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ABSTRACT: Cadmium oxide (CdO) thin films were produced in this study utilizing a spray
pyrolysis approach using a perfume atomizer at varied substrate temperatures. The cubic crystal
structure of the CdO was shown by XRD analysis. The size of the crystallites, dislocation density,
and microstrain were determined and studied. All samples exhibit a sharp shift in transmission,
indicating a straight transition and high crystallinity. In the wavelength range 400 nm - 800 nm,
raising substrate temperature from 200 - 300 °C increases film transmission by up to 45 - 58%.
The band gap Eg is calculated and found to be between 2.23 and 2.40 eV for the substrate temperature
of 200 — 300°C. Scanning electron microscopy and energy-dispersive X-ray spectra were used
to determine morphology and elemental composition, respectively. The photoluminescence spectra
of the samples show violet to blue emission peaks centered around 439 nm. The films were found
to have good optical properties, making them ideal for optoelectronic applications.
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INTRODUCTION
Because of the vast uses of thin-film devices in many space research, military, and medical science, car industry, and
disciplines such as optics, microelectronics, optoelectronic ornamentation, thin-film has now become a full-fledged
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profession. Many important semiconductor oxides have
high optical characteristics. Cadmium oxide is one of them,
and it has excellent optical characteristics (CdO). It has
a wide range of uses due to its unique features and
has been designated as a new type of transparent conductive
film due to its remarkable performance in conduction and
transparency [1]. Transparent metal oxide materials, such
as cadmium oxide (CdO), are semiconductors with strong
electrical conductivity and optical transparency that operate
in the visible electromagnetic spectrum. CdO is an n-type
semiconductor with metallic conductivity [2,3]. It is known
that this is mostly owing to the presence of Cd interstitial
or oxygen vacancies in the cubic lattice. Its direct band gap
ranges from 2.2 to 2.6 eV, while its indirect band gap ranges
from 1.3 to 2eV. Furthermore, CdO has a considerably high
exciton binding energy in the range of 75 meV [4] crystal
structure (FCC) with a lattice constant of a = 4.6483 A° [2]
refractive index (n=2.75), high density (8150 kg/m?), low
electrical resistivity, and strong transmission in the visible
region [5]. As a result, it has a high potential for usage
in a variety of applications such as solar cells, gas sensors,
optoelectronic and photovoltaic applications [6-9].

CdO has piqued the scientific community's interest in recent
decades due to distinguishing properties such as strong intrinsic
mobility, huge carrier concentration even without external
doping, great transparency, and so on [4]. The electrodeposition
method [10], Pulsed Laser Deposition (PLD) [11], DC
magnetron Sputtering [12], Chemical Vapor Deposition
(CVD) [13], Chemical Bath Deposition (CBD) [14], sol-gel spin
coating [15], Spray pyrolysis [16], thermal evaporation [17],
sol-gel [18], reactive evaporation [19], and electrochemical
method [20] were all used to prepare the CdO. The spray
pyrolysis process offers several advantages, including its
simplicity and low cost, the ability to prepare large-area films
at air ambient temperatures, and the flexibility of
compositional change to improve predicted physical qualities.
The superior characteristics, superb controllability, high
repeatability, and quick responsiveness are dependent on
deposition factors such as spray rates, molar concentrations,
substrate temperatures, deposition duration, and so on.
The quality and physical qualities of the films are affected
by process factors such as substrate temperature and starting
solution molar concentration [20-23]. So far, several
morphologies of CdO nanostructures have been described
in the literature, including nanosheets [4], nanowires [24],
nanotubes [25], nanoparticles [26], nanofilms [27],
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nanoneedles and others. Many groups were prepared and
reported about CdO thin films in various techniques.
Mondal et al. prepared pure and Ni-doped CdO thin films
by the CBD method [28]. Mahima Ranjan Das et al.
have coated CdO thin films with the SILAR technique
by the influence of cationic precursor molarity [29].

In this work, CdO thin films with varied substrate
temperatures were produced on a glass substrate using
perfume atomizer spray pyrolysis were reported. There are
several benefits to using a perfume atomizer rather than
a typical spray setup such as reproducibility, excellent
operating characteristics with simplicity of use, absence of
agas phase need, precise atomization, improved hydrophilicity
among sprayed tiny particles, and almost little loss
of the precursor to the surroundings. The structural,
morphological, elemental composition and optical
characteristics of the produced films were investigated.

EXPERIMENTAL SECTION

CdO films were deposited on glass substrates using
spray pyrolysis using a perfume atomizer [30]. In the first
phase of the preparation technique, 0.2 M cadmium
chloride (CdCl,) was used as the starting material. The
glass substrates (microscopic plane glass slides of area
26x76 mm with 1 mm - 1.2 mm) were cleaned in a hot,
near-boiling chromic acid solution before being washed
with distilled water. To remove any pollution that had adhered
to the substrates, an ultrasonicator with acetone and
distilled water was used to clean them. Using a perfume
atomizer, the solution was sprayed onto the cleaned glass
substrates at temperatures ranging from 200°C to 225°C,
250°C to 275°C, and 300°C.

The film thickness is measured using a stylus profilometer
(SJ-301, Mitutoyo). Philips X Pert PRO X-ray diffraction
system (Cu-Ka radiation; A = 1.54056 A) is used to record
the X-ray diffraction (XRD) pattern. The Surface morphology
of the coated films is analyzed using a scanning electron
microscope (SEM). The optical transmittance spectrum
is recorded using a UV-Vis spectrometer (Shimadzu UV-1601).
The room temperature photoluminescence (PL) spectrum i
s recorded using a (Shimadzu-5301) spectrofluorometer.

RESULT AND DISCUSSION
Surface morphology and compositional analysis

Fig. 1 (a-f) depicts the surface morphology of CdO
thin films deposited with various substrate temperatures.
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Fig. 1: SEM image of CdO thin film at substrate temperature (a) 200°C, (b) 225°C (c) 250°C, (d) 275°C, (e) 300°C, and (f) EDAX spectrum

The micrographs of CdO thin films produced on glass
substrates at 200 °C demonstrate evenly dispersed spherical
grains and homogeneous surface morphology free of
fractures and pinholes. Spherical grains with well-defined
borders and almost equal sizes were observed distributed
across the surface, demonstrating the film's increased
crystallinity. Thin films formed on glass substrates exhibit
grain homogeneity, which may be ascribed to consistent
nucleation on the substrate's surface [31]. As the substrate
temperature rises, the particles seem to be closely packed
and are organized into tiny clusters by agglomerating
with surrounding particles. With rising substrate
temperature, the surface microstructure and particle size
change. The variation in atomic radius and electro-negativity
of the dopant ions, which affects the thermodynamically
stable growth process, may be responsible for this
microstructural modification [32]. At 300°C, the particles
are decreased and porous, with some holes.

The EDAX spectra of a typical 0.2 M CdO thin
film formed at 300°C substrate temperatures are shown
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in Fig. 1-e. The existence of Cd and O elements in
deposited CdO film is verified by EDAX spectra, and their
atomic percentages are 25.05 percent and 74.95 percent,
respectively. EDAX analysis reveals the existence of Cd
and O elements without any additional impurity, indicating
the thin film's purity [33]. The results show that there
is a significant proportion of oxygen present.

X-Ray Diffraction (XRD) analysis

The X-ray diffraction pattern of CdO thin films
produced for various substrate temperatures is shown in
Fig. 2. It demonstrates that the films are highly orientated
along the planes (111), (200), (220), (311), and (222) and
their corresponding 26 values are 33°, 39°, 55°, 66° and
69° respectively. All of the diffraction peak positions
agreed well with JCPDS card no. 78-0653. The existence
of diffraction peaks indicates that the material is
polycrystalline with a face-centered cubic crystal
structure. Salunkhe et al. and Bari et al. [34,35] obtained
similar findings using the spray approach. The intensity
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Table 1: The estimated values of crystalline size, strain, dislocation density, and, lattice constants for CdO thin films for different

substrate temperatures.

(" Substrate Lattice constant | Film Thickness | Crystallite | Dislocation density | Strain Number of crystallites Band gap )
Temperature °C ‘a’ (A) (nm) size (nm) (x10%) lings.m2 (x10%) (x10' m?) (V)
200 4.646 980 21 2.2534 5.77 10.48 2.23
225 4.650 920 24 17241 5.01 6.58 2.32
250 4.651 850 25 1.7292 5.01 6.08 2.34
275 4.659 820 33 0.8000 3.59 2.13 2.37
q 300 4.677 800 34 0.8795 3.58 2.08 240 )
aml oo 300° C substrate temperatures. The size of the crystallites grows
(220) as the substrate temperature rises, showing that
311y (222) T .
crystallization improves as the growth temperature rises.
3755 C The diffusion of sputtering species is improved as grain
size increases with rising substrate temperature. When the
= A 'Femperature is increased, the thickness of the prepared film
i S50 C is decreased because of that the atoms on the surface of the
" . -
- M film can move faster to look for the lowest energy sites and
= - -
z A from the low energy .strtfcture at relatlyely high
2 _ temperatures as well as this might be because film growth
= 25 is dominating at low substrate temperatures, but formed
A A A film evaporation at higher substrate temperatures is a
A significant component driving the decrease in film thickness.
200° C As indicated in Table (1), the predicted crystallite size
values are in the nano range. The size of the crystallites
A AN grows as the substrate temperature rises. This might be
20 30 40 50 60 70 30 owing to the tendency_ of smaller_ crystallites to
20 (Angle) agglomerate to generate bigger crystallites. The defects

Fig. 2: XRD pattern of CdO thin films.

the (111) plane was observed to rise as the substrate
temperature rose. This suggests that more Cd?* ions
were incorporated into the film during the spray pyrolysis
technique. However, when the substrate temperature
increased, the strength of the peaks increased, indicating
improved crystallinity and grain size [36,37].

The crystallite size of all deposited films is estimated
using the well-known Scherrer's formula [38].

091
- L cos B

@)

Where D is the crystallite size, A is the wavelength of
the X-ray used (CuKa =1.5406 A°); g —is full with at half
maximum intensity and @is the peak position.

Table 1 summarises the structural characteristics
estimated for the cubic phase of the films. The grain size (D)
was determined using Debye Scherrer's formula and was found
to vary between 21 and 34 nm for films with varying
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like strain () and dislocation density (8) for the CdO
were evaluated using the relations [39-41]

_ Bcot8
g=10t2 )
1
§=- @)
And the number of crystallites (n¢) as
ne=— @)

where t is the thickness of the film as indicated in Table 1,
all of the films had a low micro-strain value, which
supports better crystallinity. The dislocation density and
strain decrease as the grain size rises, indicating that the
crystallinity improves. This augmentation is due to the
enhancement of clusters and the elimination of flaws
produced during film deposition.

The cubic phase lattice constant 'a’ of CdO films
was found via the following relationships
1 n*+k2+12
=={ } (5)

d? a?
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Fig. 3: UV transmittance spectrum of CdO thin films.

Where, (hkl) and d have their usual meanings. The lattice
constant (a) of CdO thin films is found in the range
of 4.646 A° - 4.677 A° and its values well agree with
standard JCPDS data.

Optical studies

The optical characteristics of CdO thin films were
investigated using a UV-Vis Spectrophotometer in the
400-800 nm wavelength range. Fig. 3 depicts the
transmittance spectra of CdO thin films formed at various
substrate temperatures. All of the produced films had
a high transmittance in the visible range, indicating
a straight transition and excellent crystallinity [42].
The transmittance of the films rose with increasing
substrate temperature, with a transmittance of 45-58 percent.
This increase in transmittance with increasing substrate
temperature is caused by changes in the flaws, internal
strain, and crystallite characteristics of the CdO thin films.
The increasing transmittance in the visible range is
consistent with Velusamy et al. [43].

The absorption coefficient is an essential metric
for measuring a material's ability to absorb light, and it
may be computed using the relationship from the
transmittance spectrum (6)

«= () 0

where t is the thickness of the deposited film and T is its
transmittance. The absorption coefficient is connected
to the energy band gap in solid band theory and may be stated
using Tauc's equation.

ahv=A (hv— Eg)n @)
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Fig. 4: Tauch plot of CdO thin films.

Where A is the characteristic constant, h is Planck's
constant, v is the incoming photon frequency, Eg is
the material's bandgap, and the exponent term n depends
on the kind of transition. For crystalline semiconductors, n
has values of 1/2, 2, 3/2, and 3, corresponding to allow
direct, allow indirect, prohibited direct, and forbidden
indirect transitions. Because CdO has a straight bandgap,
the Tauc plot may be displayed between the photon energy
hv on the X-axis and (ahv)? on the Y-axis, as illustrated in
Fig. (4). The optical band gap energy for the films is
obtained by extrapolating the linear part to a zero-
absorption coefficient (0=0).

As the substrate temperature climbed from 200°C to
300°C, the band gap values ranged from 2.23 eV t0 2.40 eV.
The growing substrate temperature process lowers from
the secondary levels and the structural flaws that lead
to the contract tails region, resulting in a rise in the optical
energy gap values [44]. Desai et al observed that
the optical band gap for sprayed cadmium oxide thin film
is in the range of 2.23 t0 2.46 eV [45].

Photoluminescence studies

The photoluminescence spectra of CdO thin films
produced at varied substrate temperatures are shown in Fig.
5. Itis possible to discern emission maxima at 359, 376, 411,
439, 459, 494, 519, 544, and 572 nm. The sharp emission
peak at 359 nm is attributed to UV emission caused by free
exciton recombination [46]. The violet emission peak at 411 nm
might be attributable to point defects in CdO caused by Cdi
or Vo, orto excitons linked to a donor-level impurity present
in CdO thin film [32], whereas the peak at 439 nm could be caused
by a singly ionized oxygen vacancy [46].
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Fig. 5: Room temperature PL spectrum of CdO thin films

A high-intensity peak at 459 nm (blue region)
corresponds to the NBE of CdO thin films, which is caused
by the radioactive recombination of electrons and hole from
the conduction and valence bands [47]. The peak at 494 nm
is attributed to excitonic transitions, which are size-
dependent and excitation wavelength-independent in a
limited wavelength range [47]. The emission peaks at 493 nm
are caused by the electron transition between cadmium
interstitials (Cdi) and cadmium vacancy (Vcd) states. The
emission peak at 519 nm is caused by a less size-dependent
surface defect state and deep trap emission owing to intrinsic
structural defects and impurities [47, 49]. Oxygen vacancy-
related peaks were also found at 544 and 572 nm [47].

CONCLUSIONS

The spray pyrolysis procedure was used to efficiently
create cadmium oxide thin films on glass substrates
at various substrate temperatures. To confirm the growth
and phase purity of the made films, an XRD investigation
was done, and the findings indicated that the
polycrystalline growth of the films with a cubic structure
has a favored orientation along the (1 1 1) plane. Using
the XRD data, the crystalline size, dislocation density, and
microstrain values were calculated. The crystallite size of
the films increases as the substrate temperature rises, but
other properties decrease. A straight transition and strong
crystallinity are indicated by the UV examinations, which
show a significant shift in transmission in all of the samples.
By increasing the substrate temperature from 200 to 300 °C,
film transmission in the 400-800 nm wavelength region
rises by up to 45-58%. When the substrate temperature is
between 200°C and 300°C, the band gap Eg is computed
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and determined to be between 2.23 and 2.40 eV. The
modulated shape and composition of the Cd and O
elements, respectively, were confirmed by energy-
dispersive X-ray spectroscopy and scanning electron
microscopy. Violet to blue emission peaks with centers at
439 nm is visible in the samples' photoluminescence
spectra. The films were discovered to have excellent
optical characteristics, which made them perfect for
optoelectronic applications.

Received: Mar. 26, 2023; Accepted: Jun. 12, 2023

REFERENCES

[1] Jandow N.N., Othman M.S., Habubi N.F., Chiad S.S.,
Khudheir A.M., Al-Baidhany A., Theoretical and
Experimental Investigation of Structural and Optical
Properties of Lithium Doped Cadmium Oxide Thin
Films, Materials Research Express, 6: 11643 (2019).

[2] Mohammed A.S., Kafi D.K., Ramizy ARR., Abdulhadi O.0O.,
Hasan S.F., Nanocrystalline Ce-Doped CdO Thin
Films Synthesis by Spray Pyrolysis Method for Solar
Cell Applications, Journal of Ovonic Research,
15(1): 37-42 (2019).

[3] Santos-Cruz J., Torres-Delgado G., Castanedo-Perez R.,
Zuniga-Romero C.l., Zelaya-Angel O., Optical and
Electrical Characterization of Fluorine Doped
Cadmium Oxide Thin Films Prepared by the Sol-Gel
Method, Thin Solid Films, 515: 5381-5385 (2007).

[4] Das, Arkaprava, Chetan Prakash Saini, Deobrat Singh,
Rajeev Ahuja, Anumeet Kaur, Sergei Aliukov,
Shukla D., Singh F., High Temperature-Mediated
Rocksalt to Wurtzite Phase Transformation in
Cadmium Oxide Nanosheets and Its Theoretical
Evidence. Nanoscale, 11(31): 14802-14819(2019.

[5] RaghadRahman Mahdi, Sameer Atta Makki, Synthesis
and Properties of Cadmium Oxide Prepared by
Simple Chemical Method, Energy Procedia, 157:
261-269 (2019),.

[6] Murugasamy Ramamurthy, Murugan Balaji, Perumal
Thirunavukkarasu, Characterization of Jet Nebulizer
Sprayed CdO Thin Films for Solar Cell Application,
OPTIK-International Journal for Light and Electron
Optics, 127(8): 3809-3819 (2016).

[7] Jeevitesh K. Rajput, Trilok K. Pathak, Vinod Kumar,
Purohit L.P., Influence of sol concentration on CdO
Nanostructure with Gas sensing Application, Applied
Surface Science, 409: 8-16 (2017).

3769


file:///C:/Users/sh-haghani/Desktop/11-2023/
file:///C:/Users/sh-haghani/Desktop/11-2023/
file:///C:/Users/sh-haghani/Desktop/11-2023/
file:///C:/Users/sh-haghani/Desktop/11-2023/
file:///C:/Users/sh-haghani/Desktop/11-2023/
file:///C:/Users/sh-haghani/Desktop/11-2023/
file:///C:/Users/sh-haghani/Desktop/11-2023/
file:///C:/Users/sh-haghani/Desktop/11-2023/Optical%20and%20electrical%20characterization%20of%20fluorine%20doped%20cadmium%20oxide%20thin%20films%20prepared%20by%20thesol-gel%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Optical%20and%20electrical%20characterization%20of%20fluorine%20doped%20cadmium%20oxide%20thin%20films%20prepared%20by%20thesol-gel%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Optical%20and%20electrical%20characterization%20of%20fluorine%20doped%20cadmium%20oxide%20thin%20films%20prepared%20by%20thesol-gel%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Optical%20and%20electrical%20characterization%20of%20fluorine%20doped%20cadmium%20oxide%20thin%20films%20prepared%20by%20thesol-gel%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/High%20temperature-mediated%20rocksalt%20to%20wurtzite%20phase%20transformation%20in%20cadmium%20oxide%20nanosheets%20and%20its%20theoretical%20evidence
file:///C:/Users/sh-haghani/Desktop/11-2023/High%20temperature-mediated%20rocksalt%20to%20wurtzite%20phase%20transformation%20in%20cadmium%20oxide%20nanosheets%20and%20its%20theoretical%20evidence
file:///C:/Users/sh-haghani/Desktop/11-2023/High%20temperature-mediated%20rocksalt%20to%20wurtzite%20phase%20transformation%20in%20cadmium%20oxide%20nanosheets%20and%20its%20theoretical%20evidence
file:///C:/Users/sh-haghani/Desktop/11-2023/High%20temperature-mediated%20rocksalt%20to%20wurtzite%20phase%20transformation%20in%20cadmium%20oxide%20nanosheets%20and%20its%20theoretical%20evidence
file:///C:/Users/sh-haghani/Desktop/11-2023/Synthesis%20and%20properties%20of%20Cadmium%20oxide%20prepared%20by%20simple%20chemical%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Synthesis%20and%20properties%20of%20Cadmium%20oxide%20prepared%20by%20simple%20chemical%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Synthesis%20and%20properties%20of%20Cadmium%20oxide%20prepared%20by%20simple%20chemical%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Characterization%20of%20Jet%20nebulizer%20sprayed%20CdO%20thin%20films%20for%20solar%20cell%20application,
file:///C:/Users/sh-haghani/Desktop/11-2023/Characterization%20of%20Jet%20nebulizer%20sprayed%20CdO%20thin%20films%20for%20solar%20cell%20application,
file:///C:/Users/sh-haghani/Desktop/11-2023/Influence%20of%20sol%20concentration%20on%20CdO%20Nanostructure%20with%20Gas%20sensing%20Application,
file:///C:/Users/sh-haghani/Desktop/11-2023/Influence%20of%20sol%20concentration%20on%20CdO%20Nanostructure%20with%20Gas%20sensing%20Application,

Iran. J. Chem. Chem. Eng.

[8] AnuradhaPurohit, Chander S., Patel S.L., Rangra KJ., Dhaka
M.S., Substrate Dependent Physical Properties of
Evaporated CdO Thin Films for Opto Electronic
Applications, Physics Letters A, 381(22): 1910-1914 (2017).

[9] Sugandha Sharma, Sanjeev Chaudhary, Avinashi Kapoo,
Structural and Optical Properties of Thermally
Treated CdO Thin Films Deposited on ITO Coated
Glass Substrates for Photovoltaic Applications,
Journal of Sol-Gel Science and Technology, 82(2):
315-321(2017).

[10] Wasna’a Abdulridha M., Synthesis a Study the
Structure and Optical Properties of CdO
Polycrystalline Thin Film Using Electrochemical
Depositing Method, International Journal of
Nanomaterials and Chemistry, 2-1: 21-25 (2016).

[11] Yan, Lane M., Kannewurf C.R., Chang R.P.H,
Highly Conductive Epitaxial CdO Thin Films
Prepared by Pulsed Laser Deposition, Applied
Physics Letters, 78: 2342 (2001).

[12] Sakthivel P., Murugan R., Asaithambi S., Karuppaiah M.,
Rajendran S., Ravi G., Radio Frequency Magnetron
Sputtered CdO Thin Films for Optoelectronic Applications,
Journal of Physics and Chemistry of Solids (2018).

[13] Li X., Young D.L., Mountinho H., Yan Y.
Narayanaswamy C., Gessert T.A., Coutts T.J,
Properties Of Cdo Thin Films Produced by Chemical
Vapour Deposition, Electrochemical and Solid-State
Letters, 4 (6): C43-C46 (2001).

[14] Dhawale S., M.More A., Latthe S.S., Rajpure K.Y.,
C.D.Lokhande, Room Temperature Synthesis and
Characterization of CdO Nanowires by Chemical
Bath Deposition (CBD) Method, Applied Surface
Science, 254: 3269-3273 (2008).

[15] Dagdelen, Serbetci Z., Gupta R.K., Yakuphanoglu F.,
Preparation Of Nanostructured Bi-Doped CdO Thin
Films by Sol-Gel Spin Coating Method, Materials
Letters, 80: 127-130 (2012).

[16] Afify H.H., Ahmed N.M., Tadros M.T.Y., Ibrahim F.M.,
Temperature Dependence Growth of CdO Thin Film
Prepared by Spray Pyrolysis, Journal of Electrical
and Information Technology, 1(2): 119-128 (2014).

[17] Zaien M., Ahmed N.M., Hassan Z., Effects of
Annealing on the Optical and Electrical Properties of
CdO Thin Films Prepared by Thermal Evaporation,
Materials Letters, 105: 84-86 (2013),.

3770

Usha S. et al.

Vol. 42, No. 11, 2023

[18] Carballeda-Galicia D.M., Castanedo-Perez R.,
Jomenez-Sandovalu O., Jimenez-Sandoval S.,
Torres-Delgado  G., Zuniga-Romero C.I., High
Transmittance CdO Thin Films Obtained by Sol-Gel
Method, Thin Solid Films, 371(1-2):105-108 (2000),.

[19] Ramakrishna Reddy K.T., Sravani C., Miles RW.,
Characterization of CdO Thin Films Deposited by
Activated Reactive Evaporation, Journal of Crystal
Growth, 184-185: 1031-1034 (1998).

[20] Baykul M.C., Orha N., Effect of Seed Layer on
Surface Morphological, Structural and Optical
Properties of CdO Thin Films Fabricated by an
Electrochemical Deposition Technique, Solid-State
Electronics, 101: 29-32 (2014).

[21] Ghazi Y. Nasera, Waleed N. Rajab, Ali S. Faris,
Zenhe J. Rahemd, Mohanned A. Salihe, Auday H.
Ahmed, Some Optical Properties of CdO Thin Films,
Energy Procedia, 36: 42-49 (2013).

[22] Islam M.M., Islam M.R., Podder J., Optical and
Electrical Characteristics of CdO Thin Films
Deposited by Spray Pyrolysis Method,

[23] Alam M.R., Mozibur Tahman M., Tanveer Karim
A.M.M., Khan M.K.R., Effect oF Ag Incorporation
on Structural and Opto-Electric Properties oF
Pyrolyzed CdO Thin Films, International Nano
Letters, 8: 287-295 (2018),.

[24] Peng X.S., Wang X.F., Wang Y.W., Wang C.Z.,
Meng G.W., Zhang L.D., Novel Method Synthesis of
CdO Nanowires, Journal of Physics D: Applied
Physics, 35(20): 101-L.104 (2002).

[25] LuaH.B., Liaoa, Lib H., Tiana Y., Wanga D.F., Lia J.C.,
Fua Q., Zhua B.P., Wua Y., Fabrication of CdO
nanotubes via simple thermal evaporation, Materials
Letters, 62(24): 3928-3939 (2008).

[26] Sonmezoglu S., Termeli T.A., Akin S., Askeroglu I.L.,
Synthesis and Characterization of Tellurium —Doped
Cdo Nanoparticles Thin Films by Sol-Gel Methods,
Journal of Sol-Gel Science and Technology, 67(1),
(2013), 97-104.

[27] Ali Abdolahzadeh Ziabari, A.H.Refahi Sheikhani,
Reza Vatani Nezafat, Kasra Monsef Haghighidoust,
Optical Modeling and Electrical Properties of
Cadmium Oxide Nanofilms: Developing Ameta-
Heuristic Calculation Process Model, Journal of
Applied Physics, 117(13), (2015), 135303.

Research Article


file:///C:/Users/sh-haghani/Desktop/11-2023/Substrate%20dependent%20physical%20properties%20of%20evaporated%20CdO%20thin%20films%20for%20Opto%20electronic%20applications,
file:///C:/Users/sh-haghani/Desktop/11-2023/Substrate%20dependent%20physical%20properties%20of%20evaporated%20CdO%20thin%20films%20for%20Opto%20electronic%20applications,
file:///C:/Users/sh-haghani/Desktop/11-2023/Substrate%20dependent%20physical%20properties%20of%20evaporated%20CdO%20thin%20films%20for%20Opto%20electronic%20applications,
file:///C:/Users/sh-haghani/Desktop/11-2023/Structural%20and%20optical%20properties%20of%20thermally%20treated%20CdO%20thin%20films%20deposited%20on%20ITO%20coated%20glass%20substrates%20for%20photovoltaic%20applications
file:///C:/Users/sh-haghani/Desktop/11-2023/Structural%20and%20optical%20properties%20of%20thermally%20treated%20CdO%20thin%20films%20deposited%20on%20ITO%20coated%20glass%20substrates%20for%20photovoltaic%20applications
file:///C:/Users/sh-haghani/Desktop/11-2023/Structural%20and%20optical%20properties%20of%20thermally%20treated%20CdO%20thin%20films%20deposited%20on%20ITO%20coated%20glass%20substrates%20for%20photovoltaic%20applications
file:///C:/Users/sh-haghani/Desktop/11-2023/Synthesis%20a%20study%20the%20Structure%20and%20Optical%20Properties%20of%20CdO%20Polycrystalline%20Thin%20film%20using%20Electrochemical%20Depositing%20Method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Synthesis%20a%20study%20the%20Structure%20and%20Optical%20Properties%20of%20CdO%20Polycrystalline%20Thin%20film%20using%20Electrochemical%20Depositing%20Method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Synthesis%20a%20study%20the%20Structure%20and%20Optical%20Properties%20of%20CdO%20Polycrystalline%20Thin%20film%20using%20Electrochemical%20Depositing%20Method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Synthesis%20a%20study%20the%20Structure%20and%20Optical%20Properties%20of%20CdO%20Polycrystalline%20Thin%20film%20using%20Electrochemical%20Depositing%20Method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Highly%20conductive%20epitaxial%20CdO%20thin%20films%20prepared%20by%20Pulsed%20laser%20deposition,
file:///C:/Users/sh-haghani/Desktop/11-2023/Highly%20conductive%20epitaxial%20CdO%20thin%20films%20prepared%20by%20Pulsed%20laser%20deposition,
file:///C:/Users/sh-haghani/Desktop/11-2023/Radio%20frequency%20magnetron%20sputtered%20CdO%20thin%20films%20for%20optoelectronic%20applications,
file:///C:/Users/sh-haghani/Desktop/11-2023/Radio%20frequency%20magnetron%20sputtered%20CdO%20thin%20films%20for%20optoelectronic%20applications,
file:///C:/Users/sh-haghani/Desktop/11-2023/Properties%20of%20CdO%20thin%20films%20Produced%20by%20chemical%20vapour%20Deposition,
file:///C:/Users/sh-haghani/Desktop/11-2023/Properties%20of%20CdO%20thin%20films%20Produced%20by%20chemical%20vapour%20Deposition,
file:///C:/Users/sh-haghani/Desktop/11-2023/Room%20temperature%20synthesis%20and%20characterization%20of%20CdO%20nanowires%20by%20chemical%20bath%20deposition%20(CBD)%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Room%20temperature%20synthesis%20and%20characterization%20of%20CdO%20nanowires%20by%20chemical%20bath%20deposition%20(CBD)%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Room%20temperature%20synthesis%20and%20characterization%20of%20CdO%20nanowires%20by%20chemical%20bath%20deposition%20(CBD)%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Preparation%20of%20nanostructured%20Bi-doped%20CdO%20thin%20films%20by%20sol-gel%20spin%20coating%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Preparation%20of%20nanostructured%20Bi-doped%20CdO%20thin%20films%20by%20sol-gel%20spin%20coating%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Temperature%20Dependence%20Growth%20of%20CdO%20thin%20film%20Prepared%20by%20Spray%20Pyrolysis,
file:///C:/Users/sh-haghani/Desktop/11-2023/Temperature%20Dependence%20Growth%20of%20CdO%20thin%20film%20Prepared%20by%20Spray%20Pyrolysis,
file:///C:/Users/sh-haghani/Desktop/11-2023/Effects%20of%20annealing%20on%20the%20optical%20and%20electrical%20properties%20of%20CdO%20thin%20films%20prepared%20by%20thermal%20evaporation,
file:///C:/Users/sh-haghani/Desktop/11-2023/Effects%20of%20annealing%20on%20the%20optical%20and%20electrical%20properties%20of%20CdO%20thin%20films%20prepared%20by%20thermal%20evaporation,
file:///C:/Users/sh-haghani/Desktop/11-2023/Effects%20of%20annealing%20on%20the%20optical%20and%20electrical%20properties%20of%20CdO%20thin%20films%20prepared%20by%20thermal%20evaporation,
file:///C:/Users/sh-haghani/Desktop/11-2023/High%20transmittance%20CdO%20thin%20films%20obtained%20by%20sol-gel%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/High%20transmittance%20CdO%20thin%20films%20obtained%20by%20sol-gel%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/High%20transmittance%20CdO%20thin%20films%20obtained%20by%20sol-gel%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Characterization%20of%20CdO%20thin%20films%20deposited%20by%20activated%20reactive%20evaporation,
file:///C:/Users/sh-haghani/Desktop/11-2023/Characterization%20of%20CdO%20thin%20films%20deposited%20by%20activated%20reactive%20evaporation,
file:///C:/Users/sh-haghani/Desktop/11-2023/Effect%20of%20seed%20layer%20on%20surface%20morphological,%20structural%20and%20optical%20properties%20of%20CdO%20thin%20films%20fabricated%20by%20an%20electrochemical%20deposition%20technique,
file:///C:/Users/sh-haghani/Desktop/11-2023/Effect%20of%20seed%20layer%20on%20surface%20morphological,%20structural%20and%20optical%20properties%20of%20CdO%20thin%20films%20fabricated%20by%20an%20electrochemical%20deposition%20technique,
file:///C:/Users/sh-haghani/Desktop/11-2023/Effect%20of%20seed%20layer%20on%20surface%20morphological,%20structural%20and%20optical%20properties%20of%20CdO%20thin%20films%20fabricated%20by%20an%20electrochemical%20deposition%20technique,
file:///C:/Users/sh-haghani/Desktop/11-2023/Effect%20of%20seed%20layer%20on%20surface%20morphological,%20structural%20and%20optical%20properties%20of%20CdO%20thin%20films%20fabricated%20by%20an%20electrochemical%20deposition%20technique,
file:///C:/Users/sh-haghani/Desktop/11-2023/Some%20Optical%20properties%20of%20CdO%20thin%20films,
file:///C:/Users/sh-haghani/Desktop/11-2023/Optical%20and%20Electrical%20Characteristics%20of%20CdO%20thin%20films%20deposited%20by%20Spray%20Pyrolysis%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Optical%20and%20Electrical%20Characteristics%20of%20CdO%20thin%20films%20deposited%20by%20Spray%20Pyrolysis%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Optical%20and%20Electrical%20Characteristics%20of%20CdO%20thin%20films%20deposited%20by%20Spray%20Pyrolysis%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Effect%20of%20Ag%20incorporation%20on%20structural%20and%20opto-%20electric%20properties%20of%20pyrolized%20CdO%20thin%20films,
file:///C:/Users/sh-haghani/Desktop/11-2023/Effect%20of%20Ag%20incorporation%20on%20structural%20and%20opto-%20electric%20properties%20of%20pyrolized%20CdO%20thin%20films,
file:///C:/Users/sh-haghani/Desktop/11-2023/Effect%20of%20Ag%20incorporation%20on%20structural%20and%20opto-%20electric%20properties%20of%20pyrolized%20CdO%20thin%20films,
file:///C:/Users/sh-haghani/Desktop/11-2023/Novel%20method%20synthesis%20of%20CdO%20nanowires,
file:///C:/Users/sh-haghani/Desktop/11-2023/Novel%20method%20synthesis%20of%20CdO%20nanowires,
file:///C:/Users/sh-haghani/Desktop/11-2023/Fabrication%20of%20CdO%20nanotubes%20via%20simple%20thermal%20evaporation,
file:///C:/Users/sh-haghani/Desktop/11-2023/Fabrication%20of%20CdO%20nanotubes%20via%20simple%20thermal%20evaporation,
file:///C:/Users/sh-haghani/Desktop/11-2023/Synthesis%20and%20characterization%20of%20tellurium%20–doped%20CdO%20nanoparticles%20thin%20films%20by%20sol%20gel%20methods,
file:///C:/Users/sh-haghani/Desktop/11-2023/Synthesis%20and%20characterization%20of%20tellurium%20–doped%20CdO%20nanoparticles%20thin%20films%20by%20sol%20gel%20methods,
file:///C:/Users/sh-haghani/Desktop/11-2023/Optical%20modeling%20and%20electrical%20properties%20of%20cadmium%20oxide%20nanofilms:%20Developing%20ameta-Heuristic%20calculation%20process%20model,
file:///C:/Users/sh-haghani/Desktop/11-2023/Optical%20modeling%20and%20electrical%20properties%20of%20cadmium%20oxide%20nanofilms:%20Developing%20ameta-Heuristic%20calculation%20process%20model,
file:///C:/Users/sh-haghani/Desktop/11-2023/Optical%20modeling%20and%20electrical%20properties%20of%20cadmium%20oxide%20nanofilms:%20Developing%20ameta-Heuristic%20calculation%20process%20model,

Iran. J. Chem. Chem. Eng.

[28] Mondal, Shampa, Structural and Optical Properties of
CBD Synthesised CdO Thin Films: Influence of Ni
Incorporation. Advances in Materials and Processing
Technologies 8.3: 2744-2751(2022).

[29] Das, Mahima Ranjan, Partha Mitra. SILAR-Synthesized
CdO Thin Films for Improved Supercapacitive,
Photocatalytic and  LPG-Sensing  Performance,
Chemical Papers, 73: 1605-1619 (2019).

[30] Kumar, Ravi B., Hari Prasad K., Kasirajan K.,
Karunakaran M., Ganesh V., Yugandhar Bitla, Al-
Faify S., Yahia I. S., Enhancing the Properties of CdO
Thin Films by Co-Doping with Mn and Fe for
Photodetector Applications, Sensors and Actuators
A: Physical, 319: 112544 (2021).

[31] Anuradha Purohit, Chander S., Patel S.L., Rangra K.J.,
Dhaka M.S., Substrate Dependent Physical Properties
Of Evaporated CdO Thin Films for Optoelectronic
Applications, Physics Letters A, (2017).

[32] Velusamy P., Ruimi Xing, Ramesh Babu R.,
Elangovan E., Viegas J., Shanhu Liua, Sridharan M.,
A Study on Formaldehyde Gas Sensing and
Optoelectronic Properties of Bi Doped CdO Thin
Films Deposited by an Economic Solution Process,
Sensors and Actuators B: Chemical, 297: 12671
(2019).

[33] Anitha M., Tamilnayagam V., Anitha N., Pakiyaraj K.,
Amalraj L., Temperature Dependence of General
Properties of CdO Thin Films Prepared by Nebulizer
Spray Pyrolysis Technique, IJARMATE,(2016).

[34] Salunkhe R.R., Dhawalw D.S., Dubal D.P., Lokhande
C.D., Sprayed CdO Thin Films for Liquefied
Petroleum Gas (LPG) Detection, Sensors and
Actuators B, 140: 86-91 (2009).

[35] Bari R.H., Patil S.B., Nanostructured CdO Thin Films
for LPG and CO, Gas Sensor Prepared by Spray
Pyrolysis Technique, International Letters of
Chemistry, Physics and Astronomy, 37: 31-46(2014).

[36] Afify H.H., Ahmed N.M., Tadros M.Y., F.M.Ibrahim,
Temperature Dependence Growth of CdO Thin Film
Prepared by Spray Pyrolysis, Journal of Electrical
Systems and Information Technology,1(2): 119-128
(2014).

[37] Soylu M., Yazici T., CdO Thin Films Based on the
Annealing Temperature Differences Prepared by Sol-
Gel Method and Their Heterojunction Devices,
Materials Research Express, 4(12): 126307(2017).

Research Article

Preparation and Characterization of Perfume Spray-Coated ...

Vol. 42, No. 11, 2023

[38] Kasirajan, K., Nancy Anna Anasthasiya A., Omar M.
Aldossary, Mohd Ubaidullah, Karunakaran M.,
Structural, Morphological, Optical and Enhanced
Photodetection Activities of CdO Films: An Effect of
Mn Doping, Sensors and Actuators A: Physical, 319:
112531(2021).

[39] Sathya M., Selvan G., Karunakaran M., Kasirajan K.,
Usha S., Logitha M., Prabakaran S., Baskaran P.,
Synthesis and Characterization of Cadmium Doped
on ZnO Thin Films Prepared by SILAR Method for
Photocatalytic Degradation Properties of MB under
UV Irradiation, The European Physical Journal
Plus, 138 (1): 1-12(2023).

[40] Sathya M., Selvan G., Kasirajan K., Karunakaran M.,
Usha S., Baskaran P., Highly Selective and Sensitive
Ammonia Gas Sensors and the Effect of Nickel Loading
on ZnO Frameworks: Deposition, Characterization, and
Gas Sensing Investigation, Journal of Electronic
Materials, 51(5): 2586-2598 (2022).

[41] Sathya M., Selvan G., Kasirajan K., Usha S.,
Baskaran P., Karunakaran M., Inbanathan S.S.R.,
Photocatalytic Degradation Properties of SILAR Grown
Zn0: Ag Thin Films: Investigation on the Effect of Ag
Loading, Brazilian Journal of Physics, 52(1): 23 (2022).

[42] Afify H.H., Ahmed N.M., Tadros M.T.Y., Ibrahim F.M.,
Temperature Dependence groeth of CdO Thin Film
Prepared by Spray Pyrolysis, (2013).

[43] Velusamy P., Rameshbabu R., Ramamurthi K., “Structural,
Morphological Optical and Electrical Properties of Spray
Deposited Lithium Doped CdO Thin Films”, AIP
Conference Proceedings, (2016), 080022.

[44] Khaled Z. Yahya, Muhanad Adel, Influence of
Substrate on Structure and Optical Properties of CdO
Thin Films Prepared by Pulsed Laser Deposition,
E. Eng. & Tech. Journal, 30(2012),3.

[45] Desaia S.P., Suryawanshib M.P., Aikwada M.A.G.,
Manea A.A., Kimb JH., Moholkara A.V.,
Investigations on the Thickness Dependent
Structural, Morphological and Optoelectronic
Properties of Sprayed Cadmium based Transparent
Conducting Oxide, Thin Solid Films, (2016).

[46] Saheer Cheemadan, Amiruddin Rafiudeen, Maniyeri
Chandroth, Santhosh Kumar, Highly Transparent
Conducting CdO Thin Films by Radio Frequency
Magnetron for Optoelectronic Applications, Journal
of Nanophotonics, 10(3): 033007(2016).

3771


file:///C:/Users/sh-haghani/Desktop/11-2023/Structural%20and%20optical%20properties%20of%20CBD%20synthesised%20CdO%20thin%20films:%20influence%20of%20Ni%20incorporation
file:///C:/Users/sh-haghani/Desktop/11-2023/Structural%20and%20optical%20properties%20of%20CBD%20synthesised%20CdO%20thin%20films:%20influence%20of%20Ni%20incorporation
file:///C:/Users/sh-haghani/Desktop/11-2023/Structural%20and%20optical%20properties%20of%20CBD%20synthesised%20CdO%20thin%20films:%20influence%20of%20Ni%20incorporation
file:///C:/Users/sh-haghani/Desktop/11-2023/SILAR-synthesized%20CdO%20thin%20films%20for%20improved%20supercapacitive,%20photocatalytic%20and%20LPG-sensing%20performance,
file:///C:/Users/sh-haghani/Desktop/11-2023/SILAR-synthesized%20CdO%20thin%20films%20for%20improved%20supercapacitive,%20photocatalytic%20and%20LPG-sensing%20performance,
file:///C:/Users/sh-haghani/Desktop/11-2023/SILAR-synthesized%20CdO%20thin%20films%20for%20improved%20supercapacitive,%20photocatalytic%20and%20LPG-sensing%20performance,
file:///C:/Users/sh-haghani/Desktop/11-2023/Enhancing%20the%20properties%20of%20CdO%20thin%20films%20by%20co-doping%20with%20Mn%20and%20Fe%20for%20photodetector%20applications,
file:///C:/Users/sh-haghani/Desktop/11-2023/Enhancing%20the%20properties%20of%20CdO%20thin%20films%20by%20co-doping%20with%20Mn%20and%20Fe%20for%20photodetector%20applications,
file:///C:/Users/sh-haghani/Desktop/11-2023/Enhancing%20the%20properties%20of%20CdO%20thin%20films%20by%20co-doping%20with%20Mn%20and%20Fe%20for%20photodetector%20applications,
file:///C:/Users/sh-haghani/Desktop/11-2023/Substrate%20dependent%20physical%20properties%20of%20evaporated%20CdO%20thin%20films%20for%20optoelectronic%20applications,
file:///C:/Users/sh-haghani/Desktop/11-2023/Substrate%20dependent%20physical%20properties%20of%20evaporated%20CdO%20thin%20films%20for%20optoelectronic%20applications,
file:///C:/Users/sh-haghani/Desktop/11-2023/Substrate%20dependent%20physical%20properties%20of%20evaporated%20CdO%20thin%20films%20for%20optoelectronic%20applications,
file:///C:/Users/sh-haghani/Desktop/11-2023/A%20study%20on%20formaldehyde%20gas%20sensing%20and%20optoelectronic%20properties%20of%20Bi%20doped%20CdO%20thin%20films%20deposited%20by%20an%20economic%20solution%20process,
file:///C:/Users/sh-haghani/Desktop/11-2023/A%20study%20on%20formaldehyde%20gas%20sensing%20and%20optoelectronic%20properties%20of%20Bi%20doped%20CdO%20thin%20films%20deposited%20by%20an%20economic%20solution%20process,
file:///C:/Users/sh-haghani/Desktop/11-2023/A%20study%20on%20formaldehyde%20gas%20sensing%20and%20optoelectronic%20properties%20of%20Bi%20doped%20CdO%20thin%20films%20deposited%20by%20an%20economic%20solution%20process,
file:///C:/Users/sh-haghani/Desktop/11-2023/Temperature%20dependence%20of%20general%20properties%20of%20CdO%20thin%20films%20prepared%20by%20nebulizer%20spray%20pyrolysis%20technique,
file:///C:/Users/sh-haghani/Desktop/11-2023/Temperature%20dependence%20of%20general%20properties%20of%20CdO%20thin%20films%20prepared%20by%20nebulizer%20spray%20pyrolysis%20technique,
file:///C:/Users/sh-haghani/Desktop/11-2023/Temperature%20dependence%20of%20general%20properties%20of%20CdO%20thin%20films%20prepared%20by%20nebulizer%20spray%20pyrolysis%20technique,
file:///C:/Users/sh-haghani/Desktop/11-2023/Sprayed%20CdO%20thin%20films%20for%20liquefied%20petroleum%20gas%20(LPG)%20detection,
file:///C:/Users/sh-haghani/Desktop/11-2023/Sprayed%20CdO%20thin%20films%20for%20liquefied%20petroleum%20gas%20(LPG)%20detection,
file:///C:/Users/sh-haghani/Desktop/11-2023/Nanostructured%20CdO%20thin%20films%20for%20LPG%20and%20CO2%20gas%20sensor%20prepared%20by%20Spray%20pyrolysis%20technique,
file:///C:/Users/sh-haghani/Desktop/11-2023/Nanostructured%20CdO%20thin%20films%20for%20LPG%20and%20CO2%20gas%20sensor%20prepared%20by%20Spray%20pyrolysis%20technique,
file:///C:/Users/sh-haghani/Desktop/11-2023/Nanostructured%20CdO%20thin%20films%20for%20LPG%20and%20CO2%20gas%20sensor%20prepared%20by%20Spray%20pyrolysis%20technique,
file:///C:/Users/sh-haghani/Desktop/11-2023/Temperature%20dependence%20growth%20of%20CdO%20thin%20film%20prepared%20by%20spray%20pyrolysis,
file:///C:/Users/sh-haghani/Desktop/11-2023/Temperature%20dependence%20growth%20of%20CdO%20thin%20film%20prepared%20by%20spray%20pyrolysis,
file:///C:/Users/sh-haghani/Desktop/11-2023/CdO%20thin%20films%20based%20on%20the%20annealing%20temperature%20differences%20prepared%20by%20sol-gel%20method%20and%20their%20heterojunction%20devices,
file:///C:/Users/sh-haghani/Desktop/11-2023/CdO%20thin%20films%20based%20on%20the%20annealing%20temperature%20differences%20prepared%20by%20sol-gel%20method%20and%20their%20heterojunction%20devices,
file:///C:/Users/sh-haghani/Desktop/11-2023/CdO%20thin%20films%20based%20on%20the%20annealing%20temperature%20differences%20prepared%20by%20sol-gel%20method%20and%20their%20heterojunction%20devices,
file:///C:/Users/sh-haghani/Desktop/11-2023/Structural,%20morphological,%20optical%20and%20enhanced%20photodetection%20activities%20of%20CdO%20films:%20an%20effect%20of%20Mn%20doping,
file:///C:/Users/sh-haghani/Desktop/11-2023/Structural,%20morphological,%20optical%20and%20enhanced%20photodetection%20activities%20of%20CdO%20films:%20an%20effect%20of%20Mn%20doping,
file:///C:/Users/sh-haghani/Desktop/11-2023/Structural,%20morphological,%20optical%20and%20enhanced%20photodetection%20activities%20of%20CdO%20films:%20an%20effect%20of%20Mn%20doping,
file:///C:/Users/sh-haghani/Desktop/11-2023/Synthesis%20and%20characterization%20of%20cadmium%20doped%20on%20ZnO%20thin%20films%20prepared%20by%20SILAR%20method%20for%20photocatalytic%20degradation%20properties%20of%20MB%20under%20UV%20irradiation,
file:///C:/Users/sh-haghani/Desktop/11-2023/Synthesis%20and%20characterization%20of%20cadmium%20doped%20on%20ZnO%20thin%20films%20prepared%20by%20SILAR%20method%20for%20photocatalytic%20degradation%20properties%20of%20MB%20under%20UV%20irradiation,
file:///C:/Users/sh-haghani/Desktop/11-2023/Synthesis%20and%20characterization%20of%20cadmium%20doped%20on%20ZnO%20thin%20films%20prepared%20by%20SILAR%20method%20for%20photocatalytic%20degradation%20properties%20of%20MB%20under%20UV%20irradiation,
file:///C:/Users/sh-haghani/Desktop/11-2023/Synthesis%20and%20characterization%20of%20cadmium%20doped%20on%20ZnO%20thin%20films%20prepared%20by%20SILAR%20method%20for%20photocatalytic%20degradation%20properties%20of%20MB%20under%20UV%20irradiation,
file:///C:/Users/sh-haghani/Desktop/11-2023/Highly%20Selective%20and%20Sensitive%20Ammonia%20Gas%20Sensors%20and%20the%20Effect%20of%20Nickel%20Loading%20on%20ZnO%20Frameworks:%20Deposition,%20Characterization,%20and%20Gas%20Sensing%20Investigation,
file:///C:/Users/sh-haghani/Desktop/11-2023/Highly%20Selective%20and%20Sensitive%20Ammonia%20Gas%20Sensors%20and%20the%20Effect%20of%20Nickel%20Loading%20on%20ZnO%20Frameworks:%20Deposition,%20Characterization,%20and%20Gas%20Sensing%20Investigation,
file:///C:/Users/sh-haghani/Desktop/11-2023/Highly%20Selective%20and%20Sensitive%20Ammonia%20Gas%20Sensors%20and%20the%20Effect%20of%20Nickel%20Loading%20on%20ZnO%20Frameworks:%20Deposition,%20Characterization,%20and%20Gas%20Sensing%20Investigation,
file:///C:/Users/sh-haghani/Desktop/11-2023/Highly%20Selective%20and%20Sensitive%20Ammonia%20Gas%20Sensors%20and%20the%20Effect%20of%20Nickel%20Loading%20on%20ZnO%20Frameworks:%20Deposition,%20Characterization,%20and%20Gas%20Sensing%20Investigation,
file:///C:/Users/sh-haghani/Desktop/11-2023/Photocatalytic%20Degradation%20Properties%20of%20SILAR%20Grown%20ZnO:%20Ag%20Thin%20Films:%20Investigation%20on%20the%20Effect%20of%20Ag%20Loading,
file:///C:/Users/sh-haghani/Desktop/11-2023/Photocatalytic%20Degradation%20Properties%20of%20SILAR%20Grown%20ZnO:%20Ag%20Thin%20Films:%20Investigation%20on%20the%20Effect%20of%20Ag%20Loading,
file:///C:/Users/sh-haghani/Desktop/11-2023/Photocatalytic%20Degradation%20Properties%20of%20SILAR%20Grown%20ZnO:%20Ag%20Thin%20Films:%20Investigation%20on%20the%20Effect%20of%20Ag%20Loading,
file:///C:/Users/sh-haghani/Desktop/11-2023/Temperature%20Dependence%20groeth%20of%20CdO%20Thin%20Film%20Prepared%20by%20Spray%20Pyrolysis,
file:///C:/Users/sh-haghani/Desktop/11-2023/Temperature%20Dependence%20groeth%20of%20CdO%20Thin%20Film%20Prepared%20by%20Spray%20Pyrolysis,
file:///C:/Users/sh-haghani/Desktop/11-2023/Structural,%20morphological%20optical%20and%20electrical%20properties%20of%20spray%20deposited%20lithium%20doped%20CdO%20thin%20films,
file:///C:/Users/sh-haghani/Desktop/11-2023/Structural,%20morphological%20optical%20and%20electrical%20properties%20of%20spray%20deposited%20lithium%20doped%20CdO%20thin%20films,
file:///C:/Users/sh-haghani/Desktop/11-2023/Structural,%20morphological%20optical%20and%20electrical%20properties%20of%20spray%20deposited%20lithium%20doped%20CdO%20thin%20films,
file:///C:/Users/sh-haghani/Desktop/11-2023/Influence%20of%20substrate%20on%20structure%20and%20Optical%20Properties%20of%20CdO%20Thin%20Films%20Prepared%20By%20Pulsed%20Laser%20Deposition,
file:///C:/Users/sh-haghani/Desktop/11-2023/Influence%20of%20substrate%20on%20structure%20and%20Optical%20Properties%20of%20CdO%20Thin%20Films%20Prepared%20By%20Pulsed%20Laser%20Deposition,
file:///C:/Users/sh-haghani/Desktop/11-2023/Influence%20of%20substrate%20on%20structure%20and%20Optical%20Properties%20of%20CdO%20Thin%20Films%20Prepared%20By%20Pulsed%20Laser%20Deposition,
file:///C:/Users/sh-haghani/Desktop/11-2023/Investigations%20on%20the%20Thichness%20Dependent%20Structural,%20Morphological%20and%20Optoelectronic%20Properties%20of%20Sprayed%20Cadmium%20based%20Transparent%20conducting%20oxide,
file:///C:/Users/sh-haghani/Desktop/11-2023/Investigations%20on%20the%20Thichness%20Dependent%20Structural,%20Morphological%20and%20Optoelectronic%20Properties%20of%20Sprayed%20Cadmium%20based%20Transparent%20conducting%20oxide,
file:///C:/Users/sh-haghani/Desktop/11-2023/Investigations%20on%20the%20Thichness%20Dependent%20Structural,%20Morphological%20and%20Optoelectronic%20Properties%20of%20Sprayed%20Cadmium%20based%20Transparent%20conducting%20oxide,
file:///C:/Users/sh-haghani/Desktop/11-2023/Investigations%20on%20the%20Thichness%20Dependent%20Structural,%20Morphological%20and%20Optoelectronic%20Properties%20of%20Sprayed%20Cadmium%20based%20Transparent%20conducting%20oxide,
file:///C:/Users/sh-haghani/Desktop/11-2023/Highly%20transparent%20conducting%20CdO%20thin%20films%20by%20radio%20frequency%20magnetron%20for%20optoelectronic%20applications,
file:///C:/Users/sh-haghani/Desktop/11-2023/Highly%20transparent%20conducting%20CdO%20thin%20films%20by%20radio%20frequency%20magnetron%20for%20optoelectronic%20applications,
file:///C:/Users/sh-haghani/Desktop/11-2023/Highly%20transparent%20conducting%20CdO%20thin%20films%20by%20radio%20frequency%20magnetron%20for%20optoelectronic%20applications,

Iran. J. Chem. Chem. Eng. Usha S. et al.

[47] Raja N., Nagarethinam V.S., R.Balu A., Structural,
Morphological and Optoelectronics Properties of
CdO:Ag Films — Precursor Solution Aging Effect,
Surface Engineering, (2019).

[48] Jeevitesh K. Rajput, Trilok K. Pathak, Vinod Kumar,
Kumar M., Purohit L.P., Annealing Temperature
Dependent Investigations on Nano-Cauliflowere Like
Structure of CdO Thin Film Grown by Sol-Gel
Method, Surfaces and Interfaces, 6: 1-17 (2017).

[49] Velusamy P., Ramesh Babu R., Ramamurthi K.,
Dahlem M.S., Elangovan E., “High Transparent
Conducting Cerium Incorporated Cdo Thin Films
Deposited by Spray Pyrolytic Technique”, The Royal
Society of Chemistry, 1-3 (2013).

3772

Vol. 42, No. 11, 2023

Research Article


file:///C:/Users/sh-haghani/Desktop/11-2023/Structural,%20morphological%20and%20optoelectronics%20properties%20of%20CdO:Ag%20films%20–%20precursor%20solution%20aging%20effect,
file:///C:/Users/sh-haghani/Desktop/11-2023/Structural,%20morphological%20and%20optoelectronics%20properties%20of%20CdO:Ag%20films%20–%20precursor%20solution%20aging%20effect,
file:///C:/Users/sh-haghani/Desktop/11-2023/Structural,%20morphological%20and%20optoelectronics%20properties%20of%20CdO:Ag%20films%20–%20precursor%20solution%20aging%20effect,
file:///C:/Users/sh-haghani/Desktop/11-2023/Annealing%20temperature%20dependent%20investigations%20on%20nano-cauliflowere%20like%20structure%20of%20CdO%20thin%20film%20grown%20by%20sol-gel%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Annealing%20temperature%20dependent%20investigations%20on%20nano-cauliflowere%20like%20structure%20of%20CdO%20thin%20film%20grown%20by%20sol-gel%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Annealing%20temperature%20dependent%20investigations%20on%20nano-cauliflowere%20like%20structure%20of%20CdO%20thin%20film%20grown%20by%20sol-gel%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/Annealing%20temperature%20dependent%20investigations%20on%20nano-cauliflowere%20like%20structure%20of%20CdO%20thin%20film%20grown%20by%20sol-gel%20method,
file:///C:/Users/sh-haghani/Desktop/11-2023/High%20transparent%20conducting%20cerium%20incorporated%20CdO%20thin%20films%20deposited%20by%20spray%20pyrolytic%20technique,
file:///C:/Users/sh-haghani/Desktop/11-2023/High%20transparent%20conducting%20cerium%20incorporated%20CdO%20thin%20films%20deposited%20by%20spray%20pyrolytic%20technique,
file:///C:/Users/sh-haghani/Desktop/11-2023/High%20transparent%20conducting%20cerium%20incorporated%20CdO%20thin%20films%20deposited%20by%20spray%20pyrolytic%20technique,

