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Abstract  

In this study, La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 and x = 0.20) thin films with respective 

thicknesses of 300 and 600 nm have been prepared by the drop coating technique onto 

𝑆𝑆𝑆𝑆/𝑆𝑆𝑆𝑆𝑆𝑆2 substrate with platinum interdigitated electrodes. The effect of cobalt-content 

and films thickness on the ozone sensing properties have been studied. The sensors 

responses have been determined in an operating temperature range between 160 and 

280°C. Sensors have been exposed to different concentrations between 50 and 400 ppb 

of ozone gas at a constant flow rate of 500 ml/min dry air.  

The studied La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 and x = 0.20) compounds could be a 

promising sensitive film for ozone detection, especially for the thinnest sensitive layer, 

300 nm in our case. 

𝑲𝑲𝑲𝑲𝑲𝑲𝑲𝑲𝑲𝑲𝑲𝑲𝑲𝑲𝑲𝑲: Perovskite, Sensors, Thin films, Films thickness, Ozone sensor. 

Corresponding author: bejar_moez@yahoo.fr (𝐌𝐌.𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁𝐁) 

I- INTRODUCTION 

Ozone (O3) is an oxidizing gas, which is used in various fields such as food, odor control 

and medical disinfection [1]. However, above a concentration of 90 𝑝𝑝𝑝𝑝𝑝𝑝, ozone gas leads 

to health problems and become very harmful above a concentration of 160 𝑝𝑝𝑝𝑝𝑝𝑝 [2]. The 

World Health Organization (𝑊𝑊𝑊𝑊𝑊𝑊) declared that the 8 h average ozone gas exposure limit 

is 75 𝑝𝑝𝑝𝑝𝑝𝑝 [3]. Hence, many materials have been recently investigated as ozone-gas based 

sensors. Among them, metal oxide semiconductors are widely used such as 𝑍𝑍𝑍𝑍𝑍𝑍 [4, 5], 

𝑊𝑊𝑊𝑊3 [6,7], 𝑆𝑆𝑆𝑆𝑆𝑆2 [8] and 𝐼𝐼𝐼𝐼2𝑂𝑂3 [9] added to that we have other materials which are used 

for gas sensing applications [10-13]. Though, the complicated fabrication processes are 
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still the main drawback of these materials. These materials are currently studied in forms 

of nanostructured such as nanowires, nanotubes and nanorods thanks to their large 

surface area and nano-size effect [14,15]. But these materials are characterized by a very 

high operating temperature for example in the case of WO3 and Au-ZnO prepared by the 

hydrothermal method, the operating temperature is found to be equal to 200°C and 

206°C, respectively, in presence of 1000 ppb of BTEX [16].  Added to that, many works 

are interested on the study of materials which are nonporous, mesoporous and other 

materials characterized by nanometric size used for gas sensing application [16-18]. 

 Perovskite materials are promising candidates for the detection of ozone-gas [19-23]. 

For instance, 𝑆𝑆𝑆𝑆𝑇𝑇𝑇𝑇0.85𝐹𝐹𝐹𝐹0.15𝑂𝑂3 sensor was used in the detection of 800 𝑝𝑝𝑝𝑝𝑝𝑝 of ozone gas at 

the operating temperature of 250 °𝐶𝐶 [22]. M. Mori et al. found that introducing Co [24] in 

place of Fe was accompanied by a decrease in the operating temperature of this sensor 

[23]. 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑂𝑂3 is a multifunctional perovskite material, which was used in the detection of 

many dangerous oxidizing gases such us 𝑁𝑁𝑁𝑁2 [25] and 𝑆𝑆𝑆𝑆2[26].  

However, LaFeO3 is characterized by a high resistance [27], which is a disadvantage in 

the field of gas sensors. For this reason, it is necessary to replace the lanthanum in LaFeO3 

with lower-valence cations, such as Sr, Ca and Pb [28-30]. The gas-sensing properties of 

La1−𝑥𝑥Ca𝑥𝑥FeO3 and La1−𝑥𝑥Pb𝑥𝑥FeO3 have been studied respectively by L.B. Kong et al. [31] 

and P. Song et al. [32]. It has been confirmed that these perovskites, with a composition 

where 𝑥𝑥 = 0.2, show a higher response and greater selectivity to CO and ethanol gases, 

respectively. Usually, the perovskite materials used in the field of gas sensing are used in 

pellets forms, therefore and in order to increase the sensitivity of these sensors it is 

necessary to deposit these materials using chemical method which is sol gel by drop 

coating because the response increases in case of the use of chemical preparation method 

[33].   

In our previous published work related to this framework, we have demonstrated  that 

introducing cobalt instead of Iron in 𝐿𝐿𝐿𝐿0.885𝑃𝑃𝑃𝑃0.005𝐶𝐶𝐶𝐶0.11𝐹𝐹𝐹𝐹1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑂𝑂2.95 (𝑥𝑥 =

0.00, 0.05, 0.10 𝑎𝑎𝑎𝑎𝑎𝑎 0.15) compounds leads to the decrease of the operating temperature 

from 270 °𝐶𝐶 to 250 °𝐶𝐶 when Co-content increase from 0 % to 5 % in presence of the 𝑁𝑁𝑁𝑁3 

reducing gas [29]. Moreover, the responses of 𝐿𝐿𝐿𝐿0.8𝑃𝑃𝑃𝑃0.1𝐶𝐶𝐶𝐶0.1𝐹𝐹𝐹𝐹1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑂𝑂3  (0.00 ≤ 𝑥𝑥 ≤

0.20) sensors found in this study were higher than those of 

𝐿𝐿𝐿𝐿0.885𝑃𝑃𝑃𝑃0.005𝐶𝐶𝐶𝐶0.11𝐹𝐹𝐹𝐹1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑂𝑂2.95 (0.00 ≤ 𝑥𝑥 ≤ 0.15) sensors found in our previously 
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study [29]. But in these works, perovskite materials are used in pellets forms. In this 

context, in our recent article, the substitution of Fe by Co and substitute La by Ca and Pb 

in 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝑂𝑂3 sensor can lead to an increase of the response 𝑆𝑆 and a decrease of the operating 

temperature for these materials [28-34]. The aim of the present work was to develop 

𝐿𝐿𝐿𝐿0.8𝑃𝑃𝑃𝑃0.1𝐶𝐶𝐶𝐶0.1𝐹𝐹𝐹𝐹1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑂𝑂3 films (𝑥𝑥 = 0.10 and 𝑥𝑥 = 0.20) by drop-coating method based 

on the use of nano-powders synthesized by the sol-gel technic. Also, in this work, the 𝑂𝑂3 

sensing properties of our sensors as a function of films thickness are investigated.  

II- EXPERIMENTAL DETAILS 

II-1) Elaboration of nano-powders and thin films deposition 

A series of La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 and x = 0.20) samples have been prepared 

using the sol-gel technic with La(NO3)36H2O, Pb(NO3)22H2O, Ca(NO3)26H2O, 

Fe(NO3)9H2O and Co(NO3)26H2O as precursors (all chemicals were of 99.99% purity and 

purchased from Sigma-Aldrich). Firstly, precursors have been dissolved in distilled water 

to obtain a mixed solution. Citric acid 𝐶𝐶6𝐻𝐻8𝑂𝑂7 and few drops of ethylene glycol have been 

added when these nitrates are completely dissolved in order to ensure homogenization 

and gel formation (the ratio amount of citric acid/ethylene glycol was 1:4). The obtained 

powders are sintered respectively at 300 °C (24 h), 600 °C (24 h) and 900 °C (24 h) to 

obtain the corresponding phase. Finally, the structure of the prepared compounds has 

been characterized by X-ray diffraction using 𝐶𝐶𝐶𝐶𝐶𝐶𝛼𝛼 radiation �𝜆𝜆 = 1.5406 Å�. The thin 

films deposition of the prepared compounds has been performed on 𝑆𝑆𝑆𝑆/𝑆𝑆𝑆𝑆𝑆𝑆2 substrate by 

the drop-coating technique. A mixture of 20 mg and 20 ml of 2-propanol has been 

prepared for each compound. The suspensions have been ultrasonicated for 10 𝑚𝑚𝑚𝑚𝑚𝑚 at 

40 °𝐶𝐶 in order to ensure homogenization for the mixture. The coating of 𝑆𝑆𝑆𝑆/𝑆𝑆𝑆𝑆𝑆𝑆2 substrate 

with inter-digitated 𝑃𝑃𝑃𝑃-electrodes, has been carried out drop by drop using a 

micropipette. Two thin films have been obtained after the deposition of 8 and 16 drops 

which correspond to 20 µl and 40 µl, respectively. The deposition of thin films was 

followed by an annealing for 1 h at 500 °C. 

II-2) Gas sensitivity measurements 

We investigated the 𝑂𝑂3 sensing properties of our La0.8Pb0.1Ca0.1Fe1-xCoxO3 material for two 

film thicknesses 300 nm (8 drops) and 600 nm (16 drops) for x = 0.00 and x = 0.20. Sensors 
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have been placed in a test chamber which allowed the control of the temperature under 

variable 𝑂𝑂3 concentrations (𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 𝟏𝟏).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: General diagram of measurements setup used to characterize ozone 

microsensors. 

The volume of the chamber is about 2 liters. Dry air has been used as a reference gas. 

Ozone gas has been generated by oxidizing a part of oxygen in the dry air using a pen-ray 

UV lamp (Stable Ozone Generator UVP/185 𝑛𝑛𝑛𝑛). The different ozone concentrations have 

been obtained by partially masking the UV lamp whose range is between 30 𝑝𝑝𝑝𝑝𝑝𝑝 and 800 

𝑝𝑝𝑝𝑝𝑝𝑝 with a dry air flow rate maintained at 0.5 ℓ / 𝑚𝑚𝑚𝑚𝑚𝑚. An ozone analyzer (reference Seres 

2000G), has been used to calibrate and verify the correct ozone concentrations during the 

tests. The operating temperature of La0.8Pb0.1Ca0.1Fe1-xCoxO3 based sensors has been 

adjusted between 160 °C  and 280 °C in order to optimize the sensor response. The sensor 

bias voltage has been fixed to 1 V and the current is measured using a keithley 4250 

sourcemeter. The response 𝑆𝑆 is defined as: 

𝑆𝑆 =
𝑅𝑅𝑎𝑎
𝑅𝑅𝑔𝑔

                                                              (𝑬𝑬𝑬𝑬.𝟏𝟏) 

Where 𝑅𝑅𝑎𝑎 is the sensor resistance under dry air and 𝑅𝑅𝑔𝑔 the sensor resistance under ozone 

with dry air. 

III- RESULTS AND DISCUSSION 

III-1) 𝑿𝑿𝑿𝑿𝑿𝑿and EDX studies 

Mass flow 
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https://www.f-dgs.com/produit/ndl/
https://www.google.com/url?sa=i&url=https://www.dealicash.fr/ordinateur-portable/136846-pc-portable-samsung-350v5c.html&psig=AOvVaw2K-meZjLU3ShTV3jTX7kye&ust=1583317140985000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCNCImpuJ_ucCFQAAAAAdAAAAABAH
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In order to check the crystallinity of La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 and x = 0.20)  

nanopowders, a Bragg (θ-2θ) X-ray diffraction (𝑋𝑋𝑋𝑋𝑋𝑋) has been applied, CuKα radiation 

(𝜆𝜆 = 1.5406 Å) and 0.02 angle step have been used for the 𝑋𝑋𝑋𝑋𝑋𝑋 analysis. The analysis of 

𝑋𝑋𝑋𝑋𝑋𝑋 patterns (𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 𝟐𝟐) proves that the prepared samples crystalize in the 

orthorhombic system with Pnma group [19].  

 
Figure 2: X-ray diffraction patterns of La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 and x = 0.20) 

compounds, all peaks are indexed in the orthorhombic 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 symmetry. 

The (ℎ𝑘𝑘𝑘𝑘) Miller indices of the most intense peaks are 

(101), (002), (220), (040), (103), (321), (242) and (323). The energy dispersive spectra 

(𝐸𝐸𝐸𝐸𝐸𝐸) and SEM graphs of La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 and x = 0.20)  sensors are 

depicted in 𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 𝟑𝟑 (𝒂𝒂,𝒃𝒃) and 𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 𝟑𝟑 (𝒄𝒄,𝒅𝒅) the results reveal the presence of the 

characteristic peaks of La, Pb, Ca, Fe and Co elements. 
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Figure 3(𝒂𝒂,𝒃𝒃): Energy dispersive spectra (𝐸𝐸𝐸𝐸𝐸𝐸) of La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 (a) 

and x = 0.20 (b)) sensors. 
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Figure 3 (𝒄𝒄,𝒅𝒅): SEM-graphs of La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 (c) and x = 0.20 (d)) 

sensors. 

The grain size was determined by using the Scherrer method [35]: 

𝐷𝐷𝑆𝑆𝑆𝑆 =
𝑘𝑘 × λ
β cos θ

                                                         (𝑬𝑬𝑬𝑬.𝟐𝟐) 

Where k is the grain form factor (𝑘𝑘 = 0.9), 𝜆𝜆 = 1.5406 Å represents the wavelength, 𝜃𝜃 

defines the Bragg angle for the most intense peak and β is the full width at half maximum 

of the most intense peak. 

The calculated value of the crystallite size (𝐷𝐷𝑆𝑆𝑆𝑆) was found equal to 43.4 𝑛𝑛𝑛𝑛 and 43.2 𝑛𝑛𝑛𝑛 

for 𝑥𝑥 = 0.10 and 𝑥𝑥 = 0.20, respectively. The obtained values are comparable to those 

found for other compounds considered as nanometric materials for gas-sensing 

application [36, 37]. Moreover, it is reported that nanometric materials present 

significant activity and consequently, facilitate the chemisorption of oxygen of these 

compounds [38]. Finally, it is worth to mention that the incorporation of the Co ion in 

place of Iron leads to the decrease of the crystallite size value. 

III-2) Dependence between film thickness and ozone sensing properties of 

𝐋𝐋𝐋𝐋𝟎𝟎.𝟖𝟖𝐏𝐏𝐏𝐏𝟎𝟎.𝟏𝟏𝐂𝐂𝐂𝐂𝟎𝟎.𝟏𝟏𝐅𝐅𝐅𝐅𝟏𝟏−𝒙𝒙𝐂𝐂𝐂𝐂𝒙𝒙𝐎𝐎𝟑𝟑 (𝒙𝒙 = 𝟎𝟎.𝟏𝟏𝟏𝟏,𝒙𝒙 = 𝟎𝟎.𝟐𝟐𝟐𝟐) sensors 

c 

d 
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The deposition of  𝐿𝐿𝐿𝐿0.8𝑃𝑃𝑃𝑃0.1𝐶𝐶𝐶𝐶0.1𝐹𝐹𝐹𝐹1−𝑥𝑥𝐶𝐶𝐶𝐶𝑥𝑥𝑂𝑂3 (𝑥𝑥 = 0.10 and 𝑥𝑥 = 0.20) nano powders 

over the Si/SiO2 substrate has been checked by optical microscope analysis. The results 

depicted in 𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭.𝟒𝟒, show the optical views of La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 and x 

= 0.20)   compounds after deposition of 8 and 16 drops. 

 

 

Figure 4: Optical view of La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 and x = 0.20) sensors after 

deposit of 8 and 16 drops. 

Film’s thickness has been measured after annealing using a DEKTAK 6M mechanical 

profilometer. The average film thickness was found to be equal to 300 nm and 600nm for 

coating process with 8 and 16 drops, respectively (𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝟏𝟏).  

Table 1: Mean thickness, standard deviation, and repeatability error of 

La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 and x = 0.20) sensors. 

 

After the deposit of our material, measurements of the sensor resistance as a function of 

time have been carried out at different temperatures and with different  La0.8Pb0.1Ca0.1Fe1-

xCoxO3 (x = 0.10 and x = 0.20) film thicknesses (𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 𝟓𝟓 and 6). 

 
Thickness (𝒏𝒏𝒏𝒏) Mean 

thickness 
(𝒏𝒏𝒏𝒏) 

Standard 
deviation 

(𝒏𝒏𝒏𝒏) 

Error 
repeatability (%)  

= (Standard 
deviation/Mean 

thickness)   test 1 test 2 test 3 test 4 test 5 test 6 

8 
drops 288 316 321 302 287 286 300 15,5 5 

16 
drops 589 604 609 612 599 588 600 10 1,7 

x = 0.20, 8 drops x = 0.10, 8 drops 

x = 0.10, 16 drops x = 0.20, 16 drops 
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Figure 5: Ozone gas response of La0.8Pb0.1Ca0.1Fe0.9Co0.1O3  ( 𝑥𝑥 = 0.10) sensor as a 

function of time at several temperatures (190, 210, 230 and 260 °𝐶𝐶) for a thickness film 

equal to 300 𝑛𝑛𝑛𝑛 (8 drops) and 600 𝑛𝑛𝑛𝑛 (16 drops) for an exposure time equal to 1 𝑚𝑚𝑚𝑚𝑚𝑚 

(𝑪𝑪 = 𝟏𝟏𝟏𝟏𝟏𝟏 𝒑𝒑𝒑𝒑𝒑𝒑). 
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 Figure 6: Ozone gas response of La0.8Pb0.1Ca0.1Fe0.8Co0.2O3  ( 𝑥𝑥 = 0.20) sensor as a 

function of time at several temperatures (170, 210, 230 and 260 °𝐶𝐶) for a thickness film 

equal to 300 𝑛𝑛𝑛𝑛 (8 drops) and 600 𝑛𝑛𝑛𝑛 (16 drops) for an exposure time equal to 1 𝑚𝑚𝑚𝑚𝑚𝑚 

(𝐶𝐶 = 100 𝑝𝑝𝑝𝑝𝑝𝑝). 
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Furthermore, the response (𝑆𝑆) of La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 and x = 0.20) sensors 

for thickness films equal to 300 𝑛𝑛𝑛𝑛 and 600 𝑛𝑛𝑛𝑛 for an exposure time equal to 1𝑚𝑚𝑚𝑚𝑚𝑚 has 

been performed. The decrease of the resistance when sensors are exposed to 𝑂𝑂3 gas, 

which is an oxidizing gas, indicates the p-type semiconductor behaviour of the studied 

sensors [39]. The responses obtained with the thickness 300 𝑛𝑛𝑛𝑛 are higher than those 

found with a thickness of 600 𝑛𝑛𝑛𝑛. In fact, when the thickness of the film increases, the 

electrodes are buried [40]. Then, the oxygen species are trapped at the top of the 

La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 and x = 0.20)   film, which reduces the diffusion in the 

part between the electrodes, inducing the response decrease. On the other hand, the result 

show that for 𝑥𝑥 = 0.10 and at 𝑇𝑇 = 210, 230 and 260 °𝐶𝐶, the 𝑅𝑅(𝑡𝑡) curve does not return to 

the baseline. This variation depends on the amount of oxygen adsorbed on the surface 

because the electron trapped by the oxygen at the surface from the semiconductor 

decreases the resistance by increasing the major charge carrier (ℎ𝑜𝑜𝑜𝑜𝑜𝑜) concentration 

[39]. However, for a temperature equal to 190 °𝐶𝐶, we observe the presence of some 

stability of 𝑅𝑅(𝑡𝑡) curve. So, we can predict that the operating temperature is expected to 

be equal to 190  °𝐶𝐶 for 𝑥𝑥 = 0.10 sensor and this temperature decreases to 170 °𝐶𝐶 for 

𝐿𝐿𝐿𝐿0.8𝑃𝑃𝑃𝑃0.1𝐶𝐶𝐶𝐶0.1𝐹𝐹𝐹𝐹0.8𝐶𝐶𝐶𝐶0.2𝑂𝑂3 sensor. 

Figure. 7 summarizes the ozone response (𝑆𝑆) values of La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 

and x = 0.20) with a thickness film equal to 300 𝑛𝑛𝑛𝑛 and 600 𝑛𝑛𝑛𝑛 per each sensor in 

presence of 𝑂𝑂3 gas when concentration is equal to 100 𝑝𝑝𝑝𝑝𝑝𝑝 at different working 

temperatures. As it is known, each sensor can be characterized by its optimal operating 

temperature (𝑇𝑇𝑂𝑂) because the temperature has a significant effect on the gas response.  
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Figure 7: The relationship between response �𝑆𝑆 = 𝑅𝑅𝑎𝑎 𝑅𝑅𝑔𝑔⁄ � and temperature (𝑇𝑇) of 

La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 and x = 0.20)   based sensor during ozone exposing time 

of 1 𝑚𝑚𝑚𝑚𝑚𝑚 at 100 𝑝𝑝𝑝𝑝𝑝𝑝 concentration as a function of film thickness. 

𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭.𝟕𝟕 reveals that the optimum operating temperatures (𝑇𝑇𝑂𝑂) for our sensors was 

found to be equal to 190  °𝐶𝐶 and 170  °𝐶𝐶 for 𝑥𝑥 = 0.10 and 0.20, respectively. Lee and reedy 

[41] have revealed that many factors, such as oxygen species, the rates of adsorption and 

desorption, and the charge carrier concentration, contribute to the sensor response. The 

activities of the electrons and oxygen species in the sensing reactions depend on the 

operating temperatures [42]. 

From 𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 𝟓𝟓, we can note that the 𝑆𝑆 values increase not only by decreasing film-

thickness, but also by increasing cobalt rate [43]. 

To further investigate the attitude of La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 and x = 0.20) 

sensors to detect various ozone concentrations levels, the sensitivity of the prepared 

sensors in presence of different concentration of ozone gas for an exposure time equal to 

4 min were investigated and the results are shown in 𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 𝟖𝟖  ( 𝑥𝑥 = 0.10 ) and 

𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 𝟗𝟗  ( 𝑥𝑥 = 0.20). The results show that curves present partial reversibility to the 

base line of La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 and x = 0.20)  sensors towards 50, 100, 200, 

300, and 400 𝑝𝑝𝑝𝑝𝑝𝑝 at the operating temperature.  
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Figure 8: La0.8Pb0.1Ca0.1Fe0.9Co0.1O3   ( 𝑥𝑥 = 0.10)  sensor response (𝑆𝑆) to different  

oxidizing gas (𝑂𝑂3) concentrations (50, 100, 200, 300 𝑎𝑎𝑎𝑎𝑎𝑎 400  𝑝𝑝𝑝𝑝𝑝𝑝) for a film thickness 

equal to 300  𝑛𝑛𝑛𝑛 (8 drops) and 600  𝑛𝑛𝑛𝑛 (16 drops) at  𝑇𝑇𝑂𝑂 = 190  °𝐶𝐶 and for an exposure 

time equal to 4 𝑚𝑚𝑚𝑚𝑚𝑚. 

 

Figure 9: La0.8Pb0.1Ca0.1Fe0.8Co0.2O3  ( 𝑥𝑥 = 0.20 )  sensor response (𝑆𝑆) to different  

oxidizing gas (𝑂𝑂3) concentrations (50, 100, 200, 300 and 400  𝑝𝑝𝑝𝑝𝑝𝑝) for a film thickness 

equal to 300 𝑛𝑛𝑛𝑛 (8 drops) and 600 𝑛𝑛𝑛𝑛 (16 drops) at 𝑇𝑇𝑂𝑂 = 170 °𝐶𝐶 and for an exposure 

time equal to 4 𝑚𝑚𝑚𝑚𝑚𝑚. 

All characteristics of gas sensors, such as signal, response, and recovery times, depend on 

the gas diffusion effects and the rate of reaction. This phenomenon is demonstrated 

theoretically, using the model of 𝑆𝑆𝑆𝑆𝑂𝑂2 [37]. When oxygen species are adsorbed, a 

depletion layer is formed on the surface of the sensing films.  

𝑂𝑂2(𝑔𝑔𝑔𝑔𝑔𝑔)  ↔  𝑂𝑂2(𝑎𝑎𝑎𝑎𝑎𝑎)                                                  (𝑬𝑬𝑬𝑬.𝟑𝟑) 

𝑂𝑂2(𝑎𝑎𝑎𝑎𝑎𝑎) + 𝑒𝑒−  ↔  𝑂𝑂2(𝑎𝑎𝑎𝑎𝑎𝑎)
−                                              (𝑬𝑬𝑬𝑬.𝟒𝟒) 

𝑂𝑂2(𝑎𝑎𝑎𝑎𝑎𝑎)
− + 𝑒𝑒−  ↔  2𝑂𝑂𝑎𝑎𝑎𝑎𝑎𝑎−                                              (𝑬𝑬𝑬𝑬.𝟓𝟓) 

(𝒂𝒂) (𝒃𝒃) 

(𝒂𝒂) (𝒃𝒃) 
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𝑂𝑂(𝑎𝑎𝑎𝑎𝑎𝑎)
− + 𝑒𝑒−  ↔  𝑂𝑂(𝑎𝑎𝑎𝑎𝑎𝑎)

2−                                                (𝑬𝑬𝑬𝑬.𝟔𝟔) 

The chemical reactions process between free adsorption site 𝑆𝑆 and the triatomic gases, as 

ozone (𝑂𝑂3), are Eq.7 and Eq.8 [44]. These reactions depends also in the operating 

temperature of each sensor: 

𝑆𝑆 + 𝑂𝑂3  →  (𝑆𝑆 − 𝑂𝑂) + 𝑂𝑂2                                           (𝑬𝑬𝑬𝑬.𝟕𝟕) 

(𝑆𝑆 − 𝑂𝑂) + 𝑒𝑒−  →   (𝑆𝑆 + 𝑂𝑂)−                                        (𝑬𝑬𝑬𝑬.𝟖𝟖) 

The response of La0.8Pb0.1Ca0.1Fe1−𝑥𝑥Co𝑥𝑥O3 (𝑥𝑥 = 0.10 and 𝑥𝑥 = 0.20) detectors increases, 

simultaneously, by the increases of the gas concentrations and the decreases of film 

thickness from 300 𝑛𝑛𝑛𝑛 to 600 𝑛𝑛𝑛𝑛 (𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭𝑭 𝟏𝟏𝟏𝟏 and 𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝟐𝟐).  

 

Figure 10: Response (𝑆𝑆 = 𝑅𝑅𝑎𝑎/𝑅𝑅𝑔𝑔)  vs. 𝑂𝑂3 concentrations (50, 100, 200, 300 and 400 𝑝𝑝𝑝𝑝𝑝𝑝) 

at the working temperature (𝑇𝑇 = 190 °𝐶𝐶) for 𝑥𝑥 =  0.10 and (𝑇𝑇 = 170 °𝐶𝐶) for  𝑥𝑥 = 0.20 

sensors. 

Table 2: Response �𝑆𝑆 = 𝑅𝑅𝑎𝑎 𝑅𝑅𝑔𝑔⁄ � of La0.8Pb0.1Ca0.1Fe1−𝑥𝑥Co𝑥𝑥O3 (𝑥𝑥 = 0.10 𝑎𝑎𝑎𝑎𝑎𝑎 𝑥𝑥 = 0.20) 

sensors during an ozone exposing time of 4 𝑚𝑚𝑚𝑚𝑚𝑚 at different gas concentrations as a 

function of film thickness (300 𝑛𝑛𝑛𝑛 and 600 𝑛𝑛𝑛𝑛). 

𝑪𝑪 (𝒑𝒑𝒑𝒑𝒑𝒑) 
𝑺𝑺 (𝟎𝟎.𝟏𝟏𝟏𝟏) 

𝟑𝟑𝟑𝟑𝟑𝟑 𝒏𝒏𝒏𝒏 

𝑺𝑺 (𝟎𝟎.𝟏𝟏𝟏𝟏) 

𝟔𝟔𝟔𝟔𝟔𝟔 𝒏𝒏𝒏𝒏 

𝑺𝑺 (𝟎𝟎.𝟐𝟐𝟐𝟐) 

𝟑𝟑𝟑𝟑𝟑𝟑 𝒏𝒏𝒏𝒏 

𝑺𝑺 (𝟎𝟎.𝟐𝟐𝟐𝟐) 

𝟔𝟔𝟔𝟔𝟔𝟔 𝒏𝒏𝒏𝒏 

𝟎𝟎.𝟎𝟎𝟎𝟎  1.586 1.264 1.753 1.420 

𝟎𝟎.𝟏𝟏 2.020 1.407 2.111 1.642 

𝟎𝟎.𝟐𝟐  2.475 1.523 3.264 1.793 

𝟎𝟎.𝟑𝟑  2.926 1.690 4.273 2.001 

𝟎𝟎.𝟒𝟒  3.391 1.716 6.563 2.091 
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Moreover, the response of the prepared sensors was found higher than the response 

reported for other metal oxide semiconductor (𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻.𝟑𝟑) [45-47], and than other 

perovskite materials cited as potentials 𝑂𝑂3 sensing [48]. 

Table 3: Comparison of sensing performances of different sensors for the detection of 𝑂𝑂3. 

Sensors 𝑻𝑻𝑶𝑶 (°𝑪𝑪) 𝑪𝑪(𝒑𝒑𝒑𝒑𝒑𝒑) 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹 (𝑺𝑺) 𝑹𝑹𝑹𝑹𝑹𝑹 

𝑺𝑺𝑺𝑺𝑺𝑺𝟐𝟐 20 0.217 1.6 [45] 

𝑪𝑪𝑪𝑪𝑪𝑪 250 0.6 2.5 [46] 

𝒁𝒁𝒁𝒁 −𝑴𝑴𝑴𝑴𝑴𝑴𝟐𝟐 25 5 1.8 [47] 

𝑺𝑺𝑺𝑺𝑭𝑭𝑭𝑭𝟎𝟎.𝟖𝟖𝑪𝑪𝑪𝑪𝟎𝟎.𝟐𝟐𝑶𝑶𝟑𝟑 200 400 3 [48] 

The response and recovery times have been investigated, and the results   have been 

illustrated in 𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝟒𝟒. 

Table 4: Response �𝜏𝜏𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟� and recovery (𝜏𝜏𝑟𝑟𝑟𝑟𝑟𝑟) times of La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 

and x = 0.20) sensors for a thicknesses film equal to 300 𝑛𝑛𝑛𝑛 and 600 𝑛𝑛𝑛𝑛 at different 

concentrations (𝐶𝐶) at the operating temperature for each sensor. 

Sensors 𝑻𝑻  (°𝑪𝑪) 𝑪𝑪  (𝒑𝒑𝒑𝒑𝒑𝒑) 𝝉𝝉𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓 (𝒎𝒎𝒎𝒎𝒎𝒎) 𝝉𝝉𝒓𝒓𝒓𝒓𝒓𝒓 (𝒎𝒎𝒎𝒎𝒎𝒎) 

𝒙𝒙 = 𝟎𝟎.𝟏𝟏𝟏𝟏

∶  𝟑𝟑𝟑𝟑𝟑𝟑 𝒏𝒏𝒏𝒏 
190 

50 3.3 10.2 

200 2.2 21.2 

400 1.9 30.1 

𝒙𝒙 = 𝟎𝟎.𝟏𝟏𝟏𝟏

∶  𝟔𝟔𝟔𝟔𝟔𝟔 𝒏𝒏𝒏𝒏 
190 

50 3.5 26.1 

200 3.3 49.9 

400 3.1 58.3 

𝒙𝒙 = 𝟎𝟎.𝟐𝟐𝟐𝟐

∶  𝟑𝟑𝟑𝟑𝟑𝟑 𝒏𝒏𝒏𝒏 
170 

50 3.5 8.3 

200 2.5 14.1 

400 2.1 41.3 

𝒙𝒙 = 𝟎𝟎.𝟐𝟐𝟐𝟐

∶  𝟔𝟔𝟔𝟔𝟔𝟔 𝒏𝒏𝒏𝒏 
170 

50 2.8 28.2 

200 2.6 44.6 

400 2.3 52.4 

 

The response time is the time needed to reach 90% of the final steady state signal and the 

recovery time (return time) was defined as the time needed to reach 10% of the final 



16 
 

steady state signal [49]. In the case of our sensors, the response time �τ𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟� increases 

from 1.95  𝑚𝑚𝑚𝑚𝑚𝑚 to 3.12  𝑚𝑚𝑚𝑚𝑚𝑚 for 𝑥𝑥 = 0.10 when concentration is equal to 400  𝑝𝑝𝑝𝑝𝑝𝑝 and 

when thickness film increases from 300  𝑛𝑛𝑛𝑛 to 600  𝑛𝑛𝑛𝑛.  

IV-CONCLUSION  

The present work demonstrates the feasibility of the use of La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 

0.10 and x = 0.20) films deposited by drop coating, as ozone sensors.  

La0.8Pb0.1Ca0.1Fe1-xCoxO3 (x = 0.10 and x = 0.20) structural properties revealed the 

presence of an orthorhombic structure with nanometric grain size. The study of the 

response �𝑆𝑆 = 𝑅𝑅𝑔𝑔/𝑅𝑅𝑎𝑎� of our compounds proves the ability of our samples to detect low 

concentration equal to 50 𝑝𝑝𝑝𝑝𝑝𝑝 (𝑠𝑠𝑠𝑠𝑠𝑠 − 𝑝𝑝𝑝𝑝𝑝𝑝) of ozone gas. Responses are more important 

in case of a thickness film equal to 300 𝑛𝑛𝑛𝑛 compared to those found in case of film 

thickness of 600 𝑛𝑛𝑛𝑛. The optimal working temperature was found to be equal to 190 ℃ 

with 𝑥𝑥 =  0.10 and decreases to 170 ℃ for the sample doped with 20% of cobalt.  
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