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Abstract

SrWO, nano-particles with a scheelite structure were successfully prepared by a molten salt method at 270 °C. The structure, morphology and
luminescent property of the resultant powders were characterized by X-ray diffraction (XRD), transmission electron microcopy (TEM), and
photoluminescence (PL), respectively. The resultant samples are a pure phase; the size, morphology and properties of StWO, nano-particles were
affected by the calcining time and weight ratio of the salt to the StWO, precursor has little influence on it. PL spectra results also show that the
optical properties of the STWO, nano-particles strongly relied on their crystallinity.
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1. Introduction

Tungstate materials have attracted special interest because
of their unique structure, luminescent behavior, and potential
applications [1-8]. Among those materials, SftWO, and CaWO,
have found practical importance as laser host materials [9,10] in
quantum electronics and scintillators in medical applications.
Both of them belong to a body-centered tetragonal system with
scheelite crystal structure where WO,>~ molecular ions are
loosely bound to Sr** or Ca®* cations, and their space groups
are denoted by C4h6 [11]. Luminescence of CaWQ, with the
scheelite structure is explained as originated from transition
from *T1 — 'Al in the WO4>~ group [12], and in this article,
we assume that the PL property of StWQ, nano-particles is
strongly dependent on their morphology and crystallization
besides the transition.

The synthesis of STWOy has been offered by several different
routes such as solid-state reaction, hydrothermal, sputtering, and
Czochralski method [13-16]. However, there are still some
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limitations, e.g. the as-prepared samples are either irregular in
morphology and large in particle size or inhomogeneous in
composition. So it is very significant whether in fundamental or
applied field to explore new routes to StWQ,, especially for
StWO, crystallites with nanometer size, which would have
unique properties compared to traditional products [17-21].

Molten salt method has attracted considerable attention
because of its simple instrumentation and easy manipulation,
being environmental friendly and available to a large-scale
production. Here, we report on the synthesis of STWO, nano-
particles by a molten salt method at as low temperature as
270 °C for the first time.

2. Experiment

Sodium tungstate (Na,WO,4-2H,0) and strontium chlorate
(SrCl,-6H,0) were used as starting materials, and both of them
were of analytical grade without any further purification.
Appropriate amounts of Na,WO,-2H,0 and SrCl,-6H,O were
dissolved in distilled water to form an aqueous solution with
1 M concentration, respectively. The two solutions were mixed
together with strongly magnetic stirring at room temperature,
and a white precipitate was formed. The precipitate was washed
and filtered with distilled water for several times, and dried in
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Fig. 1. XRD patterns of the samples synthesized at 270 °C for (a) 8 h, (b) 10 h,
(c) 12 h and (d) 24 h, respectively, with 6:1 weight ratio of the salt to the STWO,
precursor.

an oven at 60 °C for 5 h to obtain STWO, precursors. By ball
milling in absolute ethanol for 1h, the as-prepared STWO,
precursors was mixed with LiNOj salt, where the weight ratio
of the salt to the STWO, precursor was selected as 1:1, 6:1 and
10:1, respectively. Then, the mixture was put into an alumina
crucible, and calcined at 270 °C with the holding time ranging
from 8 h to 24 h. Finally, the resultant products were thoroughly
washed and filtered with distilled water and absolute ethanol,
and dried at 60 °C in an oven for 5 h. XRD analysis was carried
out using an X-ray powder diffractometer (XRD, D8
ADVANCE, Germany) with Cu Ka radiation. The morphology
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Fig. 2. XRD patterns of the samples synthesized at 270 °C for 8 h, with
different weight ratios of the salt to StWO, precursor: (a) 1:1 and (b) 10:1.

and particle size of the as-prepared powders were observed by
using a transmission electron microscope (TEM, H-8100,
Japan) and scanning electron microscope (SEM, XL30 S-FEG,
Holland). The room temperature luminescent spectra were
recorded on a spectrofluorometer (PL, Fluorolog-3, Jobin Yvon
Inc, USA).

3. Results and discussion

Fig. 1 shows XRD patterns of the samples synthesized by the
molten salt method at 270 °C for the holding time of 8 h, 10 h,

100nm

Fig. 3. TEM images of StWQ, crystallites obtained at 270 °C for different holding times: (a) 8 h, (b) 12 h, and (c) 24 h, respectively, with 6:1 weight ratio of the salt to

SrWOy, precursor.
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12 h and 24 h, respectively; where 6:1 weight ratio of the salt to
the StWO, precursor was used. All of them can be indexed to a
pure tetragonal phase of StWO, with a scheelite-type structure,
and well consistent with the reported data (JCPDS: 85-0587),
no other impurities can be found. Moreover, the intensity of the

Fig. 4. TEM images of the STWO, crystallites obtained at 270 °C for 8 h with
the weight ratio of the salt to the STWO, precursor: (a) 1:1 and (b) 10:1,
respectively.

diffraction peaks progressing increases as the calcining time is
prolonged.

Fig. 2 shows XRD patterns of the samples synthesized by the
molten salt method at 270 °C for 8 h, varying the weight ratio of
the salt to the STWO, precursor 1:1 and 10:1, respectively. It is
obvious that the two XRD patterns are similar, and all the
patterns can be indexed to a pure tetragonal phase of STWO,. As
shown in Fig. 2, further increasing the ratios of the salt to the
precursor does not have obvious changes in the diffraction
peaks intensity.

Fig. 3 shows TEM images of StWO, crystallites obtained at
270 °C for the holding time 8 h, 12 h and 24 h, respectively,
with 6:1 weight ratio of the salt to StWO, precursor. It can be
found that the particle size of the STWO, crystallites grows
bigger as the holding time increases, which also confirm the
above XRD results. On the other hand, as the holding time
increases, the morphology of the SfWO, crystallites become
more homogeneous and also have better crystallinity.

Fig. 4 shows the effect of the weight ratio of the salt to the
precursor on StWOQ, crystallizing morphology, where StTWO,
crystallites were obtained by the molten salt method at 270 °C
for 8 h, with the weight ratio of the salt to StWO, precursor 1:1
and 10:1, respectively. One can find that the morphologies of
the SrWO, crystallites become inhomogeneous with the
increasing weight ratio of the salt, which further suggests that
the weight ratio of the salt has little influence on the
morphologies.

Fig. 5 shows the representative PL spectra of the StWO,
crystallites synthesized by the molten salt method at 270 °C for
the holding time 8 h, 10 h, 12 h and 24 h, respectively, with the
weight ratio of the salt to the SftWO, precursor 6:1. Both
samples exhibit a same emission peak position around 430 nm
using a 350 nm excitation line. It indicates that PL spectra of
nano-sized SrWO, crystallites are strongly relied on their
particle size and crystallinity. The better crystallinity, the higher
PL emission peak is.
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Fig. 5. PL spectra of SrtWO, crystallites obtained at 270 °C for different
holding times: (a) 8 h, (b) 10 h, (c) 12 h, and (d) 24 h, respectively; with 6:1
weight ratio of the salt to STWO, precursor.
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4. Conclusion

SrWO, nano-particles can be successfully synthesized at
270 °C by a molten salt method. The particle size, morphology,
and crystallinity of StTWO, crystallites are strongly relied on the
holding time, and weight ratio of LiNO; salt to SrWO,
precursor has little influence on it. The improved PL properties
of StWOQ, crystallites are strongly relied on their particle size
and crystallinity. The better crystallinity, the higher PL
emission peak is.

References

[1] G.X.Zhang, R.P. Jia, Q.S. Wu, Preparation, structural and optical proper-
ties of AWO, (A = Ca, Ba, Sr) nanofilms, Material Science Engineering B
128 (2006) 254-259.

[2] H.M. Pask, J.A. Piper, Practical 580 nm source based on frequency
doubling of an intracavity-Raman-shifted Nd:YAG laser, Optical Com-
munication 148 (1998) 285-288.

[3] Y.L. Huang, X.Q. Feng, Z.H. Xu, G.J. Zhao, G.S. Huang, Growth and
spectra properties of Nd** doped PbWO, single crystal, Solid State
Communication 127 (2003) 1-5.

[4] F. Pichot, S. Ferrere, R.J. Pitts, B.A. Gregg, Flexible solid-state photo-
electrochromic windows, Journal of Electrochemistry Society 146 (1999)
4324-4326.

[5] Y.Zhao,Z.C. Feng, Y. Liang, Pulsed laser deposition of WO; base film for
NO, gas sensor application, Journal Sensors and Actuators B 66 (2000)
171-173.

[6] D.S. Lee, K.H. Nam, D.D. Lee, Effect of substrate on NO,-sensing

properties of WO; thin film gas sensors, Thin Solid Films 375 (2000)

142-146.

Yu. Koltypin, S. Nikitenko, A. Gedanken, The sono-chemical preparation

of tungsten oxide nanoparticles, Journal of Material Chemistry 12 (2002)

1107-1110.

[7

—

[8] Y.Q.Zhu, W. Hu, W.K. Hsu, M. Terrones, et al., Tungsten oxide tree-like
structures, Chemical Physics Letters 309 (1999) 327-334.

[9] A.A. Kaminskii, H.J. Eichler, et al., Properties of Nd** doped and un-
doped tetragonal PbWO,, NaY(WOQOy),, CaWO,, and un-doped mono-
clinic ZnWO,4 and CdWO, as laser-active and stimulated raman scatter-
ing-active crystals, Applied Optics 38 (1999) 4533-4547.

[10] M.J. Treadaway, R.C. Powell, Energy transfer in samarium-doped calcium
tungstate crystals, Physical Review B 11 (1975) 862-874.

[11] Y. Zhang, N.A.W. Holzwarth, R.T. Williams, Electronic band structures of
the scheelite materials CaMoO,4, CaWO,, PbMoO, and PbWO,, Physical
Review B 57 (1998) 12738-12750.

[12] J.A. Groenink, G. Blasse, Some new observations on the luminescence of
PbMoO, and PbWO,, Journal of Solid State Chemistry 32 (1980) 9-20.

[13] S. Nishigaki, S. Yano, H. Kato, T. Nonomura, BaO-TiO,-WO; microwave
ceramics and crystalline BaWQy, Journal of American Ceramic Society
71 (1988) C11-C17.

[14] W.S. Cho, M. Yoshimura, Preparation of highly crystallized BaMoO, film
by an electrochemical method, Journal of Applied Physics Letters 66
(1995) 1027-1029.

[15] T. Esaka, H. Yoshikawa, Formation of protons in SrCeO;z; based and
mobility in Yb doped SrCeQs, Solid State Ion 36 (1989) 89-95.

[16] B.N. Ganguly, M. Nicol, Effect of hydrostatic pressure on the vibrational
properties and the structure of STtWO, and PbMoOQy,, Physica Status Solidi
B 79 (1977) 617-622.

[17] M.H. Huang, S. Mao, H. Feick, H. Yan, Y. Wu, et al., Room-temperature
ultraviolet nanowire nanolasers, Science 292 (2001) 1897-1899.

[18] Y. Cui, C.M. Lieber, Functional nanoscale electronic devices assembled
using silicon nanowire building blocks, Science 291 (2001) 851-853.

[19] HW. Liao, Y.F. Wang, X.M. Liu, Y.D. Li, Y.T. Qian, Hydrothermal
preparation and characterization of luminescent CdWO, nanorods, Chem-
istry of Materials 12 (2000) 2819-2821.

[20] G.R. Patzke, F. Krumeich, R. Nesper, Oxidic nanotubes and nanorods
anisotropic modules for a future nanotechnology, Angewandte Chemie
International Edition England 41 (2002) 2446-2461.

[21] J.T. Hu, T.W. Odom, C.M. Lieber, Chemistry and physics in one dimen-
sion: synthesis and properties of nanowires and nanotubes, Accounts of
Chemical Research 32 (1999) 435-445.



	Low-temperature synthesis of SrWO4 nano-particles by a molten �salt method
	Introduction
	Experiment
	Results and discussion
	Conclusion
	References


