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Bi,WOg (BWO) powders synthesized via hydrothermal processes were studied in order to determine the
effect of structure on photoluminescence (PL). BWO samples were characterized using X-Ray Powder
Diffraction, UV-vis diffuse reflectance, field emission scanning electron microscopy, and PL intensity
measurements. Orthorhombic structures were observed in all samples. A change in crystal micro-
structure and optical band gap was observed. The PL intensity obtained with different samples varied,
with the highest intensity obtained with BWO fabricated with polyvinylpyrrolidone (PVP). Using Raman
spectroscopy, a change in the microcrystal symmetry from P2iab to B2cb was observed and found to be
responsible for the increase in photoluminescence.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Metal tungstates have been the subject of much attention be-
cause of their large range of chemical and physical properties [1,2].
Bi,WOg (BWO), in particular, has been widely investigated because
of its interesting ferroelectric [3] and piezoelectric [4]| properties,
as well as its catalytic potential [5,6], optical properties [7], and
magnetic characteristics [8]. It is crucial to investigate the photo-
luminescence (PL) properties of bismuth tungstates because these
materials are promising candidates for application as optical
scintillators [7,9]. Structural network reconfiguration is a poten-
tially important way to increase the PL properties of inorganic
solids. Reconfiguration can be achieved by altering the conditions
during metal tungstate synthesis such as doping-level [10,11],
synthesis methodology [12,13], and other factors [14]. Although it
is known that the PL of metal tungstates is directly linked to
WO,42~electronic transitions, the creating of structural defects has
also been proven to be a very important factor in the enhancement
of PL properties of these materials [15]. These defects can be cre-
ated using synthesis templates that have the ability to control the
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formation of a particular structure [16,17]. Although previous in-
vestigations describe the PL properties of Bi,WOg [7,18], the effect
of template-modified structure on these properties has not pre-
viously been reported. Therefore, in this letter, the influence of
sodium dodecyl sulfate (SDS) and polyvinylpyrrolidone (PVP)
surfactant-assisted synthesis on PL properties of BWO micro-
crystals is investigated.

2. Experimental
2.1. Synthesis of Bi;WOg microcrystals

Bi,WOg samples were obtained by a previously reported sur-
factant-assisted hydrothermal method [6]. Typically, 1.0 mmol
(0.3332 g) of sodium tungstate dihydrate (Na,WO,-2H,0, 99%
purity, Aldrich) and 2.0 mmol (0.9898 g) of bismuth nitrate (Bi
(NO3)3, 99% purity, Aldrich) were added to 100 mL of surfactant
solution (SDS, PVP). The mixture was stirred for 10 min and then
transferred into a 150 mL Teflon-lined stainless autoclave, and kept
at 180°C for 12 h. After centrifuging, washing with deionized
water, and drying in an oven at 60 °C, pale yellow powder samples
were obtained. The samples were called: sample S1 (without
surfactant), sample S2 (SDS), sample S3 (PVP) and sample S4 (S3
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after annealing at 600 °C by 4 h).
2.2. Characterization

X-ray powder diffraction (XRPD) patterns were obtained using
a D/Max-2500PC diffractometer (Rigaku, Japan) with Cu-Ko ra-
diation (1.5406 A) at 40 kV and 150 mA, between a 20 angle range
of 5-85°; these patterns were used to confirm the structures
against those previously obtained [6]. Fourier transform Raman
(FT-Raman) spectra were recorded using a Bruker-RFS 100 (Ger-
many) spectrometer. Raman spectra were obtained using an Nd:
YAG laser (1064 nm), keeping the maximum output power at
100 mW. The spectra were acquired in the range of 50-1000 cm ™.
PL measurements were carried out using a Monospec 27 mono-
chromator (Thermal Jarrel Ash, USA) coupled to a R446 photo-
multiplier. A krypton ion laser (A=350 nm) was used as the ex-
citation source; the maximum output power was maintained at
500 mW. PL measurements were taken at room temperature.

3. Results and discussions
3.1. Structural analysis

The as-prepared BWO sample S1 obtained without surfactant
exhibited the usual P2,ab orthorhombic phase according to the
JCPDS card No 39-0256 [15], as did Sample S2, formed in the
presence of SDS. Sample S3, formed in the presence of PVP, ex-
hibited a slightly different structure (see Fig. 1(c)), as confirmed by
Raman spectroscopy (see Fig. 2(d)). As discussed previously [6],
the presence of PVP during synthesis induces a B2ch metastable
structure, which can be transformed into the usual P2;ab structure
by annealing (Fig. 2c). The Raman spectra of sample S4 (S3 after
annealing), was shown to have a similar profile to samples S1 and
S2, thus confirming the metastable nature of the B2cb phase.

3.2. Photoluminescence

In previous research, the PL phenomenon of metal tungstates
was ascribed only to charge-transfer transitions within the
[WO,]*> complex in ordered systems [15]. However, some of these
electronic transitions are forbidden by the selection rule [19].
Factors such as complex cluster vacancies, modified lattices, and/or
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Fig. 1. XRPD patterns of the as-prepared BWO samples: (a) S1 (no surfactant),
(b) S2 (SDS), (c) S3 (PVP), and (d) S4 (PVP after annealing).
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Fig. 2. Raman spectra of the as-prepared Bi;WOg samples. (a) S1 (no surfactant),
(b) S2 (SDS), (c) S4 (S3 after annealing) and (d) S3 (PVP).
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Fig. 3. Selected octahedral angles of P2;ab and B2cb Structures.
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Fig. 4. Photoluminescence emission spectra of as-prepared sample of BWO ex-
citation wavelength of 355 nm.

distortions in the complex cluster, favor the breakdown of selec-
tion rules, having a consequence on the change in optical prop-
erties [20]. All these factors are responsible for defect creation, and
can change the optical properties of metal tungstates (Fig. 3).

A peak at 430-530 nm is observed in the PL emission spectra of
the BWO samples obtained in this work, as illustrated in Fig. 4.
Sample S3 exhibits the highest PL intensity of all the BWO sam-
ples. This can be attributed to the change in the symmetry of the
Bi,WOg microcrystals (P2;ab— B2bc). In the metastable structure,
the WOg octahedra have a degree of distortion different to the
usual P2;ab structure (see in Fig. 3). This effect is better illustrated
in refinement data found in the Supplementary material in Table
SI 1 and SI 2. The higher PL intensity of the B2bc structure was
confirmed by the PL spectrum of sample S4. A reduction in PL
intensity was observed for sample S4, which achieved similar in-
tensities obtained with samples S1 and S2.

Therefore, it was confirmed that structural changes caused by
templates in the reaction medium were responsible for structural
modification, inducing the formation of the B2cb structure, which
has a more intense photoluminescence than the P2,ab structure.
This observation has not previously been described in the litera-
ture [21-23].

4. Conclusion

In summary, it has been successfully shown that sample S3,
obtained by PVP surfactant-assisted hydrothermal synthesis ex-
hibits a large enhancement in PL intensity, greater than that for
BWO formed without surfactant and with SDS. The increased PL

intensity is ascribed to a change of the crystal structure, induced
by the surfactant template.
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