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Abstract: MnWO4 (huebnerite) with flower-like clusters of nano-plates was produced from the solutions containing MnCl2·4H2O 
and Na2WO4·2H2O by the 300 ℃ spray pyrolysis. The phase was detected by X-ray diffraction (XRD) and selected area electron 
diffraction (SAED), and is in accordance with the results characterized using energy dispersive X-ray (EDX) analysis. The 
flower-like clusters of nano-plates were characterized using scanning and transmission electron microscopes (SEM and TEM), and 
their parallel lattice planes using a high resolution transmission electron microscope (HRTEM). Vibration spectra of the huebnerite 
structured products were characterized using Raman and Fourier transform infrared (FTIR) spectrometers. Their photoluminescence 
(PL) emissions are in the same spectral region at 405−412 nm. 
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1 Introduction 
 

Wolframite (FexMn1−xWO4) is an iron manganese 
tungstate mineral, which is the intermediate between 
iron-rich ferberite (FeWO4) and manganese rich 
huebnerite (MnWO4)[1−2]. MnWO4 has bulk electrical 
conductivity, relatively low melting point and novel 
magnetic property[3], caused by its antiferromagnetic 
spin structure[4]. It can display photoluminescence (PL) 
emission with two main bands at 421 and 438 nm[3]. 
There are a number of processes used to produce 
MnWO4, such as microwave-assisted synthesis[1], melt 
solution process[5], solvothermal route[6], aqueous salt 
metathesis reaction[7], sol-gel technique[8], ambient 
template synthesis[9], solid state metathetic approach 
[10], and surfactant-assisted complexation-precipitation 
method[4]. The purpose of this research was to produce 
MnWO4 with flower-like clusters, from additive-free 
solution, using a spray pyrolysis method, which is simple 
and easy to handle, and more economical to process. 

 
2 Experimental 
 

Each 0.005 mol of MnCl2·4H2O and Na2WO4·2H2O 
was separately dissolved in 25 mL de-ionized water and 
mixed for 10 min. The mixture was sprayed on glass 
slides 10 times, which were placed in a 300 ℃ furnace 
for 10−40 h. No other additives were used in the process. 
The products were washed with de-ionized water and 
95% ethanol, and dried at 60 ℃ for 10 h. Then they 
were intensively characterized using a X-ray 
diffractometer (XRD) operated at 20 kV, 15 mA and 
using the Kα line from a Cu target, a Fourier transform 
infrared (FTIR) spectrometer with KBr as a diluting 
agent and operated in the range 500−1 600 cm−1, a Raman 
spectrometer of 50 mW Ar laser with λ=514.5 nm, a 
scanning electron microscope (SEM) equipped with an 
energy dispersive X-ray (EDX) analyzer operated at 15 
kV, a transmission electron microscope (TEM) and a 
high resolution transmission electron microscope 
(HRTEM) as well as the use of selected area electron  
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diffraction (SAED) technique operated at 200 kV, and a 
photoluminescence (PL) spectrometer using a 293 nm 
excitation wavelength at room temperature[3]. 
 
3 Results and discussion 
 

The XRD spectra of the products (Fig.1) were 
indexed using Bragg’s law for diffraction. They 
correspond to that of the JCPDS software with reference 
code 74-1497[11]. They have P2/c space group of 
paramagnetic phase[5] and huebnerite structure[11]. It is 
composed of a number of edge-sharing (MnO6) and 
(WO6) octahedrons in a series of zigzags along c axis. 
Mn and W atoms are alternately arranged parallel to the 
(100) planes[5]. The broad XRD spectrum of glass 
(Fig.1), specified as amorphous phase, is also shown for 
comparison. Its spectrum was covered by the spectra of 
the products, showing that the deposited products on 
glass substrates are thick enough to prevent the X-ray 
beam from reflecting on them. The mists on glass slides 
are heated effectively, and a number of particles of 
controlled morphologies are produced. Atoms composing 
the products are arranged as systematic array in the 
crystal. Thus the spectra are very sharp. Their XRD 
intensities are also increased with the increase in the 
prolonged times which play the role in arranging atoms 
in crystal lattice. 

The FTIR spectra (Fig.2(a)) of MnWO4 with 
 

 
Fig.1 XRD spectra of glass and products on glass slides 
produced for 10, 20, 30 and 40 h 

 

 

Fig.2 FTIR(a) and Raman spectra(b) of MnWO4 produced for 
10, 20, 30 and 40 h 
 
huebnerite structure show the inorganic modes in the 
range 556−983 cm−1 of the low wavenumber side at 556, 
694, 826, 908 and 983 cm−1. The vibrations are in 
accordance with those of other researchers[2, 9]. These 
bands are assigned to be the internal stretching modes of 
ν3(Au) and ν3(Eu) transitions[9]. 

The Raman spectra (Fig.2(b)) of the huebnerite 
structure are very similar to those of KLOPROGGE et 
al[1]. A medium strong band is detected at 125 cm−1. The 
200 cm−1 band is specified as ν(Ag) vibration involving 
the Mn cations, and the 245 cm-1 band as νdef(Ag) 
vibration of the cationic sublattices. Those of 324 and 
393 cm−1 bands are respectively specified by 
FOMICHEV and KONDRATOV as deformation 
modes[12], and by DATURI et al as r(Bg) and δ(Ag) 
vibrations of terminal WO2 groups[13]. The 538 cm−1 
band is specified as the symmetric Ag vibration. The 698 
cm−1 band corresponds to the νas(Bg) vibration of 
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(W2O4)n chain. The strongest intensity at 875 cm−1 
belongs to symmetric Ag vibration of the terminal WO2 
groups. At lower Raman wavenumber, the vibration 
frequency is smaller and the structure is in the state of 
closing to normal crystal lattice. When the vibration is at 
higher wavenumber, its structure becomes more 
distorted[14]. The higher amplitude of the atomic 
vibration does, the more the product structure distorts, 
and the opposite is also true. 

The SEM images of MnWO4 (Fig.3) are 
characterized. The products are composed of a number of 
nano-plates in flower-like clusters. The flowers become 
larger, when the test is done in the longer period. They 
are the largest at 40 h test. For the present research, 
MnCl2·4H2O reacts with Na2WO4·2H2O to produce 
MnWO4 nuclei, which grows very rapidly by thermal 
heating. Their growths are anisotropic. Plate-like 
particles are produced, and simultaneously cluster to 
form flower-like colonies. They have different sizes, 
which are caused by random nucleation and growth 
processes. 

Each product was put into a beaker containing 
de-ionized water. After ultrasonic vibration, the product- 
dispersed water was dropped on a copper grid and dried 

in ambient atmosphere for further analysis. TEM images 
(Figs.4(a), (c) and (d)) show that the products are 
composed of a number of nano-plates with different 
orientations. The product of Fig.4(a) clusters together in 
irregular shape. But for those of Figs.4(c) and (d), they 
become more dispersive. HRTEM image (Fig.4(b)) show 
a number of (011) lattice planes in systematic arrays of 
crystal structure. Each array with the same orientation 
corresponds to a single crystal. SAED patterns (Figs.4(a), 
(c) and (d)) show several concentric rings. They are 
diffusive and hollow, showing that the products are 
composed of a number of nanosized crystals with 
different orientations. The calculated interplanar 
spaces[15] were compared with those of the JCPDS 
software[11]. They correspond to a variety of 
crystallographic planes labeled in parentheses. They are 
specified that the products are MnWO4. 

The EDX spectra (Fig.5) reveal the presence of Mn, 
W and O in the products[16]. They are in good 
accordance with the phase detected using XRD and 
SAED. Au and C are also detected. They are caused by 
the sputtered Au on the products to improve the quality 
of SEM images, and by C tape used for sample mounting. 
Different energy peaks are detected due to the electronic  

 

 
Fig.3 SEM images of MnWO4 produced for 10(a), 20(b), 30(c) and 40 h(d) 
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Fig.4 TEM and HRTEM images, and SAED patterns of MnWO4 produced for 10 h(a, b), 20 h(c) and 30(d) 

 
 

 

Fig.5 EDX spectra of MnWO4 produced for 10, 20, 30 and 40 h 

Table 1 Emission energies of atoms  

Atom Emission energy/keV Spectral line 

Mn 
0.6 
5.9 

Lα 
Kα1,2 

W 

1.8 
7.4 
8.4 
9.7 
11.3 

Mα 
Ll 
Lα 
Lβ1 
Lγ1 

O 0.5 Kα1,2 

Au 

2.1 
8.5 
9.7 
11.4 

Mα 
Ll 
Lα 
Lβ1 

C 0.3 Kα1,2 
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transition of atoms as summarized in Table 1[16]. 
By using a 293 nm excitation wavelength[3], 

photoluminescence (PL) spectra (Fig.6) show electronic 
transition within (WO4)2− anion molecular complex, 
associated with the intrinsic emission[17−18]. The 
intrinsic luminescence is caused by a nonlinear 
two-photon stimulation process[18]. They can be excited 
either in the excitonic absorption band or in the 
recombination process[19], resulting from the 
huebnerite-structured products. The intrinsic emission 
peaks are in the spectral region at 405−412 nm although 
the products are produced using different prolonged 
times. The results are in accordance with those detected 
by other researchers[3, 10]. PL intensities are increased 
with the increase in time. It is the highest at 40 h test. 
The shoulders or green bands, depended on the excitation 
type and sample quality, are caused by some defects and 
impurities, and are specified as the extrinsic 
emission[18]. 
 

 
Fig.6 PL spectra of MnWO4 produced for 10, 20, 30 and 40 h 
 
4 Conclusions 
 

MnWO4 on glass slides were successfully produced 
by the 300 ℃ spray pyrolysis method. The phase are 
MnWO4, composing of Mn, W and O. The products are 
flower-like clusters of nano-plates, each of which is 
composed of a number of crystallographic planes 
aligning in lattice array. Vibration wavenumbers provide 
the evidence of huebnerite structure, corresponding to 
the product phase. PL emission shows the narrow central 
peaks in the same spectral region at 405−412 nm. The 
highest intensity peak is emitted from the product of 40 h 
test. 
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