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Abstract 
Potentiometric gas sensor with a planar-type structure was fabricated and applied to detect ethanol 
and toluene at sub-ppm levels. Electrode potential response to the VOC could be modified with the 
over-coating of Pt electrode with MgAl2O4 and/or Au.  The coating induced the decrease in the activity 
of oxide ion at triple phase boundary of the sensing electrode. The potential responded to the 
concentration of the VOC and expressed as E = a + b log[C]. The characteristics, a and b, depended 
on the thickness of over coated layer and it’s material. The use of Au electrode induced the 
enhancements of the sensing behavior. Based on the mixed gases physisorption model, the observed 
potential response was discussed. 
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INTRODUCTION 
   Since air quality contamination by volatile 
organic compounds (VOCs), especially indoor, 
has become a serious problem for health in 
several scenes of human life. Therefore, 
continuous monitoring of VOCs is now strongly 
demanded, especially in urban spaces.   
    In this work, a planar-type potentiometric 
oxygen sensor with porous electrodes was 
fabricated and used to check the feasibility to 
detect sub-ppm levels of VOCs contaminating 
in air. To achieve a large signal and sensitivity 
for the planar-type sensor, at least, two 
directions could be considered, 1) over coating 
and/or mixing of the Pt electrode with new 
materials, 2) new electrode materials instead of 
Pt [1,2].  
 
RESULTS AND DISCUSSION 
 Effects of MgAl2O4 coating 
   For the monolithic-type sensor with the 
porous Pt electrodes in which one-side 
electrode was covered with MgAl2O4, the EMF 
level in uncontaminated air was very low and 
the observed electrode potential (E) may be 
originated from the fabrication process. The 
observed low level potential suggested that the 
oxide ion concentration on the TPB sites was 
equilibrated to the oxygen concentration in gas 
and hardly influenced with the existence of the 
layer with MgAl2O4. The contaminations with 
VOC in 10 ppm level induced the shift of the 
EMF of about 100 mV. The MgAl2O4 layer was 
formed on the Pt electrode layer, while MgAl2O4 

was directly connected to the YSZ at edges of 
the Pt electrode.  It is reasonable to consider 
that the collision efficient of VOC to the TPB 
sites is decreased with the formation of the 
layer with MgAl2O4. If the adsorption of VOC is 
blocked with the layer, the level of the E in the 
contaminated air is lower than that for the 
sensor with the bare Pt electrode. The catalytic 
activity of MgAl2O4 for VOC oxidation is clearly 
lower than that of Pt. In the case of that the 
oxygen coverage of the porous layer with 
MgAl2O4 decreases with VOC adsorption and 
replacement of adsorbed oxygen with VOC, the 
coverage of the adsorbed oxygen on the TPB 
should be equilibrated with the coverage of the 
oxygen on MgAl2O4 layer. Additionally, the half-
cell potential for ethanol contamination was 
higher than that for toluene for the bare Pt 
electrode, while the reverse tendency was 
observed of the Pt electrode covered with 
MgAl2O4 layer. These confirmed results 
suggested that the activity of the oxide ion on 
the TPB sites are strongly influenced with the 
over coated layer. The large enhancement of 
the half-cell potential with VOC may be due to a 
large equilibrium constant of the adsorption 
isotherm of VOC on the porous layer.  
 
  Effects of Au coating 
   The surface morphology of Au-YSZ mixture 
formed on the Pt electrode was examined. It 
was obvious that the mixture is composed with 
finer Au particles and YSZ particles. From these 
observations, it is confirmed that the formed 
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