CrossMark

ELSEVIER

Available online at www.sciencedirect.com

ScienceDirect

Ceramics International 40 (2014) 1205-1208

CERAMICS
INTERNATIONAL

www.elsevier.com/locate/ceramint

Short communication

Shape-controlled electrochemical synthesis of StTWO, crystallites and their
optical properties

Xuyun Li, Zuwei Song®, Baohan Qu

School of Chemistry and Pharmaceutical Science, Qingdao Agricultural University, Qingdao 266109, PR China

Received 21 April 2013; received in revised form 18 May 2013; accepted 27 May 2013
Available online 31 May 2013

Abstract

SrWO, crystallites with various morphologies were synthesized simply by adjusting electrolyte composition in an electrochemical-assisted
precipitation process. The structure and morphology characterization of the products were investigated by X-ray diffraction (XRD) and field
emission scanning electron microscopy (FESEM). Results indicate that spindle-like, pillar-/needle-like and flower-like StWO, crystallites with
scheelite structure can be obtained by respectively introducing ethylene glycol (DEG), ethanol (EG) and polyethylene glycol (PEG400) into the
electrolyte. Ultraviolet—visible (UV—vis) adsorption spectra and photoluminescence (PL) spectra have shown that the optical properties of the
products are greatly influenced by their morphologies. STWO, flowers exhibit the strongest absorption ability in UV region and the weakest

photoluminescence intensity centered at about 475 nm.
© 2013 Elsevier Ltd and Techna Group S.r.1. All rights reserved.
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1. Introduction

In the field of inorganic material, the structure design,
dimension control and morphology optimization have recently
been viewed as the challenging issues [1]. And for achieving
enhanced performance or amazing properties superior to their
bulk counterparts, great efforts have been focused on the
controlled synthesis of novel micro- and nanostructures with
uniform size and shape [2,3].

As an optoelectronic material, S’tWO, was originally used as
photoluminescence medium and lasers hosts, but recently their
promising application in optical fibers, photocatalyst and
antibacterial materials has attracted much interest [4-6]. To
date, except for czochralski technique and pulsed laser
deposition [7,8], wet-chemistry routes including precipitation
[9], polymeric precursor [10], solvothermal [11], microwave
radiation [12,13] and microemulsion-mediated method [14] have
been reported to prepare StWOQO, crystals. Considering energy
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savings and environmentally benign design, the electrochemical
route undoubtedly has an advantage over the above ones, but the
existing literature mainly focuses on the deposition of SfWO,
film [15,16].

Herein, by using a simple electrochemical-assisted precipi-
tation method, SftWO, with diverse morphologies, including
octahedron, spindle, pillar, needle, flower and nanoparticle was
synthesized. The effects of solvent type on the crystallization
process and the relationship between morphology and UV-vis
absorption ability as well as PL property were also investi-
gated. To the best of our knowledge, there have been no
reports on the shape-controlled preparation of SfWO, crystal-
lites by appropriately incorporating organic additive into the
electrochemical synthesis system.

2. Experimental procedure

The electrochemical synthesis system, as shown in Fig. 1, is
composed of a DC power supply, a 150 mL Teflon beaker
(electric tank) and two metal electrodes with the same
dimension (50 mm x 20 mm x 0.1 mm) and high purity
(99.5%). The pretreated tungsten sheet and platinum sheet

0272-8842/$ - see front matter © 2013 Elsevier Ltd and Techna Group S.r.l. All rights reserved.

http://dx.doi.org/10.1016/j.ceramint.2013.05.102


www.elsevier.com/locate/ceramint
dx.doi.org/10.1016/j.ceramint.2013.05.102
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ceramint.2013.05.102&domain=pdf
www.elsevier.com/locate/ceramint
dx.doi.org/10.1016/j.ceramint.2013.05.102
dx.doi.org/10.1016/j.ceramint.2013.05.102
dx.doi.org/10.1016/j.ceramint.2013.05.102
mailto:cataszw@hotmail.com
mailto:fushiyufanghu@sina.cn

1206 X. Li et al. / Ceramics International 40 (2014) 1205-1208

DC power supply

F—=2cm—i
tungsten sheet platinum sheet
(anode) 1 (cathode)
\ L~
electrolyte —— 3cm
-

1 . . 1
, magnetic stirrer

Fig. 1. The schematic diagram of the electrochemical synthesis system.

were used as an anode and a cathode, respectively. All
electrolytes were prepared from analytical grade reagents. In
a typical procedure, 0.005 mol Sr(NOj3), was dissolved into
100 mL distilled water or mixed solvent composed of 80 mL
distilled water and 20 mL DEG, EG and PEG400, respectively.
0.2 M NaOH or HCI solution was added drop wise to adjust
the solution pH value to 10. Afterward, two electrodes were
parallelly immersed into the electrolyte solution for 3 cm and
kept 2 cm away from each other, followed by the electro-
chemical reaction at 1.0 A for 5 min with magnetic stirring.
Finally, a precipitate was harvested by centrifugation, washed
and dried at ambient temperature.

The crystal structure and crystallinity of the product were
characterized by an X-ray diffractometer (XRD, Bruker DS)
using Cu Ka radiation. The microstructure of the product was
analyzed by field emission scanning electron microscopy
(FESEM, JSM-7500). UV-vis adsorption property was taken
on a spectrophotometer (UV—-vis, TU1901) with an integrating
sphere attachment. Photoluminescence spectra were recorded
by using a fluorescence spectrometer (PL, Fluorolog-3) with an
excitation wavelength of 290 nm.

3. Results and discussion

Fig. 2 shows XRD patterns of samples synthesized in
different electrolyte solutions. All the diffraction peaks can
be indexed to scheelite-type tetragonal SftWO, (JCPDS no. 08-
0490), demonstrating that Sf'WO, crystallites can be rapidly
prepared in all cases. Moreover, their crystallization seems to
be sensitive to the kind of solvent. When using water as the
only solvent, the weakest intensity emerged corresponding to
their poorest crystallinity. With the decline of dielectric
constant from H,O to DEG, EG and PEG400, the intensity
of the diffraction peaks becomes stronger, meaning that the
crystallinity gradually increased. In addition, the presence of
EG in the synthetic system may promote an orientation
growth, as confirmed from the larger relative intensity of the
(204)/(112) than that of the other three samples.

Fig. 3 shows SEM micrographs of SrWO, crystallites
obtained in different electrolyte solutions. Evidently, the
morphology of the product was found to be tunable by varying
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Fig. 2. XRD patterns of samples prepared with different solvent: (a) H,O,
(b) HO-DEG, (c) H,O-EG and (d) H,O-PEG400.

the introduced agents. Without using organic additives, STWO,
micro-octahedrons with size of 1-2 pm and rough surface can
be obtained (Fig. 3(a)), indicating their poor crystallinity.
Different from the shuttle-like particles with higher surface
defect concentration (Fig. 3(b)), needle-/pillar-like crystal-
linites (Fig. 3(c)) were prepared in H,O-EG system, showing
an aspect ratio of about 10-20 which is larger than that of the
former. Moreover, high magnification picture (Fig. 3(d))
revealed that StWQOy, pillars are composed of a large amount
of oval-like subgrains with size less than 100 nm. These
nanoparticles connected with each other to form pillar archi-
tecture with recognizable boundaries. In H,O-PEG400 elec-
trolyte, flower-like compositional architectures with high
crystallinity and diameter of 0.3—1 pm came into appearance
(Fig. 3(e)). And as seen from Fig. 3(f), some flowers derived
from the aggregation growth of nanosized primary particles.
SEM observations confirm the great influence of additives on
the crystal habit of StWO, crystallites, consistent with XRD
analysis.

In an electrochemical process, the formation of SrWO,
results from the electrostatic interaction between Sr*t and
WO; ions. The amount of WO; produced by anode oxida-
tion is constant at a given pH value and electric current for a
certain reaction time. Actually, the added DEG, EG and
PEG400 do not take part in the reaction, but its presence
would change the supersaturation degree of solution and affect
the nucleation and growth habit guided by Ostwald ripening
process [17]. In addition, the adsorption ability of H,O, DEG,
EG and PEG400 on the particle surface is diverse due to their
different dielectric constants, which may affect the self-
assembled ability of the primary particles and ultimately result
in different shapes [18]. The similar results can also be seen in
the reference [19], where STWO, microcrystals with rice-, star-,
flower- and urchin-like shapes were prepared by a hot-injection
technique through the self-assembly process of small nano-
crystals, companied by the increase of height and width of
SrWO, crystallites.
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Fig. 3. FESEM images of SrWO, crystallites obtained with different solvents: (a) H,O, (b) H;O-DEG, (c) H,O-EG and (e) H,O-PEG400; (d) and (f) are

amplificatory SEM image of (c) and (e), respectively.
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Fig. 4. UV-vis spectra of StWO, crystallites obtained with different solvents:
(a) HxO, (b) H,O-DEG, (c) H,O-EG and (d) H,O-PEG400.

The UV-vis adsorption spectra of the prepared SrWO,
samples are displayed in Fig. 4. The absorption occurs mainly
in ultraviolet region, exhibiting a typical optical absorption

behavior of a wide-band-gap semiconducting oxide. Among all
of the samples, StWO, flowers present the highest intensity
centered at 240 nm (Fig. 3(d)), and the band absorption edge is
determined to be 300 nm, which shift red of about 10 nm,
20 nm and 35 nm compared with StWO, micro-octahedrons,
shuttles and pillars, respectively. Their corresponding band
gaps E, values are 4.13 eV, 4.28 eV, 443 eV and 4.68 ¢V,
based on E,=1240/4 [20]. The diversity of E, can be
attributed to factors such as crystallinity, shape, particle
morphology, size distribution and preparation method as
well [21].

Fig. 5 shows room temperature PL spectra of SrWO,
crystallites with different morphologies. It can be seen that
all samples exhibit an emission peak centered at 475 nm.
Compared with octahedron-like and shuttle-like ones, STWO,
pillars with larger aspect ratio present the strongest PL
intensity (Fig. 5(c)), corresponding to the higher recombination
rate of photo-generated electrons and holes [22]. Whereas
StWO, flowers with the similar crystallinity as STWO, pillars
display the lowest PL intensity (Fig. 5(c)), implying that only a
few electrons and holes can be excited by light probably due to
their wide band gap and special structure. The results reveal
that morphological characteristics of STWO, have great impact
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Fig. 5. PL spectra of StWO, crystallites synthesized with different solvents:
(a) HO, (b) H,O-DEG, (c) H,O-EG and (d) H,O-PEG400.

on their PL property except for crystallinity, consistent with
the UV—vis results.

4. Conclusions

SrWO, micro-octahedrons, shuttles, pillars and flowers were
controllably prepared via a facile electrochemical process in
different electrolytes. The PL spectra together with the UV—
vis, SEM and XRD results indicate the presence of organic
additives can change the supersaturation degree of the electro-
Iyte and crystallization habit of the samples, which can lead to
the variety of the shape, size and crystallinity of SrWO,
crystallites, and eventually result in the diversity of their
optical properties.
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