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Abstract: The sol-gel method was used to prepare the nanocrystalline Gd1–xCaxFeO3 (x=0–0.4) powders. The XRD results showed 
that all the Gd1–xCaxFeO3 (x=0–0.4) compounds crystallized as perovskite phase with orthorhombic structure. The doping of Ca in 
GdFeO3 not only reduced the resistance, but also enhanced the response to methanol. The Gd0.9Ca0.1FeO3 showed the best response to 
methanol among Gd1–xCaxFeO3 sensors. Besides, it showed good selectivity to methanol among methanol, ethanol, CO and formal-
dehyde gases. The responses at 260 ºC for Gd0.9Ca0.1FeO3-based sensor to 600 ppm methanol, ethanol and CO gases were 117.7, 72.7 
and 31.9, respectively. Even at quite low gas concentrations, Gd0.9Ca0.1FeO3-based sensor had an obvious response. At 260 °C, the 
response of 1.54 was obtained to be 45 ppm methanol. The experimental results showed that nanocrystalline Gd0.9Ca0.1FeO3 based 
sensor can be used to detect methanol gas.  
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Methanol (methyl alcohol) is an organic solvent, 
which is broadly applied in many fields such as industry, 
fuel, medicine and other chemicals. It is necessary to de-
velop a reliable and selective methanol sensor. Semi-
conductor materials are an important class of functional 
materials which have received considerable interest due 
to their applications in catalysis[1,2], gas sensors[3–6], elec-
trodes and electrolytes of fuel cells[7,8]. The metal oxide 
semiconductor such as SnO2 was early used in detecting 
toxic and harmful gases. However, both gas selectivity 
and stability of SnO2 sensors at high temperature are 
poor. It was reported that the response of SnO2 thin film 
sensor to 1000 ppm methanol was very small (about 2.5 
at 350 ºC)[9]. Patel et al.[10] reported that the response to 
200 ppm methanol for ITO films was 2 at room tem-
perature. Comini et al.[11] presented that TiO2 film doped 
with 1% Nb and 0.5% Pt showed good selectivity to 
ethanol. The sensor response to 500 ppm ethanol was as 
high as 23.7 at 300 ºC but that to methanol was quite low. 
Jiang et al.[12] found that polypyrrole (PPy) sensors can 
detect methanol at room temperature, the response of 
PPy sensor was 1.026 to 49 ppm methanol. Mabrook et 
al.[13] showed that TiO2 powders dispersed in the vi-
nylidenfluride show a response of 1.32 to 350 ppm 
methanol at room temperature. Sahay and Nath[14] re-
ported that the 0.5 at.% Al-doped ZnO film showed the 
maximum response 1.44 at 275 ºC to 500 ppm of metha-
nol vapour in air. Neri et al.[15] found that CeO2-Fe2O3 

thin film showed the best response of 11 to 200 ppm at 
500 ºC. Sun et al.[16] found that La0.75Ba0.25FeO3 showed 
the response of 180 to 500 ppm ethanol at 240 ºC but 
only 10 to 500 ppm methanol at 220 ºC. Doroftei et al.[17] 
found that La0.8Pb0.2FeO3 showed a good response to 
methanol, but had inverse selectivity for methanol and 
ethanol at different operating temperature. Chen et al.[18] 
reported that responses of SmFe0.95Ni0.05O3 sensor to 500 
ppm ethanol and methanol at 260ºC were 57.8 and 8, re-
spectively. Niu et al.[19] presented that nanometer 
GdFeO3 sensor showed a good sensing response (about 
45) to 50 ppm gasoline at 340 ºC. At 340 ºC, the GdFeO3 
sensor showed a response of 90.8 to 1000 ppm ethanol[45]. 
Arakawa et al.[20] found that for LnFeO3 oxides the 
methanol sensing activity increased as the radius of the 
rare-earth ion decreased, and the sequence of the activity 
for LnFeO3 was Gd>Eu>Sm>Nd>Pr>La. In the present 
work, we presented the methanol sensing characteristics 
of GdFeO3 sensor. In usual, the resistances of LnFeO3 
compounds are large. As alkaline earth elements are fre-
quently substituted by part of Ln in LnFeO3 in order to 
decrease the resistance. The effects of Ca substitution on 
the methanol sensing properties for GdFeO3 were also 
investigated.  

1  Materials and methods 

The Gd1–xCaxFeO3 (x=0–0.4) powders were prepared 
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by sol-gel method. Firstly, Gd2O3 (99.99%) was dis-
solved in an appropriate amount of concentrated nitric 
acid to prepare Gd(NO3)3 solution, and then mixed com-
pletely with stoichiometric Ca(NO3)2·4H2O (99.0%) and 
Fe(NO3)3·9H2O (98.5%) in deionized water. After adding 
some polyethylene glycol (PEG; molecular weight over 
20000), the solution was well stirred for several hours 
until the sol was formed. Then the sol was dried to gel 
and crushed into powders, which were subsequently an-
nealed in an oven at 800 ºC for 4 h. The structure of re-
sultant powders was characterized by X-ray diffraction 
with Cu Kα radiation. 

The prepared Gd1–xCaxFeO3 powders were mixed with 
terpineol and ground into paste. The paste was packed 
into a ceramic tube with two electrodes installed at each 
end. The tube was calcined at 400 °C for 3 h. The gas 
sensing properties of the Gd1–xCaxFeO3 sensors were 
measured. The schematic diagram of the testing princi-
ple[21] is shown in Fig. 1. The voltage Vh is the heating 
voltage supplied to the coils, while the circuit voltage Vc 
is supplied across the sensors and the load resistor (RL) 
connected in series. In order to derive the resistance of 
the sensor, the signal voltage Vout across the load resistor 
was measured by a digital voltmeter HB-408. Its re-
sponse can be defined as Rg/Ra, where Rg is the resistance 
measured in testing gas under the background of dry air, 
while Ra is the resistance in dry air.  

2  Results 

Fig. 2 shows the XRD patterns of Gd1–xCaxFeO3 pow-
ders calcined at 800 ºC for 4 h. All the Gd1–xCaxFeO3 
(x=0–0.4) compounds crystallize as perovskite phase 
with orthorhombic structure. All of the five XRD pat-
terns are quite similar, indicating that Ca doping does not 
change the crystal phase of GaFeO3. With the help of 
MDI Jade software, differences of peak intensity and 
width of the five XRD patterns can be seen. The mean 

 
Fig. 1 Schematic diagrams of testing principle 

 
Fig. 2 XRD patterns for Gd1–xCaxFeO3 calcined at 800 °C 

 
crystalline sizes can be calculated from these peaks. The 
mean crystalline sizes of Gd1–xCaxFeO3 powders calcu-
lated with Scherrer method are about 37.6 nm (x=0), 35.1 
nm (x=0.1), 34.2 nm (x=0.2), 32.9 nm (x=0.3) and 25.7 nm 
(x=0.4), respectively. The Ca2+ doping suppresses the 
growth of crystallite size during the high temperature 
synthesis. The small crystallite size with large specific 
surface area would provide more adsorption sites.  

Fig. 3 shows the temperature dependence of resis-
tances for Gd1–xCaxFeO3-based sensors in dry air. In the 
whole temperature range, the resistances of all sensors 
decrease with an increase of temperature, which is the 
intrinsic characteristic of semiconductor. The GdFeO3 
sensor has very large resistance near room temperature[19]. 
The Ca doping in GdFeO3 decreases the resistance. As 
we know, the compound GdFeO3 is a p-type semicon-
ductor, and its charge carriers are holes (h•) which are 
produced by the ionization of the Gd3+ vacancy defects 
[ GdV x

]:  
'''

Gd GdV V +3hx •→                               (1) 
When Gd3+ ions in GdFeO3 are replaced by some Ca2+ 
ions, holes are produced due to the ionization of [ GdCa x ]: 

'

Gd GdCa Ca +hx •→                            (2) 
which increases the conductivity of p-type Gd1–xCaxFeO3. 
  In fact, similar to that in La1−xMxFeO3 system (M=Pb, 

 
Fig. 3 Temperature dependence of resistance for Gd1–xCaxFeO3 
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