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Sb(III)-doped lead tungstate single crystals with controlled shapes and enhanced green emission have been
synthesized via a facile, Pluronic P123 (EO20PO70EO20)-assisted, sonochemical method. The surfactant Pluronic
P123 was found to play a crucial role in the morphology control of the final products. The growth process
was investigated by carefully following time-dependent experiments, and the oriented attachment process
accompanying Ostwald ripening was proposed for the possible formation mechanism. The optical properties,
such as the Raman spectra and PL spectra, of doped PbWO4 were studied. Room-temperature photolumi-
nescence of doped PbWO4 samples with different morphologies at desired Sb doping concentrations showed
greatly enhanced luminescence intensity compared to the undoped PbWO4.

Introduction

The properties of nanomaterials are determined significantly
by their structures, i.e, by their dimensions, crystallinity, and
geometry.1 Novel synthetic approaches could lead to the
discovery of novel nanostructures with new properties.

In recent years, ultrasound has become an important tool in
chemistry for its applications in the synthesis and modification
of both organic and inorganic materials.2-4 When liquids are
irradiated with high-intensity ultrasound, acoustic cavitations
(the formation, growth, and implosive collapse of the bubbles)
provide the primary mechanism for sonochemical effects, during
which very high temperatures (>5000 K), pressures (>20 MPa),
and cooling rates (>1010 K/s) can be achieved upon the collapse
of the bubbles.5 Such remarkable environments provide a unique
platform for the growth of novel nanostructures.

Lead tungstate (PbWO4) has been attracting increasing
attention because of its technological importance as an inorganic
scintillating crystal. Compared to other well-known scintillators,
PbWO4 is most attractive for high-energy physics applications
because of its high density (8.3 g/cm3), short decay time, high-
irradiation damage resistance, interesting excitonic lumines-
cence, thermoluminescence, and stimulated Raman scattering
behavior.6,7 Since PbWO4 has the structure sensitivity and its
luminescence is remarkably affected by the structure defects in
the crystals, improving its scintillating properties through
changing and controlling its structure defects, such as appropri-
ate doping and annealing in proper atmosphere, has become
one of the principal methods in the research on PbWO4.8,9

Doping with ions can adjust the defects in pure PbWO4 and
decrease or even eliminate some harmful defects although these
ions themselves are impurity defects. Antimony has been tried
as a beneficial doping impurity recently. Sb-doped PbWO4

(PbWO4:Sb) does show greater transmittance and radiation
hardness, as well as better luminescence intensity and light
yield.10,11

Sb-doped PbWO4 single crystals have usually been grown
from the melt using the Czochralski12,13 and Bridgeman14-16

methods. To the best of our knowledge, the wet-chemical
synthesis of doped PbWO4 has not been reported, especially
with controlled shapes. Herein, we have prepared single-
crystalline PbWO4:Sb via a facile sonochemical route in the
aqueous solution. By using the triblock copolymer (PEO-PPO-
PEO) as crystal growth modifier, Sb-doped PbWO4 crystals with
novel structures and different morphologies can be efficiently
achieved. The effect of Sb doping on the optical properties of
PbWO4 was examined. Compared with the luminescence of
undoped PbWO4 that was grown under the same circumstance,
the PL intensity of Sb-doped PbWO4 was greatly enhanced.

Experimental Section

Materials. All the reagents used were of analytical purity
and used without further purification. The Pluronic amphiphilic
triblock copolymer P123 (EO20PO70EO20, Mav )5800) was
obtained from Aldrich. Pb(CH3COO)2‚3H2O, Na2WO4‚2H2O,
SbCl3, and absolute ethanol were purchased from Shanghai
Second Chemical Reagent Factory (Shanghai, China).

Synthesis.Pb(CH3COO)2‚3H2O (0.38 g, 1 mmol) was added
to an (EO)20-(PO)70-(EO)20 solution (10 g‚L-1, 100 mL) under
vigorous stirring to give a clear and homogeneous solution. A
1 mL volume of SbCl3 solution (1 mM, 0.1 mol %) was
introduced to the above solution. Another 1 mL aqueous solution
of Na2WO4 (1 M) was added into the above mixture under
vigorous stirring. Then the mixture was exposed to high-intensity
ultrasound irradiation under ambient air. Ultrasound irradiation
was accomplished with a high-intensity ultrasonic probe (Xinzhi
Co., Ningbo, China, JY92-2D, 0.6 cm diameter; Ti-horn, 20
kHz, 60 W/cm2) immersed directly in the reaction solution, and
the total reaction time lasted for 30 min. A white precipitate
was centrifuged, washed with distilled water and absolute
ethanol in sequence, and finally dried in air. In the experiments,
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the concentration of P123 was varied from 10 to 40 g‚L-1, and
the doping concentration of SbCl3 was varied from 0.05 to 1
mol %.

Characterization. The X-ray powder diffraction (XRD)
analysis was performed by a Philips X′-pert X-ray diffractometer
at a scanning rate of 4°/min in the 2θ range from 10 to 80°,
with graphite-monochromatized Cu KR radiation (λ ) 0.154 18
nm). Field-emission scanning electron micrographs (FE-SEM)
were taken on a LEO-1530VP field-emission scanning electron
microscope. Transmission electron micrographs (TEM) and
selected area electron diffraction (SAED) patterns were recorded
on a JEOLJEM 200CX transmission electron microscope, using
an accelerating voltage of 200 kV. High-resolution transmission
electron micrographs (HRTEM) were obtained by employing a
JEOL-2010 high-resolution transmission electron microscope
with a 200 kV accelerating voltage. Raman spectra were
recorded on a JY HR-800 spectrometer provided by J. Y. Co.
at room temperature with an excitation wavelength of 488 nm.
Photoluminescence spectra were measured on a SLM48000DSCF/
AB2 fluorescence spectrometer made by American SLM Inc.
at room temperature. The powder of final product was impact
into a silica groove (with dimension of 10× 3 × 3 mm3) for
measurement.

Results and Discussion

Characterizations of Final Products.The XRD profiles of
pure and doped PbWO4 samples (0.1 mol % Sb) are shown in
Figure 1. All the peaks are well indexed by tetragonalI41/a in
the JCPDS cards (JCPDS Card No. 08-0476), which reveals
that the doping of Sb at designed concentration does not change
the crystal structure or induce a new phase. The crystals are of
homogeneous stolzite structure with good quality, and the Sb
ions would go into PbWO4 crystal lattice well. On comparing
the curves of the products synthesized under different copolymer
concentrations, we found that the relative intensity of the peaks
varied significantly, which indicates different crystallinity. The
sample prepared in the 10 g‚L-1 P123 system shows better
crystallization than the other two samples. The cell parameters
of crystals with different doping concentrations were also
investigated, and the results are listed in Table 1. It is found
that the values ofa andc both decreased with the introduction
of impurities, which is consistent with the fact that the radii of

Sb3+ (R ) 0.76 Å) is smaller than that of Pb2+ (R ) 1.20 Å).
As reported for the La-doped PbWO4, the cell parameters
diminish with increasing La3+ content;17 a similar trend was
also observed in our experiments.

The morphologies of the synthesized products were examined
by FE-SEM and TEM. Typical FE-SEM images of the product
prepared in the system of 10 g‚L-1 P123 at room temperature
are shown in Figure 2. All the samples are special starlike
dendritic structures, and the individual dendrite with a three-
dimensional structure displays complex features (Figure 2a).
There are one main trunk and four crossed branches extending
from the center of the main trunk, which construct the
framework with a scalariform manner. From the top view of
the SEM image (Figure 2b), we can see that the crossed branches
construct the framework in a perfect perpendicular manner and
the 4-fold symmetry of the structure can be identified. The whole
length of the main trunk is about 1.5µm, and the maximum
length of the four branches is about 250 nm measured from the
center of main trunk. Careful observation shows that the dendrite
is composed of directly arrayed nanopolyhedrons that are
attached to each other in an interesting parallel and scalariform
way rather than in a simple manner.

Figure 2c,d shows the FE-SEM images of the product
obtained in another system containing 20 g‚L-1 P123. All the
samples are homogeneous spindlelike nanorods with diameter
of 220 nm at the center and length of about 1.5µm (Figure
2c). High-magnification SEM images (Figure 2d) reveal that
the spindles are also constructed from assembled nanopoly-
hedrons and a hierarchical structure similar to the above
dendritic structure can be detected.

The morphology of the products varied greatly when the
concentration of P123 changed to 40 g‚L-1 while the other
conditions were kept the same. A typical FE-SEM image (Figure
2e) shows that the product consists of a large quantity of
nanospheres with uniform size distribution of diameter about
300 nm. A high-magnification SEM image (Figure 2f) shows
that the surface of the nanosphere is quite smooth.

HRTEM images recorded on an individual dendrite and
spindle provide further insight into their structures. HRTEM
images of the dendrite show that the product is well crystallized
and exhibits a clear crystal lattice. The interplanar spacings of
0.32 and 0.30 nm could be finely detected on the tip of the
main trunk (Figure 3b). The (112) and (004) crystal faces could
therefore be confirmed, which shows that the main trunk grew
preferentially along thec axis. The clear lattice spacing of (112)
faces could also be found on the fringe of the central region on
one branch (Figure 3c), which shows that the sample is
structurally uniform with an oriented crystallographic direction.
The same crystal lattice observed in the different regions of a
dendrite suggests that the attached building blocks share the
same crystal direction.

The HRTEM image recorded on the tip of a spindlelike
nanorod (Figure 3e) indicates well-defined lattice fringes with
interplanar spacing of 0.32 nm for the (112) faces of tetragonal
PbWO4, indicating the high crystallinity of the product.

Figure 1. XRD patterns of (a) pure PbWO4, and Sb-doped PbWO4
samples prepared under copolymer concentrations of (b) 10 g‚L-1, (c)
20 g‚L-1, and (d) 40 g‚L-1. (The initial concentrations of Pb2+ and
WO4

2- were both 10 mM, and the doping concentration of Sb was 0.1
mol %.).

TABLE 1: Cell Parameters of Pure and Doped PbWO4
Crystals Prepared in a 10 g‚L -1 P123 System

sample
doping concn

(mol %) a (Å) c (Å)

pure PbWO4 0 5.469 04 12.049 43
PbWO4:Sb 0.05 5.463 17 12.044 42
PbWO4:Sb 0.1 5.461 19 12.044 10
PbWO4:Sb 0.2 5.460 38 12.039 65
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Combined with SAED pattern, the preferential growth orienta-
tion along thec axis could be confirmed.

Effect of Triblock Copolymer Concentration. The physical
properties of crystalline materials depend on crystal habit, grain
size, and impurities or on the presence of structural modifica-
tions. In the crystallization processes from solution, the above
parameters can be controlled by additives that influence
nucleation, crystal growth, and aggregation of the crystals and
are thus important for technical applications.18

Poly(ethylene oxide)-poly(propylene oxide)-poly(ethylene
oxide) (PEO-PPO-PEO) block copolymers are well-known
as dispersion stabilizers,19,20 pharmaceutical ingredients,21,22

biomedical materials,23,24 and templates for the synthesis of
mesoporous materials and nanoparticles.25-28 Variation of the
PEO-PPO-PEO block copolymer molecular characteristics,
concentration, and temperature allows for unique modulation
of block copolymer self-assembly in the presence of selective
solvents such as water.29,30P123 possesses a long poly(propylene
oxide) segment and two medium length poly(ethylene oxide)
blocks and has a relatively high molecular weight (Mav ) 5800).
Such a combination favors the formation of micelles, which
have dehydrated poly(propylene oxide) blocks in their cores and
coronas of hydrated poly(ethylene oxide) segments at the
micellar surface, at low surfactant concentrations (low critical
micellization concentration, cmc) and at low temperatures (low
critical micellization temperature, cmt).31

Although the exact roles of P123 on the present crystal growth
are still to be not completely understood, the triblock copolymer
might play a role for at least two aspects: preventing the
aggregation of PbWO4 nanoparticles in the initial nucleation
stage through coordination with Pb(II) ions32 and kinetically
controlling the growth rates of various crystallographic facets
of PbWO4 through selectively absorbing on these facets. In
P123-rich solution, Pb(II) ions were surrounded and protected
by P123 molecules by forming Pb-(PEO-PPO-PEO) units.
When the system was irradiated with ultrasound, the WO4

2-

ions might attack the Pb-(PEO-PPO-PEO) units and replace
the P123 molecules to form PbWO4 nanoparticles. In the later
growth stage, P123 molecules could selectively adsorb onto
some surfaces of PbWO4 crystals through O-Pb bonding, which
could significantly decrease the growth rates of these surfaces
and lead to highly anisotropic growth.33

With the increase of P123 concentration, the morphology of
the final products changed from 3D starlike dendrites to 1D
spindlelike nanorods and then to uniform nanospheres. That is,
the tendency to grow along a certain direction had been
weakened to some extent. As we have analyzed with FE-SEM
and HRTEM techniques, the product prepared in the presence
of 10 g‚L-1 P123 grew along thec axis preferentially and
stretched from the major trunk in two directions, leading to a
hierarchical structure. Careful observation to the FE-SEM image
shows that the spindlelike structure prepared in 20 g‚L-1 P123

Figure 2. SEM images of a (a) side view and (b) top view of the dendritic sample synthesized in 10 g‚L-1 P123, (c) low-magnification and (d)
top view of the homogeneous spindlelike sample prepared in 20 g‚L-1 P123, and (e) low-magnification and (f) high-magnification of a spherical
sample prepared in 40 g‚L-1 P123. The scale bar represents 200 nm.
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is a bit similar to the above dendrite structure. The lengths of
the major trunk of the two structures are both 1.5µm, and the
major trunks both grew along thec axis. The difference lies in
the stretching extent of the crystals in thea andb directions.
The dendrites exhibit more preferential crystal growth in these
two directions than the spindlelike structure does. Therefore,
with the increase of copolymer concentration, the crystal growth
in the a andb directions has been weakened. When the P123
concentration increased to 40 g‚L-1, the spheres appeared as a
final structure, which displayed the isotropy in crystal growth
and indicated the presence of nonspecific polymer-crystal
interactions.34,35

Obviously, the copolymer concentration played a key role in
the shape-controlled synthesis. Reasons for this result may lie
in different adsorption efficiency of surfactant molecules on
specific surfaces, different growth rate, and the unusual crystal
habits of PbWO4. The contribution of copolymer concentration
to size and morphology is most likely due to the polymer
adsorption on the surface of clusters. Block copolymer micelles
may attach on the surface of particles above the cmc preventing
the reaction monomers from approaching those planes.36 The
exposed faces of PbWO4 crystals do show different polarity
patterns and averaged interface energies and adsorb the copoly-
mer with different efficiencies. The polymer-modified crystal
would grow into the direction where the crystallization hindrance
is weakest.37

We assume that the crystal growth rate might be faster in
thea, b, andc directions than in other directions; therefore, the
three directions became the preferential grow orientations under

relatively low copolymer concentration. With the increasing
copolymer concentration, more P123 molecules would also
predominantly adsorb on the crystal faces in thea and b
directions and prevent these faces from growing further. So the
spindlelike product obtained in the system of 20 g‚L-1 P123
appeared slimmer than the dendrites in the 10 g‚L-1 P123
system. With an even higher copolymer concentration (40
g‚L-1), a spherical structure could be obtained, which suggests
that the copolymer concentration is high enough to adsorb on
the crystal faces in all directions to form isotropic growth. The
effect of P123 on the crystal growth can be found in the
illustrations of Schemes 1 and 2.

Possible Growth Mechanism and Effect of Ultrasonic
Irradiation. To further investigate the details of the formation
of final samples, the growth processes of the final products were
carefully followed by time-dependent experiments. TEM images
obtained after different reaction times show an obvious growth
process from small primary nanoparticles to the final products
(Figures 4, 6, and 7).

In the case of the dendritic sample, white precipitates appeared
right after the reactant solution was exposed to ultrasound
treatment, which indicates the nucleation took place rapidly.
Small primary particles with average diameter of about 10 nm
were observed in the early reaction time of 10 min (Figure 4a).
These nanoparticles further aggregated in some specific orienta-
tions to form pagoda-like polyhedral structures (Figure 4b,c)
that are somewhat similar to the intermediate observed by Yu
et al.38

Figure 3. (a) TEM image and SAED pattern of the dendritic sample, HRTEM images recorded (b) on the tip of a dendrite and (c) on the fringe
of central region, (d) TEM image and SAED pattern of a spindlelike sample, and (e) HRTEM image recorded on the tip of a spindle. (The HRTEM
images were taken from the range covered in the white rectangular frames.) The scale bars in (a) and (d) represent 200 nm, and those in in (b), (c),
and (e) represent 5 nm.
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To investigate the detailed structure of the polyhedral
aggregation, SEM and HRTEM techniques were also used. SEM
images clearly reveal that the intermediate structures are
composed of self-assembled nanopolyhedrons that attached to
each other in an interesting parallel way (Figure 5a,b). The
elongated octahedrons as building blocks could be detected, and
an end-to-end self-assembly of these octahedrons could be
speculated (Figure 5c). HRTEM images from these polyhedrons
(Figure 5e) show the fringe spacing along the different directions

as 0.32 and 0.30 nm for the (112) and (004) planes, respectively,
which underlines the fact that the attached building blocks share
the same crystal direction with the final dendrites.

It can be speculated that the final dendritic structure evolved
from such aggregates, which grew preferentially along thec
axis after reaction for some time. A spontaneous “landing” of
the small nanopolyhedrons on the backbone of the dendrites
and then the undergoing crystallization could be detected, which
may be related with one proposed mechanism so-called “ori-

SCHEME 1: Illustration of the Formation Mechanism of the Dendritic and Spindlelike Samples

SCHEME 2: Illustration of the Formation Mechanism of the Spherical Sample

Figure 4. TEM images of dendritic sample obtained after sonication for (a) 5, (b) 15, (c) 20, and (d) 25 min. The attachment of polyhedrons in
a special way could be detected. The scale bar represents 200 nm.
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entated attachment” by Penn and Banfield.39 In this mechanism,
the bigger crystals are grown from small primary building blocks
through an orientated attachment process, in which the adjacent
building blocks are self-assembled by sharing a common
crystallographic orientation and docking of these particles at a
planar interface.39 Primary particles may aggregate in an oriented
fashion to produce a larger single crystal, or they may aggregate
randomly and reorient, recrystallize, or undergo phase trans-
formations to produce larger single crystals. This kind of growth
mode could lead to the formation of faceted particles or
anisotropic growth if there is sufficient difference in the surface
energies of different crystallographic faces.40 In the so-formed
aggregates, the crystalline lattice planes may be almost perfectly

aligned or dislocations at the contact areas between the adjacent
particles lead to defects in the finally formed bulk crystals.39

However, the Ostwald ripening41 process also contributes to
the formation of such structures by “shearing” the polyhedrons
with sharpened edges into the blunt ones with rounded edges
in their ripened final stage.

It is interesting that primary nanoparticles and similar pagoda-
like nanopolyhedrons were also detected in the early growth
process of the spindlelike structure (Figure 6). So we suggest
that the nucleation and the initial crystal growth of these two
structures might have similarities and the copolymer might play
a more important and specific role in the later crystal growth
stage than in the early stage under present circumstances.

Figure 5. (a, b) SEM images of the intermediate polyhedral structures obtained after sonication for 20 min, (c) schematic illustration of the
self-assembly of these nanopolyhedrons, (d) SAED pattern (scale bar represents 200 nm), and (e) HRTEM image recorded on the tip of an individual
polyhedron. (The scale bar represents 5 nm.)

Figure 6. TEM images of a spindlelike sample obtained after sonication for (a) 5, (b) 10, (c) 15, and (d) 25 min. The scale bar represents 300 nm.
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Different adsorption efficiencies of P123 on specific facets may
contribute to the different morphologies under different con-
centrations, as mentioned above. Illustrations of the formation
mechanism of dendrites and spindles are shown in Scheme 1.

The observation on the growth process of a spherical sample
(Figure 7) reveals that the first appeared primary nanoparticles
experienced further self-organization, leading to the formation
of spherelike aggregates (Figure 7a). These aggregates then
underwent further growth and crystallization, changing from
spheres with a coarse surface to a final product with smooth
surface (Figure 7b-d). The formation mechanism of spherical
product is shown in Scheme 2.

In the preparation of the shape-controlled PbWO4:Sb crystals,
high-intensity ultrasound irradiation also played an important
role. The transient high-temperature and high-pressure field
produced during ultrasound irradiation provides a favorable
environment for the anisotropic growth of nanocrystals. Cavita-
tions and shock waves created by ultrasound can accelerate solid
particles to high velocities leading to interparticle collisions and
inducing effective fusion at the point of collision.42 We consider
that ultrasound caused the fusion of adjacent particles and the
attachment of primary particles on the intermediate polyhedral
or spherical aggregates to form final structures. The energy
generated during collision can induce the crystallization of the
amorphous particles, responsible for the further crystallization
process. High-intensity ultrasound irradiation is found to be
necessary for the shape-controlled synthesis because comparative
experiments under vigorous electric stirring instead of ultrasound
treatment could not obtain the same structures.

Raman Spectra.The optical properties of these products
were also studied. The Raman spectrum of the stolzite dendritic
structure at an Sb doping concentration of 0.1 mol % (Figure
8) shows six bands in the range 100-1000 cm-1. The peaks
located at 903.3, 765.5, 749.0, 353.6, and 326.2 cm-1 correspond
to the vibration modesν1(Ag), ν3(Bg), ν3(Eg), ν2(Bg), andν2-
(Ag), respectively, which are consistent with those of undoped
PbWO4 crystals reported previously.38,43The peak at 175.1 cm-1

was not assigned by Ross,44 but Griffith observed a similar peak
in natural and synthetic stolzite samples45 and this peak could
be assigned as the translational mode of the WO4 group
analogous to that for CdMoO4.43 The Raman spectra of crystals

with spindlelike and spherical shapes (Figure S1 in the Sup-
porting Information) are similar to that of the dendritic structure.

The Raman spectra of products at different doping concentra-
tions were also investigated (Figure S2 in the Supporting
Information). With doping concentrations that ranged from 0.05
to 0.2 mol %, the Raman spectra remained the same as above.
However, when the Sb doping concentration increased to 1 mol
%, the Raman spectrum showed miscellaneous peaks in addition
to peaks belonging to pure PbWO4. This phenomenon indicated
that heavy doping would change the original vibration of the
PbWO4 molecules.

Photoluminescence Properties.Figure 9 shows the room-
temperature photoluminescence spectra of pure and 0.1 mol %
Sb-doped PbWO4 with different morphologies using the same
excitation line at 300 nm. The emission of the undoped PbWO4

is very weak and shows the intrinsic blue emission band peaks
at 430 and 460 nm. The emission intensity of PbWO4:Sb is
increased enormously as compared with that of undoped
PbWO4. The spectra show that all of the three doped samples
exhibited typical green emission peaks around 500 nm, similar
to the result reported by Shi et al.14 The integral intensity of
PbWO4:Sb emission in the range 380-700 nm is 3 times higher
than that of the undoped PbWO4, which indicates an unusual

Figure 7. TEM images of a spherical sample obtained after sonication for (a) 10, (b) 15, (c) 20, and (d) 25 min. The scale bar represents 200 nm.

Figure 8. Raman spectrum of dendritic PbWO4 at Sb doping
concentration of 0.1 mol %.

Sb(III)-Doped PbWO4 Crystals J. Phys. Chem. B, Vol. 110, No. 28, 200613783



improvement on the light yield by Sb doping. To simplify the
comparison and discussion, we used three subbands to fit the
emission curve of dendrite sample with a Gaussian distribution.
The three subbands of dendritic PbWO4:Sb (see the dashed lines
of the inset in Figure 9) peak at 442, 490, and 536 nm,
respectively. The green subband of 490 nm offered up 50% of
the total light yield. Comparison of the luminescence of the
pure PbWO4 with that of doped PbWO4 efficiently revealed
the effect of Sb doping on PbWO4 luminescencesincreasing
the light yield through enhancing the green emission.14 However,
as reported previously, the green component of PbWO4 crystals
is slower than the blue one in the decay characteristics.46 Sb-
doping can enhance the intensity of luminescence but may give
some contributions to the “slow” decay components16 which
may be negative to the scintillating properties of PWO. Further
detailed investigation is needed.

Very weak size-dependent phenomenon of PL properties
observed among these three products with different morphol-
ogies indicate that the sizes of the structures are so big that
they are beyond the border of the quantum confinement regime.
Meanwhile, the relative intensities of the PL peaks seem closely
related to the morphology and crystallinity. In the three samples,
the spherical product with relatively weak crystallinity shows
a weaker luminescence, whereas the dendritic sample with the
best crystallinity displays the strongest luminescence under the
same measurement conditions. The enhancement of PL intensity
may be due to the improved crystallinity, which has similarly
been observed by other researchers.47-49 We also assume that
dendritic and spindlelike crystals would possess more defects
due to the faster 1-D crystal growth. These results could indicate
that luminescence properties of PbWO4 are very sensitive to
its structure and strongly dependent on the crystallinity and
structural defects.

We also investigated the PL properties of PbWO4 crystals
with different Sb doping concentrations. Figure 10 shows the
PL spectra of the PbWO4 crystal at Sb doping concentration
varying from 0.05% to 1% in the system of 10 g‚L-1 P123. It
is found that product with Sb doping concentration of 0.1%
shows the highest PL intensity, which suggests an optimal
doping concentration under current system. The heavily doped
product appeared to have an extremely low PL intensity in the
present case, which might be related to the changes in the

microstructure caused by heavy doping, as can be proved in its
Raman spectrum mentioned above.

Conclusion

Doped lead tungstate has an important role as a functional
material, and thus the rational design of its complex structures
could be of significance in scintillator applications. The present
experiments demonstrate, for the first time, a systematic
sonochemical synthesis of Sb-doped PbWO4 crystals with novel
structures and controlled morphologies by using triblock
copolymer P123 as a crystal growth modifier. The concentration
of the copolymer was examined, and experimental results show
its significant effects on the morphology of the final products,
demonstrating that the ability of the copolymer to interact with
the inorganic crystals could be fine-tuned. The formation and
evolution of doped PbWO4 structures were investigated, and
the oriented attachment process accompanying Ostwald ripening
was proposed as a possible growth mechanism. Successful
doping is evident from the luminescence spectra of the materials.
Room-temperature photoluminescence of products with different
shapes and different doping concentrations show typical and
enormously enhanced green emission as compared with that of
undoped PbWO4. These as-prepared PbWO4 nanostructures may
be very attractive candidate as building blocks to build or
upgrade the small functional setups for the high-energy physics
region, and the ultrasound-assisted method may be a universal
route to synthesize the doped PbWO4 crystals and other
luminescent crystals.
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