CdWO4 prepared at 95°C for 12 h

Fig.3 shows photoluminescence spectroscopy
emission spectrum for as-synthesized sample.



It exhibits a very strong emission pcak at
480nm when excited the sample with 263 and
290nm. A shoulder peak is obscrved at
366nm. It is suggested that the bluc emission
originated from WO,* complex. The
intensities of PL emission depend strongly on
preparation conditions. Further studies of the
formation and growth mechanism of the nano
rods arc underway.

Conclusions

CdWO4 was synthesized by hydrothermal
process at 95 °C for 12 h. XRD patterns
revealed that the CdWO4 can be indexed to
the monoclinic wolframite structure with
space group P2/c (13), It is suggested that the
bluc emission originated from WO,”
complex. TEM images show that CdWO4
nanorods seclf-assemble into  bundle-like
structures.
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ABSTRACT

SrWO, powder was synthesized by hydrothermal process at 90 °C for 12 h Teflon lined Stainless
steel autoclave. The obtained powder was characterized by X-ray diffraction (XRD), scanning
electron microscopy (SEM) and photoluminescence (PL). XRD pattern of SrWO, exhibits a
scheelite-type tetragonal structure. SEM image shows flake like structure of SrWwO,
microcrystallites. Photoluminescence emission spectra exhibits an intense peak around 365nm
and a shoulder peak at 470nm.

Keywords: Hydrothermal process, StWQ,, Photoluminescence

INTRODUCTION

At room temperature, the tungstate presents a scheelite-type tetragonal structure with general
formula ABO, (A = Ba, Ca, Sr, Pb; B = W) and space group /41/a [1, 2]. In this type of structure,
the B ions are within tetrahedral O-ion cages and isolated from each other, while the A ions are
surrounded by eight oxygen [3]. Presently, these materials have been widely employed in various
industrial applications, like: optical fiber, catalysts, scintillation detector, humidity sensor, solid-
state lasers, photo catalysts, photoluminescent devices and more [4—6]. In particular, STWOy4 has
attracted considerable attention to the development of new electro optics devices due to its blue
or green luminescence emissions at room temperature {7].

EXPERIMENTAL PROCEDURE
The sample was synthesized by hydrothermal method. Appropriate amount of 0.1M SrCl,.6H,0

(Strontium Chloride) with distilled water was put in a Teflon-lined stainless steel autoclave of 90
ml capacity. The solution was stirred for 1 h and 0.1 M Na;W04.2H,0 (Sodium Tungstate)
solution was added drop wise with strong magnetic stirring. The autoclave was filled with
distilled water up to 70% of the total volume. The autoclave was scaled and maintained at 90°C
for 12 h, then cooled to room temperature naturally. The obtained white precipitate was
centrifuged and washed with distilled water and absolute ethanol to remove any impurities, then
dried at room temperature.

CHARACTERIZATION

The morphologies were characterized using Scanning electron microscopy (SEM). Phase
identification was conducted by the X-ray diffraction (XRD) technique, using Cu K, radiation by
Rigaku X-ray diffractrometer. SEM images were taken with Hitachi S-3000N Scanning electron
microscope. The luminescence and excitation spectra of the sample were determined by a
Fluorescence spectrometer with Xe lamp at R.T.



RESULTS AND DISCUSSION
X-ray Diffraction (XRD)

3500 1 Powder X-ray diffraction (XRD) patterns were
3000 recorded with a Japanese Rigaku D/max-RB
2500 ] diffractometer using Cu Ko radiation (A=

0.15406 nm) in the 26 range from 15° to 70°.
Fig. 1 shows the XRD pattern of SrWO,
processed at 90 °C for 12 h. XRD patterns

] ! revealed that the STWO4 powders can be indexed
1 | M L) }A to the scheelite-type tetragonal structure with
p - T A - ) space group f41/a, in agreement with the

angle(2 ) respective JCPDS (Joint Committee on Powder
Diffraction Standards) card No. 08-0490 [8].
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Figure 1 XRD patterns of StWO4 powder.

According to the literature [9, 10], XRD patterns are able to estimate the degree of structural
order—disorder at long-range in the materials. Therefore, the strong and sharp peaks indicate that
the SrWOy 1s highly crystallized and structurally ordered at long-range.

Photoluminescence Studies (PL)

Blasse and Grabmaier [11] reported that
the PL emission arises from the radiative
return to the ground state, phenomenon

150
110
120
that is in concurrence with the non-
radiative return to the ground state. In the

non-radiative process, the energy of the

100 o

80

Intensity(a.u)

60 -

40 o

excited state is used to excite the
vibrations of the host lattice, i.e., heat the

. . . . . 350 40'0 45'0 5;0 5;0
lattice. The radiative emission process Wavelength(nm )

20 o

occurs more casily if there are trapped
holes or trapped electrons within the band gap [12].  Figure 2 Photoluminescence spectra

Fig.2 shows the photoluminescence (PL) spectrum at room temperature of SrWOQO,
processed  at 90°C for 12 h. Excitation of SrWO; was done with 248 nm wavelength.
Photoluminescence emission spectrum exhibits an intensc peak around 365nm and a shoulder
peak at 470 nm. PL emission of tungstates with scheelite-type tetragonal structure is not
completely understood.

In particular, the literature has reported several hypotheses to explain the mechanisms
responsible by the PL emission of SrWQ,4.The existence of WOj; and distorted WO clusters in
the SrTWOy lattice, which are able to introduce the formation of intermediary energy levels are



composed of oxygen 2p states and tungsten 5d states. In this case, the polarization induced by
the symmetry breaks and the existence of these localized energy levels are favorable conditions
for the formation of trapped holes and trapped electrons. PL emission of Srw04 with the
transition of electrons within [WO4] tetrahedron groups can be treated as excitons. The presence
of some shoulders on the PL spectrum are interpreted as extrinsic transitions caused by the
defects and/or impurities in the material.

Scanning Electron Microscopy (SEM)

Fig.3 shows the SEM micrograph of SrWO04 processed at
90°C for 12 hr. SEM micrograph revealed that the Sr\W04

exhibits a large quantity of particles with agglomerate and
flake like structure of SrWO04 microcrystallites.

Figure 3 SEM micrograph of Sr\\VV04

CONCLUSIONS
SrWo04 was synthesized by hydrothermal process at 90 °C for 12 h. XRD patterns revealed that

the SrW04 can be indexed to the scheelite-type tetragonal structure with space group 741/a. The
intense PL emission of SrwWO04 is responsible for the transition of electrons within [WO04]
tetrahedron groups. SEM image shows flake like structure of SrWO04 micro crystallites.
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Abstract

Polyerystalline Pbg s(Ziny 35Wy35)O5 was prepared by high temperature solid state reaction technique. The
variation of diclectric constant (¢) and loss tangent (tan 8) were scanned with respect to frequency in the
range 100H= to 10MH:z with varying temperature from 25 to 160°C. The sample under investigation gives
characteristic peaks of photoluminescence around 510 and 765 nm wavelengths.

INTRODUCTION

Lead based perovskite ferroclectric materials (ceramics)
have been studied for more than thirty years, owing to their
technological applications such as multilayer capacitors
(MLCs), electro mechanical coupling devices and actuators
due to their low temperature sinterability, high permittivity
and low temperature coefficient of capacitance [1] and
excellent optical properties [2]. Several efforts have been
made to synthesize Pb(B’B”)O; pcrovskite type
materials[3-12].In the present paper the effort has been
made to produce perovskite phase of similar compound by
substituting  Zn®" cation at B-sub lattice side with
composition of Pbgi(Zng3sWo35)Os using high temperature
solid state reaction technique Dielectric properties of
Pb(Zn,W)O; and effect of Mg/Fe substitution has already
been studied by Woo-Joon Lee [13]. According to our
knowledge, this is the first attempt madc to study the
optical propertics of lead zinc tungstate Pb(Zn,W)O; It
should be noted that expression PZW in this paper indicates
composition of perovskite instcad of its structure.

EXPERIMENTAL

The sample was prepared by using PbO, ZnCO; and WO,
as starting reactants(>99.5% pure) with high temperature
solid state reaction technique.The calcinations were
performed in a closed ceramic crucible at 800°C for 12 h
with heating rate of 200°C/hr. After calcinations samples
were again grinded and then pellets of the size 13.72mm
diamcter and 1.45 mm thickness were prepared under the
pressure of 5 ton without using any binding agent. Prepared
pellet of PZW again sintered at 700°C temperature for 8
hrs. Dielectric properties  of PZW was measured using
1260 Solartron Impecdance analyzer. For better contact,
surfaces of pellets as well as electrodes are silvered.

RESULTS & DISCUSSION
Structural studies

Figure 1 Shows the X-ray diffraction pattern of PZW. The
sample was characterized by Bruker AXS D8 advanced X-
ray diffractometer using Cu Ka, radiations. XRD peaks
were indexed using standard JCPDS database. As prepared
samples arc of mixed phases of PbWO, stolzite and respite,
Pb3;Zn,WO,, ZnWO, type as indicated in the curve of X-ray
pattern.

Relatrve wntenssty

\

| "’%LULMKMM

FURAC Y
Figwe ] XPDof PZW

Failure of formation of PZW with perovskite is believed due
to highly covalent nature of Zn, electro negativity difference
and 1onic size difference between Zn and Mg ions [4]

Dielectric propertices

The detailed study of diclectric properties of PZW was
mcasured using 1260 Solartron Impedance Analyzer.
Frequency dependence of both real (¢) and imaginary (€")
parts of diclectric constant of PZW were studied and plotted
against log f for various temperaturcs starting from 25 to
160°C are shown in fig.2 and fig.3 respectively.

As shown in fig. 2 behaviour of real part of diclectric
constant (g') was plotted against log f for different
temperatures. It is clear from the graph that €' has high value



for low frequency and it decreases with increase in
frequency up to100 kHz then becomes almost constant for
remaining frequency region, which is the general behavior
of ceramics[11,12] .

¢ Vi logf

. 7

FigureZ Behavlor of real part of dielectric constant (£') with varving frequency

and temperature
It is also observed from the figure that &' decreases sharply
in low temperature region but it decreases slowly in high
temperature region with increasing frequency up to 100
kHz , then becomes frequency independent.
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Figure 3 Bebavior of imaginary part of dicleceric comstant {2°) with varving
equency and temperatare

Fig.3 shows behavior of imaginary part of diclectric
constant (€") with frequency from 100Hz to 10 MHz.
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Fig. 4 shows bchavior of real part of dielectric constant and
loss tangent (tan &) with different temperatures at constant
frequency of 1 kHz.

Optical properties

According to survey of literature, ours is the first attempt to
study optical properties of PZW sample. Room temperature
photoluminescence (PL) spectrum of the PZW is taken from
JASCO 6300 spectroflurometer at excitation wavelength of
305nm. A strong green emission and weak red emission

were observed. The green emission is assumed to be
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Figure 5 Photoluminescence af PZ\\ at reem temperature
connected with the inclusions of respite phase [6-9]. Red
shift is observed in our sample which is very similar to the
heavily La**-doped PbWO, crystals [10]. It can be assumed
that Zn?" enters PbWO, lattice creates Pb deficiency and
contracted the optical band gap of PZW due to introduction
of an extra recombination centers and traps in localized
region.

CONCLUSIONS

Perovskite phase of Pbg3(Zng3sWo35)O; can not be formed
in this composition with high temperature solid state
reaction technique. The sample under study exhibits high
diclectric constant at low temperature which makes PZW a
potential applicant as a dielectric material in capacitors and
in memory cells to hold digital information. Red shift in PL
spectra suggests its use for infrared detectors.
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