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Abstract: Synthesis of nanocrystalline CdSnO3 powder by ultrasonic atomizer assisted wet chemical method is 
reported in this paper. Synthesized CdSnO3 powder was characterized by X-Ray Diffraction (XRD), Field 
Emission Scanning Electron Microscopy (FESEM) and Transmission Electron Microscopy (TEM) to examine 
phase and microstructure. FESEM and TEM analysis reveals that the CdSnO3 powder prepared here is porous 
monodisperse nanocrystalline in nature, with average particle size of approximately 17 nm or smaller. The 
material is also characterized by UV-Visible and Photoluminescence (PL) spectroscopy. Thick films of 
synthesized CdSnO3 powder fired at 850 °C are made by using screen printing method. The films surface is 
modified by using dipping method. CuCl2 (0.005M) dipped (for 2 min) thick film shows high response (R= 477) 
to 100 ppm methanol at room temperature (35 °C). The sensor shows good selectivity and fast response recovery 
time to methanol. The excellent methanol sensing performance, particularly high response values is observed to 
be mainly due to porous CdSnO3 surface. 
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1. Introduction 

 

In the last 2-3 decades the development of 
industrial zone uses methanol in many industrial 
processes, home appliances, as a fuel, and in the 
production of biodiesel. Volatile organic compounds 
(VOCs) are easily evaporated at room temperature, 
which can cause both short-and long-term adverse 
health effects, such as breathing discomfort, cancers of 
nervous system, endocrine system and the brain [1-2]. 
However methanol has strong toxicity and affects on 
nervous system. Researchers have comparatively 
more focused on methanol as compare to other volatile 
organic compounds. Thus it is necessary to develop 
high response and selectivity methanol gas sensor. 
Metal oxide semiconductor gas sensors play an 
important role in environmental monitoring [3].  

Metal oxide semiconductor (MOS) gas sensor, as 
one of the most important conductometric sensors, has 
attracted dramatic attentions due to their numerous 
positive features [4-7]. Phase control of perovskite 
oxides (ABO3) with a desired composition is still a 
challenge owing to their various stoichiometries (e.g. 
typical formulas of ABO3, A2BO4 and AB2O4) and the 
associated complex structures [8-9]. In recent years, 
considerable efforts have been devoted to the synthesis 
of these complex metal oxides [10]. More effort is 
needed to reveal their phase evolution and formation 
mechanism, which is much important for addressing 
their properties and technological potentials with a 
specific phase. It is well-known that the gas sensing 
characteristics are greatly dependent on its 
morphology and structure, such as porosity, grain size, 
surface-to-volume ratio, and morphology. The 
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CdSnO3 is a perovskite material, which has good 
thermal and chemical stability due to this it is good 
candidate for gas sensor. The perovskite and ilmenite 
cadmium stannate (CdSnO3), have been used as 
alcohol vapor sensing materials [10-13]. In recent 
years, cadmium stannate (CdSnO3) used as 
electrochemical material [14-15]. CdSnO3 have shown 
quite attractive gas sensitivity properties to various 
gases such as C2H5OH gas [16], chemical warfare 
agents Chloro Ethyl Sulphonate (CEES)  
[17-18]. 

Modification of pure semiconductor metal oxide is 
another effective and simple way to improve the gas 
sensing performance by increasing response, 
selectivity, stability and decreasing the response-
recovery time [19-24]. In recent years, some metal 
oxides and complex metal oxides have been reported 
to be used as methanol gas sensors [25-34]. But many 
of those sensors work at high temperature [26-34]. 

 
 

2. Experimental 
 
2.1. Synthesis and Characterization of 

CdSnO3 
 

Ultrasonic atomization assisted chemical method 
was used to synthesize CdSnO3 nanoparticles. All the 
chemicals were of analytical grade and used as-
received without further purification. In a typical 
procedure we took 1.1417 g CdCl2.H2O and 1.7528 g 
SnCl4.5H2O were respectively dissolved in 100 ml 
ethanol (99.9 % purity) to make 0.05 M solution. 
0.5 ml hydrochloric acid (HCl) was added drop by 
drop into the solution of cadmium chloride (0.05 M, 
100 ml) called as solution A. SnCl4 solution (0.05 M, 
100 ml) was called as solution B. Solution A was 
mixed into solution B at room temperature with 
rigorous stirring for 10 min, forming a mixture of 
solutions called solution C. 5 ml double distil water 
was added into the mixture solution C. The mixture 
solution C was ultrasonicated for 60 minute by using 
ultrasonic atomizer (2.1 MHz Gapusol 9001 RBI 
Meylan, France). The solution C got transferred from 
the transparent form to viscous milky. The viscous 
solution was dried in hot air oven at 80 °C to get white 
precipitate powder. The powder was collected and 
fired at 850 °C for 1 hour in muffle furnace. 

 
 

2.2. Paste Formulation and Preparation of 
CdSnO3 Thick Films 

 
The thixotropic paste was formulated by mixing 

the nanocrystalline CdSnO3 powder fired at 850 °C 
with solvent of ethyl cellulose (a temporary binder) in 
mixture of organic solvents, such as butyl cellulose, 
butyl carbitol acetate and turpinol, etc. The ratio of 
inorganic and organic part was kept at 75:25 in 
formulating the paste. The paste was screen  
printed on glass substrates in the desired pattern to 

obtain the sensors. These sensors were fired at 500 °C 
for 30 minute to remove the organic binder 
permanently [35-36]. The films fabricated from as 
prepared nanocrystalline CdSnO3 powder were termed 
as ‘unmodified CdSnO3 films and referred to as S0 
sensor. 

 
 

2.3. Preparation of Cu-modified CdSnO3 
Thick Films 

 
The Cu-modified CdSnO3 thick films were 

prepared by dipping them into a 0.005 M aqueous 
solution of Copper chloride CuCl2.2H2O for different 
dipping time intervals of 1, 2, 3, 4 and 5 min and 
referred respectively as S1, S2, S3, S4 and S5 sensors. 
The films were dried at 80 °C under IR lamp, followed 
by firing at 500 °C for 30 min in muffle furnace. These 
surface modified films were called as ‘Cu-modified 
CdSnO3’ films. 

 
 

2.4. Characterization and Gas Sensor 
Measurements 

 

The phase and structural study of the powder were 
determined by powder X-ray diffraction (Bruker D8 
Advance) with Cu-Kα1 radiation (λ= 1.5406 Ao) 
operating at 40 kV, 30 mA at a scanning rate of 2o of 
2θ per minute over the range 20-80o. The powder was 
confirmed to be of CdSnO3. The morphology and 
nanostructure of the prepared thick films were 
investigated by using field emission scanning electron 
microscopy (FE-SEM: JSM 670 F, JEOL Tokyo 
Japan) and transmission electron microscope (TEM) 
(Philips-CM200) with an acceleration voltage of  
200 kV. TEM samples were prepared from depositing 
a drop of diluted suspension of the as-prepared 
powders in ethanol on a carbon film-coated copper 
grid. The chemical composition was investigated by 
using energy dispersive spectrum (EDAX). The 
thermal properties of the synthesized powder were 
analyzed by using thermogravometric-differential 
scanning calorimetry (TG-DSC) spectrum (STA-
6000, Perkin Elmer). The optical properties (band gap) 
were measured by using ultraviolet-visible 
spectrophotometer (Shimadzu, Japan) and 
photoluminescence spectrophotometer (PL, Perkin 
Elmer). The Fourier transform infrared (FTIR) 
spectroscopy was used to see the composition of CuO 
on CdSnO3 thick films.  

The gas sensing performance of the CdSnO3 thick 
films were tested in gas sensing system shown in 
Fig. 1. The prepared CdSnO3 thick films were cut and 
made electrical contacts by using purchased silver 
paste and copper wires. The sensor so fabricated was 
exposed to various gases mixed with air in chamber. 
After each exposure to gas, current Ia and Ig was 
measured by using picoammeter, where Ia and Ig are 
current flow through the sensor in air and in the test 
gas respectively. The sensor was exposed to the 
atmospheric air by opening the chamber. 
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Fig. 1. Block diagram of the gas sensing system. 
 
 

2.5. Sensing Performance of the Sensors 
 

Gas response (S) of sensor is defined as the ratio of 
the change in conductance of the sensor on exposure 
to the target gas to the original conductance in air. It is 
given as: 

 S I II , (1) 

 
where Ia and Ig are the current flowing through the 
sensor resistor in air and in a test gas medium 
respectively. The response time is a time required by 
the sensor to reach 90 % of its maximum increase in 
conductance on exposure of the gas. Recovery time is 
a time required to get back 90 % of the maximum 
conductance when the flow of gas is switched off. 
 
 

3. Results and Discussion 
 
3.1. Crystalline Structure and Morphology 

 
The crystalline structure of the as-prepared sample 

was characterized using XRD. As shown in Fig. 2, the 
XRD spectra of thick films prepared by powder fired 
at 850 °C for 1 hour. Fig. 2 shows XRD spectrum of 
(A) pure CdSnO3 thick film and (B) 2 min dipped 
(CuCl2) CdSnO3 thick film. All the diffraction peaks 
of precursor are indexed to the pervoskite CdSnO3 
(JCPDS card No. 01-080-3323) without impurity 
peak. The crystallite size is estimated using the 
Scherrer formula, 
 0.89 , (2) 

 
where λ is the wavelength of the X-ray radiation 
(λ=0.154 nm for CuKα1) and β is the peak width at half 
maximum at 2θ, θ is the Bragg diffraction angle, D is 
the mean crystallite size. Average crystallite size of the 
prepared sample was approximately 15.23 nm. The 
TEM images, Fig. 3 also reveals that the particles are 

of uniform nanospheres with an average diameter of 
less than 20 nm.  

 
 

 
 

Fig. 2. XRD of thick films of synthesized powder fired 
at 850 oC (A) Pure, (B) 2 min dipped CuCl2. 

 
 

 
 

Fig. 3. FESEM images of (a) and (b) pure CdSnO3,  
(c) 2 min dipped (S2), and (d) 5 min dipped (S5) CdSnO3 

thick films. 
 
 

The morphology and microstructure of the as-
prepared samples were characterized using FESEM 
and TEM. The FESEM image of pure CdSnO3 sample 
obtained after calcinations is shown in Fig. 3(a), from 
which a number of uniform nanospheres with an 
average diameter of 20 nm could be clearly seen. No 
other morphologies were detected, indicating a high of 
these nanospheres. Fig. 3(c) and 3(d) shows the 
FESEM images of 2 and 5 minute CuCl2.2H2O  
(0.005 M) dipped CdSnO3 films respectively. From 
figures it is seen that the surface get modified with 
respect to dipping time. The chemical composition of 
the thick films of pure and surface modified CdSnO3 
was measured by EDAX and it is observed that the 
amount of copper increases with respect to dipping 
time. 

To further investigate the morphology of the as 
prepared particles, the sample was characterized by 
TEM. Fig. 4(a)-(c) are TEM images of as obtained 
nanoparticles. Images possessed elongated 
nanoparticles having average dimensions less  
than 20 nm. Fig. 4(d) shows the corresponding  
selected area electron diffraction (SAED) pattern of 
prepared powder. Electron diffraction rings  
reveals the polycrystalline structure of the  
prepared nanoparticles.  
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Fig. 4. (a)-(c) TEM and (d) SAED images of the powder 
fired at 850 °C. 

 
 

The band gap of as prepare powder fired at 850oC 
was measured by using UV-Visible 
spectrophotometer. Fig. 5 shows the UV-Visible 
absorption spectrum of synthesized CdSnO3 powder. 
From the absorption spectrum, the band gap was found 
to be 3.1 eV. The measured band gap value is larger 
than the standard reported value of 2.9 eV. This blue 
shift may be occurred due to smaller particle size of 
CdSnO3. 

 
 

 
 

Fig. 5. UV-Visible spectrum of synthesized CdSnO3 
powder fired at 850 °C. 

 
 

The thermogravometric and differential scanning 
calorimetry (TG-DSC) analysis were carried out in 
nitrogen atmosphere, heating from 50 oC to 900 oC at 
the rate of 10 oC/min (Fig. 6). There is first weight loss 
observed at 100 oC due to the removal of water. At  
550 oC the decomposition of chloroethane is take 
place. The weight loss from 550 oC to 810 oC is due to 
removal of chloroethane. There is one exothermic 
peak occur at 840 oC is due to the crystallization of 
CdSnO3. The balance reaction of as synthesized 
powder is given in Equation (3). 
 

CdCl2*H2O + 6 C2H5OH + SnCl4*5H2O = 
CdSnO3 + 6 C2H5Cl + 9 H2O 

(3) 

 
 

Fig. 6. TG-DSC of synthesized powder. 
 
 

The defect states in CdSnO3 can be determined by 
photoluminescence (PL) spectroscopy. The PL spectra 
of CdSnO3 nanopowder was measured from 350 to 
550 nm at room temperature without any filters used 
in this study (Fig. 7). 

 
 

 
 

Fig. 7. PL emission spectrum of pure and surface modified 
CdSnO3 thick films with Exc.300 nm. 

 
 

Different extrinsic and intrinsic defect centers may 
be responsible for visible emissions [37-38]. The 
nanoparticles with large surface to volume ratios have 
a lot of defects on the surface, which can absorb the O  and O  ions to form the O /O  surface system. 
Schoenmakers at al [39] have demonstrated that this O /O  surface system is the predominant of the 
electrons in conduction band, which play a key role in 
the formation of the visible emission centers. Fig. 7 
shows emission spectrum of pure and surface modified 
CdSnO3 thick films with excitation at 300 nm. It is 
seen from spectrum that the emission intensity of  
2 min dipped film is more than that of pure and other 
dipped films. It may be due to the more heterocontacts 
form on the surface of film S2 as compare to the 
others. The photoluminescence energy associated with 
localized defect levels can be used to identify specific 
defects and the amount of photoluminescence can be 
used to determine their concentration. 
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The amount of copper oxide on surface of dipped 
CdSnO3 (CuCl22H2O, 0.005 M) thick films were 
observed by FTIR spectrum (Fig. 8). From FTIR 
spectrum it is seen that pure CdSnO3 film (S0) do not 
show CuO peak and other films from S1 to S4 shows 
CuO peak with increasing absorbance. Peak intensity 
in infrared spectra shows the concentration of 
molecules in the sample. From IR spectrum (Fig. 8) it 
is observed that the amount of CuO increases with 
dipping time of films in CuCl2.2H2O (0.005 M) 
solution. The surface coverage of CdSnO3 films 
increases with dipping time, at 2 min dipped films 
there may be more heterocontacts on the surface as 
compare to other films. 

 
 

 
 

Fig. 8. FTIR spectrum of pure and surface modified 
CdSnO3 thick films. 

 
 

3.2. Gas Sensing Properties 
 

Thick films of synthesized CdSnO3 powder were 
surface modified by using dipping method and made 
electrical contacts by using purchased silver paste and 
copper wires. We measured methanol response of pure 
and surface modified CdSnO3 films. Fig. 9(a) shows 
the variation of response of sensors to methanol. It is 
observed that the 2 minute dipped film (S2) gives 
highest response to 100 ppm methanol at room 
temperature (35 oC) as compare to others. At 2 minute 
dipped film the heterocontacts between CuO and 
CdSnO3 may be larger as compare to the other films. 
The amount of Cu on surface was measured by EDAX 
and it shows the amount increases with dipping time. 
The methanol is more easily dissociated on 
heterocontacts as compare to pure CdSnO3. It is 
known the operating temperature play important role 
in determining gas sensing performance of the sensor. 
Thus to determine optimal operating temperature to 
detect methanol the gas sensing measurement were 
carried out at different operating temperature to  
100 ppm methanol. It is observed from experiment that 
the sensor S2 shows slowly ascending response from 
room temperature to 150 oC and descends very quickly 
above 150 oC operating temperature (Fig. 9 (b)). 

 

 
 

Fig. 9. (a) Response of pure and surface modified sensors 
to 100 ppm at 35 oC. (b) Response versus operating 

temperature of the sensor exposing to 100 ppm methanol. 
 
 

The selectivity of gas sensors is the ability that a 
sensor can distinguish different kinds of gases. 
Selectivity is important gas sensing property. We 
measure the selectivity of sensor to various gases at 
room temperature. The CuCl2 dipped (for 2 minute) 
CdSnO3 thick film (Sensor S2) gives good selectivity 
to methanol. It can be seen that the sensitivity of sensor 
S2 to methanol was higher than the sensitivity for 
other gases at room temperature. Fig. 10(a) shows 
selectivity of the sensor S2 to various gases.  

 
 

 
 

Fig. 10. (a) Selectivity of sensor S2 to 100 ppm vapors 
at 35 oC, (b) Response versus methanol concentration 

of sensor S2 at 35 oC. 
 
 

The sensing performance of the sensor S2 to 
methanol with different concentration was also 
performed at room temperature (35 oC). Fig. 10(b) 
shows methanol response of the sensor S2 tested at 
various methanol concentrations: 5, 10, 20, 50, 100, 
200, 500 ppm at room temperature (35 oC). From 
experiments it is observed that the response increases 
with concentration. At lower concentrations, the 
response increases fastly and then slowly at higher 
concentrations of methanol. Stable output of the 
sensor is important characteristic of sensor for 
practical application. The experiments to test sensor 
performance were repeated for few days to study the 
stability. As seen from experiment (Fig. 11(a)), the 
long term stability of the sensor has nearly constant 
response to 100 ppm methanol vapors, which 
confirmed the good stability of Cu modified CdSnO3 
thick film (S2). 
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Fig. 11. (a) Stability of sensor S2, and (b) Response 
recovery curve of sensor S2 to 100 ppm methanol at room 

temperature (35 oC). 
 
 

The response and recovery time is an important 
factor to evaluate the gas sensing properties of the 
sensor. The response time was defined as the time 
required for the variation in resistance to reach 90 % 
of the equilibrium value after a test gas was injected, 
and the recovery time as the time necessary for the 
sensor to return to10 % above the original resistance 
in air after releasing the test gas. The response 
recovery time of the sensor S2 to 100 ppm methanol 
at 35 oC was measured. It is observed that the sensor 
response in 2 seconds and recover in 5 seconds. 
Response and recovery times of the sensor were 
measured to check repeatability and reproducibility 
(Fig. 11(b)). The sensor was observed to be 
reproducible. The sensor S2 exhibited fast response 
(2 s) and quick recovery (5 s). These values are 

notable when compared with the response and 
recovery times reported values by the other 
researchers (Table 1). The rapid response and recovery 
of our sensors are due to the porous structure of 
CdSnO3 nanospheres, the CuO modified CdSnO3 
nanospheres based thick film sensor (S2) exhibit 
excellent reproducibility as four reversible cycles of 
the response curve maintain their initial response value 
shown in Fig. 8(b). Furthermore, a comparison of this 
work and some typical metal oxide gas sensors to 
methanol is presented in Table 1. It should be pointed 
that the CuO modified CdSnO3 thick film in present 
study exhibit higher response and shorter response and 
recovery time when compared with other metal oxide 
semiconductor sensors reported in previous works 
[25-34]. The response of nanocrystalline CdSnO3 
thick film sensor S2 to methanol is much higher than 
the responses reported in literature, as shown in  
Table 2. 

 
 

Table 1. Qunatitative elemental analysis. 
 

Element 
(wt %) 

Dipping time (min) 
0 

(pure)
1 2 3 4 5 

Cd 22.19 20.09 19.30 18.45 19.53 18.70
Sn 21.31 21.18 20.75 20.16 19.74 20.06
O 56.50 56.12 55.68 55.90 54.20 53.12
Cu - 2.61 4.27 5.49 6.53 7.58 

 
 
 

Table 2. Comparison of the sensing performances of various metal oxide nanostructure-based sensors 
towards methanol. 

 

Sensing materials 
Operating 

temperature 
(oC) 

Methanol 
concentration 

(ppm) 

Sensor 
response 

Response/recovery 
time (s) 

Ref. 

CdSnO3 nanoparticles 
Room 

temperature 
100 Ra/Rg = 477 2/4 

This 
work 

Co3O4-intercalated 
reduced grapheme oxide 

Room 
temperature 

800 Rg/Ra = 8.5 240/360 [25] 

Ce-doped In2O3 
nanospheres 

320 100 Ra/Rg = 35.2 14/10 [26] 

La0.8Pb0.2FeO3 
nanoparticles 

230 200 Rg/Ra = 50 40/75 [27] 

SnO2-ZnO composite 
nanofibers 

350 500 Ra/Rg = 65 20/40 [28] 

ZnO quantum dots 350 100 Ra/Rg = 90 - [29] 
CuO thin films 350 500 (Rg − Ra)/Ra = 0.12 ~380 [30] 
Al-doped ZnO thin films 275 500 (Ra − Rg)/Ra = 0.44 ~280 [31] 
CdS-doped SnO2 thick 
films 

200 5000 Ra/Rg = 70 40/110 [32] 

CuO-modified α_Fe2O3 
hybrid hollow spheres 

380 100 Ra/Rg = 14 15/30 [33] 

polycrystalline 
Cr1.8Ti0.2O3 thick films 

300 1.2 [(Rg−Ra)/Ra]×100 %=392 23/60 [34] 

 
 
3.3. Sensing Mechanism 
 

It was observed that the CdSnO3 thick films with 
surface modified by CuO based sensor shows 

suddenly decrease in the resistance when the sensor 
was exposed to reducing gas of CH3OH, this indicates 
that the sensor exhibits n-type conductivity behaviors. 
The experimental results show that the sensing 
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properties of CdSnO3 were greatly enhanced due to 
incorporating of CuO. Two main reasons account for 
these results: first, the nanoparticles of CdSnO3 
prepared from ultrasonic atomization offer larger 
surface accessibility, which will be favorable to 
adsorption and diffusion of gas molecules, and surface 
oxidizing reaction of CH3OH due to the sensing 
response of semiconductor metal oxide is surface 
control type [40]. Second the formation of p-n 
heterojunction at interface between both oxides is 
responsible for enhancement of gas response [41]. As 
we know CdSnO3 mainly shows n-type conductivity 
by electrons and CuO displays p-type conductivity by 
holes. When the CuO were implanted into the surface 
of CdSnO3 nanoparticles, the electrons in CdSnO3 and 
holes in CuO diffuse in opposite direction due to great 
gradient of the same carrier concentration. Then, the 
inner electric field was formed at the CuO/CdSnO3 
interface and the carriers diffuse was finally balanced 
[42-43]. As a result, the energy band bends in the 

depletion layer and the system gets a uniform Fermi 
level (Ef). This is the formation of p-n junction in 
equilibrium. When the sensor was exposed to air at 
room temperature (35 oC), the oxygen molecules 
adsorbed at the adsorption sites on the surface of the 
material and form chemisorbed oxygen species. The 
oxygen species most available at room temperature is 
O2

− [44-45] according to Equation (4) and (5). 
 O gas → O ads , (4) 
 O ads e → O ads  (5) 
 

A depletion layer will form on the surface of 
material, leading to the high resistance state of sensing 
materials. Moreover, the formation of CuO/CdSnO3 
on the surface of CdSnO3, p-n heterojunction with a 
new depletion layer at their interface also make the 
resistance of sensor to further increase in air, as shown 
in Fig. 12.  

 
 

 
 

Fig. 12. Schematic diagram for the p-type CuO/n-type CdSnO3 heterojunction based sensor when exposed 
to CH3OH vapors. 

 
 

However, once the composite was exposed to 
reducing gas of CH3OH, it reacts with the oxygen 
species absorbed on the surface of material and release 
the electrons back to the material as shown in 
following Equation (6), which decreases the hole 
concentration in p-type semiconductor of CuO due to 
electron-hole recombination and reduces the 
concentration gradient of the same carriers on both 
sides of p-n junction. Consequently, the depletion 
layer at the interface becomes thin [46], as shown in 
Fig. 12. Therefore the resistance of the composite in 
CH3OH is further decreased [47], current increases, 
that is, the sensor response increases according to 

define  of response. 
 CH OH O 	→ CO 2H O 	e  (6) 
 

The sensor S2 gives highest response to CH3OH at 
room temperature (35 oC) as compared to pure and 
other surface modified CdSnO3 thick film sensors. 
This may be due to the large number of heterocontacts 
are formed between CuO and CdSnO3 on the surface 
at 2 minute dipped film in 0.005 M CuCl2.2H2O 
solution as compare to other films. 

4. Conclusions 
 

CdSnO3 nano particles were synthesized by using 
ultrasonic atomization assisted chemical method. The 
morphology and microstructure were analyzed. The 
CdSnO3 thick films were cupricated by using dipping 
method. One of the cupricated sensor (S2) shows 
highest response to methanol at room temperature as 
compared to pure and other surface modified CdSnO3 
thick films. The sensor shows fast response and quick 
recovery. The sensor gives repeatable performance. It 
may be concluded that cupricated CdSnO3 thick films 
may be potential candidate for fabrication of methanol 
sensor at low cost. 
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