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Abstract

Composites nanomaterials are widely studied because of their important applications and unique structure that
can be modified and controlled by different methods. In this work, three types of ZnO-CdS composites have been
synthesized and applied as photocatalysts for the degradation of Rhodamine B dye in aqueous solutions. The
optical and morphological properties of the prepared composites were characterized by different techniques. X-
ray diffraction patterns used to identify the phase and to calculate the crystallites size of composites. The
morphology and particle size of the composites were analyzed by transmission electron microscopy (TEM).
Energy Dispersive X-Ray Analysis coupled with transmission electron microscopy used to measure the
composites elemental content. Electronic and optical properties of the solid composites were analyzed by
diffraction spectrophotometer. TEM results revealed that all ZnO-CdS composites have homogenous shape with
(20-30 nm) particles size. XRD characterization indicates that the composites pattern belongs to wurtzite
structure and the calculated crystallites size also in the nanometer. EDS results revealed that all ZnO-CdS
composites contains only oxygen, Zinc, Cadmium and sulfur without impurities. UV-Vis measurements showed
that the energy-gap of composites significantly decreased after heat treatment and all of prepared composites
absorb visible light. The photocatalytic activity of prepared composites shows an excellent performance for RhB
dye degradation in aqueous solutions.
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1. Introduction
Nanomaterials have attracted and significant

importance due to their optic, electronic, and catalytic

chemical engineering [8-11][4][12]. Also, one
dimensional nanocomposites of ZnO-CdS with
tunable band gap have attractive optical properties,

properties which related to the quantum confinement
effect [1]. They have many uses and applications in
light emitting devices, solar cells, bio-imaging and,
catalysis [2]. In order to modify the optical and
electrical properties of semiconductor nanomaterials,
the field of composite nanoparticles has been
extensively recognized as one of the most rapidly and
promising study area. The Promising applications of
nancomposites are includes many fields such as
electronic and optical materials, coating technology,
solid electrolytes, catalysis , sensors, separation
science and device applications [3-4].

The nanocomposites of cadmium sulfide -zinc
oxide have been widely studied because of their
applications in the field of electronics, optics and
photocatalysis[1][5-7]. ZnO-CdS nanostructures
materials have important applications in biology and

and suitable for transportation and fast photon
absorption [13].

In the nanocomposites of ZnO-CdS, CdS
represent the sensitizer for visible light while the
wide band gap (3.34 eV) ZnO semiconductor
suppresses the recombination process by charge
separation [14].

Also, ZnO-CdS nanocomposites have superior
physicochemical aspects compared with constituents.
As example, nanorods composites of ZnO-CdS
nanoparticles have better conductivity than that of
pure ZnO nanorods [15].

Different attempts have made to improve the
photocatalytic  performance of ZnO  which
successfully enhanced visible light irradiation such as
doping with metal and nonmetal ions [16-19],
sensitization using dye and semiconductor quantum
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dots (QDs) [20-23].

CdS represent an interesting semiconductor and it
is energy band gap value about (2.4 eV) with high
optical absorption coefficient and having different
applications in photosensitive devices or photovoltaic
and optoelectronic (lasers, light emitting diodes,
transistors, etc.), [24-25].

CdS able to transfer electrons for semiconductors
with large band gab, which make it suitable
photosensitizer for Zn0O[26-27].

For this reason, the photocatalytic decomposition
of water is the better when achieved using CdS —ZnO
nanocomposites[28].

The current work includes preparation and
characterization of ZnO-CdS nanocomposite. The as-
prepared ZnO-CdS nanocomposite was calicined
under vacuum at 250 °C for different times. The
prepared  ZnO-CdS nanocomposites  exhibited
excellent photocatalytic performance in degradation
of Rhodamine B (RhB) as model organic pollutants.

2. Materials
The All the chemical reagents (zinc acetate

dehydrate, sodium sulfide, Rhodamine B and
cadmium acetate were purchased from sigma Aldrich
and used without purification.

3. Procedure
To synthesize CdS-ZnO nanocomposite, equal

volumes (25 ml) of a (0.2 M) solutions of zinc acetate
dehydrate and sodium hydroxide were mixed together
and the mixture stirred to obtain homogeneous white
solution. solution of cadmium acetate ( 0.2 M, 25 ml)
was added to that mixture, and stirred carefully .
Later, solution (0.2 M, 25 ml) of sodium sulfide was
added with continuous stirrer to the mixture solution.
The obtained solution mixture was placed in 60 ml
Teflon coated stainless autoclave, and heated in hot
air oven at 120 °C for 6 hours. Then, the resulted
light yellow precipitate washed and dried at 120 °C
for 2 h in a hot air oven. Later, the as-synthesized
nanocomposite was transferred to a quartz tube
opened from one end, and then treated in low vacuum
drying oven at 250 -C for (3, 5 and 7 h), with heating
rate(10 C/min) at 250 -C. According to heating time,
the synthesized composites samples were labeled as:
Zn0-CdS3, ZnO-CdS5 and ZnO-CdS7.

Characterization
The morphology and particle size of the

composites were analyzed by transmission electron
microscopy (TEM ,Zeiss Libra ®120). Energy
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Dispersive ~ X-Ray  Analysis  coupled  with
transmission electron microscopy measure the
composites elemental content. The prepared
nanocomposites were also analyzed by X-ray
diffraction (XRD) using Bruker, 2dimensions Phaser
advanced monochromatic (CuKo radiation A =
1.5406A). The reflection spectra and electronic
properties of the solid nanocomposites were analyzed
by(Perkin Elmer) diffraction spectrophotometer..

4. Results and Discussion

Figure 1 shows the TEM images of ZnO-CdS3,
ZnO-CdS5 and ZnO-CdS7 composites. All of the
composites are regular particle aggregates with about
(20-30 nm) particles size and ZnO-CdS7 composite
greater particles size than the others.

Fig. 1 TEM images (A) ZnO-CdS3(B) ZnO-
CdS5(C) ZnO-CdS7
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XRD analysis performed to predict the crystalline
structure and phase of all prepared composites.
Figure 2 shows the XRD patterns of ZnO-CdS3,
ZnO-CdS5 and ZnO-CdS7 composites. The XRD
patterns showed that all peaks in the CdS/ZnO
composites related to wurtzite structure of CdS and
ZnO nanoparticles. For ZnO-CdS7 composite, the
peaks at 20 = 25.32°, 27.02°, 28.24°, 44.69°, and
54.91° were attributed to CdS (100) (002), (101),
(110), and (112) reflection planes respectively.

Also, the diffraction peaks at 20 = Y1.5%°, 47.57°,
57.32°, 63.74°, and 68.12° related to ZnO (101), (102),
(110), (103), (112) planes respectively. All the
composites showing similar XRD patterns and no
peak owing to impurity were detected.

According to Debye-Scherrer equation, the
crystallite size(Dp) of the composites were calculated
from the full width at half maximum for the peaks at
(26 = 28.24°, 28.22° and 28.02° for ZnO-CdS7, ZnO-
CdS5 and ZnO-CdS3 respectively. As showed in
table 1, the crystallites size were 42.32, 31.07 and
28.3 nm for ZnO-CdS7, ZnO-CdS5 and ZnO-CdS3
respectively.

Intensity

Fig. 2 XRD patterns of ZnO-CdS composites

Table 1. Calculated crystallite size (Dp)

somposite Peak FWHM Dp
J0sition ‘nm)
20 ()
ZnO-CdS7 28.24 0.2021 42.3
ZnO-CdS5 28.22 0.2754 31.0
ZnO-CdS3 28.08 0.2977 28.7

To investigate the composition of the prepared
composites, the EDS analysis has been performed
and the results are showed in figure 3.

EDS spectrums of the ZnO-CdS3, ZnO-CdS5 and
Zn0-CdS7 indicate that all the prepared composites
consist of cadmium (Cd), zinc (Zn) and, sulfur (S)
oxygen (O) elements and no impurity peaks have
been detected.
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Fig. 3. EDS spectrum of (A) ZnO-CdS3 (B) ZnO-
CdsS5(C) ZnO-CdSs7

The optical properties for the prepared ZnO-CdS
composites were furthermore studied by the (UV-
Visible) diffuse reflectance spectroscopy (DRS) and
the obtained absorption spectra showed in Figure
4(a). The optical energy gap Eg of ZnO-CdS
composites is calculated from Tauc relation. The
optical energy gap for all prepared composites was
estimated from the reflectance spectra using Tauc
relation and the results showed in Figure 4 (b). Based
on these results, the energy gap of ZnO-CdS7 were
2.5, 2.6 and 2.83 eV for ZnO-CdS7, ZnO-CdS5 and
ZnO-CdS3 respectively.

5. Photocatalytic activity

The photocatalytic activity of prepared composites
was evaluated as catalysts using Rhodamine B dye.
Photocatalytic ~ degradation measurements  were
performed using Photochemical immersion well
reactor (400W medium pressure mercury lamp, light
output 5 x 10 Photons/s). The degradation
efficiency was monitored using UV-Vis spectra in
the range (200- 800 nm) after separating the
composite catalyst from the aqueous solution by
centrifugation for 30 min. Then, the degradation
percentages were calculated by the equation:

(Degradation %) = (Ao-A/ Ao) x 100
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Where, A and Ao represent the absorbance of
Rhodamine B dye at reaction times t and O
respectively. For the photocatalytic activity test, we
use ZnO-CdS7 composite as catalyst because it has
the smaller energy gap.

s 7n0O-CdS3
T = —— ZnO-CdS5
A - Zn0O-CdS7
0.9
0.8
@
2 074
5
2
5
2 06
0.5+
0.4+
0.3
0.2 T T T T T T T
300 350 400 450 500 550 600 650
Wavelength [nm]
14 @ 7n0-CdS3
e 7n0-CdS5
a7n0-CdS7
0.9
0.8
™ 0.7
£
06+
0.5
0.4+ -
. y
0.3 w
02 T T T T
1 15 f% / 3 35
hv (ev)

Fig.4 DRS spectra (Top) and Tauc plot (Down)

5.1. Influence of RhB dye concentration

The effect of initial concentration of dye (5, 10, 15
and 20 mg/L) at constant catalyst dosage (1 g) on the
photocatalytic efficiency was performed under visible
light irradiation and shown in Figure 5.

As can be observed, with increasing the dye

concentration, the percentage of degradation
decreased.
At constant catalyst content, the number of active
sites in the catalyst decreased via dye adsorption over
the surface of the catalyst which results in declining
the production of (*OH, °O;and °OH,) active
radicals therefore reducing the photo-degradation
efficiency.

More increase in the initial MO dye concentrations
means more dye molecules are adsorbed on the
surface of the ZnO-CdS catalyst therefore large
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amount of radiations are shielded by the dye itself
rather than the absorption by catalyst.
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Fig.5. Effect of RhB dye concentration on the
degradation of RhB

5.2. Influence of catalyst amount

In order to evaluate the effect of catalyst dosage
on the RhB dye degradation efficiency, different
amounts of photocatalyst (0.25, 0.5, 0.75 and 1 g)
were added to 5 mg RhB dye aqueous solution and
the results shown in figure 6.

The results showed that the degradation rate
tended to increase gradually as the catalyst dosage
increased. It is well known that the catalyst active
sites increased as the catalyst dosage in the solution
increased therefore increasing the RhB dye molecules
that adsorbed on the catalyst and finally enhancing
degradation efficiency.

Nevertheless, high amounts of catalyst slightly
reduce the degradation efficiency which due to
agglomeration and accumulation of the catalyst
particles in the photoreaction system therefore
scattering the photons.

100 -

90 |
80 -
2 70 -
60 -
2 ——025¢g
3 50 -
g —B=05¢g
B 40 -
a
204 0.75g
20 - —]g
10 -
0 N 1
0 0.5 1 15 2 25 3
Time (h)

Fig.6. Effect of photocatalyst amount on the
degradation of RhB.



STRUCTURE, OPTICAL AND PHOTOCATALYTIC BEHAVIOR OF ZNO-CDS NANOCOMPOSITES 581

5.3. Effect of pH

pH represent one of the important parameters
affecting the degradation of RhB dye. The
photodegradation percentage studied at different pH
values (2.5, 5, 7 and 12) and the results showed in
figure7. It can be observed that the degradation
percentage of RhB dye in low acidic-natural medium
(pH 5 and pH 7) larger than degradation percentage
in the high acidic-basic medium (pH 2.5 and pH 12).

However, the reduction in degradation activity at
high acidic mediums (pH<5) attributed to the
electrostatic repulsions between the RhB cationic
molecules and catalyst nanoparticles.

Compared with other method that studied ZnO-
CdS as photocatalyst, composites prepared in this
study showed high degradation performance for RhB
photodegradation[29].
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Fig.7. Effectof pH on the photocatalytic
degradation of RhB

6. Conclusions

In this study, three ZnO-CdS composite have been
synthesized and treated at different temperatures (3,
5, and 7 hours). TEM images revealed that the
prepared composites have homogenous shape and the
particles size in the range (20-30 nm). The XRD
characterization improves that the composites pattern
belongs to wurtzite structure and the calculated
crystallites size also in the nanometer. EDS technique
revealed the prepared composites contains only
oxygen, Zin, Cadmium and sulfur without any
impurities. The optical properties measured via UV-
Vis DRS show that the energy-gap of composites
decreased in the order (ZnO-CdS3> ZnO-CdS5
>Zn0-CdS7) and all of prepared composites absorb
visible light. The photocatalytic activity of prepared
composites shows an excellent performance for RhB
dye degradation in aqueous solutions.
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