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I. INTRODUCTION 

Metal oxide thin films have been extensively studied 

and used in gas sensors due to conductance changes when 

it interacts with gas molecules [1]. Such sensor structures 

offers easy fabrication, low-cost and consistent 

performances with respect to different types of gasses 

investigated. Recently, an increased trend to use 

specifically engineered nanostructured materials for gas 

sensor applications is noted [2]. Hydrogen (H2) sensors 

are extensively used in certain types of combustion 

systems of cars to monitor pollution, as well as in the 

chemical, or semiconductor industries [3-4]. 

Nanostructures, such as nanobelts, nanorods, and 

nanowires offer higher surface-to-volume ratio and 

unique structural properties that are expected to enhance 

the gas sensor performances.  

In this context, molybdenum trioxide MoO3 – a metal 

oxide material with semiconductor properties and a wide 

band gap of about 2.4-2.9 eV is an excellent candidate for 

electrochromic and gas sensing applications [5]. Research 

works were performed to study the gas sensing 

characteristics of MoO3-based sensors to detect H2 [6], 

NH3 [7], liquid petroleum gas LPG [6], etc.  

Multiple techniques were reported for the deposition of 

MoO3, such as thermal evaporation [8], sputtering [9], 

spray pyrolysis [10], electrodeposition [11], hydrothermal 

[12], solution method [13], etc. We found that the 

synthesis of MoO3 via evaporative techniques or thermal 

oxidation are attractive for mass-production of highly 

crystalline and stratified structures. This is very important 

since higher crystallinity and layered formations allow a 

greater gas response. Although, previous publications on 

pure MoO3 nanostructure-based H2 sensors showed the 

promise of such devices in commercial sensing 

applications, their relative slow response and recovery 

times are major drawbacks for their implementation in an 

industrial setting. A rapid thermal oxidation technique is 

required to control morphologies of MoO3 and to growth 

higher crystal quality nanomaterial. In addition more 

research work is required to enhance gas sensitivity, 

selectivity, stability and faster gas responses by precise 

control of material morphology and properties. 

Improvements in the performance of MoO3 sensors can be 

achieved high surface-to-volume ratio and high quality 

material obtained by a cost effective technique. 

In this work we used a rapid thermal oxidation (RTO) 

method for the synthesis of MoO3 nanowires and 

microbelts. Samples of MoO3 nano-micro-structures were 

characterized using scanning electron microscopy (SEM), 

energy dispersive X-ray spectroscopy (EDX), X-ray 

powder diffraction (XRD), micro-Raman spectroscopy, 

and optical transmission techniques. 

II. EXPERIMENTAL 

The growth of MoO3 nanostructures were made by 

thermal oxidation RTO at 1000 C for 0.2 h. 

The as-grown samples were characterized by scanning 

electron microscopy. SEM images were acquired with an 

Ultra 55 Zeiss FEG at an acceleration voltage of 15 kV. 

The compositional analysis of ZnO nanorods was carried 

out using Energy dispersive X-ray spectroscopy, in 

combination with SEM. X-ray powder diffraction (Rigaku 

‘DB/MAX’ powder diffractometer) was used for 

structural analysis and identification of phases for Bragg 

angles (2) ranging from 10 to 95 using Cu K 

radiation (  = 1.54178 Å). Details of the experimental 

procedures can be found in our report [4]. Information on 

vibrational modes in pure MoO3 nanostructures was 

obtained from Raman backscattering experiments in a 

micro-Raman setup Horiba Jobin Yvon LabRam IR 

spectrometer with a charge-coupled detector (CCD). 

Raman spectra were excited with 1.96 eV photons from a 

Helium Neon laser (λ~632.8 nm) with less than 4 mW of 

power at the sample. The spectral resolution was 2 cm
-1
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and the instrument was calibrated using silicon and a 

naphthalene standards. 

The optical properties of these materials were studied 

by using set-up described in [2] and references therein. 

The samples were mounted on the cold station of a LTS-

22-C-330 optical cryogenic system for optical studies at 

10K. 

III. RESULTS AND DISCUSSIONS 

Figure 1 show the X-ray diffraction XRD pattern 

recorded in the range of 10-95 with a scanning step of 

0.02 of MoO3 depositions. XRD studies of the crystal 
structure indicate only MoO3 peaks, which are intense and 
well-defined diffraction lines. For evaluation of lattice 
parameters the following relation is used: 

                                                (1) 
with a#b#c for orthorhombic lattice. Parameter dhkl is 
interreticular distance, (h, k, l) are Miller indices of 
reflector planes appearing on the diffraction spectrum. 
The obtained lattice parameters are a = 0.3962 nm, b = 
1.3858 nm, c = 0.3697 nm, which are in good agreement 
with reported data [14]. The pattern matches the lattice 
spacing of crystalline molybdenum oxide in the 

orthorhombic structure (-MoO3, lattice parameters of a 
= 0.3962 nm, b = 1.3858 nm, c = 0.3697 nm). The data 
are in agreement with the Joint Committee on Diffraction 
Standards (JCPDS, Card #005-0508). It can be seen that 
XRD pattern from this sample shows predominant (040) 
diffraction peaks [15] as preferred orientation. The strong 
diffractions peaks of MoO3 corresponds to (020), (040), 
(060) and (081) planes. Weaker XRD peaks are assigned 
to MoO3 (110), (021), (190) and (0100) planes. These 
XRD peaks were compared to literature and indicate the 

existence of orthorhombic MoO3 structure and -phase. 
The strong intensity of the XRD reflection peaks of (0k0) 
with k=2, 4, 6 proves the existence of the lamellar 
structure [16]. These results demonstrate a high degree of 
crystallinity. 

 

 
 

Fig. 1. X-ray diffraction XRD pattern of MoO3 structures. 

 

Figure 2(a) presents a low-magnification SEM image 

of the samples prepared at 1000 C on a Si substrate. It 

can be seen that these products have uniform lengths of 

about few hundred mm and diameters of 50–2000 nm. 

MoO3 nanowire on Si substrate is shown in Figure 1(b). 

Microbelts, large rectangular plates and nanowires are the 

main shapes of the as grown MoO3 structures via rapid 

thermal oxidation RTO in 0.2 h.  

 

 
 

Fig. 2. (a) SEM image of MoO3 structures transferred to Si substrate. 

(b) Transferred MoO3 nanowires from initial products. These nanowires 

and microbelts can be used as building nanoblocks for sensors 
structures. 

 

EDX indicates a stoichiometric MoO3 and its electrical 

characteristics (not shown) demonstrate a large electrical 

resistance, which confirms that it is an insulator. 

The Micro-Raman spectrum of the MoO3 

nanostructures at room temperature is shown in Figure 3. 

It can be concluded that all peaks are in good agreement 

with the previously reported orthorhombic MoO3 crystal 

material and assigned to vibrational modes of MoO3 

[7,17-18].  

 
 

Fig. 3. Raman spectrum of MoO3 nanostructures measured in air at 
room-temperature. 
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Peak at the 995 cm
-1

 (Ag, B1g) (not shown) is the 

asymmetric stretch of the terminal oxygen atoms [17-18]. 

Peaks at the 819 cm
-1

 (Ag, B1g) is a symmetric stretch of 

the terminal oxygen atoms, at the 668 cm
-1

 (B2g, B3g) to an 

asymmetric stretching Mo–O–Mo bridge along the c-axis, 

and at the 473 cm
-1

 to Mo-O stretching and bending mode 

of MoO6 octahedra. Peaks at the 378 cm
-1

 and 338 cm
-1

 

correspond to various bending modes of the orthorhombic 

MoO3 crystal. The 289 cm
-1

 (B2g, B3g) band is a doublet 

comprised of wagging modes of the terminal oxygen 

atoms [17-18]. 

 

 
 

Fig. 4. Transmission spectra of MoO3 crystals as a function of photon 
energy. 

 

Transmission spectra of the crystals MoO3 thick 547mk 

in near-band edge absorption 2.5 - 3.2 eV are shown in 

Figure 4. Transmission spectra for polarizations Ес and  

Ес at 300 K and 10 K intersect. The spectra indicate that 

the minimum interband period is formed by polarized 

transitions. According to theoretical calculations, the 

minimum interband gap formed indirect transitions [19]. 

From the results shown in Figure 4, it is concluded that 

the band gap in the polarization Ес is smaller than in 

case with polarization Ес. As the temperature decreases 

the absorption edge shifts to higher energy saving 

polarization dependence. Absorption edge shift β=ΔЕ/ΔТ 

for the polarization Ес (at 5 rel.un.T) is 3,610
-4

  eV/K 

and in the case of Ес is 4,710
-4

  eV/K. The splitting of 

the absorption edge at the level of 5 rel.un.T at 300 K and 

10 K are 0.123 eV and 0.156 eV, respectively. 

Consequently, the minimum inter-band gap in the 

polarization Ес formed from indirect transitions from 

the zone V1 of point R of the Brillouin zone in the zone 

C1 of point Г of the Brillouin zone. In the polarization 

Еǁс, the band gap width is also formed by indirect 

transitions from point R to point Г from zones V2 to C2. 

Figure 5 shows the first derivative of the energy of the 

transmission spectra of crystals MoO3 547mk thickness at 

300 K for the polarizations Ес and Ес. The derivative 

of the transmission energy intersects with the axis 

(ΔТ/ΔЕ)=0 at the energy 2.914 eV (Ес), with energy 

3.037 eV (Ес). These values correspond to the indirect 

band gap in the respective polarizations. Particularly weak 

α1, α2, α3 and β1 may due to absorption and emission of 

phonons in indirect transitions. Assuming that α1 (2,939 

eV) and α2 (3,032 eV) is due to indirect transitions with 

the absorption and emission of phonons, the phonon 

energy is approximately equal to 46.5 meV (376 cm
-1

). In 

crystals phonon MoO3 in the high-frequency region can 

be observed phonons with 365 cm
-1

, and 376 cm
-1

. 

  

 
 

Fig. 5. The derivative of the energy of the transmission spectra of 
crystals MoO3 thick 547 mk as a function of energy. 

 

From the grown nanocrystalline MoO3, we were able to 

measure the transmission spectra of crystals of thickness 

1.7 microns at room (300 K) and low temperatures (10 

K). The transmission spectrum reveals a characteristic 

interference Fabry Perot (see Figure 6).  

 

 
 
Fig. 6. Transmission spectra of MoO3 crystal thickness 1.7 microns as a 

function of photon energy. 

 

From these data refractive indices were calculated for 

polarizations Ес and Ес which vary from 2 to 2.8, and 

double-cross, Figure 7. These results are in good 

agreement with those of reported in [20]. 

IV. CONCLUSION 

In summary, we have investigated properties of MoO3 

micro-nano-structures and observed orthorhombic 

structure of -MoO3. The corresponding optical band gap 
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energies are in the typical range for crystalline MoO3 

(2.7–2.9 eV). The values of the optical band gap for 

different polarizations differ significantly. From the 

transmission spectra can be concluded that the band gap 

in the polarization Ес is smaller than in case with 

polarization Ес. With decreasing sample temperature was 

observed a shift of absorption edge to a higher energy 

saving polarization dependence. The transmission 

spectrum reveals a characteristic interference Fabry Perot. 

The observation of their performances suggests the 

promising application of MoO3 nanostructures in 

sensorial nanodevices and other applications. 

 
 

Fig. 7. The refractive index of MoO3 crystal thickness 1.7 microns. 
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