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Abstract 
In this study potentiometric sensors based on yttria stabilized zirconia (YSZ) with semiconducting 
metal oxides (SMO) as sensing electrode materials in Pt/YSZ/(Pt+SMO) structure, were fabricated 
and applied to detect 100-1000 ppm acetone and toluene in the temperature ranges of 350–500oC. 
1.0 wt% Pt/SnO2, 1.0 wt% Pt/(4.95 wt% CeO2 + 94.05 wt% SnO2) once with the same thickness and 
once with different thickness are used as sensing materials and denoted as sensors I, II and III 
respectively. The results reveal that the sensors‘ response to toluene with CeO2-dopants, are 
improved, whereas those for acetone are suppressed particularly at lower temperatures and 
concentrations. It is also shown that by increasing the thickness, the response to acetone and toluene 
increased. However, the extent of improvement was more pronounced for acetone. 
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Introduction 
Among the various sensing techniques used to 
detect harmful gases, solid-state sensors are of 
practical interest due to their small size and 
ease of use.  Zirconia-based electrochemical 
sensors tailored for oxygen, NOx, CO and 
hydrocarbon detection have been widely 
investigated and can be used in harsh 
environments and high temperatures as 
compared to the semiconductor-based sensors 
such as SnO2-based sensors [1]. 

A. Lari et al. [2] investigated the effects of 
semiconducting metal oxides such as 
Ce0.75Zr0.25O2 on the performance of YSZ-
based oxygen sensors. Recently, there has 
been growing interest in detecting VOCs with 
the solid-state sensors due to the regulations 
and standards for indoor air quality. For 
instance, Masami Mori et al. [3] modified 
oxygen sensor with SmFeO3 catalytic layer as 
sensing electrode for detection of different 
VOCs. The effects of modification of Pt working 
electrode with SmFeO3 were examined on the 
sensitivity and selectivity to VOCs. In addition, 
the effect of this catalytic layer thickness, were 
investigated on the sensitivity and response/ 
recovery times. In this study potentiometric 
sensors based on YSZ with semiconducting 
metal oxides as sensing electrode materials, 
were fabricated and applied to detect acetone 

and toluene. Both sides of the sensors were 
exposed to the same gas atmosphere, 
alternatively air and gases in air, without using 
air reference. 

Experimental 
YSZ as electrolyte of the sensors, is an oxygen 
ion conducting electrolyte and is synthesized 
with co-pricipitation method. Semiconducting 
metal oxides used in this study is SnO2 and 
SnO2 doped with 5.0 wt% CeO2 were prepared 
with sol-gel method and then both samples 
impregnated with 1.0 wt% Pt.  

The morphology and the crystalline phase of 
the powders were characterized by using a field 
emission scanning electron microscope (FE-
SEM) and X-ray diffraction (XRD), respectively. 
The average crystallite sizes were calculated 
from the broadening of XRD peaks, using 
Scherrer formula. Specific surface area of the 
samples was determined by nitrogen adsorption 
using a surface area analyzer and BET method. 

Results and discussion 
The XRD spectra of the powders are presented 
in Fig.1. As is evident there is no indication of 
CeO2, inferring that ceria is either amorphous 
and/or crystalline with very small crystallite size. 
Average crystallite size calculated from Sherrer 
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