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Abstract: In the present study, tin oxide (SnO2) nanoparticles were synthesized by a precursor polymeric method. 
The obtained nanoparticles were doped with vanadium. The samples were characterized by powder XRD, TEM, 
optical UV and EPR studies. XRD and TEM showed the rutile crystal structure and its revealed that the lattice cell 
parameters and particles size were decreased with dopant level. Optical and EPR data confirmed that the doped V 
enters into SnO2 and distorted the host material symmetry. The films sensing characteristics have been studied 
from the aspect of doping level of sensing material and microstructure. It is found that V doping on SnO2 enhance 
sensor sensitivity towards CO gas. The results demonstrated that V doping can improving numerous applications 
which the SnO2 response is maximized. 
Keywords: Tin oxide; V-doped; Multifunctional.  

 
 
1. Introduction 
 

These are ceramic materials with multifunctional properties in a single compound applicable for multifunctional 
activities which are key components nowadays in very diversity technologies under varies conditions [1-3]. These 
novel multifunctions may be integrated into the materials since have a variety of elements and structures, providing 
great potential for realizing a diverse range of functions. Thus, two or more kinds of selective properties can be 
united one another in a cooperative manner. On the other hand, interesting technological applications of 
nanomaterials are directly related to several factors such as the morphology, size, crystalline phase and activity of 
a specific surface [2, 4, 5]. Particularity, incorporation of dopant atoms in the pristine crystal structure has a strong 
influence on the final properties of these materials [4, 6-8]. Additionally, a wide band-gap oxide semiconductor, 
such as TiO2, SnO2 and ZnO presents several interesting applications. It is observed that when doped with 
transition metal ions, could showed property remarkable and scientifically puzzling [6-9].  

Particularly, SnO2 exhibits chemical, thermal, and mechanical stability with a tetragonal structure of the rutile 
type. When pure, the oxide is considered an intrinsic semiconductor of type n, having a wide band gap of 3.6 eV 
and electrical conductivity as a result of the excess of electrons and structural defects. Lattice modifying or forming 
metals introduced as dopants act as modifying elements of the crystalline and electronic lattice allowing the band 
gap alteration while aiding in controlling, improving, and creating new properties that can be applied in diverse 
technological areas, such as sensors [4, 8, 10], varistors [11], solar cells [12], photocatalysts [13, 14], etc. In this 
work, SnO2 nanoparticles, NPs, with different percentage of vanadium, V (5% and 10%), were successfully 
prepared by polymeric citrate precursor method. The characterization by X-ray diffraction (XRD), transmission 
electron microscopy (TEM) and energy-dispersive X-ray spectroscopy (EDS) and UV-vis analyses confirmed that 
the nanoparticles size and V ions incorporation into the SnO2. The effect of the V doping on optical and magnetic 
behavior were observed. Finally, electrical and gas sensing behaviors were studied against CO gas under V doping 
effects.  
 
2. Experimental methods 
 

1) Preparation of V-SnO2 samples 
The V-SnO2 system was prepared using the polymeric precursor method. Initially, the polymeric precursors of 

each metal were prepared and then these are mixed to obtain the materials in the desired V dopant concentrations. 
The following scheme shows the preparation flow chart. 

2) V-SnO2 powder characterization 
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The samples are structurally characterized by X-ray Diffraction (XRD) patterns using a Rigaku D/Max-2000PC 
diffractometer with Cu Ka radiation. The shape and particle size study carried out by transmission electron 
microscopy (TEM) operates at 200 kV. This technique will also analyze the elemental composition of the samples 
by X-ray dispersive energy spectroscopy (EDS). EPR analyses were performed on a Bruker EMX spectrometer 
(Band X) at room temperature, operating in X band (9 GHz). 

3) Electrical and Sensing characterization of V-SnO2 films 
The sensor films were obtained by screen printing (from a paste of powders with glycerol) on alumina substrate. 

Procedures for evaporate water and organics elimination and to improve the films adhesion to substrate were done 
in an oven at low heating/cooling rate allowing them heating/cooling slowly to avoid cracking on the films. DC-
type electric measurements at steady state and no changes in resistance over time were done using the two-wire 
mode in an Agilent 3440A multimeter. Three different atmospheres (air, vacuum and CO) in a closed chamber 
and controlled flux were used for gas sensing analysis. 
 

 
Scheme 1. Fluxogram of pure and V-SnO2 nanopowder preparation and processing. 

 
3. Results and discussion 
 
3.1 Structural and microstructural characterization 

The corresponding peaks of tetragonal rutile phase (card JCPDS 21-1250) were identified on the V-SnO2 system 
at different V contents for XRD measurements as is shown in figure 1. No secondary phases are detected. The 
lattice parameter and cell volume of the different samples are listed in Table 1. The V introduction into the SnO2 
lattice reduce the cell volume, due to Vn+ incorporation in Sn4+ sites (0.68 Å) which decreased lattice spacing due 
to smaller radius of V3+ (0.64 Å), V4+ (0.58 Å) or V5+ (0.54 Å) ions. Diffraction lines were broadened indicating 
the nanosized crystallites in all samples; the V-doped samples showed the greatest broadening.  
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Figure 1. The XRD measurements for V-SnO2 at different V contents. 
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The crystallite sizes are estimated by Scherrer formula at (110) peak. It is observed in Table 1 that the crystallite 
size of SnO2 NPs is reduced as a result of increase in V content, this suggests that the V ions prevented the crystal 
grains growth. Compared with the pure, the intensity of V-doped diffraction peaks decreases sharply, indicating 
that the doping degrades the SnO2 crystallinity too. Decreased in crystallite size with increasing dopant content 
also was reported by several works [14-17]. 

The shape and particle size analysis, examined by TEM micrographia in figure 2 a-c, showed the formation of 
quasi-faceted NPs in all samples. Their sizes vary in a narrow range around the values previously determined by 
XRD.  In addition, a highly agglomerated degree, as typical for very-fine NPs, was detected on the V-SnO2.  

Energy dispersive X-ray spectral analysis (EDS), used for investigating the chemical composition of samples, 
ensure the presence of Sn and O ions in the host lattice, as seen figure 2d, for all samples and evidently proved 
that the V ions have been successfully incorporated into the SnO2 host lattice for the doped samples. This size 
reduction, shown by XRD and TEM, due to V doping enhances the specific surface area to volume ratio, which is 
a desired requirement for catalytic, sensoring, between other applications. 
 
Table 1. Lattice parameter (LP), cell volume, crystallite size, sensitivity, atomic level of the elements and band 
gab energy of different doped SnO2 nanoparticles. 

V (%) LP (Å) Cell volume 
(Å3) 

Crystallite size 
(nm)* 

  Atomic % Egb 
(eV) a c O Sn V 

0 4.733 3.180 71.24 9.07 63.5 36.5 - 3.30 
5 4.715 3.185 70.81 4.04 55.0 40.5 4.5 2.61 
10 4.703 3.186 70.47 3.26 64.55 28.5 6.95 2.42 

 

 
Figure 2. TEM images of SnO2 nanoparticles with: (a) 0%, (b) 5% and (c) 10 % of V doping; and (d) EDS 
spectrums of each V-SnO2 samples. 
 
3.2 Optical and magnetical behavior 

To have a better understanding of the V effect on optical properties of SnO2, UV-vis spectroscopy is performed. 
The UV-vis spectrum at reflectance measurements were used to estimate band gap optical energy, Ebg, considering 
a direct transition via Kubelka-Munk equation, where [F(R) ℎ𝜐𝜐]2 is plotted against incident photon energy, ℎ𝜐𝜐, and 
the extrapolated line at [F(R) ℎ𝜐𝜐]2 = 0 gives the Ebg in eV as shown in Fig. 3. The values of Ebg are listed in Table 
1. A significant contribution of V doping on the reduction of the SnO2 band gap value is observed in the figure. 
The decrease of band gap for the V doping can be caused by the overlapping of 3d and 2p orbital of vanadium and 
oxygen; those overlapping could initiate the formation of intermediate bands. These Ebg values are quite similar or 
smaller than the reported values for the V-SnO2 system [18, 19]. 

In order to investigate the magnetism in connection whit electronic configuration of V-SnO2 samples, the EPR 
experiments were performed. The magnetism behavior could be induced by defects, such as oxygen vacancies, 
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VO, attributed to the exchange coupling of the spins of electrons trapped in VO. In the present study, an evidence 
of this VO magnetic contribution can be observed in undoped SnO2 sample with the VO characteristic EPR line at 
g~ 1.89 [20, 21] on figure 4a. 
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Figure 3. UV-visible spectra of pure and V-SnO2 nanoparticles for the band gap energy determination using Tauc 
approach. 
 

Obviously, the magnetic behavior is enhanced by doping with V ions, the intensity of the EPR signal shows 
considerable variation with increasing of isolated Vn+ (n=3, 4 and/or 5). A hyperfine structure with the eight typical 
components of the unpaired 3d1 electron of 51V isotope in an axially distorted crystal field [20, 22] is observed for 
5 and 10 %. This spectrum is shown only for 5% on figure 4b. The signal intensity for 10% shows a light decreasing 
compared to 5% and may be due to the formation of Vn+-Vn+ clusters, which results from the aggregation because 
of the more number of V ions.   
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Figure 4. Comparative EPR spectrum of pure SnO2 and 5% V doped SnO2 at room temperature. 

 
The V doping improved visible range optical absorption and a clear magnetic improved behavior is associated 

to the incorporation of V ions into the host system. The present V-SnO2 system could be modified with tailored 
optical and magnetic properties for functional applications such as magneto-optics and optoelectronic devices. 
 
3.3 Electrical and sensing characterization  

Electrical conductivity was analyzed from the conductance–temperature characteristics of V-SnO2 samples 
performed in the three atmospheric conditions: dry air, vacuum and CO gas; at the temperature range of 70 oC to 
500 oC. This conductance, G, variation as a function of inverse of temperature for 5 and 10 % V doped SnO2 
sample for each atmosphere is displayed in the figure 5.  The temperature dependence of conductance (or 
conductivity) in this representation is resulting from the known Arrenhuis expression: G(T) =G0 exp(-EA/kT); 
where EA is the activation energy for transport process, G0 is a constant of proportionality and k is the Boltzmann 
constant. The EA has been calculated from slope of the straight-line plot of logarithmic G vs. temperature inverse. 
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The EA values are found to be 0.27, 0.27 and 0.24 eV for air, vacuum and CO atmosphere, respectively, at 5% V-
doped SnO2; and 0.27, 0.22 and 0.22 eV for air, vacuum and CO, respectively, at 10 %. These values are 
expressively lower than the intrinsic EA for electron transfer from valence band to conduction band on SnO2 
(around 3.6 eV). Hence, by the EA values obtained in the present study, the conduction can be due to thermally 
excited free electronic carriers from defects/traps at shallow levels transferred to the conduction band. [20, 23, 24]  
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Figure 5. Variation of the conductance logarithm as function of 1/T for 5 % and 10% of V doped SnO2 samples 
at different atmospheres. 
 

For air atmosphere, it can be seen from graph that while the EA is invariant, the conductance decrease (resistivity 
increases) with doping concentration which is due to crystallite size reduction from 5 to 10 % previously identified 
from XRD. As crystallite size decreases, there would be large number of insulating grain boundaries which will 
hinder the motion of charge carriers thereby increasing the sample resistivity. In contrast, for vacuum and CO 
atmosphere, a contrary behavior is observed with doping increase. The conductance is increased in correspondence 
with the EA reduction. When the SnO2 sensor is kept under the reducing gases (such as CO) the molecules adsorbed 
can react with surface-oxygen ions (O-, O2

-, O2-), leaving electrons and, therefore, leading to higher conductivity 
(or resistance decrease) as shown in figure 5 for CO atmosphere. A similar process can happen for vacuum. The 
sensing properties of V-SnO2 films were tested for CO gas from vacuum atmosphere. The vacuum was used 
initially to clear out films surface and the chamber system. Between the important factors to be considered in 
designing of gas sensors is the gas sensitivity which is defined as: S = RCO/Rvac, where RCO and Rvac are the samples 
resistance in presence of CO gas and vacuum atmosphere respectively. The temperature-dependent sensitivity of 
V doped SnO2 films for CO sensing was studied in the temperature range of 200–500 °C. This behavior is 
represented in figure 6 for V doped SnO2 films.  
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Figure 6. Sensitivity at various operating temperatures for V-SnO2  system. 
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The sensitivity increases with temperature due to sufficient thermal energy essential to overcome the activation 
energy barrier to active the kinetics of the CO adsorption (surface chemisorption) and surface reaction of the CO 
molecules adsorbed on sensor surface, leading to the alteration of total resistance of the material. Interestingly, a 
cross over in sensitivity behavior between 5% and 10 % V doped SnO2 samples can be observed at ~330 0C, which 
could indicate that the kinetics of the CO chemisorption and reaction on the surface can be dopant concentration 
dependent. It is clearly seen from figure that the sensitivity increased more suddenly for V doping at 10 %. This 
concentration dependence could be ascribed as an itself catalytic process activates with the V increasing. 

The response magnitude (or sensor response) and response time are another important factors to be considered 
in gas sensors performance. The response magnitude, RM, is defined as the ratio of total change in the resistivity, 
from an initial reference value (baseline), generally the Rvac value at moment of gas input, between current RCO to 
the initial reference value in vacuum; here: RM=((Rvac-RCO)/Rvac)x100%. Response time is defined as the time 
period required for the resistance to reach 90% of the total change value when exposed to CO gas, here the response 
time is identified as t90. The RM and response time of V-SnO2 sensor were tested for two different CO 
concentrations, 70 and 140 ppm, at 300 0C. To compare the effect of doping amount on the RM, samples with 
different V doping were compared for their RM values at t90. Figure 7 shows the RM of both doping level (5 and 
10 %) at 300°C for two different CO concentrations. The 10 %V-doping based sensor is favorably higher (60 %) 
than the 5% based one (47%) in lower CO gas concentration (70 ppm). To the contrary, in high concentration 
range (140 ppm), 5% based sensor offered superior RM (62%) in comparison with the 10% based one (43%).  
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Figure 7. Variation of response magnitude and response time for V-SnO2 sensor for two different CO 
concentrations at the operating temperature of 300 oC. 
 

However, the 5% base sensor showed faster response (lower t90) than that of 10 % one, as shown too in figure 
7, for both CO concentrations. Moreover, at lower CO concentrations the difference in t90 (between 5 and 10 %) 
is significantly higher compared to that in the higher gas concentration. It could be envisaged from size behavior 
that a better sensor performance (higher RM and lower t90) for the 10 % base sensor (with lower particles size) 
possibly attributed to its better surface to volume ratio. But this behavior is not rigorously observed, and future 
analyzes should be made considering doping effects on other factors such as: chemisorption mechanisms, types of 
defects, etc. Thus, variations of the dopant concentration allow significant tuning of electrical and sensing behavior, 
with respect to transport mechanism, sensor sensitivity, response sensor, and other sensor’s parameters. This 
electrical and sensoring behavior of the V-SnO2 nanosystem can be used as electronic devices, CO chemical 
sensors, biosensors, between others with very high sensitivity, selectivity, and stability. 
 
4. Conclusions 
 

The pure and vanadium doped SnO2 nanoparticles were synthesized by a simple polymeric precursor process. 
The influence of the doping degree on structure crystal and microstructure, by XRD and TEM, respectively of 
these nanoparticles was investigated. The XRD measurements and TEM analysis show a decrease of the unit cell 
volume and particles size of the doped sample as compared with the undoped SnO2. This behavior established that 
the V ions are successfully incorporated into the SnO2 lattice by the Sn ions substitution. Based on the 
modifications observed on the optical analysis, EPR spectra, and electrical and sensing measurements it has been 
sustained similar conclusion: the V ion species are incorporated into the SnO2 with improvements on several of 
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these behaviors. Because of these interesting modifications by doping, this system could be useful for 
optoelectronic and magneto-optic devices, environmental remediation by photocatalytic processes and for gas 
control. 
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