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ABSTRACT 

The development of gas and smoke sensors has gained signifi-

cant attention due to the increasing demand for environmental 

monitoring and industrial safety. Graphene and SnO₂ (tin diox-

ide) nanocomposites are emerging as promising materials in 

this field due to their exceptional electrical, optical, and cata-

lytic properties. This review highlights the advancements in gas 

and smoke sensing technologies based on graphene-SnO₂ nano-

composites. We discuss the synthesis techniques, sensing 

mechanisms, and various factors influencing sensor perfor-

mance, such as sensitivity, selectivity, response time, and sta-

bility. The integration of these materials offers enhanced per-

formance due to the synergetic effects between graphene and 

SnO₂, making them suitable for detecting gases like NO₂, NH₃, 

CO₂, and smoke particles. 

Keywords: Graphene, SnO₂ nanoparticles, gas sensors, smoke 
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1. INTRODUCTION 

The continuous need for efficient gas and smoke 

sensors in various industries, including 

environmental monitoring, automotive, and health 

care, has spurred research into advanced sensing 

materials. Among these, graphene and SnO₂ 

nanocomposites have garnered attention due to 

their unique electronic and chemical properties [1, 

2]. Graphene, a two-dimensional carbon allotrope, 

has high surface area and excellent electrical 

conductivity, making it ideal for sensor 

applications [3]. SnO₂, a well-known n-type 

semiconductor, exhibits strong sensitivity to 

various gases due to its ability to undergo 

oxidation-reduction reactions [4]. 

The combination of these materials into graphene-

SnO₂ nanocomposites enhances gas and smoke 

detection capabilities through improved charge 

transfer, larger active surface area, and increased 

adsorption sites for gas molecules [5]. This review 

aims to summarize the recent progress in the field 

of gas and smoke sensors based on graphene-SnO₂ 

nanocomposites. 

2. SYNTHESIS TECHNIQUES FOR 

GRAPHENE-SNO₂ NANOCOMPOSITES 

The performance of graphene- SnO₂ 

nanocomposite sensors is significantly influenced 

by the synthesis methods. Various techniques 

have been reported, including hydrothermal 

synthesis, sol-gel processes, chemical vapor 

deposition (CVD), and electrostatic self-assembly 

[6, 7]. Among these, hydrothermal methods are 

widely used for their simplicity and ability to 
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produce uniform nanostructures with well-

controlled morphology [8]. 

2.1 HYDROTHERMAL METHOD 

Hydrothermal synthesis involves mixing SnO₂ 

precursors with graphene oxide under high-

pressure conditions to form the nanocomposite 

[8,9]. This method allows fine control over 

particle size and distribution, which is critical for 

optimizing the sensor's response [10]. 

2.2 SOL-GEL METHOD 

In the sol-gel process, SnO₂ nanoparticles are 

dispersed within a graphene oxide matrix, 

followed by calcination to remove organic 

residues [11]. This technique is advantageous for 

producing large-scale sensors with high 

reproducibility [12]. 

3. SENSING MECHANISMS 

Graphene-SnO₂ nanocomposites rely on the 

modulation of electrical resistance in response to 

gas adsorption. The gas-sensing mechanism 

generally involves the following steps: adsorption 

of gas molecules on the sensor surface, charge 

transfer between the gas and the sensor material, 

and changes in electrical conductivity [13]. 

3.1 ADSORPTION AND CHARGE 

TRANSFER 

When gases like NO₂ or NH₃ come into contact 

with the SnO₂ surface, charge carriers are either 

depleted or accumulated in the nanocomposite, 

depending on the nature of the gas (electron donor 

or acceptor) [14]. Graphene's high carrier mobility 

further enhances charge transfer, improving the 

sensor's response [15]. 

3.2 SYNERGISTIC EFFECTS 

The combination of graphene and SnO₂ provides 

a synergistic effect that enhances gas-sensing 

properties. Graphene prevents agglomeration of 

SnO₂ nanoparticles, ensuring a high surface area 

for gas interaction [16]. Furthermore, the p-n 

heterojunctions formed between graphene and 

SnO₂ facilitate charge transfer, enhancing sensor 

sensitivity [17]. 

4. APPLICATIONS IN GAS AND SMOKE 

DETECTION 

Graphene-SnO₂ nanocomposites have been 

successfully used in the detection of various gases, 

including NO₂, NH₃, CO₂, and smoke particles. 

4.1 NO₂ SENSORS 

Several studies have demonstrated the high 

sensitivity of graphene-SnO₂ sensors to NO₂, a 

toxic gas commonly found in industrial emissions. 

The introduction of graphene significantly 

enhances the adsorption of NO₂, leading to a 

marked improvement in sensor performance [18, 

19]. 

4.2 NH₃ SENSORS 

NH₃ is another gas of interest for environmental 

monitoring. Graphene-SnO₂ nanocomposites 

have shown exceptional sensitivity to low 

concentrations of NH₃ due to the formation of 

strong bonds between NH₃ and SnO₂ 

nanoparticles [20]. Moreover, the presence of 

graphene enhances the recovery time of the 

sensors [21]. 

4.3 SMOKE DETECTION 

Graphene-SnO₂ nanocomposites are also used in 

smoke detection, offering fast response and 

recovery times. The large surface area of graphene 

facilitates the adsorption of smoke particles, while 

SnO₂ enhances the sensor's selectivity towards 

smoke over other gases [22, 23]. 

5. FACTORS INFLUENCING SENSOR 

PERFORMANCE 

Several factors affect the performance of gas and 

smoke sensors based on graphene-SnO₂ 

nanocomposites. These include particle size, 

surface defects, humidity, and operating 

temperature [24]. 
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5.1 PARTICLE SIZE AND MORPHOLOGY 

The size and morphology of SnO₂ nanoparticles 

play a crucial role in determining sensor 

sensitivity. Smaller particles offer a larger surface 

area for gas adsorption, leading to enhanced 

sensor response [25]. 

5.2 SURFACE DEFECTS 

Surface defects on graphene and SnO₂ can act as 

active sites for gas adsorption, improving 

sensitivity. However, excessive defects may lead 

to instability and reduced sensor performance [26]. 

6. CONCLUSION AND FUTURE 

PERSPECTIVES 

Graphene-SnO₂ nanocomposites have emerged as 

a leading material for gas and smoke sensor 

applications due to their synergistic properties. 

However, challenges remain, including the need 

for improved selectivity, stability, and 

miniaturization for practical applications. Future 

research should focus on optimizing synthesis 

methods, understanding the fundamental sensing 

mechanisms, and exploring new approaches for 

enhancing sensor performance. 
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