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Abstract

CoWO4 nano-particles were produced by spraying the solution containing CoCl2�6H2O and Na2WO4�2H2O on glass slides at 250–450 8C.

XRD, SAED, TEM, HRTEM and AFM revealed the presence of CoWO4 nano-particles with their crystallographic planes aligning in systematic

array. Raman spectra provide evidence of the wolframite structure, corresponding to the product phase. Their photoluminescence (PL) emissions

show the narrow central peaks of the same spectral region at 411–419 nm.
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1. Introduction

Naturally, wolframite and scheelite are the majorities of

tungsten ores formed on earth [1]. Their structures are

controlled by cationic radii. Small radii (<0.077 nm) are in

favor of forming wolframite structure, but large radii

(>0.099 nm) favor scheelite structure [2,3]. Each of the

tungsten atoms is surrounded by six oxygen atoms for

wolframite [4], and by four oxygen atoms for scheelite [5].

The metal tungstates have very attractive properties in

scintillation, electro-optics and microwave applications

[1,4,6]. There are a number of methods used to prepare

nano-structured tungstates, such as microwave-assisted synth-

esis [2,7], hydrothermal and solvothermal processes [3,6,8–

10] and sonochemistry [11].
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2. Experimental

For the present research, each 0.2 mol of CoCl2�6H2O and

Na2WO4�2H2O was dissolved in 25 ml de-ionized water and

mixed. The mixture was stirred for 10 min and sprayed on glass

slides 10 times in the temperature range 250–450 8C. The slides

were kept at constant temperatures for 10 h, and removed from

the furnace. No other additives were used in the process. It is

simple and easy to handle, and more economical to process in

large scale. The products were washed with de-ionized water

and 95% ethanol, dried at 60 8C for 10 h and intensively

characterized.

3. Results and discussion

Comparing XRD spectra (Fig. 1a) with that of the JCPDS

software (reference code: 15-0867) [12], the products were

CoWO4 with monoclinic crystal system and P2/a space group.

The phase has wolframite structure [2,3,13]. During character-

ization, X-ray beam reflected and diffracted with the crystalline

products and sharp spectra were produced. Their strongest
d.
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Fig. 1. (a) XRD and (b) Raman spectra of the products produced at different temperatures.
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intensity peaks are at 2u = 30.6 8 and diffracted from (�1 1 1)

planes of the products. No other characteristic peaks of

impurities were detected showing that the products are at a pure

phase. XRD intensities were increased with the increase in the

test temperatures which can play the role in arranging atoms in

systematic order. Their crystallite sizes were enlarged as well.

At 450 8C, XRD peaks have the strongest intensities and the

crystallite sizes are the largest.

Raman spectra (Fig. 1b) of the wolframite structured

products compose of a strong band at 881 cm�1 and a weak

band at 768 cm�1. They were specified as symmetric and

asymmetric stretching vibrations of terminal W O bonds,

respectively [13]. The weak bands at 686 and 536 cm�1 are

caused by the asymmetric and symmetric stretching of O–W–O

bridges of (W2O4)n polymeric chain. Those at 408 and

340 cm�1 are tentatively specified as the in-plane deformation

and rotation of W–O bonds (terminal and bridging),

respectively. Weak band at 275 cm�1 is caused by Co–O

stretching. The 209 cm�1 band is likely to be out-of-plane

vibration [13]. The more Raman wavenumber of the atomic

vibration does, the more the product structure distorts, and the

opposite is also true [8].

TEM images (Fig. 2a–c) show a number of nano-particles

influenced by test temperatures. Diameters (D) of 300 nano-

particles at different temperatures were measured [14], and

are shown in Fig. 3a–e. The products are composed of a
number of nano-particles with different sizes. Their

distributions are very close to the normal curves. The

average sizes are in the ranges 16.25–25.23, 17.03–25.27,

22.65–42.59, 40.34–61.50 and 46.81–68.27 nm at 250, 300,

350, 400 and 450 8C, respectively. The values of log(D) and

T�1 (Fig. 3f) matched very well with the Arrhenius-type

equation [15],

log D ¼ 3:06� 946:21

T
:

It shows that particle sizes increased monotonically with the

increase in test temperature. It was assumed that heat capa-

city of formation of the nano-particles is constant with

temperature. Calculated activation energy is

1.306 � 10�20 J�(particle)�1, which is the energy consump-

tion for every particle formed in the present process. Particle

shape and size influence the PL as well. During the process,

growth rates of the particles were very low. A number of

nano-sized particles formed. HRTEM image (Fig. 2d) shows

that a number of (0 0 2) lattice planes are in systematic array.

Each grain is composed of atomic planes in the same

direction, and corresponds to a single crystal. SAED patterns

(Fig. 2a–c) show a number of random and continuous bright

spots. They are so close that they form fully concentric rings.

These indicate that the products consist of nano-sized crys-

tals with different orientations. Calculated interplanar spaces



Fig. 2. (a–c) TEM images and SAED patterns of the products produced at 250, 350 and 450 8C, respectively. (d) HRTEM image of CoWO4 produced at 450 8C.
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[7] were compared with those of the JCPDS software [12].

They correspond to (0 0 1), (�1 1 0), (�1 1 1), (2 0 0),

(�2 2 0), (�2 0 2), (�3 1 1) and (�1 4 0) planes of the

crystals and were specified as CoWO4.

The sprayed products on glass substrates at different

temperatures were characterized using AFM. Fig. 4 shows

the evolution of roughness with the test temperatures. The

deposition did not form regular patterns. Surfaces of the

substrates were very rough due to the deposited products.
Their roughness at 250, 300, 350, 400 and 450 8C are 24.7,

45.8, 51.3, 95.5 and 106.9 nm, respectively. Roughness

increased with the increase in test temperature. Nucleation

and growth processes led to the irregular patterns on the

substrates. Generally, vibration at high temperature was more

violent than that at low temperature. Atoms and particles

have more chance to arrange themselves in good order which

is in favor with flat surface. For the present analysis, growth

is the dominant process.



Fig. 3. (a–e) Particle size distributions of CoWO4 produced at 250, 300, 350, 400 and 450 8C, respectively. (f) Particle size dependency on the temperature.
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By using a 300 nm excitation wavelength, photolumines-

cence (PL) spectra (Fig. 5) show the narrow central

(intrinsic) peaks with their surrounding shoulders [16–18].

The emission peaks are in the same spectral region at 411–

419 nm although the products were produced at different

temperatures. The intrinsic luminescence was caused by the

annihilation of a self-trapped exciton, which formed excited

[WO6]6� complex [19]. It can be excited either in the
excitonic absorption band or in the recombination process

[19], due to the wolframite-structured products. The

shoulders are from some defects and impurities. PL intensity

is controlled by the number of charged transfers in the

products. For present analysis, their intensities increased

with the increase in test temperatures. It is the highest at

450 8C. Shapes, sizes, degree of crystallinity and others can

play a role in emission as well.



Fig. 4. AFM images of CoWO4 deposited on glass substrates at (a) 350 and (b) 450 8C.

Fig. 5. PL spectra of CoWO4 nano-particles produced at 250, 300, 350, 400 and

450 8C.
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4. Conclusion

CoWO4 nano-particles were successfully produced

by spray pyrolysis at 250–450 8C. The products are pure

phase with wolframite structure. They are composed of a

number of nano-particles with their crystallographic planes

aligning in a systematic array. Particle sizes and roughness

increased with the increase in test temperature, due to the

growth process. The particle sizes at different temperatures

fitted very well with the Arrhenius-type equation. Vibrations

of atoms provided evidence of the wolframite structure,

corresponding to the product phase. PL emission shows the

narrow central peaks of the same spectral region at 411–

419 nm.
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