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ABSTRACT

Oleic acid coated CdO nanoparticles were synthesized using a facile, rapid, efficient and mild
ultrasonic method. The structural, optical and surface morphological properties were proved by
various techniques of X-ray diffraction (XRD), UV-Vis-Diffuse reflectance spectroscopy (UV-Vis-
DRS), Fourier transform infrared spectroscopy (FT-IR), scanning electron microscopy (SEM) with an
energy dispersive X-ray (EDX) spectroscopy and high resolution transmission electron microscope
(HR-TEM).The X-ray diffraction (XRD) shows that face centered cube structure of oleic acid coated
CdO and the average crystallite sizes were calculated to be 53.66 nm. FT-IR spectra confirmed the
presence of metal oxides bands (band at 612 cm™ corresponds to CdO vibration) and the bands
corresponding to oleic acid. The absorption maximum of CdO nanoparticles was shifted to visible
region after coating of oleic acid. The visible light photocatalytic performances of the oleic acid
coated CdO nanoparticles were evaluated by photodegradation of Crystal Violet dye as model
organic pollutant. The result showed that oleic acid coated CdO (91 %) exhibited much higher visible
light photocatalytic activity than CdO (75 %). As a result, it can be seen that the addition of oleic acid
as a surface modifier improves the photocatalytic activity, prevents particle agglomeration and
provides a very stable CdO nanoparticles.
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INTRODUCTION

Nano-photocatalysis is an important technology to solve the energy and environment related problems
with the help of inexhaustible solar energy [1-3]. The environmental contaminant of water caused by
organic and toxic waste has drawn more attention during the past several decades. Many usual
methods such as catalytic reduction, osmosis and adsorption techniques have been used to deals with
the pollutants in environmental surroundings. There are many drawbacks still exist in these methods
such as increase in number of refractory pollutants and high expensive procedures [4]. Photocatalysis
is considered to be most effective among the above methods applied for air and water treatment. In
the area of heterogeneous photocatalysis metal oxide has involved a great deal of attention as an
innovative catalytic material [5, 6].

Cadmium oxide nanostructures have received extensive concern due to their proficient properties
for many technologies. Cadmium oxide powder is a brownish materials having a face-centred-cubic
crystal structure among a lattice constant a = 0.4695 nm. The values of the band gap in the range 2.2
and 2.5 eV is reported used to room temperature n-type CdO nanostructure semiconductor [7, 8].
CdO nanoparticles are useful in gas sensors, photodiodes, solar cells, catalysts, photocatalysts and
optoelectronic devices [9-11]. The several structures of cadmium oxide in nanoscale have been
reported viz.,nanoparticles, nanowires[12] thin films, nanoneedles, nanotube [13] and nanorods [14].
The technigues to prepare these materials to contain sonochemical [15], micro-emulsion [16],
hydrothermal/solvothermal method and mechanochemical process [17]. Metal oxide semiconductor
absorbs visible light radiation from sunlight. In a metal oxide, electrons from the valence band are
transferred to the conduction band, creating electron-hole (e-h") pairs. At the surface of the
nanoparticles, the electron and the holes can reduce and oxidized adsorbed from the environment
oxygen and water molecules, respectively. Therefore superoxide ions and hydroxyl radicals can be
generated on the metal oxide surface, whichever to the key species initiating the photocatalytic
oxidation process [18, 19]. The stability and catalytic efficiency of metal oxide have been improved
by a variety of techniques such as doping [20, 21] coupling with narrow band gap semiconductors
[22, 23] and modification with surfactant [24, 25].

The surface modification of a catalyst by dye sensitization or colourless organics is a good
chance to develop a method of designing a visible light reactive in photocatalytic system [26]. The
colourless organic acid, surface-modified technique was re-designated as organic acid coated method
[27,28]. Among the different colorless organics surfactants, oleic acid is an tremendous one because
of its high resemblance to the surface of superfine magnetite. Oleic acid is the most general organic
acids, featuring in esterification and surfactant chemistry. The carboxyl groups as of Oleic acid can
form ester like linkage (C=0) or carboxylate linkage (C-O-O) with metal oxide, which played a
positive role in the ret-shift of the absorption edge metal oxide nanoparticles [29, 30].

The photocatalytic activity of oleic acid modified CdO NPs under solar light has not been studied
so far. In this report, CdO and oleic acid modified CdO NPs were synthesized by a co-precipitation
method. Throughout synthesis, the amount and the rate of adding together of oleic acid were
optimized to get required CdO nanostructures. The structural, morphology and optical properties of
the as prepared CdO, oleic acid and oleic acid modified CdO NPs were investigated by XRD, FT-IR,
UV-Vis-DRS, SEM, EDAX and HR-TEM. The present work demonstrated the excellent
photocatalytic activity of the synthesized oleic acid modified CdO against crystal violet dye under
solar light irradiation. Oleic acid, and tremendous surface modification agent, was usual to have
optimistic effect in such synthesis. The improvement of such low cost and valuable photocatalysts is
enviable for future applications in the field of photocatalysis.
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MATERIALS AND METHODS

Materials: The chemicals of cadmium nitrate, ammonia and oleic acid are purchased from Merk with
99.95% purity and were used without further purification and highly purified deionized water.

Synthesis: An aqueous solution of suitable amount of CdNO;.7H,0(0.5M) was prepared. The
prepared solution was stirred for two hour and afterwards ammonia solution was added drop wise
until pH of the solution reaches 8.0. A white precipitate is formed due to addition of ammonia. The
stirring of solution was continued for another 5hrs at room temperature. The final compound was kept
to settle down for 1 day. After that the solution was filtered and washed with deionised water to take
out unreacted materials. The obtained precipitate was dried at 100°C and then grinded to fine powder
with mortar and pestle. The powder obtained was calcinated at 350°C for 3h to obtain final product
[31]. The surface modification of CdO nanoparticles by oleic acid was conducted all the way through
a sonochemical method with jealous the speed of water generation. The typical preparation route was
as follows: 3 g of CdO NPs was added t030 ml of ethanol kept in ultrasonic vibrator at 40 kHz for 30
min. In order to achieve the better dispersion of the NPs, the ultrasonic temperature was set at 45°C
for 30 min. 1 mL and 1.5 mL of dispersed oleic acid 1 mL and 1.5 mL were taken in a round bottom
flask separately and 30 mL of dispersed CdO was poured suddenly on to the solution (CdO-1 & CdO-
2), stirred well for 3 h and allowed to sediment for 24 h and filtered. Then the precipitate of oleic acid
coated CdO NPs were separated by centrifugation and washed with ethanol several times and then
dried in hot air oven at 120°C for 5h.

Characterization: The XRD pattern as prepared samples were taken using an X-ray diffractometer
(X’PERT PRO X- RAY) using Cu Ka irradiation at 25°C and the peak assignment were made with
reference to the JCPDS powder diffraction files. The Fourier transform infrared spectra (FTIR) were
recorded with a JASCO Model 460 plus FT-IR spectrometer. The direct band gap of solid samples
measured using UV-Vis diffuse reflectance spectroscopy (JASCO V-550) and the optical band gap of
semiconductor was estimated using Tauc plot. The surface morphology of the prepared samples was
studied by using scanning electron microscope (JSM-6701F-6701) and also analyzed the chemical
element. High resolution transmission electron microscopy and corresponding selected —area electron
diffraction (HR-TEM/SAED) was carried out on a transmission electron microscope (TEM-TECNAI
G2 model).Photocatalytic experiments were carried out in an immersion type photoreactor (HIPR-
Compact-p-8/125/250/400).

Measurement of Photodegration of CV: The photoactalytic experiments were carried out at the
natural pH of CV (Crystal Violet) dye solution. The photocatalystic activities of the as synthesized
CdO-1 &2 NPs were evaluated by photodegradation of CV (30uM) dye under solar light irradiation.
300 ml of aqueous solution of CV was taken in a round bottom flask. Then, photocatalyst was added
to the CV solution, the catalyst concentration was fixed 0.1g L™, subsequently, the mixture was stirred
in the dark for about 30 min to maintain equilibrium between adsorption and desorption. The resulting
suspension was irradiated under direct sunlight at the time interval between 11.00 AM to 2.30 PM. by
placing on the top roof of our laboratory, Bodinayakanur, Tamilnadu, India during summer (April-
May). The solutions were stirred continuously and open to air environment. During the solar light
irradiation, 5 mL of sample was taken out from the suspension at a defined time interval. The
photocatalyst was separate by centrifugation and the left over CV concentration was analyzed using a
UV-Vis Spectrometer (Amax OF CV 582 nm). The photolysis experiments were also carried out at by
the same process described over without catalyst.

The photo-degradation percentage of crystal violet was calculated using the formula given below [32]:

Photo-degradation (%) efficiency = [(Co, - C)/Co]*100

www. joac.info 2350



A. Suganthi et al Journal of Applicable Chemistry, 2019, 8 (6):2348-2359

Where Co is the initial concentration of crystal violet before irradiation and C is the concentration of
crystal violet after a certain irradiation time.

RESULTS AND DISCUSSION

X-Ray diffraction: The crystal structures of the as prepared CdO, CdO-1 and CdO-2 NPs are
elucidating by XRD analysis as shown in figurel. It confirms a face centered cubic structure of CdO
with value of lattice constant ‘a’=4.6946 A [JCPDS 75-0592]. The diffraction peaks observed at
32.48°, 37.78°, 55.74°, 65.45° and 68.67° corresponds to the plane values of 111, 200, 220, 311, and
222 respectively. The sharp intensity of each diffraction peak indicates that the synthesized CAdONPs
possess good crystallinity [33] as shown in figure 1. The lattice constant (a) was calculated using the
standard formula

a

VA + k2 + [2

Where d is the inter planer spacing and h, k, | are the Miller indices.

d=

The average crystalline size of the NPs was determined using the Scherrer relation [34] eq (1) on 111
plane of X-ray diffraction pattern

D hkl = kM B cosO -- (1)

Where D is the average crystalline size, A is the X-ray wavelength, B is full width at half maximum
(FWHM) and 0 is the Bragg diffraction angle. The crystallite sizes of CdO, CdO-1 and CdO-2 are
found to be 48.27 nm, 53.35 nm and 57.92 nm. The crystallite sizes of the nanocomposites are higher
than that of CdO. This is ascribed to the nanodeposition of oleic acid on the surface of CdO.
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Figure 1. XRD patterns of CdO, CdO-1 and CdO-2 NPs.

FT-IR: The FT-IR spectrum of CdO and oleic acid coated CdO NPs is recorded in the spectral range
of 4000 to 400 cm™ and the results are displayed in figure 2. The strong absorption band centered at
~3481 cm™ and 3595 cm™ is assigned to the —OH stretching vibrations of hydroxyl group [35]. It has
been reported that the strong IR bands around ~500, ~1000, 1400 cm™ are the characteristic bands of
CdO [36-38]. A strong absorption band observed at 1385 cm™ is due to wagging vibrations of C-H
group.The characteristic peaks adsorption at 612 cm™ confirms the formation of CdO. In addition, the
peaks at 3481 and 1556 cm™ are the H,O characterized absorbing peaks. The oleic acid coated CdO
particles showing bands at 2923 and 2851cm™are due to —CH; and -CH, vibration respectively [39,
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40] reveal that the two oxygen atoms in the carboxylate group of oleic acid are co-ordinated on the
surface of the particle.
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Figure 2 .FT-IR spectrum ofCdO, CdO-1 and CdO-2 NPs.

UV-Vis DRS: In order to study the absorption behavior of synthesized samples UV-Vis spectra for
CdO, CdO-1 and CdO-2 NPs were recorded in the spectral range 200 to 800 nm as shown in figure 3.
From the Figure, the spectrum it can be seen that pure CdO shows maximum absorption at 483 nm.
The CdO-NPs show a red shift. The band gap energies were calculated using the Tauc relation

ahy = A (hy - Eg)" - (2)

Where A is an energy—independent constant, a is the absorption coefficient, h is the planck’s constant,
y is the frequency of vibration, E4 is the optical band gap and the value n=1/2 or 2, for direct and
indirect allowed transitions respectively [41]. The tauc plot (ahy)? vs hy was plotted for CdO, CdO-1
and CdO-2 NPs shown in figure 4 a, b and c respectively. The optical band gaps were found to be
2.02 eV, 1.84eV, and 1.74eV for CdO, CdO-1 and CdO-2 respectively.

The decrease in band gap of CdO from 2.10eV to 1.74eV, after the surface modification of CdO-
1 and CdO-2 NPs, indicate the electronic transition between the two components. The change in
absorption edge and band gap of CdO testifies that the surface is successfully modified with oleic
acid. UV-Vis-DRS result infers that the synthesized NPs could absorbs more visible light under
stimulated solar light irradiation.
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Figure 3. UV- Vis spectra of CdO, CdO-1 and CdO-2.
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Figure 4.Tauc plot of CdO (a), CdO-1 (b) and CdO-2(c)

SEM- EDX: The SEM micrographs of CdO, CdO-1land CdO-2 NPs were as shown in figure 5(a),(b)
and (c). From figure 5(a) CdO sample is formed by low tense agglomeration homogeneous
distribution and CdO-1, CdO-2 shows needle with rod like aggregates structure. The EDX spectrum
of CdO NPs confirms the presence of cadmium and oxygen in their normal energy values (Figure

5(d)).
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Figure 5. (2)SEM image of CdO, (b)CdO-1, (c) CdO-2 and (d)EDX spectrum.
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HR-TEM-SAED: The HR-TEM images of the synthesized oleic acid coated with CdO NPs were
shown in figure 6(a). The average diameter of oleic acid coated CdO NPs appears to be ~ 56 nm. It is
in good agreement with crystalline values calculated using XRD results. In the current study, oleic
acid was used as stabilizer for the formation of well defined CdO NPs. Figure 6(b) shows that the
finger fringes of oleic acid coated CdO NPs. The selected area electron diffraction (SAED) pattern
was displayed in figure 6(c). The pattern shows three strong diffraction rings corresponding to the
(111), (200) and (220) planes, which is in agreement with the cubic structure corresponding to the
XRD results.

200 nm

111

|

220

Figure 6. (a) HR-TEM image (b)finger fringes and (c) SAED pattern of of Oleic acid coated CdO NPs.

Photocatalytic Activity: The photocatalytic activity of the as prepared samples of CdO, CdO-1 and
CdO-2 was evaluated for the degradation of CV under solar light irradiation. The changes in the UV-
Vis spectra of CV (30 pM) in the presence of CdO-2 (0.1g L™) under solar light irradiation at pH 3
are displayed in figure 7(a). The decrease in the absorbance intensity of CV at Anax (583 nm) is
indicated by the degradation of dye [42]. Figure 7(b) shows the photo-degradation of CV as a
function of irradiation time over CdO, CdO-1 and CdO-2. It is important to note that the contact time
prior to irradiation was 30 min. for all the samples and it was 180 min. during the CV
photodegradation. CdO-2 exhibits higher photocatalytic activity (91%) among CdO and CdO-1.

Photodegradation of kinetics of CV: The photodegradation kinetics of CV using the as-synthesized
catalysts was investigated by applying Langmuier-Hinselwood model

-In (C/ Co) = kt -(3)

Where C, is the initial concentration of dye, C the concentration of the dye in the reaction time and k
is the pseudo first order rate constant. The linear fitting curves of -In (C/C,) versus irradiation time are
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plotted in figure 7(c). The observed rate constant (k) for the photocatalytic degradation of CV were
evaluated from experimental data using a linear plot. It is observed that the ‘k’ value of CdO-2
determined was 1.01x 10 S™which is significantly higher than that of CdO (0.2x 10 S™) and CdO-1

(0.4107%s™.
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Figure 7. (a) UV-Vis absorption changes of CV (30pM) in the presence of CdO-2 (0.1g L™) under simulated solar light
irradiation. (b) Photodegradation of CV using various photocatalyst. (c) Kinetics of CV Photodegradation for different
catalyst. (d) Effect of catalyst concentration on the Photodegradation of CV. (e) Effect of initial CV concentration on the

Photodegradation.

Effect of catalyst concentration: The guantity of catalyst in photocatalytic process is significant as it
can strongly influence the degradation effect. The photocatalytic experiments were conducted by
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varying CdO-2 concentration as 0.025, 0.05, 0.075, 0.1 g L™ and observance the other parameters
constant. The results are represented in figure 7(d). The photodegradation of CV increasing the
catalyst from 0.025 g L™ to 0.1 g L™ and a further increment in catalyst absorption leads to reduce in
photodegradation. This is owing to the increase of total active surface area and the convenience of
extra dynamic sites on the catalyst surface for photoreaction. But the photocatalytic activity decreases
at high catalyst concentration due to overlapping of surface dynamic sites.

Effect of initial dye concentration: The effect of initial CV concentration on the photodegradation is
investigated at three initial dye concentrations of 10, 20, and 30 uM as a function of irradiation time
in the presence of 0.1g L™ of CdO-2 at pH 3. The results are shown in figure 7(e). The photo
degradation of CV increases with increases in CV concentration. As the initial CV concentration
increases, the degradation percentage decreases. Since the following reasons: at high dye
concentration, the generation of active species on the photocatalyst surface is reduced as the active
sites are absolutely covered by the dye molecules. According to Beer—Lamberts law the path length of
photons entering into the dye solution decreases. The generation of reactive species also remains
constant at fixed catalyst concentration.

Photocatalysis mechanism of Oleic acid modified CdO: Here, we propose a possible photocatalysis
mechanism for the OC-modified CdO, as shown in figure 8. This photocatalytic degradation
mechanism contains these four steps: (i) the visible light irradiation on CdO surface improved by the
OC, (ii) the excitation of e- from valance band (VB) to the conduction band (CB) of CdO, and leaving
the h* in VB, (iii) the e and h+ firstly reacts with H,O, and (iv) then induced the degradation of
organic pollutants.

CO_+HZO)

Figure 8. The schematic diagram of electron—hole transfer process in Oleic acid modified CdO under solar light irradiation.

Reusability studies: The photocatalytic reusability and stability of CdO-2 NPs was evaluated by
cyclic experiments. Three cycles of CV degradation tested using CdO-2 as photocatalyst for 180 min
of light irradiation. The results are shown in figure 9. The CV dye is quickly washed-out after each
CV decomposition experiments, and CdO-2 photocatalysts are stable throughout the cyclic
experiments with no exhibiting any considerable loss of photocatalytic activity. As a result the
prepared CdO-2 NPs could be regarded as a effective photocatalysts for the degradation of CV.
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% Removal

1st Cycle 2nd Cycle 3rd Cycle

Figure 8. Reusability of different cycle of CdO-2 NPs.

CONCLUSION

Using a simple, mild and cost effective coprecipitation method of synthesis of Oleic acid coated
CdONPs, the structural and optical properties were investigated. The observed XRD peaks with sharp
intensity confirm impurity free and the crystalline nature of CdO NPs. The band gap energy was
calculated using UV-Vis-DRS spectrometer. The FT-IR spectroscopic method confirmed the presence
of functional groups. The morphology and size of the nanoparticles were observed by SEM and HR-
TEM analysis respectively. CdO, CdO-1 and CdO-2 has been synthesized and effectively utilized as a
solar light driven photocatalyst for the degradation of CV. During 3 h of solar light irradiation, 91%
of CV is degraded using 0.1 g L™ of CdO-2. The results of this research work testify that CdO-2 will
act as a promising photocatalyst for the degradation of organic dyes in aqueous environment.
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