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Abstract

The present study includes synthesis of CdO thin film by simple and cost effective chemical bath deposition meth-
od. Cadmium monochloroaceatate were used for preparation of CdO thin film. The structural, optical properties of
CdO thin film were investigated with the help of X-ray diffraction (XRD) and UV-Vis NIR double beam spectrome-
try. The XRD studies revealed that annealed thin film shows crystalline in nature having 48.4 nm in size. The op-
tical band gap of thin film was found to be 2.13 eV. Scanning Electron Microscopy (SEM) images shows sphere like
structure which is closely arranged with each other. The presence of functional group was confirmed by Fourier
Transform Infra Red (FTIR). Brunauer—-Emmett—Teller (BET) surface area analysis confirm formation of a meso-
porous CdO with 6.01 m?/g surface area and 31.96 nm average pore diameter. The photocatalytic activity of pre-
pared thin film was checked by using Rhodamine-B as a model dye under natural sunlight and found to be 48%.
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1. Introduction

Now a day, photocatalysis has received more
attention all over the world because water pollu-
tion from different industries is a major issue.
Many synthetic dyes are used as coloring agent
in various industries like leather, textile, food,
cosmetics and other industries. These industries
have released dye pollutants as a waste water
in the environment. Thus dye pollutant is a ma-
jor source of water pollution, because the efflu-
ent from textile industry contains large number
of toxic, carcinogenic, non-biodegradable organic
dye compounds [1,2]. Thus wastewater contain
dye pollutant from textile industry -creates
many series problem to humans, animals and
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environment. Hence water treatment as be-
comes major issue of society therefore, water pu-
rification was a lot gain attention.

Various physicochemical and biological
methods like filtration, flocculation, coagulation,
adsorption, ozonisation, activated sludge pro-
cesses and photocatalytic degradation are used
for treatment of waste water [3—6]. Out of these
techniques, photocatalytic degradation of dyes
for waste water treatment as attracted much
more attention due to easy operation, effective-
ness, and producing non toxic end products.
Photocatalysis is based on the absorption of
light by the semiconductor catalyst. Electrons
are excited from lower energy to higher energy
band, leading to the formation of electron hole
pairs. Now a day, well efforts have been take to
develop metal oxide semiconductor materials
with narrow band gap for increasing photocata-
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Iytic activity under solar light during photoca-
talysis. Various photocatalyst, such as titanium
oxide (TiO2), LDHs-based catalysts, zirconia
(ZrO2), calcium oxide (CaQ), niobium pen-
taoxide (Nb20s), iron(IIT) oxide (Fe20s3), molyb-
denum oxide (MoQOs), Fe@MWCNT, and Z-
scheme photocatalysts are used for the treat-
ment of waste water [7—11]. Wang et al. [12] de-
signed CdO/CdS HT to improve the photocata-
lytic performance of CdO and CdS MLs.

Cadmium oxide (CdO) is an n-type semicon-
ductor with a direct band gap energy of 2.2 eV
and an indirect band gap energy of 1.36—1.98
eV [13]. High electrical conductivity with a
moderate refractive index makes it a construc-
tive material for various applications such as
solar cells, gas sensors, photovoltaic, optoelec-
tronic, and photosensors [13,14]. Its band gap
is tailored to the absorption of the visible re-
gion of sunlight and therefore it shows a photo-
catalytic mechanism similar to that of other
semiconductor oxides. Thus, cadmium oxide
shows selective photocatalytic properties that
make the compound suitable for the degrada-
tion of toxic compounds like dyes, pigments,
and environmental pollution [15].

Various techniques are used to obtain CdO
in the form of film or powder, such as sol-
vothermal method [16], chemical vapour depo-
sition [17], sol-gel method [18], spray pyrolysis
[19], sputtering [20]. Use of these methods is
limited because of some technical issues like
high cost, complicated apparatuses, long reac-
tion time, and so on. Despite these difficulties,
for the fabrication of CdO thin films, chemical
bath deposition method is used [21]. Chemical
bath deposition (CBD) is a very simple and low
cost method. Less material wastage and no
need to handle poisonous gases are additional
advantages of this method. In the present in-
vestigation, we have selected chemical bath
deposition method for the preparation of CdO.

The novelty of our research work is the syn-
thesis of CdO using cadmium monochloroace-
atate for the first time. Prepared material was
characterized by using XRD, EDX, UV-visible,
and FTIR. The photocatalytic activity of CdO
was checked by using Rhodamine-B dye solu-
tion under sunlight.

2. Materials and Methods

The A.R. grade chemicals, such as cadmium
carbonate (CdCOs), monochloroacetic acid
(CICH2COOH), sodium hydroxide (NaOH), and
ammonia (NHs), were used for the synthesis of
CdO. The glass plates with dimensions 75%X26
mm were used for the deposition of CdO thin
film sample. The glass plates were washed in

chromic acid, alcohol, and distilled water be-
fore the deposition of the film sample [22]. For
that, the solution of 0.25 M cadmium mono-
chloro acetate was prepared by dissolving cad-
mium carbonate in an equivalent solution of
0.25 M monochloroacetic acid solution (pKa =
1.25 at 25 °C) with constant stirring. In the
above solution, 5 mL. 2 M NaOH and 5 mL of
1:1 NHs solution were added from the burette.
Then, the whole reaction mixture was diluted
to 50 ml by adding distilled water and heated
at 80 °C for 90 min. Cleaned dry glass sub-
strates were vertically immersed in bath and
heated at about 80 °C for 2 h. The obtained
film was washed with deionised water several
times, dried and kept in electric oven at 200 °C
and 400 °C for 3 h to obtain CdO. The chemical
reaction mechanism for the preparation of CdO
is represented as follows:

CdCO, +2(CICH,COOH) .
= (CICH,CO0),Cd +CO, + H,0 @)
(CICH,CO0),Cd +2NH,0H
5 Cd(OH), +(CICH,COO),(NH,), @)
Cd(OH), - CdO + H,0 ®3)

2.1 Material Characterizations

The structural properties of prepared CdO
thin films were investigated by X-ray diffrac-
tion (XRD) using . Cu-Ka radiation having
wavelength 1.5415 A at an operating voltage of
40 kV and current for X-ray gun as 40 mA. For
surface morphological analysis JEOL JSM-
6360, Japan Scanning Electron Microscope
(SEM) was used. EDX analysis techniques
were used for compositional analysis of CdO
thin film. The UV visible spectrometer was
used to measure a optical absorption. For the
investigation of surface area and average pore
diameter of CdO material BET surface analyz-
er (Lab India) were used. The diffused reflec-
tance spectra were recorded on UV-visible NIR
double beam spectrometer (JASCO,V-770). The
FTIR spectrometer (JASCO, 4600 JAPAN) was
used for FTIR spectral analysis. The photocata-
Iytic activity of CdO was studied by the time
dependent counting of absorption data under
visible region on UV-Vis-NIR double beam
spectrometer (Shimadzu UV 310 PC).

2.2 Photocatalytic Study

The photocatalytic activity of prepared CdO
thin films was investigated by determining
photodegradation of Rhodamine-B dye under
natural sunlight irradiation. In photocatalytic
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experiments, 100 mL 10 ppm Rhodamine-B dye
solutions were taken in 100 mL glass beaker
containing CdO thin film as a photocatalyst.
Then, the solution was kept in the dark for at
least 1 h to attain adsorption/desorption equi-
librium. After adsorption/desorption equilibri-
um solution was kept under sunlight of average
intensity of 6.66 kwh/m2/day (Latitude: 16.75
longitude: 74.25). First sample was taken be-
fore the irradiation, which was considered as
the initial concentration (Ainitia). After a regu-
lar time interval of irradiation (30 min) solu-
tion was taken and analyzed by using a UV-vis-
NIR spectrophotometer at wavelength range
from 400 to 800 nm and the value of 150 min
was taken (Afina)). The efficiency of material
was calculated by using following Equation (4)
[23,24].

Efficiency (%) = AOI; 4 x100 4)

0

where, Ay is initial absorbance, and A; is ab-
sorbance after ¢ time reaction.

3. Results and Discussions
3.1 XRD Analysis

Figure 1 and Figure 2 show XRD pattern of
CdO annealed at 200 °C and 400 °C, respec-
tively. The CdO sample annealed at 200 °C
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Figure 1. XRD pattern of CdO annealed at 200
°C.

shows low intensity of peak due to partial crys-
talline nature as shown in Figure 1. Mean-
while, annealed at 400 °C shows high intensity
of peak due to total conversion of partial amor-
phous sample into crystalline nature as shown
in Figure 2. The peaks of CdO annealed at 400
°C are observed at 33.10°, 38.56°, 55.32°,
66.25°, 69.52°, respectively and indexed to the
(111), (200), (220), (311), (222) planes, respec-
tively, which coincide well with the JCPDS da-
ta (JCPDS Data file n0.00-001-1049). The ob-
served d value corresponds to cubic structure of
CdO. The crystallographic lattice parameters
of CdO were determined by following Equation
(5).
2 2 2

% _ hl# ()
The lattice parameters ‘a’ values are very close
to the standard value of CdO and were found to
be 4.6846 A at 400 °C as shown in Table 1. The
crystalline size estimated using the higher in-
tensity peak of plane the (111) was 48.4 nm.

3.2 Scanning Electron Microscope (SEM) and
Energy Dispersive X-ray (EDX) Analyses

Scanning Electron Microscope is used for
morphological study. SEM images of CdO sam-
ple is as shown in Figure 3. It shows a sphere
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Figure 2. XRD pattern of CdO annealed at 400
°C.

Table 1. Crystallographic parameters of CdO thin film annealed at 400 °C.

. d values A cubic Lattice parameter Crystalline
Material Standard Observed Tkl plane ?A) ySize
2.70000 2.70414 111
2.34000 2.33387 200
CdO 1.65000 1.65928 220 a=4.6846 D=48.4nm
1.41000 1.40956 311
1.35000 1.35103 222
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like structure, which is closely arranged with
each other, responsible for increase in catalytic
efficiency. The catalytic efficiency increases due
to increase in surface area. Energy dispersive
X-ray analyses were used for the determination
of elemental composition. The EDX of CdO is as
shown in Figure 4. From the figure, it is clear
that the formation of CdO takes place and it
does not contain any impurity. The spectrum
shows the weight percentage of Cd and O was
found to be 75.19% and 24.81%.

3.3 Optical Studies

Band gap energy of a photocatalyst is one of
the most important parameters for selection of
light sources, which is used to excite the elec-
tron from the valence band (VB) to the conduc-
tion band (CB) and generate electron—hole pair
(e—h*) and thereby degrade the dyes [25].

SEM HV: 5.0 kV
SEM MAG: 249 x | Det: SE FSL-Mumbai

Figure 3 .SEM image of CdO annealed at 400
°C.
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Figure 4 .EDX analysis of CdO annealed at 400
°C.

The plot of absorbance as a function of
wavelength in the range from 350-800 nm for
the CdO sample is shown in Figure 5(a). It re-
veals the absorption edge was found at 580 nm
wavelengths A similar absorption band spectra
were observed by Bulakhe et al. [26] using a
wet chemical method. The band gap energy is
determined by the following Equation (6) [27],

(ahv)=B(hv-E,)' (6)

where, hv = photon energy, a = absorption coef-
ficient, B = constant value and E; = band gap
energy. The band gap energy of the prepared
sample can be determined by plotting (ahv)? vs
hv and obtaining the extrapolation of this
curve as shown in Figure 5(b). The band gap
energy of the prepared CdO is 2.13 eV, which is
matched with previous report [26,28]. The opti-
cal band gap value was reduced due to its more
crystalline structure (as is seen from XRD)
and transition between the partially forbidden
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Figure 5. (a) The plot of absorbance with
respect to wavelength for CdO, (b) Optical
band gap calculation of CdO.
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valence band and conduction band of d-shell
electrons of cadmium ions [29].

3.4 FTIR Studies

The Fourier Transform Infrared Spectrosco-
py (FTIR) is used to identify the functional
group presents in prepared samples, which are
recorded in the range of 400—4000 cm™!. Figure
6 shows FTIR spectra of prepared samples. The
strong absorption peak at 3444 cm™! is due to
the O—H group in water molecules [30]. The
peak at 2916 cm™! is due to C—H symmetric
stretching vibration. The peak at 1029 cm™! is
due to C-O stretching vibration of absorbed
CO2 [31]. Meanwhile, bands in the range of
400-700 cm™! correspond to Cd—O mode of vi-
bration [32].

3.5 BET and BJH Analyses

The Figure 7 shows the adsorption-
desorption isotherm of CdO. The nature of
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Figure 6. Shows the FTIR spectrum of chemical
bath deposited CdO.
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Figure 7. N2 adsorption desorption of CdO.

graph is Type IV isotherm with hysteresis loop,
which revealed the mesoporous nature of CdO.
The Figure 8 shows the Barret-Joyner-Halenda
(BJH) pore size distribution. The CdO has a
surface area of 6.01 m2/g. The peak in BJH
shows the average pore diameter 31.96 (nm).

3.6 Photocatalytic Activity of CdO

The Figure 9 shows typical absorbance
characteristics of Rhodamine-B solution de-
graded by CdO thin film. The characteristics
absorption peak of Rhodamine-B dye at 553 nm
1s used to monitor the photocatalytic degrada-
tion process. The colour of dispersed solution
disappeared after 30 min and the main absorp-
tion peak of Rhodamine-B at 553 nm disap-
peared and the intensity of the peak decreased.
CdO photocatalyst has about 48% degradation
efficiency of Rhodamine-B dye at 150 minutes.
The photocatalytic activity of the CdO photo-
catalyst in comparison with other photocata-
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Figure 8. Pore size distribution of CdO.
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Figure 9. Absorbance spectra of Rhodamine B dye.
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lyst is summarized in Table 2. The photocata-
Iytic efficiency of CdO is increased due to a
high degree of crystallization which is revealed
in XRD results. The rate of reaction could be
detected by studying the absorbance data
In(Cy/C;) with respect to the reaction time as
shown in Figure 10(b), where Cy and C; are the
concentrations of Rhodamine-B at the initial
stage and time (¢), respectively (Figure 10(a)).
A pseudo first order kinetics was observed and
the calculated rate constant was found to be
3.51x10-3 min~! [36].

pH plays an important role in the photocata-
lytic study, because it controls the reaction dur-
ing the photodegradation of dye. The effect of
pH on photodegradation efficiency was studied
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Figure 10. (a) Photocatalytic degradation of

RhB dye over time, (b) Kinetic study for photo-
degradation of RhB using CdO.

by varying the pH from 2 to 10 using HCI and
NaOH and result is presented in Figure 11.
The minimum degradation efficiency was ob-
served at pH 2 to 6 and maximum at pH 10.
The pH mostly affects the surface properties of
CdO, dissociation of dye molecule and for-
mation of hydroxyl radicals [37].

3.7 FTIR Study of Rhodamine-B

The functional group of Rhodamine-B was
investigated by using FTIR spectroscopy. The
peaks at 1585.04 cm~! and 1407.21 cm™! are at-
tributed to aromatic carbon ring vibration
while the peak at 1338.43 cm™! is due to car-
bon-aryl bond vibration .The peak attributed to
alkyl chloride group at 1175 cm~1, asymmetric
stretching of carbon—oxygen-carbon ether bond
at 1067.48 cm~1, 1004.92 cm™!, and bending vi-
bration of aromatic hydrogen at 680.71 cm™!.
The transmission against wavenumber graph
is as shown in Figure 12. When Rhodamine-B
dye and CdO mixture is irradiated with the
sunlight for 150 min then transmission of same
was also measured against wavenumber does
not shows any peak which confirm that degra-
dation of Rhodamine-B dye by using sunlight.

3.8 Photodegradation of Rhodamine-B Dye
Mechanism using CdO

Schematic diagram of photocatalytic degra-
dation of mechanism of Rhodamine-B dye us-
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Figure 11. Effect of pH against % degradation
of RhB dye under sunlight irradiation.

Table 2. Comparison of Rhodamine-B dye degradation by using various photocatalyst.

Photocatalyst Dye Irradiation source Degradation (%) Time Reference
CdO RhB Sunlight 48 180 min  This work
C doped TiO2 RhB 500 W tungsten halogen lamp 59 5h [33]
Co304 RhB Visible light 32 180 min [34]
Mn/Fe-MOF RhB Visible Light - - [35]
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ing CdO is shown in Figure 13. CdO irradiated
with sunlight, electrons are excited from the
valence band (VB) to the conduction band (CB)
resulting in the formation of positively charged
holes (h*vB) and negatively charged electrons
(e~cB) on the surface of CdO.

CdO + sunlight — CdO (h*vs + e~cB) @)

Recombination of electron-hole pairs is possible
in volume and surface of the photo catalysts.
On the other, and when electron -hole pairs mi-
grate to the surface of CdO, they can partici-
pate in redox reaction with the adsorbed spe-
cies. During a redox reaction, a hydroxyl radi-
cal 1s formed by interaction of a hole with the
adsorbed surface group, while electrons react
with oxygen to form a superoxide radical
('02‘).

The negatively charged electrons in the con-
duction band react with O2 molecule and H*
(surrounding the aqueous environment) and
gather hydrogen peroxide, which supplies OH-
and *OH free radical, which can further react
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Figure 12. FTIR spectrum of photodegraded of
Rhodamine-B dye.

Figure 13. Mechanism on the photodegradation
of Rhodamine-B using CdO.

to form hydrogen peroxide and other active ox-
ygen radicals. Highly reactive free radicals,
which break the organic compounds into water
and carbon dioxide. The photodegradation re-
action of Rhodamine-B using CdO photocata-
lyst is shown in Equations (8-12).

h*tvg + OH- — -OH (8)
e+ 0z — <02 9)
02+ 2e + 2H* — H202 (10)
H202 + +O2~ — OH- + *OH + O2 (11)
+OH + Rhodamine B — Degradation products
(12)

Thus, on the surface of CdO photocatalyst oxi-
dation and reduction reaction occurs, from the
time when this reaction produces positive holes
and negative electrons. In oxidation reaction
moisture contents in the CdO surfaces reacts
with hole and return free hydroxyl radical. If
more amount of oxygen is provided, this acts as
an electron acceptor and recombination rate is
delayed which further enhances degradation of
pollutants.

The electrons and holes diffuse to the sur-
face of CdO in which they can be utilized for
various redox processes. The superoxide radi-
cal (+O2") if formed by reaction of negative elec-
tron with oxygen, positive hole reacts with wa-
ter to form powerful oxidizing free radicals and
perform similar oxidative attack on Rhoda-
mine-B dye [38,39].

During the photodegradation of Rhodamine-
B dye process, different active species as holes
(h*), hydroxyl radical (*OH), superoxide radi-
cals (*O27) and electrons (e”) are mainly gener-
ated. To detect the main reactive species that
responsible for the photodegradation of Rhoda-

50 4

40 4

30 1

204

Photodegradation efficiency (%)

04
Without scavenger IPA Kl

Scavengers

Figure 14. Scavenger test on the photodegrada-
tion efficiency of CdO thin film (annealed at
400 °C) in degrading RhB solution.
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mine-B dye under natural sunlight irradiation,
scavenger tests were investigated. Generally,
electrons have negligible effect on photodegra-
dation of organic pollutant [40] and thus elec-
tron scavenger test was excluded. Three differ-
ent scavengers, such as isopropanol (IPA), po-
tassium iodide (KI) and benzoquinone (BQ),
were used as *OH, h*and +Og2- scavengers,
respectively [41].

The effect of scavengers on the photodegra-
dation of Rhodamine-B dye using CdO thin film
is shown in Figure 14. It concluded that, the
photodegradation efficiency of CdO thin film
without scavenger was 48 % after 150 min un-
der sunlight irradiation. A slight decrease in
photodegradation efficiency of Rhodamine-B
dye was observed when IPA and BQ were used
as *OH and °*O2z quenchers which indicates
that «OH is more significant compared to *O2-
in degradation process of Rhodamine-B dye.
However, a drastic decrease in the degradation
efficiency was observed when KI were used as
h* scavengers which indicates that A* are the
main reactive species in the degradation of
Rhodamine-B over CdO under sunlight irradia-
tion.

In order to find the reusability and stability
of the photocatalyst, the CdO thin film was fur-
ther used under the same experimental condi-
tions. Five cycles have been carried out for CdO
thin films used for photocatalysis. Between
each cycle films are taken out, washed with dis-
tilled water and dried. It is evaluated that pho-
tocatalytic activity of thin film is not much af-
fected. Figure 15 shows the results of five cyclic
run for RhB degradation over CdO. In fifth cy-
cle photodegradation reached to 45%, which is
only 3% lower than that of first cycle.

50 4

40

(2]
o
1

[*]
(=]
1

Degradation (%)

10

Cycle-1 Cycle-2 Cycle-3 Cycle-4 Cycle-5
Reusability

Figure 15. Photocatalyst reusability test.

4. Conclusions

CdO thin film have been grown successfully
onto glass substrates via a simple chemical
bath deposition method (CBD). The XRD stud-
ies revealed that annealed thin film shows
crystalline in nature having 48.4 nm in size.
CdO thin films have optical band gap of 2.13
eV. This study indicated that the CdO thin film
can be used as a suitable photocatalyst to re-
move the Rhodamine-B dyes. High degree of
crystallization, small size and low band gap are
responsible for excellent photocatalytic efficien-
cy of CdO under natural sunlight.
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