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Abstract: The V2O5-SnO2 nanocomposite was synthesized through a combination of hydrothermal 
synthesis and subsequent mechanical mixing. Gas-sensing properties of the synthesized 
nanocomposite were investigated. The results demonstrated that the nanocomposite sensor exhibited 
notable sensitivity toward ammonia (NH3) at a low operating temperature of 50 °C. Specifically, the 

sensor achieved a response of 2.3 at an NH3 concentration of 1000 ppm. At this temperature, the 
V2O5-SnO2-based sensor also displayed good selectivity and repeatability toward NH3, indicating 

its potential for reliable low-temperature gas sensing applications..  
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1. Introduction* 

Gas sensors based on metal oxides have been extensively studied worldwide due to their high 

response, good portability and low fabrication cost. However, as well known, working temperature 

largely determines the gas sensing performance, which controls the reaction kinetics, conductivity and 

electron mobility [1]. Furthermore, high working temperature operation signifies energy waste, which 

adversely limits its wide application. Therefore, semiconductor working at low-temperature is a trend 

and necessity. 
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Vanadium pentoxide (V2O5), a transition metal oxide with a characteristic layered structure and 

variable electronic properties, has garnered significant interest for gas sensing applications [2]. 

Vanadium exhibits an electron configuration of [Ar] 4s23d3 and can adopt multiple oxidation states, 

ranging from −3 to +5, with +5, +4, +3, and +2 being the most prevalent. Various vanadium oxides 

corresponding to these oxidation states have been reported, including VO (+2), VO2 (+4), V2O3 (+3), 

V2O5 (+5), and mixed-valence oxides such as V3O7, V4O9, and V6O13 [3]. Due to its p-type 

semiconducting nature, redox flexibility, and layered morphology, V2O5 demonstrates strong potential 

for detecting reducing gases such as NH3, H2S, and CO [4]. 

Tin dioxide (SnO2) is a widely studied n-type semiconductor with a wide band gap of approximately 

3.6 eV at room temperature [5]. Its electrical conductivity predominantly arises from intrinsic defects, 

particularly oxygen vacancies, which act as donor sites providing free electrons. Owing to its high 

electrical conductivity, pronounced surface reactivity, excellent thermal stability, and the ability to be 

synthesized in diverse nanostructured morphologies, SnO2 is considered a leading material for gas 

sensing applications. It has demonstrated high sensitivity toward a variety of toxic and flammable gases, 

including ammonia (NH3), carbon monoxide (CO), hydrogen (H2), nitrogen dioxide (NO2), and various 

volatile organic compounds (VOCs) [6-8]. 

V2O5/SnO2 composites represent a class of semiconductor oxide heterojunction systems that have 

attracted considerable interest in gas sensing due to the synergistic integration of their individual 

advantages. SnO2, a widely studied n-type semiconductor, is known for its high electrical conductivity 

and excellent thermal stability, while V2O5, a transition metal oxide, exhibits strong surface catalytic 

activity and efficient electron exchange due to its multiple accessible oxidation states [4]. Depending on 

the synthesis conditions and the oxidation state of vanadium, the V2O5/SnO2 system can form either n–

n or p–n heterojunctions, which enhance the interfacial barrier potential and promote efficient charge 

separation and transfer during interaction with target gases. Numerous studies have demonstrated that 

V2O5/SnO2 composites exhibit improved sensitivity, selectivity, and low-temperature sensing 

performance compared to their individual components [9-11]. 

In this study, V2O5-SnO2 was synthesized by hydrothermal method followed by mechanical mixing, 

and their properties were characterized using scanning electron microscopy (FESEM), X-ray diffraction 

(XRD). The gas-sensing performance of the prepared V2O5-SnO2 material towards ammonia at working 

temperature of 50 oC was evaluated and the sensor exhibited good response to ammonia gas. 

2. Experimental  

Ethylene glycol, NH4VO3, SnCl4.5H2O, Pluronic P123, oxalic acid, ethanol, acetone, N-

Vinylpyrrolidone (NVP), HNO3, NaOH, were all used as received without further purification. 

First, a total of 1.17 g of ammonium metavanadate (NH4VO3) was dissolved in a mixed solvent 

comprising 30 mL of ethylene glycol and 30 mL of deionized water under continuous stirring at room 

temperature for 15 minutes. Subsequently, 1 g of Pluronic P123 was added to the solution and stirred 

for an additional 30 minutes until fully dissolved. Oxalic acid (10 mmol) was then gradually introduced 

into the mixture with continuous stirring for approximately 15 minutes, resulting in a pH reduction to 

~4. The resulting solution was transferred into a Teflon-lined autoclave and subjected to hydrothermal 

treatment at 200 °C for 24 hours. The obtained product was filtered, washed with deionized water three 

times, and dried. Finally, the dried sample was calcined in air at 500 °C for 2 hours to yield the desired 

powder. 

Parallelly, tin (IV) chloride pentahydrate (SnCl4·5H2O, 0.9 g) was dissolved in a mixed solvent of 

20 mL deionized water and 20 mL ethanol under continuous stirring for 10 minutes. Subsequently, 0.8 

g of sodium hydroxide (NaOH) was added to the solution and stirred for an additional 30 minutes. 
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Following this, 0.04 g of nitric acid (HNO3) was introduced, and the mixture was stirred for a further 30 

minutes to ensure complete reaction. The resulting solution was transferred to a Teflon -lined autoclave 

and subjected to hydrothermal treatment at 160 °C for 24 hours. After cooling, the solid product was 

collected by filtration, washed thoroughly with deionized water three times, and dried. The obtained 

powder was then calcined in air at 500 °C for 2 hours. 

Following the successful hydrothermal synthesis of individual V2O5 and SnO2 nanomaterials, the 

V2O5/SnO2 composite was prepared via mechanical mixing in an N-vinylpyrrolidone (NVP) solution 

with the weight ratio of 1:1. The sensor is named as SV11. This approach facilitates uniform dispersion 

of the nanoparticles and promotes interfacial interactions between the two components, thereby 

enhancing the miscibility and structural homogeneity of the resulting composite material.  The whole 

procedure is shown in Fig. 1. 

 

Figure 1. Preparation procedure of V2O5-SnO2 nanocomposites. 

The annealed nanomaterials were characterized and analyzed by using X-ray diffraction (XRD), and 

scanning electron microscopy (SEM). The XRD analysis was performed using a Bruker D5005 X-ray 

diffractometer with CuK1 radiation ( = 1.5406 Å) at 40 kV and 40 mA. SEM images were obtained 

using a JEOL7600 scanning electron microscope at an accelerating voltage of 20 kV. 

The as-synthesized nanocomposite was deposited via electrospinning onto Si/SiO2 substrates 

bearing interdigitated Pt electrodes, yielding a uniform, mechanically robust sensing film. The electrode 

assemblies were subsequently annealed in ambient air at 500 °C for 2 h to improve film stability and 

interfacial adhesion. Electrical resistance measurements were performed using a Keithley 2602 source 

meter while the sensor was subjected to cyclic exposures of NH3 in dry air. Gas concentrations (50–

1000 ppm) were precisely metered using MKS GV50 mass flow controllers, with a constant total flow 

rate of 400 sccm. All gas-sensing tests were carried out at 50 °C in a bespoke measurement chamber. 

Sensor response was defined as 𝑆 = 𝑅g/𝑅a where Ra and Rg denote the steady-state resistances in air and 

in the presence of the target gas, respectively [12, 13]. 
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3. Results and Discussion  

3.1. Nanocomposite Characterization 

Scanning electron microscopy (SEM) analysis of V2O5 reveals the formation of highly porous, 

spherical architectures resembling nanoflowers or urchin-like structures. At low magnification as shown 

in Fig. 2A, these flower-like morphologies, with average diameters ranging from approximately 5 to 

10 µm, are uniformly distributed across the sample surface. Higher-magnification images show that each 

structure consists of ultrathin, radially oriented nanosheets emanating from a central core (Fig. 2B). This 

hierarchical and porous morphology indicates a high specific surface area and an open pore network, 

both of which are advantageous for enhancing gas adsorption and diffusion—key factors in the 

performance of gas sensors. 

 

 

Figure 2. SEM images of (A, B) V2O5, (C, D) SnO2 and (E, F) V2O5-SnO2 nanocomposite  

at diverse magnifications. 
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SEM images of SnO2 samples, as shown in Fig. 2C and Fig. 2D, reveal a spherical granular 

morphology with particle sizes ranging from approximately 20 to 50 nm. However, these nanoparticles 

are not well-isolated; instead, they exhibit a strong tendency to aggregate, forming larger clusters.  

Following mechanical mixing, the material exhibited an agglomerated morphology with a non -

uniform micrometer-scale distribution as shown in Fig. 2E, F. Notably, several large, porous spherical 

structures with diameters of approximately 2-4 µm were observed, likely originating from V2O5 clusters 

formed by the self-assembly of nanosheets during synthesis. Despite mechanical grinding using a mortar 

and subsequent ultrasonic treatment, these flower-like architectures were partially retained, indicating a 

relatively stable interconnection among the nanostructured units. 

Surface analysis also revealed the presence of smaller nanoparticles—presumed to be SnO2—either 

adhered to or dispersed around the V2O5 structures. However, due to the limited dispersion efficiency 

of the mechanical mixing process, large agglomerates remained, potentially compromising the 

uniformity and reducing the effective surface area of the composite material.  

X-ray diffraction (XRD) analysis of the mechanically mixed V2O5 and SnO2 powders confirms that 

the characteristic diffraction patterns of both components are preserved. The observed diffraction peaks 

correspond well with the standard reference patterns for V2O5 (ICDD No. 01-089-0612) and SnO2 

(ICDD No. 01-077-0451), with no additional peaks or shifts indicative of new phases or chemical 

reactions. This suggests that the mixing process involves only a physical combination of the two 

materials without the formation of any secondary phases or compound structures. Consequently, the 

properties observed in the resulting composite can be attributed to the inherent characteristics of the 

V2O5-SnO2 nanocomposite, unaffected by impurity phases or structural transformations during 

fabrication. 

 

Figure. 3. XRD pattern of V2O5-SnO2 nanocomposites. 

3.2. Gas Sensing Property 

For ammonia sensing investigations, V2O5-SnO2 nanocomposites were selected as the sensing 

material. The time-dependent response alterations of the WO3 sensor were surveyed while operating at 
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various operating temperatures and subjected to varying concentrations of NH3 gas (50, 125, 250, 500 

and 1000 ppm). The results, illustrated in Fig. 4A, furnish valuable insights into the gas sensitivity of 

V2O5-SnO2 nanocomposites towards NH3. 

Fig. 4A illustrates five real-time response profiles of the V2O5-SnO2 nanocomposite sensor while 

operating at temperature of 50 oC. Upon exposure to NH3 gas, the sensor exhibited an increase in 

resistance, subsequently reverting to its initial state upon the removal of the gas source. This behavior 

is indicative of the p-type semiconductor characteristics inherent to the V2O5-SnO2 nanocomposites. 

Fig. 4B presents the response data derived from Fig. 4A. These results underline that at the 

operational temperature of 50 °C, the WO3 sensor demonstrated its highest sensitivity when exposed to 

1000 ppm NH3 gas, exhibiting a response value (S) of 2.2. For NH3 concentrations of 50, 125, 250, 500 

and 1000 ppm, the response values were 1.1, 1.2, 1.3, 1.5 and 2.3, respectively. It is noteworthy that the 

sensor's response exhibited a linear trend with increasing gas concentration. 

 

 

Figure 4. The response of the V2O5-SnO2 sensor to NH3 gas at 50 oC: (a) Transient response as a function  
of time various concentrations from 25 to 500 ppm at 50 oC, (b) Response behavior as a function  

of concentration at 50 oC. 

 V2O5-SnO2 nanocomposite shows p-type semiconductor characteristic at working temperature of 

50oC. When V2O5-SnO2 nanocomposite is exposed to ambient air, oxygen molecules have a tendency 

to adsorb onto their surface, adopting the form of O2
− ions as the following equation (1): 

O2 + e− → O2
−                                (1) 

 This phenomenon results in a significant accumulation of adsorbed oxygen ions on the sensor 

surface, which extract electrons from the semiconductor, leading to electron depletion within the 

nanostructure. Upon exposure to ammonia, the NH3 molecules undergo surface reactions with these 

adsorbed oxygen species, as represented by the reaction (2) below: 

2NH3 + 3/2O2
− → N2 + 3H2O + 3/2e−                               (2) 

This interaction leads to the release of previously trapped electrons, allowing them to return to the 

nanocomposite material. As a result, the hole concentration within the nanocomposite decreases, causing 

a corresponding increase in the sensor's electrical resistance. 

The SV11 sensor demonstrated a stable and reproducible response when exposed to 1000 ppm of 

NH3 over eight consecutive measurement cycles at 50 °C as show in Fig. 5A. The amplitude of resistance 

variation remained nearly constant across all cycles, indicating excellent signal stability and consistent 
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performance. These results suggest that the sensor possesses good reliability and repeatability for NH3 

detection under the tested conditions. 

 

 

Figure 5. (A) The repeatability of the V2O5-SnO2 sensor to NH3 at 50 oC, (B) The selectivity  

of the V2O5-SnO2 sensor to various gases at 50 oC. 

In NH3 gas sensing applications, selectivity-the ability to differentiate the target gas from other 

interfering species-is a critical parameter, particularly in environments where chemically similar gases 

coexist. To assess this, the sensor was evaluated against several common gases, including H2, NO2, CO2, 

CH4, and C2H4, at 50 °C. As illustrated in Fig. 5B, the sensor exhibited a pronounced response to NH₃, 

while the responses to the other gases were negligible, demonstrating good selectivity toward NH3 under 

the tested conditions. 

4. Conclusion  

In this study, a V2O5-SnO2 nanocomposite was synthesized via a hydrothermal method followed by 

mechanical mixing. Structural characterization revealed that the composite possessed a porous 

morphology. The ammonia sensing performance of the material was subsequently evaluated, and t he 

sensor exhibited a notable response of 2.3 to 1000 ppm NH3 at an operating temperature of 50°C. These 

results confirm the successful fabrication of the V2O5-SnO2 nanocomposite and underscore its potential 

for low-temperature NH3 sensing applications. 
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