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In present study, using simple and inexpensive novel reflux method, Cadmium Oxide (CdO) thin films
were successfully deposited on glass substrate. Here to deposit CdO on glass substrate, Cadmium Chloride
(CdClz) was used as a source of Cd* ions, while ammonia was taken as complexing agent. Structural analy-
sis and surface morphology of prepared CdO thin film was analyzed by X-ray diffraction and scanning elec-
tron microscopy respectively, Also wettability test was done by using goniometer which showed hydrophilic
nature of deposited CdO thin film. Optical properties of CdO thin film was completed by using UV-Visible
spectroscopy which revealed that deposited CdO thin film has direct band gap about 2.01 eV. NO: gas
sensing properties like sensitivity, response recovery & response time of prepared CdO sensor was deter-
mined by using Keithley gas sensing unit. In present work effect of concentration of NO2 gas on response of
CdO sensor was studied and it was cleared that as NO2 gas concentration increases (25 ppm — 100 ppm),
the response of CdO sensor was also increases & it becomes maximum i.e. (57 %) for 100 ppm of NOz with
optimized temperature of 200 °C. Variation of response and recovery time with NOz gas concentration was
studied and it was concluded that as concentration of NO: gas increases, response time increases while re-
covery time decreases.
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1. INTRODUCTION

The deposition of thin films of nanometer thickness
is very much applicable because of their role in many
applications in the various fields of science and tech-
nology such as electronics, space science, industry area
and optics [1]. There are number of physical and chem-
ical methods are used to deposit thin films of various
kinds, out of which transparent conducting oxides
(TCO) thin films have been paid much more attention
due to its crucial role in gas sensor, solar cell, superca-
pacitors and smart windows [2]. TCO are very much
attracted in recent years because of their chemi adsorp-
tion property and changing its conductivity in the pres-
ence of numerous gases [3]. Previously published re-
sults also showing that when TCO or MOS exposed by
same gases, their electrical properties are changes and
this phenomenon is much useful in gas sensing appli-
cation [4]. In recent years, detection of hazardous and
harmful gases is very important and serious issue in
environmental monitoring chemical control and safety
in home and society [5]. The designing and develop-
ment of efficient devices for monitoring hazardous and
toxic gases present in air is very challengeable in gas
sensor field. The air pollution in environment which
arises due to increase in the concentration of harmful
and toxic gases like carbon monoxide (CO), sulphur
dioxide (SOg2), carbon dioxide (COsg), nitrogen dioxide
(NO2) which affect very badly on human health. Out of
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all these toxic gases NO2 is common pollutant which
affect on human respiratory system and causes of heart
diseases [6]. Therefore for detection of NOz gas at its
low level concentration, the preparation of small sized
quick response sensors with long lifetime is necessary
thing [7]. There are different types of TCO gas sensors
are investigated for NO:z gas sensing such as ZnO,
Sn02, CuO, TiO2, Nb20s5, MoOs [8-11]. Among all these
metal oxides cadmium oxide is well known and famous
TCO with direct band gap having n-type semiconduct-
ing nature. CdO has attracted interest because of its
excellent sensitivity and selectivity towards many
harmful gases such as LPG, NOsz, CO:z [12]. There are
different physical & chemical routes are used to deposit
TCO thin films such as Hydrothermal [13], Sol-gel [14],
spray pyrolysis [15] but in present work to prepare
CdO thin films we used simple inexpensive aqueous
based unique reflux method. In present work we have
reported the synthesis and characterization of CdO
thin films via reflux method. Here thin films fabricated
on glass substrate and then prepared films after an-
nealing at 400 °C were characterized using XRD, SEM,
UV-Vis, contact angle techniques. After this material
characterization of CdO thin films were carried out
towards host of gas (i.e. NOz2) at optimized temperature
of gas was 200 °C. During this study additionally re-
sponse time, response value of CdO films were system-
atically studied and explored. Here our attempt to
depositing CdO thin film by novel reflux method which
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is simple & inexpensive & to explain sensing mecha-
nism of CdO sensor with varying concentration of NOs.

2. EXPERIMENTAL DETAILS
2.1 Materials & Chemicals

Cadmium chloride (CdCl2.2H20) purchased from
Sigma Aldrich, Ammonia solution (NH3) purchased
from Sigma Aldrich, and glass substrates purchased
from Star India. This stainless-steel plate SS 304 grade
was cut into pieces of 1 x 5cm? and polished with sic
paper and then degreased with double distilled water.
The SS pieces were kept in ultrasonic bath for
30 minutes to remove surface oxides. Afterwards they
were rinsed with double distilled water and dried in air
to use as substrates.

2.2 Preparation of CdO Thin Films

In present work nanostructured CdO thin films are
prepared by the reflux method. The solution was pre-
pared by adding ammonia solution drop wise into the
aqueous solution of 0.03 M CdClz with constant stirring
during this process there was formation of precipitate
of Cd(OH)2. This process of formation of white colored
Cd(OH)2 precipitated is given by,

Cdz+(aq) +2NHs (aq) +2H20 — 2Cd (OH): (s) +2NH+ (1)

Now after adding excess ammonia drop wise, pre-
cipitation of Cd(OH)z was vanished and we get clear
solution when PH of solution was adjusted to 12. This
process is cleared by following reaction,

2Cd(OH)z(s)+4NHs(aq)—[Cd(NHs)4]2+(aq)+20H- 2)

Now this cleared solution was transferred into well
cleaned round bottom flask containing ultrasonically
cleaned glass substrate and fix it to reflux unit at 60°C
temperature about 1 hr. 30 min. To get Cd(OH)z on glass
substrate & schematic of reflux unit is shown in Fig. 1a.

DDW

NH,OH 03 M CdCly Outlet (b)

Inlet

400°C

Cd(OH), film CdO thin

Substrate

Heating mental

Temperature

Fig. 1—(a) Schematic of reflux setup (b) CdO thin film after annealing

[CA(NH3)4]2+(aq)+2NH4+(aq)+20H+Cl-
—Cd(OH)2(s)+NH3s (aq)+HCl(aq) 3)

Further to remove hydroxide phase & to obtain CdO
thin film Cd(OH)z film was annealed at 400 °C for 1 hr &
then we get brown coloured CdO thin film shown in Fig. 1b.
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A=400°C
Cd(OH)2() —— CdO+H207 4)

2.3 Characterization

Many characteristics properties of CdO thin film
such as crystal structure, surface morphology, wettabil-
ity test, optical band gap were studied by using X-ray
diffraction (XRD), Scanning Electron Microscopy
(SEM), Contact angle measurement, UV-Vis spectros-
copy techniques.

3. RESULTS & DISCUSSION
3.1 XRD Analysis

XRD pattern of synthesized CdO thin film prepared
by novel reflux method which was annealed at 400 °C is
shown in Fig. 2 which conclude that number of sharp
peaks of diffraction are obtained which are well matched
with JCPDS card no. 05-0640 of cubic FCC crystal struc-
ture of CdO thin film. The lattice parameter such as
values of a, b, ¢ are calculated by using the relation [16],

1 h%+k2+12

d? a?

) ®)

From this relation calcsulated Valuess of lattice pa;
rameters are a=4.706 A, b=4.706A, c=4.560A
which are good agreement with above mentioned
JCPDS card no. From this result we conclude that
a~b ~c so prepared CdO thin film shows cubic crystal
structure. From Fig 2 it was confirmed that, no any
impurity peak was observed in XRD pattern which
revealed that highly pure CdO material is synthesized
by this method [17]. The crystallite size (D) of prepared
CdO thin film was calculated by using Scherrer formu-
la which is given by,

_ 092
~ pcose’

(6)

Where,

A — Wavelength of X-ray radiation

60— Diffraction angle

f—FWHM in radiation

Using this formula the average D value was calcu-
lated using highly preferred (111) peak which is equal
to 25 nm this result well matched with D value given
by JCPDS card no. 05-0640. Using obtained XRD pat-
tern other structural parameters like stacking fault
(SF), dislocation density (6) and microstrain (&) were
also calculated to find all these parameters, the follow-
ing relations were used,

S.F=_2"F (7a)
45(3tanb)z
1
5= (7h)
_ Beoss, (70)

4

Table 1 represents values of SF, o, e for high intense
(111) plane of prepared CdO thin film. From previous
obtained results on CdO thin films it was confirmed
that the values in table (1) are good agreement with
previous performed results [18].
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Table 1 — Structural parameters of CdO thin film

Anneal- | D- Disloca- | Mi- S.F(J/m2)

ing val- tion crostrain

temper- | ue(nm) densi- )

ature ty((6) m#/lines?

°C) lines/m?

400 20.85 2.300 x 1.6625 x | 3.366 x
1015 103 10-3

Intensity (a.u.)

0
10 20 30 40 50 60 70 80 90
2 Theta (Degree)

Fig. 2 — XRD pattern of CdO thin film

3.2 Surface Morphology Studies

The SEM micrographs of CdO thin films at different
magnification on glass substrate are shown in Fig. 3 (a),
(b), (c). All these figures showed porous morphology of
prepared CdO thin film which provide large surface to
the volume ratio and so increase the active adsorption
sites foe NO2 gas molecules this property of CdO thin
film increases sensing properties of CdO sensor [12].

*
o R0 Basietn  Lim 8882 SUK-PHY

Fig. 3 - SEM images of CdO thin film at magnification
(a) — x5 000, (b) — x15 000, (c) — x25 000

3.3 Surface Wettability

It is most important test to determine the quality of
deposited material (i.e. either hydrophobic or hydro-
philic). Fig. 4 shows the contact angle image of pre-
pared CdO thin film which was annealed at 400 °C.
Fig. 4 shows the values of contact angle of CdO film
with water was different on the both sides of water
drop. The value of contact angle at left side was 17.460
while at right side of water drop 32.940 and this result
conclude that obtained value of contact angle is less
than 900 so CdO thin film shows hydrophilic nature of
surface behaves property of completed wetting surface.

J. NANO- ELECTRON. PHYS. 15, 05033 (2023)

Fig. 4 — Angle of contact of CdO thin film with water drop

This complete wet surface can be very effective for
gas adsorption on CdO surface which enhance sensing
property of CdO [19].

3.4 Optical Properties Study

Optical absorption spectra for CdO thin film an-
nealed at 400 °C was studied in Fig. 5. This plot shows
variation of (ahy)? with photon energy (k). From Fig. 5
it was cleared that plot of (ahp)? Vs (h)) is almost linear
nature of optical transition of CdO film is direct nature.
Extrapolation of this curve to the hy axis gives the
value band gap of CdO thin film which is 2.01 eV. This
value can be calculated by using Tacus relation which
is given by,

(ah) = A(h9 - E,)". 8

Where,

A — Constant

P — Discrete value % or 2 depends on direct or indi-
rect transition

a — Absorption coefficient

h — plancks constant

y— Frequency of light used

E; — bandgap energy

As obtained bandgap is narrow electrons are easily
available for the conduction which is beneficial in gas
sensing.
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Fig. 5 — Optical absorption spectra of CdO thin film
3.5 Gas Sensing Study

It is well familiar that the gas sensing mechanism
of metal oxide gas sensors (/N-type or P-type, here in
CdO-N-type) is mainly depends on the adsorption and
desorption of oxidizing or reducing gases (here NOgz —
oxidising gas) and its effect on change in electrical
resistance or conductivity [21]. Gas sensing properties
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of prepared CdO thin film was studied by using help of
custom fabricated gas sensing measurement unit con-
taining two probe system in it. To study the response of
CdO sensor to the NOz gas with varying concentration
of NO2 was measured and examined by using pro-
grammable electrometer (Model: Keithley 6514 system)
as shown in figure (6) [20].

" Electrical power supply

250 mi
Gas chamber

Supporting
arrangement <y

¥ sanaert Syringe filled
with gas

Digital 3 »
B Temperature h’

controller ONIOFE () .
] 1 _ Koithley Multimeter

Gas sensina unit

Canister

Fig. 6 — Schematic of Gas sensing setup

The gas sensor unit consist of 250 ml gas chamber
surrounded by insulated cylindrical wall as shown in
Fig. 6. The response of CdO sensor to corresponding NO2
gas and fresh air respectively as a function of time (i.e.
response curve)was recorded in computer which is at-
tached to the system of electrometer for the measurement
of effect of gas concentration on the resistance of sensor,
initially two silver electrode separated by distance 10 mm
apart from each other were attached on the CdO thin film
for contact and then corresponding measurement of re-
sponse in terms of change in resistance were taken using
kiethley 6514 system electrometer [20].

After making necessary arrangement, mixture of NO2
gas and fresh air introduced in chamber.In present study
gas sensing characteristics of CdO sensor structure were
studied as function of concentration (25 ppm — 100 ppm)
with 200 °C optimized temperature of gas. In proposed
work responses of CdO sensor with varying NOz gas con-
centration were calculated by using equation,

s% = 'RR;R” x 100. 9)
Where,

Ra — Resistance of CdO thin film in air

Rg — Resistance of CdO thin film in presence of NOz

3.6 Gas Sensing Mechanism

Gas sensing mechanism of CdO sensor in the pres-
ence of air and oxidising gas is shown in Fig. 7. NOz gas
sensing mechanism depends on change in the conduct-
ance of the CdO nanostructure metal oxide gas sensor,
which is well and good agreement with previously rec-
orded results for the oxidising gases on n-type MOS.

Initially there are several negatively charged oxy-
gen such as O-,0-2,02 adsorb on the surface of CdO
thin film and the corresponding reaction is given by,

0, (gas) T € = 05~ (ads)» (102)
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02‘ (gas) +e” - 20_ (ads)» (IOb)

0- (gas) te - 0* (ads)» (]-OC)

I3

| Y% G

CAO hin i

NOs(ads) + 207+ ¢

Fig. 7 — Gas sensing response of CdO thin film

Here CdO is N-type semiconducting materials so it
contains electrons as majority charge carrier so when
oxygen molecules are adsorbed at grain boundaries of
CdO, they trap the electrons from the grains of CdO, so
concentration of electron in CdO is decreased and so it
produce barrier to the electron transport. This mecha-
nism in terms of change in resistance due to adsorb
oxygen was described by using schematic diagram as
shown in Fig. 8a.

Conduction electron

coooo/o\ioooo
eooco0 e %000

Fig. 8 — Schematic of band structure of CdO (a) when interact
with Oz (b) when interact with NOz

After formation of barrier, the movement of electron
takes place when surface of CdO thin film interacts
with NOz gas, then NO2 molecules interact directly
with the approachable Cd-sites and pullout electrons
from the conduction band of CdO. The interaction of
NO: with CdO takes place by following way

adsorption
_—

NO, + Cd*? (Cd?** =NO3),  (1la)

desorption

(Cd** —NO3) (Cd?* = 07) + NO, (11b)

desorption
_—

2(Cd?** — 07) 2Cd?t + 0,, (11c)

The lack of concentration of electron within the
conduction band of CdO results into increase in re-
sistance of CdO sensor shown in Fig. 8b.This change in
resistance helps to find response of CdO sensor using
equation (9). Plot of electrical resistance of CdO film
after interaction with NOgz is shown in Fig. 9.

This figure showed that in the presence of NO:z gas
resistance of CdO film increases with respect to time
and flat region is produced in a few second, which
showed fast response of CdO film to the NOz gas and to
get recovery, in the chamber fresh air was allowed to
pass so that NO2 molecules desorbs and sensor again
reach to its starting value of resistance.

05033-4



A STUDY OF NO2 GAS CONCENTRATION ON RESPONSE...
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Fig. 9 — General representation of CdO sensor response to
NO: gas

3.7 Response to Various NO: Concentration

All the Fig. 10 (a), (b), (¢), (d) showed the common
characteristics of CdO sensor that, resistance of sensor
increases with injection of NO:z gas and the value of
resistance goes to stable state and then again decreases
after injection of fresh air. These results conclude that
porous morphology is responsible for increasing re-
sistance of CdO sensor by exposure of NO2 gas mole-
cules. The reason behind this conclusion is that, porous
morphology provides more molecules on the CdO sur-
face [20]. Fig. 10 (a), (b), (c), (d) showed that as concen-
tration of NO:z gas increase resistance of CdO sensor
increase and therefore response of sensor was also
increase. The maximum response of sensor is obtained
at 100 ppm of NO:z gas which is 57 % and minimum
response is 2.85 % at 25 ppm.

Response-7 5%

(1) )

0 a0 100 150 200 o s d00 150 200 280 300

Time('c) Time fsec)

() —C

Response~57%

(ehm)
H

J—
AR ERRENR|
g

o w200 30 400 0 o 100 200 300 400 500

Time {sec) Time (sec)

Fig. 10 —Response of CdO thin film at (a) 25 ppm (b) 50 ppm
(c) 75 ppm (d) 100 ppm concentration of NO2 gas

This variation conclude that, lower or minimum
concentration of NOz gas contains minimum amount of
NO:z gas molecules and so they covers only small sur-
face of CdO thin film (sensor) and therefore resistance
is minimum so corresponding response is also mini-
mum, while at higher concentration of NO2 gas mole-
cules (i.e here 100 ppm) sensor response is maximum
and it conclude that NO: gas molecules cover large
surface area of CdO sensor. Fig. 10d showed fast re-
sponse time nearly 75 second while recovery at
400 second for 100 ppm of NO2 gas.

Fig. 11 showed variation of NO2 gas response of

JJ. NANO- ELECTRON. PHYS. 15, 05033 (2023)

CdO sensor as function of NOz concentration at 200 °C.
It concludes that as concentration of gas increases,
response of sensor increases due to increasing active
sites for adsorption of NOz gas molecules.

40 -

30

Response (%)

10 4

T T L
10 20 30 40 50 60 70 80 90 100
Concentration (PPM)

Fig. 11 — Response of the CdO gas sensor as a function of the
NO, concentration at 200 °C

In Fig. 12 it was cleared that, recovery times and
response times are completely opposite to each other,
they showed inverse relation with each other with
respect to various concentration of NO2 gas.

20

L 450
.

184 o L 400
— 350
g 161 L3oo &
£ 3
3 r g5
g 250 3
2 14 3 §
g 200 ~

S
124 o 150
T T T T T T 100

0 20 40 60 80 100

concentration(ppm)

Fig. 12 — Variation of response and recovery time of CdO
sensor with variation in concentration of NO: gas

This figure confirmed that, response time of CdO
sensor is decreasing from 19 second to 12 second while
recovery time increases from 12 second to 19 second
with increase in concentration from 5 ppm — 10 ppm.

4. CONCLUSION

CdO thin film was successfully deposited by the Re-
flux method. Contact angle shows surface is hydro-
philic in nature. The XRD analysis confirmed cubic
lattice parameters. UV visible spectroscopy showed
that CdO has direct band gap of 2.01 eV. SEM mor-
phology showed that CdO thin film is spherical shaped
grains spread over surface hence it is porous morpholo-
gy that provides a large surface area to enhance gas
sensitivity of sensor. From gas sensing study of CdO
sensor it was concluded that as concentration of NOs
gas increases, resistance of CdO sensor increase and
therefore response of sensor was also increase. The
maximum response of sensor is obtained at 100 ppm of
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V 1poMy moCITIFREHH], BUKOPUCTOBYIOUN IIPOCTHH 1 HEJIOPOTWI HOBHI METOJ] 3BOPOTHOTO XOJIOIUIBHUKA,
ToHKI wiiBku okcuay kammio (CdO) Oysm ycminmHo HaHeceHI HA CKISHY MIAKIAAKY. TYyT Ui HAHECEeHHS
CdO na craany mnriagry gk prepeso ionie Cd* suropucroByBasces xiopupa kaamio (CdCls), a sk komruie-
KcoyTBOpoBau — amiak. CTpykTypHmil aHami3 1 MopdoJiorito moBepxHi miarorossieHol ToHkoi mwiiBku CdO
aHaJII3yBaJIA 34 JOIIOMOr0K PEHTTEeHIBCHKOI AUQPAaKITii Ta CKAHYIUO0l eJIeKTPOHHOI MIKPOCKOIIT BiIIIOBITHO.
Takosk TecT Ha 3MOYYBAHICTH TPOBOIMJIN 34 JIOIIOMOTOK TOHIOMETPA, SIKHHI IOKA3aB TiIPOMLILHY ITPUPOILY
ocasprenol Toukol maiBkn CdO. Onrtuuni Bracrusocti ToHKOI mwnBkr CdO Oyso 3aBepIeHo 3a JOIIOMOrOM0
Y®-Bunmumoi CIIeKTPOCKOITi1, SKa BUABUJIA, IO ocajskera ToHka mwiieka CdO mae mpsamy mmpuHy 3a60poHe-
Hol 30HU 6sm3bko 2,01 eB. BiacrtuBocti uyrimeocri rady NOg, Taki sk 4yT/IuBICTb, BITHOBJIEHHS BIATYKY Ta
4vac BiAryky migrorossieHoro gaturka CdO, Gysmo BuamadeHo 3a moromoroio matunka rady Keithley. V it
poGori Oys0 BuBYeHO BILIMB KoHIleHTpalli rasy NOz na Binryr matumka CdO, 1 GyJsio 3'scoBaHo, 110 31 36i-
smeieHHsaM KoHienTpari ragy NOz (25 ppm — 100 ppm), Binryr matumka CdO Taxox 301IbIMyeThCs 1 CTae
MarcuMasbHuM, 10010 (57 %) ansa 100 ppm NO: 3 onrumizoBanoio temmeparypoo 200 °C. Byso Buueno
3MIHY peakilii Ta 4acy BiJHOBJIEHHS 3aJIeHO Bif xoHmeHTtpariii rasy NOgz i 0ys0 3po0/ieHo BUCHOBOK, IO 31
30LIbIeHHAM KoHIeHTpariii rasy NOz uac BiAryky 30L/IBIILYETHCSA, & YaC BiIHOBJIEHHS 3MEHIITYEThCS.

Kmiouosi cnosa: Touka miaiska CdO, @mermosuii merton, ['azosuit maTunk.
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