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Abstract : SnO2 is a well known wide band gap n-type semi-conducting material with 

tetragonal rutile type crystal structure. It has high sensitivity towards analyte gases and its 

sensitivity and selectivity can be improved with different additives. In the present study the 

gas sensing behavior of SnO2 and SnO2/Au nanostructured materials have been correlated 

with the corresponding optical properties. The UV absorption spectra of the system before 

and after exposure to ethanol vapours have been studied on nanostructured SnO2 incorporated 

with Au nanoparticles. These results on synthesized nanostructures have been compared with 

commercially available materials. The role of Au as inferred from gas sensing is primarily 

catalytic and interestingly the corresponding Plasmon peak is also considerably altered 

implying its role in the sensing phenomenon. The results have been explained on the structure 

and morphology of the materials and conclusions supported by TEM, XRD, UV absorption 

and gas sensing characteristics. 

 Keywords: optical absorption, nanostructured SnO2:Au system gas sensing behavior. 
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 Introduction:  

The most important form of naturally occurring tin oxide (SnO2) is cassiterite, with the tetragonal 

rutile-type crystalline structure. It is an n-type wide band gap semiconductor (Eg =3.6 eV at 300 K)
1-2

 and 

presents an appropriate combination of chemical, electronic and optical properties that make it advantageous in 

various applications in catalysis
3
, gas-sensing

4
, anode materials for lithium-ion batteries

5
, DSSCs

6
, and so on. In 

particular, due to its stability, sensitivity, and low cost, more recently much attention has been focused on SnO2 

for potential use in environmental remediation
7-8

. In particular nanostructured SnO2, is an interesting material 

whose properties could be significantly improved in comparison with its bulk benefiting from the nanometre 

size effects. Rightly promoted by this expectation, various nanostructures of SnO2 such as nanoparticles
9
, 

nanorods
10

, nanowires
11

, nanotubes
12

, porous spheres
13

, hollow nanostructures
14

,have been synthesized. These 

nanostructures have displayed highly potent results for gas sensing and many other applications
15-19

.  

Factors Influencing the Sensor Efficiency:  

Recent progress in micro- and nanotechnologies
20–24

 have opened a corridor for new material platforms, 

miniaturized device fabrication, and novel sensing concepts for improving sensitivity, fast response time, long 

term stability and low power consumption of the next generation sensors
25

, It is important to note that there are 

many factors that influence the efficiency of a sensor device. Primarily the particular sensor material defined by 

its chemistry, size and shape dependent properties like surface area
26

, crystallinity
27

, void space in particles
28

, 

microstructure of material and the associated electronic properties play a key role in developing an efficient 

sensor
24, 29–34

 Progress in sensors development requires a combination of skills in materials synthesis, 

understanding the chemical, physical, thermal and electronic properties of materials, as well as engineering of 

devices using various nano structured materials that exhibit significantly tunable size and morphology 

dependent chemical and physical properties
35

. 

Semiconducting Metal Oxide Sensors: 

A wide range of materials have been reported to be used for the sensor fabrication such as metals, metal 

oxides
36,38,39

, polymers
40

, carbon nanomaterials
37

, chalcogens and many other composite materials
40–42

. Among 

these, the most suitable are semiconducting metal oxides that have become very popular because of their simple 

and inexpensive synthesis procedures, high stability, easy to miniaturize, rugged, reliable, simplicity in the 

device fabrication and the possibility to operate over a range of conditions including high temperatures
43

. Metal 

oxides such as SnO2, CuO
43

, ZnO
44

, Cr2O3
45

, WO3
46

 and TiO2
47-49

, mainly because of their semiconducting 

nature, are used extensively for resistive type chemical gas sensing applications. 

Introduction to material: 

Tin Dioxide Sensors: 

Among the many semiconducting gas sensors, tin oxide based gas sensors have undergone extensive 

research and development due to their high sensitivity towards analyte gases and the possibility of tailoring the 

material to sense several test gases like highly explosive hydrogen, methane, poisonous CO, NOx, SO2, and 

volatile organic compounds. Tin dioxide semiconductor gas sensors were first proposed
50

 and patented in 

1962
51

 and since then SnO2 based sensors have become a leading choice for solid state gas detectors in 

industrial, commercial and domestic fields. Several review articles
36

, 
27

, 
52-54

 were documented to cover the 

scientific literature on SnO2 sensors including the works on the detailed discussion of proposed electronic 

mechanisms for sensor response by Yamazoe based on experimentally observed trends
55

 The review by Park 

and Akbar
56

 provides a comprehensive discussion on the basic principles involved at the gas-solid interface of 

the sensors. This review mainly emphasizes on the micro structural properties and their effect on the SnO2 

sensor function.  

Even though the basic understanding of physiochemical properties of SnO2 and how these properties 

related to sensor applications has been developed dramatically, improvement in sensor efficiency still depends 

on empirical studies. So there is a need for a careful analysis of micro structural properties and their correlation 

with sensor performance and from these studies, to establish direct links between microstructure and its sensor 

performance which is an important step towards achieving efficient sensors for specific sensor applications. 

As sensing is the surface phenomena, increasing the surface area with change in microstructure of 

materials is an effective method to improve the sensitivity. Nanomaterials are ideal candidates that satisfy the 
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above criteria and exhibit exceptional chemical and physical properties like thermal stability, high surface area 

and large pore volume per unit mass that can be exploited for efficient sensor fabrication. In addition, these 

materials have been shown to require facile and ‘green’ synthetic procedures and display long-term stability and 

recyclability which is necessary for commercialization. As more and more types of ‘‘smart’’ nanomaterials with 

unique and tunable properties continue to be invented, increasing numbers of efficient and selective 

nanosensors are expected to emerge. 

Experimental work:  

In the present study SnO2 nanospheres were used. The material was synthesized by Modified 

hydrothermal Method. In which 1g of Sodium stannate tri hydrate and 2g of glucose are dissolved in 30ml 

water. Temperature of 50°c is maintained for 12 hours. The solution is then allowed to cool till room 

temperature. It is then Centrifuged washed then dried at 60°c to evaporate water and organic material. The 

obtained material is crushed and the powder is obtained. This synthesis procedure has been described in detail 

in our earlier work
2
. 

Noble metal Au is doped with the synthesized SnO2 by impregnation method using Gold chloride 

(HAuCl4.3H2O) and tri sodium citrate. Temperature of 70°C is maintained for 30 minutes. Later it is 

centrifuged and washed, dried and the powdered sample is collected. The same process is repeated for the 

commercially available SnO2 also. The obtained Au incorporated SnO2 samples are pelletized with KBr for UV-

DRS. Ethanol vapours are collected by using syringe and needle and continuously pumped to the hot pellets. 

The samples are pre-heated at 200°C to stabilize the surface before exposure to ethanol vapours. 

Results and discussions:  

X-Ray Diffraction studies:  

X-ray diffraction studies confirmed that the synthesized materials were SnO2 of Cassiterite structure and 

all the diffraction peaks agree with the reported JCPDS data (Card No: 21-1250). Figure (1) shows the powder 

XRD patterns of the as-synthesized and samples annealed at varying temperatures in air. The as-synthesized 

sample (pattern a) shows broad peaks because of the low crystallinity and the average crystallite size calculated 

by applying the Scherrer’s formula to the major diffraction peak is about 1.9 nm. The crystallite size is found to 

increase with increase in the annealing temperature as observed qualitatively by a narrowing of the diffraction 

peaks. The average crystallite size of the calcined sample is 7.2 nm, respectively. 

                                  

Figure1.XRD patterns of (a) as synthesized and (b) Annealed sample 

TEM: Figure 2 shows the TEM image of synthesized SnO2 incorporated with Au.  It is seen that the 

average SnO2 nanospheres have a size around 80-100nm. The micrograph reveals that the as synthesized 

product showing reasonably monodispersed nanospheres  and the high-magnification TEM image (not shown) 

reveals that each nanosphere comprises of few hundred primary nanoparticles with a size of about 2-3 nm.        
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Figure 2: TEM image of Au incorporated SnO2 nanospheres 

 Optical absorption studies on SnO2 /Au : 

SnO2 reveals a sharp optical absorption when the size is reduced to nanometre range. As seen from the 

UV-DRS (Figure 3) of the two samples one distinct feature is the sharp absorption of the nanosized spheres 

compared to the commercial SnO2. The absorption edge is shifted to lower wavelength region which is 

indicative of an increase in the band gap. This is supportive of our claim that the nanosizing brings about a blue 

shift in the absorption edge. Conductivity is higher for (A) commercial SnO2 compared to (B) synthesized SnO2 

this is because of the increased defects at the grain boundaries that contribute to the resistance. This is a very 

favourable situation as far as gas sensing is concerned for the simple reason that on exposure to the reducing gas 

the observed change in resistance is higher thereby contributing to the higher sensitivity values in the as 

synthesized materials when compared to the performance of commercial SnO2. 

UV-DRS studies on exposure to gas:  
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Figure 3: UV-DRS spectrum for commercial SnO2/Au(A) and Synthesized SnO2/Au  (B) Before exposure 

(Blue colored) and after Ethanol exposure (Black colored) 

Figure 3   shows the UV-DRS spectrum of commercial SnO2 and SnO2 nanospheres incorporated with 

1.5 wt% Au. As seen in Figure    when compared to spectrum of sample before ethanol exposure in the presence 

of heating there is a broadening of the absorption peak. This could be correlated to the creation of oxygen 

vacancies on the surface. This could be hypothesized on the following lines. The synthesized SnO2 is 

semiconducting with general formula SnO2-X. After ethanol exposure conductivity of synthesized SnO2 

increases and this increase is because of creation of additional oxygen vacancies
70

. These oxygen vacancies are 

represented with the broadening of the peak towards higher wavelength. Compared to the commercial SnO2 

sample the SnO2 nanospheres synthesized exhibit a better sensor performance. The SnO2 shows a broadening 

into the visible spectral region. implying a larger oxygen or active sites like O
2-

 etc that are amenable for sensor 

response.  Another significant observation is the appearance of Au plasmon peak. The Au Plasmon peak is 

insignificant in the spectrum of the SnO2:Au before exposure to ethanol in both the samples. But on exposure 

to ethanol this peak appears. This observation could be correlated with role of Au in the sensing mechanism 

which in our earlier works was ttributed to its catalytic and surface work function modification. 
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Results and discussions: 

Gas sensing characteristics: 

Gas sensing studies were performed comparatively in order to examine and compare the performance 

of tin dioxide nanospheres with commercially available tin dioxide powder which proved beyond doubt that the 

gas sensing was well exhibited as anticipated by the nanospheres. The reasons attributed for this is firstly the 

particle size and secondly the presence of oxygen vacancies that are in found in higher concentrations on the 

synthesized materials. Further systematically studying the influence of Au doping, cross sensitivity to other 

interfering gases, response characteristics giving the rate of response, operating temperature and gas 

concentration study to estimate the minimum or limit up to which the material can sense the test gas. Increase in 

Au concentration from 0 to 1.5 wt% in SnO2 improves the room temperature response and above Au 1.5 wt% 

concentration i.e. 2.0 wt% the response is seen to decrease. This could be attributed to the optimal dispersal of 

Au 1.5 wt% in the SnO2 matrix. The decrease in response for Au 2.0 wt % could be due to several factors like 

agglomeration of Au nanoparticles or masking of the active SnO2 surface with Au particles for higher Au 

concentrations etc. Hence 1.5 wt% Au/SnO2 has been selected and explored for further gas sensing 

characteristics. 

Correlating the UV DRS studies with the gas sensing  studies: 

Several researchers have pointed out that pre-treatment conditions have an important impact on the 

performance of a catalyst. Absorption of gases like CO, H2S, ethanol vapours causes change in optical constants 

by change in absorption due to luminescence. The absorption coefficient is always wavelength dependent which 

is analyzed by the absorbed photons. ‘Au’ absorbs the ‘OH’ group showing a shift in the Plasmon peak. The 

UV-DRS spectrum of the Au/SnO2 shows a Plasmon peak at 554.38 nm indicative of the presence of Au 

nanoparticles. Pure gold nanoparticles are expected to give a Plasmon peak at about 520 nm. The high dielectric 

constant of SnO2 causes a red shift and hence the absorbed Plasmon peak of Au in Au/SnO2 appears at 554 

nm
57

.   

Our studies also establish a perfect correspondence in the sensing performance with the broadening of 

the SnO2 absorption peak attributing and ambiguously establishing the role of oxygen species and oxygen 

vacancies in the gas sensing phenomena
71

.  

Conclusions: 

The studies reported in this paper bring the following conclusions: 

1. Tin dioxide in the form of nanosize particles shows a better sensing performance compared to 

commercial sample. This has been attributed to the small size and presence of oxygen vacancies that 

favour the sening mechanism.  

2. Au nanoparticles are shown to enhance the sensitivity to ethanol over the other interfering gases 

imparting a selectivity characteristic for this composition. 

3. Nanosized Au on the SnO2 surface is show to be highlighted in the presence of reducing gases 

contributing to the role of phenomena similar to surface enhancement leading to exploring this material 

for other applications. 

4. Correlating the UV-DRS studies with the gas sensing studies establishes and confirms the role of 

oxygen vacancies in the sensing phenomena.      

This study has revealed the UV-Vis absorption spectroscopy that could be exploited for further exploring 

gas sensing in semiconducting oxide materials. 

This study can now be continued further and extended to study this multifunctional character to be 

exploited for several device applications.  
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