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Abstract: Nanocrystalline CdSnO3 powder was synthesized by cost effective simple wet-chemical route. The 
technique was found to be useful for large scale production of nanocrystalline CdSnO3 powder. The prepared 
CdSnO3 powder was fired at 600 oC. Structural, microstructural, optical and thermal studies of the powder were 
carried out. The CdSnO3 powder was associated with nanocubes with average side length of about 100 nm. Thick 
films of CdSnO3 powder were prepared by screen printing method and fired at 500 oC to remove organic part 
adhesive material. Thick film based sensors showed high response and selectivity to NO2 gas. The excellent NO2 
response may be due to porous structure and nanocrystalline nature of CdSnO3 powder. 
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1. Introduction 

 

NO2 released from industries and from vehicles 
increase air pollution which may cause fatal problems 
not only to human beings but also to animals and 
plants. The detection of NO2 is important for 
monitoring environmental pollution [1, 2]. Especially, 
nitrogen oxide NO2 or NO is toxic. It is a main source 
of acid rain and photochemical smog [3, 4]. NO2 or 
NO reacts with ammonia, moisture, and other 
compounds to form small particles. These small 
particles enter into sensitive parts of the lungs, may 
cause respiratory disease and may aggravate existing 
heart disease. Also NO gas is very easily oxidized into 
NO2 gas in air. It is therefore necessary to develop NO2 
gas sensors with high sensitivity and excellent 
selectivity. 

Perovskite oxides (ABO3) have attracted attention 
for their potential use as the gas sensors. CdSnO3 

belongs to a perovskite structure. It needs cost 
effective and simplest technique to prepare ultrafine 
nanostructured CdSnO3 at reduced the calcination 
temperature, sintering temperature and sintering time 
and having porous nature. In recent years, cadmium 
stannate (CdSnO3) had been used as electrochemical 
material [5, 6]. It was also used for sensing of various 
gases such as C2H5OH gas [7], Cl2 [8], CEES [9]. 

The article reports simple wet chemical method- 
the simplest and cheapest way of synthesizing 
nanocrystalline CdSnO3 powder on large scale. The 
preparative conditions of the powder were optimized 
so as to obtain nanocrystalline CdSnO3 powder. The 
powder was studied for its structure, microstructure, 
optical and thermal properties. Thick films of CdSnO3 
powder were prepared by screen printing method. The 
gas sensing properties of CdSnO3 thick films were 
investigated. 
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2. Experimental 
 
2.1. Materials and Method 
 

Synthesis of nanocrystalline CdSnO3 powder by 
simple wet chemical route: 

The analytical reagent (AR) grade materials 
including tintetrachloride (SnCl4.5H2O), cadmium 

dichloride (CdCl 2. H O), hydrochloric acid (HCl) 

and sodium hydroxide (NaOH) were dissolved in 
double distilled water to form transparent solutions. In 
a typical synthesis of cubic CdSnO3 powder, 1 ml HCl 
was added drop by drop into cadmium dichloride  
(0.25 M, 25 ml) solution in a beaker. The product 
solution was called as solution A. Solution A was 
mixed into SnCl4.5H2O solution (0.25 M, 25 ml) at 
room temperature with vigorous stirring for 10 min. 
The solution so obtained was termed as solution B.  
50 ml NaOH (2.5 M) solution was taken into the 
beaker. Solution B was added drop by drop with 
vigorous magnetic stirring into NaOH solution at 
room temperature with further vigorous stirring for  
10 min. That final solution was kept into the constant 
temperature heating bath at 90 oC for 3 hours without 
disturbance. The precipitate formed was collected and 
washed 3-4 times using double distilled water and 
ethanol. The resulted product was filtered and dried in 
hot air oven at 80 oC for 10 hours. The dried powder 
was fired at 600 oC for 1 hour in muffle furnace. 

Formation mechanism of nanocrystalline CdSnO3: 
Formation of CdSnO3 may be represented by 

following equations: 
 

CdCl2 .2  H2O + HCl→ CdCl2+ H2O (1) 
 

CdCl2 + SnCl4.5H2O +NaOH → 
CdSnO3.3H2O + 5H2O + 6NaCl 

(2) 

 

CdSnO3.3H2O 
	

 CdSnO3 (3) 
 

The yellowish CdSnO3 powder so obtained was 
further studied using various characterization 
techniques. 

 
 

2.2. 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 40kV, 30 mA over the 2θ range of 20-80o. 
The powder was confirmed to be of CdSnO3. The 
morphology of the obtained powder was investigated 
by using field emission scanning electron microscopy 
(FE-SEM: JSM 670 F, JEOL Tokyo Japan). The 
chemical composition was investigated by using 
energy dispersive spectrum (EDAX). Thermal 
stability was observed by using thermogravimetric 
analysis (TGDTA: Perkin Elmer, STA-6000). The 
optical properties (band gap) were measured by using 

ultraviolet-visible spectrophotometry (UV-Visible 
spectrophotometer: Shimadzu, Japan) and 
photoluminescence spectrophotometer (Perkin 
Elmer). Details of thick films preparation procedure 
and block diagram of indigenous gas sensing system 
have been explained in our previous publications  
[9, 10]. Thick film based sensors were exposed to 

various gases and their response ( =  where  

and are resistance of the sensor in air and in the test 
gas respectively), selectivity and transient response 
(response or recovery time was estimated as the time 
taken from the sensor output to reach 90% of its 
saturation after applying or switching off the gas in a 
step function) were measured at various operating 
temperatures. 

 
 

3. Results and Discussion 
 

3.1. Crystalline Structure of CdSnO3 Powder 
 

Fig. 1 shows XRD spectrum of the unfired and 
fired powder. Fig. 1 (a) matches with the standard 
spectrum of CdSnO3.3H2O. There are peaks of 
relatively higher intensities in XRD pattern of fired 
CdSnO3 powder as compared to the corresponding 
peaks in unfired CdSnO3 powder. It may be due to 
larger crystallites associated with fired powder (at  
600 oC). All the diffraction peaks in fig. 1(b) are 
consistent with the standard values of the Rhomb-
centered CdSnO3 phase (JCPDS 34-0758). 
 
 

 
 

 
 

Fig. 1. XRD patterns of: (a) unfired CdSnO3 and (b) fired 
CdSnO3 powder at 600 oC. 
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3.2. Morphology of CdSnO3 Powder 
 
Particle Morphology of CdSnO3 powder is 

represented by FESEM images in Fig. 2 (a)-(d). 
Quantitative elemental analysis of powder is 
represented by EDS spectrum in Fig. 2 (e). 
 
 

 
 

Fig. 2. (a)-(d) FESEM images and (e) EDS spectrum  
of CdSnO3 powder fired at 600 oC. 

 
 

It is clear from Fig. 2(a) that the powder is 
nanocrystalline and made up of nanocubes. The 
nanocubes have fairly sharp corners and smooth 
surfaces. The cubes were observed to be porous in 
nature (Fig. 2 (d)). The average crystallite size was 
calculated using Scherrer’s equation and was observed 
to be 100 nm. Enegry Dispersive Spectrum (Fig. 2 (e)) 
revealed that the atomic percentage of Cd, Sn and O 
was observed to be 20, 23 and 57 respectively. The 
observed atomic percentage of Cd, Sn and O is nearly 
matching with the stoichiometric atomic percentage of 
20, 20 and 60. Therefore, the CdSnO3 powder was 
observed to be nearly stoichiometric in nature. 

 
 

3.3. Thermal Stability of CdSnO3 Powder 
 
Thermal stability is important property of the 

materials to be used to fabricate the sensors. 
Themogravimetric analysis (TGA) of CdSnO3 powder 
was carried out to test the thermal stability. TGA curve 

of CdSnO3 is represented in Fig. 3. In the process of 
thermal treatment, the weight loss of 0.91 % was 
observed in the range between 50 to 800 oC. 
Negligibly small weight loss clearly indicates that the 
CdSnO3 powder is thermally stable and suitable to 
fabricate the gas sensors. 
 
 

 
 

Fig. 3. TGA curve of CdSnO3. 
 
 
3.4. Optical Property of CdSnO3 Powder and 

Nanocrystallinity of the Powder Particles 
 
The band gap energy of CdSnO3 powder was 

determined using UV-Visible absorption spectrum 
(Fig. 4). The band gap was found to be 3.1 eV. The 
observed band gap energy (3.1 eV) is larger than 
reported band gap (2.9 eV). The absorption edge of the 
spectrum was shifted to lower wavelength side. This is 
termed as blue shift. The blue shift may be due to 
nanocrystalline nature of CdSnO3 powder. 
 
 

 
 

Fig. 4. UV-Visible spectrum of CdSnO3. 
 
 
3.5. Photoluminescence (PL) Spectroscopy 

and Ability of Cdsno3chemisorption  
of Oxidizing Gas 

 
The defect states in CdSnO3 can be determined by 

photoluminescence (PL) spectroscopy. Fig. 5 shows 
PL spectrum for CdSnO3 sample. The curve shows 
visible photoluminescence. Visible emissions may be 
due to different extrinsic and intrinsic defect centers 
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associated with nanocrystalline powder [11, 12]. The 
presence of defects would increase chemisorption of 
oxidizing gases, such as, NO2 and oxygen on the 
surface of sensor. Lager the ability of material to 
adsorb NO2 or oxygen on the surface, larger would be 
the extraction of surface electrons. If most the surface 
electrons would be grabbed by gas molecules to 
adsorbed in terms of ions, very few would be available 
for conduction and the resistance of the sensor would 
suddenly increase. This property of the material is 
helpful in sensing of oxidizing gases. 

 
 

 
 

Fig.5 PL spectrum of CdSnO3 powder with excitation 
wavelength 420 nm. 

 
 
4. Gas Sensing Performance of CdSnO3 

Thick Film Based Sensors 
 
4.1. NO2 Gas Response of Sensor 

 
CdSnO3 thick film based sensor was tested by 

exposing it to different gases, such as, NO2, Cl2, H2, 
C2H5OH, NH3 and LPG by varying operating 
temperature from 40 oC to 350 oC. The sensor showed 
highest response to NO2 at 200 oC. Fig. 6 shows bell 
shaped variation of NO2 response with the operating 
temperature.  

 
 

 
 

Fig. 6. Variation of NO2 response with operating 
temperature of the sensor. 

The sensing performance of the sensor was tested 
by exposing it to different concentrations of NO2. The 
variation of NO2 response (at operating temperature of 
200 oC) with concentration is shown in Fig. 7. The 
sensor response was observed to be increasing with the 
concentration of NO2. 
 
 

 
 

Fig. 7. Variation of sensor response (at 200 oC)  
with NO  concentration. 

 
 
4.2. Selectivity of Sensor to Various Gases 

 
Sensing performance of the sensor was tested by 

exposing it to different gases at an optimum operating 
temperature of 200 oC. The bar diagram in Fig. 8 
shows that the response of NO2 is largest (more than 
1500) as compared to the responses of other gases. The 
sensor is therefore highly selective to NO2 in presence 
of other gases. 
 
 

 
 

Fig. 8. Selectivityof sensor at 200 oC. 
 
 
4.3. Response and Recovery of the Sensor  

on Exposure of NO2 
 
Response-recovery is an important parameter of 

sensors. Fig. 9 shows the response and recovery of 
CdSnO3 of sensor on exposure of 1000 ppm NO  gas 
at 200 oC. It is clear from figure that the sensor 
resistance drastically increases within 2 seconds on 
exposure of NO and decreases exponentially when of 
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supply of NO2 cuts off and sensor was exposed to air. 
The response time was observed to be 3 S and 
recovery time was 140 S. 
 
 

 
 

Fig. 9. Response and recovery of CdSnO3of sensor on 
exposure of 1000 ppm NO  gas at 200 oC. 

 
 
5. Sensing Mechanism 

 
The gas response of nanocrystalline CdSnO3 

powder was measured by change in resistance due to 
chemical reactions occurring at the surface of the 
sensor. Nitrogen dioxide can react with metal oxide 
surface both in the presence and absence of oxygen as 
given in the equations 4, 5 and 6 [13-15]. 

At operating temperature of 200 oC, oxygen 
molecules adsorb on sensor surface as 	O 	 by 
extracting surface electrons. NO2 is an oxidizing gas. 
On exposure on sensor surface, NO2 would be also 
adsorbed on oxide surface (at operating temperature of 
200 oC) by extracting the surface electrons forming NO 	 ons. In presence of NO 	 ons, 	O 	  ions would 
extract more electrons and transformed into O 	ions. 
Due to extraction of the electrons from the sensor 
surface, the resistance of the sensor suddenly 
decreases which is the measure NO2 response. The 
interaction between the sensor and NO2 is as follows. 

It can be seen that the oxidation of NO  leads to the 
reduction of conduction electrons in the conduction 
band. At higher temperature, O2 molecules adsorb on 
surface of CdSnO3 as: 
 O ( ) + e( ) → O ( ) (4) 
 NO molecules adsorb as follows: 
 	NO ( ) + O ( ) + 2e( )→ NO ( )+ 2O( ) (5) 

 	NO ( ) + O( ) + 2e( )→ 	NO( )+ 2O( ) (6) 

 

The adsorption of oxygen and NO2 molecule on to 
the vacant site leads to decrease in conductance of the 
n-type metal oxide [16]. Eq. 7 explains that NO  
directly adsorbed on the metal sites by electron capture 
and desorbed as NO [17]. The sensor resistance 
increased upon exposure to NO  gas. The most 
favorable condition occurs at temperature 200 oC. Due 
to this the sensor showed high response at 200 oC 
temperature. 
 	NO  +	Sn   (Sn − NO )  
 

   (Sn − O ) + NO 
      2(Sn − O ) Sn + O  

 

(7a) 

 	NO + Cd (Cd − NO )  
 (Cd − O ) + NO 

       2(Cd − O ) Cd + O  
 

(7b) 

 
 
6. Conclusions 

 
The prepared CdSnO3 based thick film sensor 

shows good response to NO2 gas at moderately low 
temperature (200 oC). It can be produced on large scale 
by low cost, simple chemical route. The CdSnO3 
powder was observed to be cubic in nature with sharp 
edges. The sharp corners supports to adsorb more NO2 
gas on the surface of CdSnO3 thick film sensor due to 
the high electric field intensity at the corners. High 
sensitivity and selectivity to NO2 gas may be due to 
nanocrystalline CdSnO3 powder. 
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