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Lead tungstate (PbW04), an important inorganic scintillator, was synthesized via a mild sonochemical 
route from an aqueous solution of lead acetate and sodium tungstate in the presence of complexing 
agents under ambient air. X-ray diffraction (XRD), transmission electron microscope (TEM) and 
photoluminescence (PL) were used to characterize the products. The as-prepared PbW04 nanocrystals 
crystallize in a tetragonal structure and have an average crystal size of ca. 10 nm. 
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1. Introduction 
Metal tungstates and molybdates are two important families of inorganic materials that 
have a high application potential in various fields, such as in photoluminescence, 
microwave applications, optical fibers, scintillator materials, humidity sensors, magnetic 
properties and catalysis.1"4 

Lead tungstate (PbW04) has been attracting increasing attention because of its 
technological importance as inorganic scintillating crystal. PbW04 is most attractive for 
high-energy physics applications because of its high density (8.3 g/cm3), short decay time 
(less than 10ns for a large part of light output), high-irradiation damage resistance (107 

rad for undoped and 108 rad for La-doped PbW04), interesting excitonic luminescence, 
thermoluminescence, and stimulated Raman scatting behavior.5'6 PbW04 single crystals 
have usually been grown from the melt using the Czochralski7 and Bridgman methods8 

and from the high temperature strain (HTS).9 The crystals have also been grown from 
sodium metasilicate gel.10 Although some references reported the synthesis of PbW04 

nano- and microcrystals via hydrothermal methods,11"13 it is very important to develop 
some other simple and fast methods in the preparation of the product. 
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In recent years, sonochemical techniques have been extensively used in the 
synthesis of nanostructured materials.14"16 During the acoustic cavitation process (that is, 
the formation, growth, and implosive collapse of bubbles in a liquid), very high 
temperatures (>5000K), pressures (>20MPa) and cooling rates (>1010K/s) can be 
achieved upon the collapse of the bubble. Such remarkable environments provide a 
unique platform for the growth of novel nanostructures. 

Herein, lead tungstate nanoparticles have been successfully prepared via a 
sonochemical route from an aqueous solution of lead acetate and sodium tungstate in the 
presence of complexing agents under ambient air. It is found to be a convenient and 
efficient route to produce PbW04 nanoparticles in only one step. 

2. Experimental Section 
All the reagents used were of analytical purity and used without further purification. 
Pb(CH3COO)2-3H20, trisodium citrate (TSC), and Na2W04-2H20 were purchased from 
Shanghai Second Chemical Reagent Factory (China). Absolute ethanol and KOH were 
purchased from Nanjing Chemical Reagent Factory (China). In a typical procedure, an 
aqueous solution of Pb(CH3COO)2 and TSC was mixed in a 150mL round-bottom flask 
to give a final concentration of 20mM Pb(CH3COO)2 and 40mM TSC. The pH was 
adjusted to 10 by KOH. Then the mixture solution was exposed to high-intensity 
ultrasound irradiation under ambient air. An aqueous solution of 20mM Na2W04 was 
added into the above mixture drop by drop under ultrasound condition. The total volume 
of the solution was lOOmL and the total reaction time lasted for 30 min. Ultrasound 
irradiation was accomplished with a high-intensity ultrasonic probe (Xinzhi. Co., China, 
JY92-2D, 0.6cm diameter; Ti-horn, 20kHz, 60W/cm2) immersed directly in the reaction 
solution. A white precipitate was centrifuged, washed with distilled water and absolute 
ethanol in sequence, and finally dried in air. The products were characterized by X-ray 
powder diffraction (XRD), transmission electron microscopy (TEM) and 
photoluminescence (PL). 

The XRD analysis was performed by a Philips X'-pert X-ray diffractometer at a 
scanning rate of 47min in the 2Grange from 10° to 80°, with graphite monochromatized 
Cu Ka radiation (?i=0.15418nm). Transmission electron micrographs and electron 
diffraction patterns were obtained by employing a JEOL JEM-200CX transmission 
electron microscope, using an accelerating voltage of 200kV. The PL spectra were 
measured on a SLM48000DSCF/AB2 Fluorescence Spectrometer made by American 
SLM Inc. 

3. Results and Discussions 
3.1. XRD Study 
The powder XRD pattern of the product is shown in Fig. 1. All the diffraction peaks 
could be indexed to the tetragonal cell of PbW04 with lattice constants a=5.46A, 
c=12.04A, which are consistent with reported values (JCPDS Cards 19-0708). The 
broadening of the peaks indicates that the crystallite size is small. The average particle 
size of the product is calculated to be 13nm according to the Debye-Scherrer equation.17 



2736 J. Geng et al. 

26 / degree 

Fig. 1. X-ray diffraction patterns of the as-prepared sample 

3.2. TEM and SAED Measurements 
TEM images of the product are presented in Fig. 2. It could be seen that the sample 
appeared to be particles with diameter of 10~20nm, which is in accordance with the 
result calculated from the XRD pattern. The inset of Fig. 2 is a SAED pattern recorded on 
the sample with a convergent electron beam, which indicates the product is 
polycrystalline and the diffraction rings match the XRD peaks very well. 
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Fig. 2. TEM images of the PbW04 nanoparticles 

3.3. PL Study 
It is well known that the PL emission spectrum of the PbW04 crystal is composed of 
several sub-bands which are almost distributed throughout the entire visible region of 
350-700nm. To date, the origin of blue, green and red emission bands is still under 
discussion. In general, the W04

2" or Pb2+, (W03 + F) and complex defects such as (Pb3+ + 
0^ + F+) are considered as blue, green and red luminescence centers, respectively.18 The 
PL spectrum of the as-prepared sample is shown in Fig. 3, which was measured using a 
300nm excitation line at 288K. The spectrum exhibited middle strong emission peak at 
363nm and weak peaks at 396, 450, 468nm, which are close to results reported 
previously.19 The weak intensity of the observed emission peaks is due to the serious PL 
quenching at room temperature. 
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Luminescence properties of PbW04 are very sensitive for its structure and strongly 
dependent on the structural defects.20 Measurements also indicate that PbW04 crystals 
produced by different manufacturers have different emission spectra.21 So we believed 
that their luminescence characteristics might be connected to their differences in 
morphologies, sizes and structural defects. Further studies on the mechanism of the PL of 
PbW04 nanocrystallites are underway. 
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Fig. 3. PL spectrum of the as-prepared PbW04 nanoparticles 

The complexing agents play an important role in the formation of PbW04 

nanoparticles. The complexing agents can reduce the concentration of free Pb2+ in the 
solution and affect the reaction rate. The amount of the complexing agent also has an 
influence on the particle size and morphology of the products. Fig. 4a-b shows the TEM 
images of the PbW04 nanoparticles prepared in the presence of different amounts of TSC. 
We found that the as-prepared PbW04 nanoparticles became larger with the increase of 
the TSC/Pb ratio. If the concentration of TSC was changed to 80mM and all the other 
preparation conditions remained unchanged, the particle size of the product increased to 
20-50nm, as we observed in its TEM image (Fig. 4a). When the concentration of TSC 
increased to 160mM, the size of the product became even larger, and its morphology 
changed to be irregular assembly (Fig. 4b). When the ratio of TSC/Pb increases, the 
concentration of free Pb2+ ions in the solution decreases. As a result, the nucleation rate 
of PbW04 becomes slower, which is favorable for the nuclei to grow into larger grains. 

The pH of the reaction is also one of the most important factors. A pH range of 9-11 
is optimal. If the pH value is higher than 13, another complex, Pb(OH)x

2x, was formed 
due to the high concentration of OH" and the stronger complexing strength between Pb2+ 

and OH". In this case, the as-prepared particles become much larger and are in an 
aggregated state as we can see in Fig. 4c. While pH was adjusted to 7, the products also 
appeared to be irregular aggregated morphology (Fig. 4d). 

The formation process of PbW04 nanoparticles could be described as follows. 
P b ( T S C ) 2

4 " = ^ Pb2 ++2TSC3" (1) 

Pb2+ + W04
2-=^^= PbW04 (2) 
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Fig. 4. TEM images of the PbW04 prepared in the presence of (a) 80mM TSC, (b) 160mM TSC, (c) pH=14, (d) 
pH=7 and (e) 40mM TSC and pH=10 with vigorous electromagnetic stirring 

Initially, the complexing actions between Pb + and TSC led to the formation of Pb-TSC 
complexes. When Na2W04 solution was introduced, W04

2" combined with Pb2+ that was 
released from the Pb-TSC complexes to yield PbW04 nuclei. These freshly born nuclei 
will grow into large particles until they become stable finally. It is well known that the 
gibb's free energy of the surface of small-sized nanoparticles is usually very high due to 
the large surface-to-volume ratio and the existence of a large number of dangling bonds 
on the surface. These small particles have the tendency to aggregate together to decrease 
the gibb's free energy of the surface and make the surface state stable. In most cases, the 
nanoparticles aggregate together more easily with the decrease in size. On the other hand, 
in the sonication process, cavitation bubble collapse will launch shock waves out into the 
liquid. The large forces from the waves can even result in the breakage of the bonds in 
the polymer chain. When these shock waves pass over the aggregated particles, they can 
also cause the rapid impact of the liquid to the surface of the particles and promote the 
generation of the breakage of the bonds.22 Therefore the assembly would crack into small 
particles and further disperses in the presence of the strong shock wave of the ultrasound. 
When the aggregation and dispersion come to a balance, the final products were formed. 
In our experiments, the kinetics of thermal processes is different from ultrasonic 
irradiation. Although it also causes the formation and congregation of small PbW04 

nanoparticles, it cannot cause dispersion of aggregated nanoparticles. So in this case, the 
final product were irregular assemblies and some dispersed particles are also observed 
(Fig. 4e). 

4 Conclusion 
In summary, spherical lead tungstate nanoparticles can be successfully prepared via a 
mild and fast sonochemical route from an aqueous solution of lead acetate and sodium 
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tungstate in the presence of complexing agents under ambient air. The simplicity of the 

process and high yield make it possible for industrial application. 
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