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CaWO0, and Cag7;Lag2sW0, samples were synthesized via mild hydrothermal method at 180 °C.
Composition, phase purity, morphology and W element binding energy were characterized by induced
couple plasma atomic emission spectrum (ICP-AES), powder x-ray diffraction (XRD), scanning electron
microscopy (SEM), x-ray energy dispersive spectroscopy (EDS), and x-ray photoelectron spectroscopy
(XPS). UV-vis absorption spectroscopy shows absorption peak shift due to La*>* doping, which induced
to the presence of mixed valence states of W>* and W°* in scheelite-type structure compound. Hence,
blue shift of UV-vis absorption from 350 nm to 405 nm was observed in La®>*-doped calcium tungstate.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

The alkaline-earth tungstate family with a formula of AWO,4
(A=Ca%", Sr?*, Ba®?") has been well studied for its fascinating
applications such as catalysis [1], Raman converter [2], nonlinear
media for the transformation of the radiation wavelength in lasers
[3], self-activating phosphor under UV or x-ray excitation [4], laser
excited luminescence host [5] and electrical properties [6,7]. Struc-
turally it crystallizes in I4;/a space group with four molecules in
each crystallographic cell at ambient atmosphere. The divalent A%+
and hexavalent W®* coordinate with eight and four O atoms,
respectively, and both sites form S, symmetry [8]. Usually, two
adjacent Ca’* were tightly enclosed by their neighboring WO,
tetrahedral orderly with strong bonds between the [-O-W-0-]
with [-Ca-0-Ca-] clusters [9]. Several factors may induce the
breaking of structural symmetry: large and small cations doping
at the Ca-site, WO, tetrahedral distortion, and formation of oxygen
vacancies. Many previous works concentrated on the photo-
luminescent properties of small rare-earth cation doped CaWO,
such as Eu>* and Tb>* [10,11], which worked as activators for red
emission in the crystal lattice. For the larger rare-earth cations, such
as La>*, only one paper has been reported the Czochralski method,
which grows a La-doped CaWOy, single crystal that increases crystal
transparency and radiation hardness considerably [12]. In rare-
earth doped PbWO,, the Iuminescence intensity could be
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dramatically suppressed by La*>* occupying the Pb-site [13]. How-
ever, no report has been concerned on nano-particles of La-doped
CaWO0, material preparation, which may be because of the large
lattice mismatch by inserting La*>* into the smaller Ca?* sites. In
general, the alkaline-earth tungstates are prepared by high tem-
perature solid state reaction [14], solvothermal methods [15,16],
spray pyrolysis method [17], sol-gel method [18], molten salt
method [19], and co-precipitation method [20]. Among all these
methods, the hydrothermal synthesis is a promising synthetic route
because the synthesis can be well controlled through a lot of
reaction parameters, such as the temperature, reaction time, pH,
mineralizer and surfactant [21]. Moreover, the low reaction tem-
perature and the liquid phase condition are preferential to grow a
high-purity crystal with a low oxidation state [22]. Some pure phase
of thermodynamically-unstable products (such as PrsFesO, garnet)
could only be prepared via the hydrothermal method because of the
subcritical crystallization conditions [23]. In previous work, we
found excellent bright red luminescence of CaWO,4 by Eu>* and
Mo®+ dopant [24]. In this work, we therefore report for the first
time the hydrothermal synthesis of La** doped calcium tungstate
(Cag.72Lag2sW0,4) nanoparticles in the presence of sodium borohy-
dride as an effective reducing agent. CaWO, was also synthesized as
a reference for UV-vis absorption shift as La>* dopant.

2. Experimental

The synthesis of CaWO, and Cap7Lag2sWO,4 were performed
under mild hydrothermal conditions. Experimental details were as


www.sciencedirect.com/science/journal/0167577X
www.elsevier.com/locate/matlet
http://dx.doi.org/10.1016/j.matlet.2014.12.115
http://dx.doi.org/10.1016/j.matlet.2014.12.115
http://dx.doi.org/10.1016/j.matlet.2014.12.115
http://crossmark.crossref.org/dialog/?doi=10.1016/j.matlet.2014.12.115&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.matlet.2014.12.115&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.matlet.2014.12.115&domain=pdf
mailto:shfeng@jlu.edu.cn
http://dx.doi.org/10.1016/j.matlet.2014.12.115

L. Yuan et al. / Materials Letters 143 (2015) 212-214 213

follows: For Cag7,Lag2sW0O4, 1.4 mmol calcium chloride (CaCl,) and
0.6 mmol lanthanum chloride (LaCls) were firstly dissolved in 10 mL
deionized water to form a solution. Then, 2 mmol sodium tungstate
(Na;WO04.2H,0) and 0.1 g sodium borohydride (NaBH, - 2H,0) were
added and stirred for 20 min. The suspension was transferred to a
15 mL Teflon-lined stainless steel autoclave with its filling capacity
at 80% and was kept at 180 °C for 10 h. After the hydrothermal
reaction, the autoclave was cooled to room temperature naturally.
The product powders were collected, washed with distilled water
and dried in air at 70 °C for 6 h. For the synthesis of CaWQ,, 2 mmol
calcium chloride and 2 mmol sodium tungstate (Na,W0,4.2H,0)
were dissolved in 10 mL deionized water on a stir plate at room
temperature for 20 min, and the subsequent procedure was the
same as the synthesis of Cag7;Lag2sWO0O4.

Compositions of the samples were analyzed by inductively
coupled plasma atomic emission spectroscopy (ICP-AES) technique
on a Perkin-Elmer Optima 3300DV spectrometer (Sheldon, CT).
Powder x-ray diffraction (XRD) analysis was carried out on a
Rigaku D/Max 2500V/PC x-ray diffractometer (Tokyo, Japan) with
monochromatic Cu Ka radiation (A=0.1506 nm) and with a scan-
ning speed of 1°/min of 2-theta degree range of 10-60° under the
acceleration voltage of 50kV and the acceleration current of
200 mA. Pawley refinements of the as-prepared samples were
calculated with Accelrys Material Studio software. The particle size
and morphology of the products were examined by field emission
scanning electron microscopy (SEM) on Helios NanoLab 600I
equipped with an x-ray energy dispersive spectroscopy (EDS), at
an acceleration voltage of 10 kV. x-ray photoelectron spectrum
(XPS) was acquired with Thermo ESCALAB 250 spectrometer (San
Jose, CA, USA). UV-vis absorption spectra were investigated with a
HITACHI U-4100 spectrometer (Tokoy, Japan).

3. Results and discussion

The elemental analyses of the as prepared CaWO, and Cag7;
Lag2sWO4 were determined by ICP-AES method. The molar ratios
of Ca/W and Ca/La/W are 1/1 and 0.72/0.28/1.00 for the as-
prepared two compounds, respectively. The molar ratios of Ca
and La related to W element in samples are close to the start ratio
of raw materials, where Ca/W=1/1 and Ca/La/W=0.7/0.3/1.0 for
CaWO0, and Cag72Lag2sWO04,, respectively.

Fig. 1 shows the XRD patterns and Pawley refinements of CaWQ,
(a) and Cagp72Lag2sWO0y4 (b). All of the diffraction peaks can be indexed
in tetragonal I41/A, which is in accordance with the JCPDS card No. 41-
1431. Observed (0) and calculated (line), as well as difference (bottom)
profiles are shown. The Bragg reflection positions are marked with
vertical bars. Schematic shows the scheelite structure of CaWO,
viewing along a-axis (c) and relative atomic positions (d): white ball
represent Ca, red ball O and green ball W. No traces of additional peaks
from other phases were observed. The diffraction peaks for all the

samples were significantly broadened, which is due to the small sizes
of the as-obtained nano-particles. The unit cell parameters are a=b=
52473 A, c=11.3847 A (Rp=5.53%) for CaWO, and a=b=5.2499 A,
c=113994 A (Rp=4.49%) for Cag7:Llag-sWO,. The crystal unit cell
parameter sizes of a, b and c increased because of the larger radius of
La®>* in the substituted crystallographic sites of Ca?*. The crystal
structure of CaWOy (top view along a-axis) was shown in Fig. 1(c); the
WO, tetrahedral was separated by Ca?* through a bridge O of Ca-O-
W linkage. The bond length of W-0 is 1.784 A, which is much smaller
than Ca-0 bond (Fig. 1(d)), because of the high valance state and small
ion size of W6+,

Fig. 2 shows SEM and EDS patterns of CaWO, (a) and Cag7,
Lag,sWO, (b). Their aggregation particles are composed of a large
number of nano-crystallites. CaWO, sample exhibits a regular round
sphere with diameters of about 20 pm, whereas Cag7:Lag25WO4
sample exhibits both coralloid sphere-like particles with diameters
of about 8 pm decorated with many irregular particles. For CaWOy, the
EDS patterns show that the atomic ratio of Ca:W is about 1.1:1, which
is close to the atomic ratio of Ca:W in CaWQ, chemical formula. For
Cag72Lag28WO0,, the EDS patterns indicate that the surface atomic ratio
of Ca:La:W is about 0.70:0.28:1, which is close to the chemical formula
of Cap7,Lap25WO4.

Fig. 3 shows XPS spectra of W elements in CaWO, (a) and
Cag72Lag28WO04 (b). In CaWO04 (Fig. 3(a)), W4f peaks positioned at
35.3eV and 374 eV belong to the +6 oxidation state of W. In
Cag.72Lag28WO04 (Fig. 3(b)), W 4f peaks positioned at 35.5 eV and
37.5 eV, which are slightly shifted to higher binding energy. The W
4f spectrum could be separated into two doublets of W®* and
W?*. The first doublet has a W 4f;); line at 35.5eV and a W 4f5),
line at 37.6 eV W with a AE of 2.1 eV associated with the oxidation
state W®™. The second doublet has a binding energy with W 4f;,
line at 33.8 eV and a W 4fs), line at 36.0 eV with a AE of 2.2 eV
associated with W>*. The changing of binding energy of W in
Cap72LagosWOy, is because of the La®>* doping at the Ca®*-site,
which causes mixed valance state of W.

Fig. 4 shows UV-vis absorption spectra of CaWO4 (a) and
Cag.72Lag28WO04 (b). As it can be observed, the maximum absorp-
tion band of the CaWO, sample is at around 400 nm, while the
maximum absorption band of Cag7;Lag2sWO0,4 sample is shifted
towards lower wavelength (blue shift) and has the maximum
absorption band at around 350 nm. The observed blue shift in the
absorption between La* doped sample and CaWOy, is reasonable.
First, the doping of La* reduces the size of unit crystal cell of the
samples, and the corresponding reduced bond length generates
the blue shift; Secondly, the doped La3* ions come into the lattice
of CaW0, and preferentially replace Ca?* ions. The La>* in the
crystal lattice results in the increasing of the energy gap. The free
electrons are more constrained in the valence band, and thus the
electrons can be moved with difficulty to the excited state in the
conduction band. As a result, the UV absorption band of La®~*
doped CaWO, samples was shifted to lower wavelength.
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Fig. 1. Pawley refinement of CaWO, (a) and Cap 7,Lap28WO0,4 (b) powders from XRD data. All peaks can be well indexed in Tetragonal [41/A. Observed (©), calculated (line),
and difference (bottom) profiles are shown. The Bragg reflection positions are marked with vertical bars. Schematic show of the scheelite structure of CaWO, viewing along
a-axis (c) and relative atomic positions (d): white ball represent Ca, red (black) ball O and green (grey) ball W.
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Fig. 2. SEM images and EDS spectra of CaWO, (a) and Cag72Lap2sWO4 (b) spheres.
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Fig. 3. XPS spectra of W from CaWO, (a) and Cag 72Lag2sWO, (b) samples.
and 21131002) and Specialized Research Fund for the Doctoral
Program of Higher Education (No. 20110061130005). Thanks to
Prof. Eric Handberg in East China Institute of Technology, Jiangxi
B Key Laboratory for Mass Spectrometry and Instrumentation for
S 350 English improvement.
2
g References
= 405
[1] Kim DS, Ostromecki M, Wachs IE. ] Mol Cat A: Chem 1996;106:93-102.
[2] Cerny P, Jelinkova H, Zverev PG, Basiev TT. Prog Quantum Electron
b 2004;28:113-43.
a [3] Basiev TT, Sobol AA, Voronko YK, Zverev PG. Opt Mater 2000;15:205-16.

200 300 400 500 600 700 800
Wavelength {nm)

Fig. 4. UV-vis absorption spectra of CaWQ, (a) and Cag73Lap28WO,4 (b) powders.
4. Conclusions

In summary, we have successfully synthesized coralloid
sphere-like Cag7;Lag2sWO,4 by one-step hydrothermal route in
sodium borohydride reducing environment. According to XRD and
XPS analysis, Cag7;Lap2sWO,4 has a scheelite structure with W
mixed valence states. UV-vis absorption spectroscopy results
demonstrated a blue shift effect in La** doped CaWOj,.
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