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ABSTRACT

Cadmium oxide thin films were successfully deposited on glass substrates using the chemical bath deposition
method and annealed at 500°C using Cadmium chloride and sodium hydroxide as starting precursors. These
optimized films were tested for nitrogen dioxide (NO2) as oxidizing gas using a static gas sensing unit at
different operating temperatures at a constant gas concentration (NO2) of 10ppm. The maximum response of
the CdO thin film is at 100 °C as an operating temperature. The sensor's response and recovery time were
calculated and reported. Our results show that the CdO thin film is suitable for NO:2 gas sensing applications at
possible low operating temperature.
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I. INTRODUCTION

With the growth of contemporary industry and technology in recent years, the emission of various toxic gases
has become a major concern. Numerous studies have been done to develop novel solid-state gas sensors based
on metal oxide semiconductors. As a result, low-cost detection and measurement of gaseous species in air are
becoming more important for human health and safety, energy efficiency, and pollution control. [1,2].

Metal oxides, such as NiO, CdO ,Zn0O, SnO2 and others, have long been used as an active layer in gas sensors to
detect toxic and hazardous environmental gases, such as NO2, CO2, and CO, because they are less expensive
than other sensing technologies that are reliable, small in size, and lightweight. The recent growth of industries
and improvements in quality of life have increased the importance of the problem of air pollution. As a result,
the quality of urban air has recently become a public health issue. Nitrogen dioxide NO2 is one of the most
dangerous air pollutants, causing toxic and harmful effects on the environment and human health. [3,4]. Car
exhausts, as well as domestic and industrial combustion processes, are sources of nitrogen dioxide. NO2 has a
threshold limit value of up to 25 ppm [5], so detection at this low concentration is required. However, widely
used commercial gas sensors have significant limitations. These concerns arise from their high-power

consumption, low sensitivity, and high operating temperature [6,7]. As a result, there is an urgent need for new
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gas sensors with improved performance. Several metallic oxides, such as ZnO [8], SnO2 [9], CdO [10], NiO [11],
and Fe203 [12], have attracted the attention of researchers and are being studied for this purpose. CdO is a well-
known n-type semiconductor with a band gap energy of (2.2-2.7) eV. The electrical conductivity ranges
between 102 and 104 S/cm. Cd interstitials (Cdi) and oxygen vacancies (Vo) act as doubly ionised (+ 2) charge
donors in CdO, resulting in such high electrical conduction [13,14]. Its high electrical conductivity and optical
transmittance in the visible region of the solar spectrum, combined with a moderate reflective index, make it
suitable for a variety of applications such as photodiodes, gas sensors, and so on. [15,16]

Spray pyrolysis [17], electrochemical deposition [18], sol-gel [19], SILAR method [20], chemical bath deposition
method [21] and other methods have been used to develop undoped CdO thin films. The chemical bath method
has an advantage over other methods because it is simple, does not require sophisticated equipment, operates at
low temperatures, and has a low deposition cost. In this article CdO films were deposited on a silica glass
substrate using a chemical bath technique and their sensitivity to nitrogen dioxide (NO2) gas was tested for

applications in environmental monitoring.
II. METHODS AND MATERIAL

All glass wares first washed in distilled water and HCl. 0.1 M concentration of cadmium chloride and 0.1M
concentration of sodium hydroxide was prepared in 100 ml and 50 ml beaker respectively without any
complexing agents. Drop by drop, NaOH solution was added to cadmium chloride solution until pH 10 was
obtained at room temperature. The solution was then stirred with a magnetic stirrer after the well-cleaned
glass substrate was rinsed in it for 3 hours using a thin film holder. After three hours, the substrate was
removed from the solution and allowed to air dry at room temperature. On the substrate, a white-colored
cadmium hydroxide film has formed. The film was annealed at 500 °C for 150 minutes to obtain pure CdO

phase.

III. RESULTS AND DISCUSSION

A. Measurement of response

The sensor's gas response (S) is defined as the ratio of change in conductance to sensor conductance after target
exposure (at same operating conditions).

Sr=1Ig-Ia/la (for reducing gases) ----------—-—-—-- (1)

So =Ia-Ig/Ig (for oxidising gas) ------------- (2)

where Ia = the conductance of the sensor in air

Ig = the conductance on exposure of a target gas.

B.  Gas sensing mechanism of CdO thin film towards NO2 gas.

As we know, the key points of gas sensing phenomena are the morphology of the synthesised materials, oxygen
vacancies, grain size, and the nature of the gas. The CdO layers were used for gas sensing measurements after
they were physiochemically characterised. Most metal oxides-based gas sensors require high temperatures for
oxygen chemisorption, which is the foundation for oxygen mediated transition metal oxide gas sensors. To

determine the operating temperature for the CdO sensor, it was tested from 50 °C to 300 °C with an interval of
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50 °C at constant gas concentration of 10 ppm of NO:. As shown in Fig. 2, the responses of CdO samples
initially increase with increasing operating temperature, reaching maximum sensitivity at 100 °C, and then
decrease for higher temperatures.

Because the particles of NO2 gas do not have enough energy to become active at low operating temperatures,
the sensor's sensitivity is limited. The response decreases as the operating temperature exceeds 100 °C, which
could be attributed to a decrease in NO2 particles adsorption on the surface of the CdO thin films due to the
decomposition of NO2 gas into oxygen and NO gases at higher temperatures.

NO2, N20, COz2, and NO gases are oxidising, whereas, CO, CH4, NHs, SO2 and H:S gases are reducing [22].
When metal oxide surfaces are exposed to these oxidising gases they trap the more electrons from material
surface resulting in an increase in resistance. [23] It is well known that oxygen molecules adsorbed Oz, O-, and
O? ions depending on temperature in the air atmosphere.on the surface of CdO which is shown in Fig.1. The
stable oxygen ions are Oz below 100° degrees Celsius, O- between 100 and 300 degrees Celsius, and O%* above
300 degrees Celsius [24]. We can understand the by chemical reactions when CdO is exposed to NO:2 gas.[25,
26]

NOz2 gas) + e — NOz2™ (ads) ---------- 3)
NO2 (ads) +O (ads) +2e— — NO (gas) +202 (ads) ~---—- (4)

When the CdO films are exposed to NO: gas, the NOz2 gas reacts with the adsorbed O-ions which is on the
surface of the CdO films. This ions help the adsorbed NO:2 ions to take electrons from the conduction band of
bulk CdO ,resulting concentration of electrons on the surface of the CdO film decreases and the resistance of
the CdO film increases. However, as the temperature rises, the O> dominant at the surface, and the response
of the CdO sensor further decreases. At the high temperatures, all species desorb gradually and the response
decreases. The optimum working temperature for pure CdO thin film sensor towards a concentration of 10
ppm NO: was determined to be 100°C as shown in Fig.2. At this working temperature the CdO sensor had a

response time of 125 seconds and recovery time of 175 seconds which is shown in Fig.3.
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Fig.1 Gas Sensing mechanism of CdO thin film
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Fig.2 Variation of operating temperature with gas sensor response
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Fig.3 Response time and recovery time of CdO thin film operating at 1000C
IV. CONCLUSION

Pure CdO thin film was successfully deposited by chemical bath deposition method. Temperature dependent
NO: gas sensing behaviour was studied towards a concentration of 10ppm.The optimal operating temperature

was found to be 100°C with response and recovery times of 125 sec and 175 sec respectively.

V. ACKNOWLEDGEMENT

The authors are thankful to Principal, Shankarlal Khandelwal Arts, Science & Commerce College Akola, for

providing the necessary research facilities and also thanks to CSIR, Delhi for providing financial support.

VI. REFERENCES

[1]. Chung, P.-R.; Tzeng, C.-T.; Ke, M.-T.; Lee, C.-Y . Formaldehyde Gas Sensors: A Review. Sensors. (2013),
13:4468- 4484 DOI: 10.3390/s130404468

Volume 9, Issue 7, March-April-2023 | http://ijsrcseit.com



RACSMIT-2023 Published on Marth 15, 2023 Page No : 289-294

Chen, D.; Yuan, Y. J. Thin-Film Sensors for Detection of Formaldehyde: A Review. IEEE Sens. J. 2015,
15:6749- 6760 DOI: 10.1109/JSEN.2015.2457931

Brunet J., Dubois M., Pauly A. An innovative gas sensor system designed from a sensitive organic
semiconductor downstream a Nano carbonaceous chemical filter for the selective detection of NO2 in an
environmental context: Part I: Development of a nanocarbon filter for the removal of ozone. Sens.
Actuators B. (2012), 173:659-667. d0i:10.1016/j.snb.2012.07.082

Patnaik P. A Comprehensive Guide to the Hazardous Properties of Chemical Substances. John Wiley &
Sons, Inc.; Hoboken, NJ, USA: 2007. p. 1060.

Bochenkov V.E., Sergeev G.B. Preparation and chemiresistive properties of nanostructured materials.
Adv. Colloid Interface Sci. (2005), 116:245-254. doi: 10.1016/j.cis.2005.05.004.

Qureshi A., Mergen A., Altindal A. Preparation and characterization of Li and Ti codoped NiO
nanocomposites for gas sensors applications. Sens. Actuators B. 2009. 135:537-540. doi:
10.1016/j.snb.2008.09.029.

Soleimanpour A.M., Hou Y.H., Jayatissa A. Surface and gas sensing properties of nanocrystalline nickel
oxide thin films. Appl. Surf. Sci. 2011. 257:5398-5402. doi: 10.1016/j.apsusc.2010.11.022

Zhu L., Zeng W. Room-temperature gas sensing of ZnO-based gas sensor: A review. Sens. Actuators A.
2017;267:242-261. doi: 10.1016/j.sna.2017.10.021.

Liu X.,, MaT., Xu Y., Sun L., Zheng L., Schmidt O.G., Zhang J. Rolled-up SnO2 nanomembranes: A new
platform for efficient gas sensors. Sens. Actuators B. 2018;264:92-99. doi: 10.1016/j.snb.2018.02.187

. Velusamy P., Babu R.R., Ramamurthi K., Elangovan E., Viegas J., Sridharan M. Spray deposited

ruthenium incorporated CdO thin films for optoelectronic and gas sensing applications. J. Phys. Chem.
Solids. 2018 112:127-136. doi:10.1016/j.jpcs.2017.09.019.

. Swati R., Gawali V.L., Patil V.G., Deonikar S.S., Patil D.R., Patil P.S., Patil ]J.P. Ce doped NiO

nanoparticles as selective NO2 gas sensor. ]. Phys. Chem. Solids. (2018).114:28-35 doi:
10.1016/j.jpcs.2017.11.005

. Liang S., Li J., Wang F., Qina J., Lai X., Jiang X. Highly sensitive acetone gas sensor based on ultrafine -

Fe203 nanoparticles. Sens. Actuators B. (2017). 238:923-927. doi: 10.1016/j.snb.2016.06.144.

. Mauricio Ortega, Guillermo Santana, Arturo Morales-Acevedo. Optoelectronic properties of CdO/Si

photodetectors. Solid-State Electronics (2000). 44:1765-1769 doi: 10.1016/50038-1101(00)00123-4

. Burbano, M., Scanlon, D.O., Watson, G.W.: Sources of conductivity and doping limits in CdO from

hybrid density functional theory. J. Am. Chem. Soc (2011). 133:15065-15072 doi: 10.1021/ja204639y

. R Ferro; ].A Rodriguez (2000). Influence of F-doping on the transmittance and electron affinity of CdO

thin films suitable for solar cells technology (2000). 64:363-370. doi:10.1016/s0927-0248(00)00228-2.

. Hussein, Hasan I.; Shaban, Auday H.; Khudayer, Iman H. (2019). Enhancements of p-Si/CdO Thin Films

Solar Cells with doping (Sb, Sn, Se). Energy Procedia, 157(), 150-157. d0i:10.1016/j.egypro.2018.11.175

. M.A Rahman, M.K.R.Khan, (2014). Effect of annealing temperature on structural , electrical and optical

properties of spray pyrolytic nanocrystalline CdO thin films. Materials science in semiconductor
processing 24: 26 -33 doi:10.1016/j.mssp.2014.03.002

. Trilok Singh; D.K. Pandya; R. Singh (2011). Electrochemical deposition and characterization of elongated

CdO nanostructures. Materials Science and Engineering B, 176: 945-949 d0i:10.1016/j.mseb.2011.05.021

Volume 9, Issue 7, March-April-2023 | http://ijsrcseit.com



RACSMIT-2023 Published on Marth 15, 2023 Page No : 289-294

[19].

[22].

Diliegros-Godines, C.]J., Castanedo-Pérez, R., Torres-Delgado, G. et al. Structural, electrical and optical
properties of tin doped cadmium oxide thin films obtained by sol-gel. ] Sol-Gel Sci Technol 70, 500-505
(2014). doi:10.1007/s10971-014-3312-x

. Yildirim M A and Ates A (2009). Structural, optical and electrical properties of CdO/Cd (OH)2 thin films

grown by the SILAR method. Sensors and Actuators A: physical 155: 272-
277d0i:10.1016/j.physe.2007.08.145

. D.S. Dhawale; A.M. More; S.S. Latthe; K.Y. Rajpure; C.D. Lokhande (2008). Room temperature synthesis

and characterization of CdO nanowires by chemical bath deposition (CBD) method. Applied Surface
Science 254: 3269-3273 doi:10.1016/j.apsusc.2007.11.013

Jeevan, Sounder (2018) .Nitrogen dioxide (NO 2 ) Gas Sensing Characteristics of ZnO -Na CMC Thin film
Prepared by Sol-Gel Dip Coating Method. International Journal of Pure and Applied Mathematics,
120:1149-1162

. G. Korotcenkov (2007). Metal oxides for solid-state gas sensors: What determines our choice?., 139: 1-23.

doi: 10.1016/j.mseb.2007.01.044

. A Z. Sadek, S. Choopun,W. Wlodarski, S. J. Ippolito, and K. Kalantarzadeh (2007). Characterization of

ZnO nanobelt-based gas sensor for H2, NO2, and hydrocarbon sensing. IEEE Sens. 07: 919-924

. IR. Ferro, ]. A. Rodriguez and P. Bertrand (2008).Peculiarities of nitrogen dioxide detection with sprayed

undoped and indium-doped zinc oxide thin films. Thin Solid Films, 516: 2225-2230.

. T. V. Belysheva, L. P. Bogovtseva, E.A. Kazachkov and N. V. Serebryakova (2003). Gas-sensing properties

of doped In203 films as sensors for NO2 in air. J. Anal. Chem. 58: 583-587

Volume 9, Issue 7, March-April-2023 | http://ijsrcseit.com



