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Abstract: V2O5 nanoparticles (NPs) were prepared using microwave irradiation technique and characterized 
using X-ray diffraction (XRD), Raman spectroscopy (RS), Field emission scanning electron microscopy 
(FESEM). The physiosorption analysis with the aid of Brunauer-Emmiter-Teller (BET) method shows high 
surface area and relatively high pore diameter. The material’s gas sensing capabilities was tested for NH3 and 
NO2 keeping operating temperature at 300 K. An increase in electrical resistance were observed for both NH3 

(reducing gas) and NO2 (oxidizing gas). This increase in resistance has been explained from the fact that V2O5 
possess both n-type and p-type conductivity with NH3 preferring to interact with the n-type phase and NO2 
attaching to p-type adsorption sites. The sensitivity of the p-type V2O5 phase to NO2 is found to be 32 times 
greater than the sensitivity of the n-type V2O5 phase to NH3. The results show that V2O5 is 32 times more 
sensitive to NO2 than NH3. Copyright © 2015 IFSA Publishing, S. L. 
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1. Introduction 

 
Nanoscale materials are very suitable for gas 

detection at molecular level due to their inherent 
small size, high conductance and large surface-to-
volume ratio [1]. Wide band gap semiconductor 
metal oxides like SnO2, ZnO, WO3, V2O5 and TiO2 
are widely investigated materials for gas sensors 
application because of their simplicity, easy to 
synthesize, cost effective and capability of detecting 
large number of toxic and volatile gases under 
different conditions [1]. Vanadium has been 

extensively studied as semiconductor materials 
because of its ability to exhibit metal-to-insulator 
phase transition with respect to temperature and 
pressure [2-3]. Vanadium pentoxide (V2O5) forms the 
most stable oxide among other binary oxides of 
vanadium, it exhibits orthorhombic crystallographic 
structure at TC = 375 °C with a band gap of 2.5 eV 
[3-4]. Sensing capability of V2O5 nanostructures has 
been achieved for nitrogen monoxide [5] and 
nitrogen dioxide and ethanol [5], the material has also 
been applied in thermo-chromic window, electro-
chromic window and electrochemical devices [6]. In 
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this current work, we report the chemiresistive 
properties of V2O5 NPs to NH3 and NOx gases. 

 
 

2. Experimental  
 
0.5 grams of Ammonia metavanadate NH4VO3 

powder (purity 99.99 %) was ultrasonically dissolved 
in 10 mL distilled water, and 5 moles of N2H2 reagent 
was added drop-wise. The mixture was transferred 
into 100 mL Teflon vessel and placed onto the 
Multiwave 3000 Microwave reactor. The reactor 
power was set to 600 W, the temperature was 
maintained at 180 °C, and the reaction was allowed 
to run for 20 minutes after which the reactor cooled 
the vessels for 25 minutes. Afterwards, the resultant 
mixture was collected by filtration and washed 
repeatedly using isopropanol and acetone in an 
ultrasonic bath to remove undesired impurities and to 
minimise particle agglomeration. The final product 
was dried at 100 °C for 11 hours. 

The powder was characterized using a Panalytical 
X’ pert Pro PW 3040/60 XRD equipped with Cu Kα 
(λ=0.154nm) monochromatic radiation source. XRD 
patterns were recorded at 45.0 kV and 40.0 mA from 
2θ = 5 to 90°. Raman spectroscopic studies were 
conducted using a Jobin–Yvon T64000 Raman 
spectrograph with a 514.5 nm excitation wavelength 
from an argon ion laser. The power of the laser at the 
sample was low enough (0.384 mW) in order to 
minimise localised heating of the sample. The 
T64000 was operated in a single spectrograph mode, 
with the1800 lines/mm grating and a 100x objective 
on the microscope. Morphology studies were carried 
out using a LEO 1525 field emission scanning 
electron microscope (FESEM). BET analyses were 
carried out using Micromeritics TriStar II series 
Surface Area and Porosity instrument and a 
Micromeritics sample degassing system from USA.  
 
 
3. Gas Sensor Test 
 

Gas testing measurements were achieved using a 
set-up (at the university of Cologne Germany) similar 
to the KSGA565 KENOSISTEC sensing 
measurement illustrated in Fig. 1. The sensor was 
prepared by dispersing V2O5 NPs in ethanol and 
making a thick paste on the interdigitated electrode 
and the test were performed by measuring change in 
electrical resistance of different concentration of the 
analyte using KEITHLEY picoammeter system. 

 
 

4. Results and Discussion  
 

Fig. 2 shows the XRD pattern of V2O5 
nanoparticles (NPs) belonging to the orthorhombic 
phase of V2O5. The broad diffractions at 2θ = 17° are 
the characteristics of the orthorhombic V2O5 200 
reflection [PCDPDFWIN CAS No. 890611]. 

 
 

Fig. 1. Schematic diagram of KSGA565 KENOSISTEC 
sensing station illustrating how the gas sensing 

measurement was performed. 
 
 

 
 

Fig. 2. XRD pattern of V2O5 NPs. 
 
 

However, the development of VO2 monoclinic 
phase was also observed at 2θ=27.6° [PCDPDFWIN 
CAS No. 710042]. The crystallite size of the particles 
was calculated using Debye Scherer’s model and  
found to be 5 nm. The SEM micrograph of V2O5 NPs 
in the Fig. 3 shows formation of sphere-like  
colloidal particles.  

 
 

 
 

Fig. 3. SEM micrograph of V2O5 NPs. 
 
 

Raman specrum of V2O5 NPs in Fig. 4 shows 
Raman active modes of V2O5. A strong peak at lower 
frequency band 141 cm-1 corresponding to the Bg 
symmetry while the high frequency vibration at 
992 cm-1 corresponds to stretching of O-V-O atoms. 
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Vibration modes at 282, 402 and 525 cm-1 are 
resulting from the bending mode of V-O band while 
the stretching mode at 692 cm-1 corresponds  
to the motion parallel and perpendicular to ab-plane 
[3, 7-8]. In agreement with XRD analysis, the 
development of VO2 monoclinic vibration mode was 
also observed at 194 cm-1 [9]. 

 
 

 
 

Fig. 4. Raman spectrum of V2O5 NPs. 
 
 

The specific surface area SBET and pore 
size/diameter (dpor) of 92.7 m2g-1 and dpor of 12 nm, 
respectively, were determined by physisorption of 
nitrogen according to BET theory as shown in Fig. 5. 
The surface area and the nano-porous studies by 
SEM and BET revealed the material’s potential in 
gas and chemical sensor application. 

 
 

Fig. 5. N2 adsorption/dsorption isotherms profile of V2O5 
NPs, insert is the BET plot. 

 
 

The measured electrical response for different 
NH3 concentrations is presented in Fig 6 (a), with 
operating or substrate temperature kept at 28 °C. The 
material showed good response to NH3, Fig. 6 (b) 
shows linear profile for NH3 sensitivity plot, where 
Rgas and Rair are the resistance of V2O5 NPs in the 
presence of the analyte gas and air respectively  
[10, 11]. The measured electrical response for 
different NO2 concentrations is presented in Fig. 7 (a) 
with operating temperature kept at 28 °C. The 
material showed good response for all 
conncentrations. Increase in the electrical resistance 
of V2O5 NPs sensor upon injection of the oxidising 
gas NO2 shows p-type semiconductor behavour.  
Fig. 7 (b) is the NO2 sensitivity profile.  

 
 

 
(a) 

 

 
(a) 

 

 
(b) 

 
(b)

 
Fig. 6. (a) The electrical response of V2O5 NPs for different 

concentrations of NH3, (b) Sensor response as a function  
of different NH3 gas concentrations.

 
Fig. 7. (a) The electrical response of V2O5 NPs for different 

concentrations of NO2, (b) Sensor response as a function  
of different NO2 gas concentrations. 

 



Sensors & Transducers, Vol. 192, Issue 9, September 2015, pp. 61-65 

 64 

The proposed mechanism bases on the fact that 
V2O5 is known to exhibit both p-type and n-type 
conductivities [3-4]. The results show that NH3 
prefers to interact with the n-type phases of V2O5. In 
this case the NH3 molecule captures the adsorbed O2

- 
ions from the V2O5 surface and oxides to NO2 and H2 
as depicted in Fig. 8. This process robs the n-type 
phase of V2O5 of its electrons leading to less electron 
population in the conduction band (CB) and hence 
increase in resistance as shown in Fig. 6 (a).  

 
 

 
 

Fig. 8. Sensing mechanism of V2O5 NPs. 
 
 

As for the proposed sensing scheme for NO2, the 
results show increase in resistance regardless of the 
fact that NO2 is an oxidising gas. This is clear 
evidence that NO2 prefers to interact with the p-type 
phase of V2O5. In this case NO2 interacts with holes 
or vacancies in the adsorbed O2

-. When such a hole 
interacts with NO2, the NO2 is broken into N2 and 
adsorbed O2

-. Only N2 is released in the process 
leaving behind the O2 as adsorbed at the V2O5 surface 
as O2

-. In the process the p-type phase will have 
gained and electron or lost a hole in the conduction. 
The loss of holes in the CB of a p-type V2O5 leads to 
an increase in resistance as shown in Fig. 7 (a). 

It is worth noting that the magnitude of responses 
of V2O5 sensor to both NH3 and NO2 are many 
magnitude different. The sensitivity of the n-type 
phase to NH3 is calculated as the slope of the 
response vs concentration curve in Fig. 6 (b). This 
works out to be 3.47 × 10-3 ppm-1. When the same 
sensitivity calculation is done for the p-type phase to 
NO2 form Fig. 7 (b) one finds the value of 0.11. The 
response of the p-type phase to NO2 is therefore 
32 time greater than the sensitivity of the n-type 
phase to NH3. Therefore, this V2O5 sensor is 32 times 
more selective to NO2 than to NH3. This further 
suggests that the V2O5 nanomaterials is 
predominantly p-type. 

 
 

7. Conclusions 
 
We report gas sensing capability of vanadium 

pentoxide nanoparticles synthesized using microwave 

assisted techniques. The SEM image and BET  
nano-porous analysis revealed the large surface 
property of the material. Electrical response for 
different concentrations of these gases showed good 
response, and the reaction mechanism between the 
gases and sensor showed that V2O5 NPs is 
predominantly a p-type semiconductor with a ratio of 
p-type- to- n-type of 32:1. This suggests that for 
every one electron in V2O5 there are 32 holes. We 
conclude from the results that V2O5 is 32 times more 
selective to NO2 than to NH3. 
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