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CdS/ZnO photocatalyst were prepared by two steps via hydrothermal and photochemical method for the
photodegradation of Rhodamine B (RhB) dye. The structural and morphological features of both pure ZnO
nanorod and CdS/ZnO heterostructures were carefully characterized using various techniques including
UV/Vis spectroscopy, XRD, SEM, EDX and EIS. The UV/Vis absorption spectra revealed that absorption per-
formance of heterostructure is extended toward the visible light regions. Photocatalytic activity of both
Zn0 nanorod and CdS/ZnO heterostructures were investigated for the photodegradation of RhB dye. It
was found that CdS/ZnO heterostructure prepared with 30 min light illumination shows the best photo-
catalytic efficiency than the one at 15 min and pure ZnO nanorod. The better and enhanced photocatalytic
efficiency of CdS/ZnO heterostructure was ascribed to the high charge separation efficiency. The maxi-
mum photocatalytic efficiency of 85% was achieved within 8 h with the CdS/Zn0O-30 min photocatalyst.
This work revealed that composite such as CdS/ZnO heterostructure has better photocatalytic efficiency
that pure ZnO nanorod.
© 2019 The Authors. Production and hosting by Elsevier B.V. on behalf of KeAi Communications Co., Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).

1. Introduction

appropriate band gap and stability against photocorrosion [1-4].
Zinc oxide (ZnO) has a wide band gap semiconductor that is gain-

Photocatalysis is an auspicious technique for the reduction of
organic pollutants both in water and air. Due to their numerous
important applications, semiconductor nanostructures have been
of valuable attention in combating problems associated with the
use of organic pollutants such as dyes. Among numerous metal-
oxide semiconductors, TiO, and ZnO were used broadly as photo-
catalysts owing to their extraordinary photocatalytic activity,
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ing widespread attention in photocatalytic applications because of
its higher exciton binding energy of 60 meV [1,2,5-18], high elec-
tron mobility, break-down strength, its low cost, extraction stabil-
ity and non-toxic nature [2,4,11-16]. Owing to the wide band gap,
high electron and hole recombination and lower faradic efficiency,
the practical application of the ZnO is limited [2,19-22]. In order to
address this problem, the ZnO is coupled with another semicon-
ductors with narrow band gap thereby enhancing the absorption
range and as a result increase photocatalytic efficiency
[5,9,18,23,24]. In the literature, a number of narrow band gap
semiconductors have been reported which are combined with
ZnO in order to increase the photocatalytic efficiency. Example of
such  semiconductors are TiO,-ZnO [25-27], Au-ZnO
[13,15,28,29], NiO/ZnO [30] ZnO-WO; [31,32], ZnO-Fe,05
[31,32], ZnO/V304 [8], ZnyCd;_«S [22], ZnO/Clay [10], In,03/Zn0O
[33], ZnO-ZnS [17,34,35], Ag-N-ZnO [16], ZnO-Ag,S [36], RuO,-
ZnO [37], CulnS,/ZnO [38], CuO-ZnO [39,40], Mn,03-ZnO [41], Ags-
PO4-ZnO [42], V,05-ZnO [13], ZnO-CdO[43] Mo0s-ZnO [28],
Nb,05-Zn0 [44], Cellulose-PVC-ZnO [45] and Fe30,@Zn0O [46].
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On the other hand, CdS remains one of the familiar semiconduc-
tors having narrow direct band gap (2.4 eV) and widely employed
as a visible light photocatalyst [47,48]. It is also used as a photo-
sensitizer in many photochemical cells of numerous wide band
gap semiconductor photoanodes [49-51]. Combining ZnO and
CdS to form heterostructure have numerous importance because
the subsequent product has the ability of improving their physical
and chemical properties. The band energy structures of ZnO and
CdS are suitable to stimulate the transfer of electron processes
where photogenerated electron can drift from CdS to ZnO
[22,43,47,49,50,52] and the charge transporters become physically
detached upon generations.

In this work, we prepared CdS/ZnO heterostructures by simple
reproducible photodeposition technique. The contents of CdS were
varied by adjusting the time of irradiation. The CdS/ZnO and ZnO
heterostructures were characterized using different techniques.
The CdS/ZnO heterostructures was used as a photocatalyst in the
photocatalytic degradation of Rhodamine B (RhB) dye.

2. Materials and methods
2.1. Reagents used

All chemicals: Zinc Acetate dihydrate (Zn(OAc),-2H,0), Hexam-
ethylenetetramine (HMT) Cadmium Nitrate Tetrahydrate (Cd
(NO3),-4H,0) and Sulphur were obtained from Merck and Sigma
Aldrich. These chemicals are used without further purification.

2.2. Synthesis of ZnO nanorod and CdS/ZnO heterostructure.

Area controlled (Fluorine-doped Tin Oxide) FTO glass
(1 cm x 2 cm) was cleaned by ultrasonic processing in sequence
of washing with water, detergent/water mixture, MilliQ-water,
ethanol, acetone and isopropanol. The FTO substrate was dried
using nitrogen gas and then transferred into an oven for 2 h at
60 °C. The FTO substrate was further cleaned by ultrasonic process-
ing in ethanol followed by MilliQ-water rinsing and dried by nitro-
gen gas. The ZnO film was grown on FTO substrate by first
preparing a thin ZnO seed-layer. The FTO substrate was transferred
to Lesker Lab 18 and heated to 200 °C with background pressure of
2.0 x 1077 Torr. The ZnO seed layer was sputtered at 120 W from
zinc (99.99%, Grikin) by reacting with 50 standard cubic centimeter
per minute (sccm) Ar and 14.4 sccm O,.

The ZnO nanorod array was fabricated on FTO glass by
hydrothermal method. In the hydrothermal process, 100 mL pre-
cursor was prepared by mixing 0.22 g Zn(OAc),-2H,0, 0.14 g hex-
amethylenetetramine (HMT) and 100 mL MilliQ-water to obtain a
clear solution which was transferred into 150 mL Teflon-lined
stainless steel Autoclave and ZnO-film/FTO glass was fixed in the
polytetrafluoroethylene (PTFE) lining face down. The lining was
sealed in the Autoclave and then put in oven for 8 h at 90 °C. The
temperature of the Autoclave was allowed to cool down to room
temperature; then the as-synthesized ZnO-nanorod was removed
and then washed with ethanol and MilliQ-water several times. It
was thereafter dried for 4 h at 60 °C in an oven.

Similarly, CdS particles were successively deposited on ZnO
using a photodeposition technique. 30 mg of Sg and 450 mg of Cd
(NO3),-4H,0 were added in a solution mixture of water (20 mL)
and ethanol (30 mL). Nitrogen gas was then bubbled into the sus-
pension for 30 min in the dark to remove other dissolved gasses.
The ZnO films were placed in the solution, then the light was illu-
minated using the 300 W Xenon lamp at room temperature at var-
ious time intervals (15 and 30 min respectively). Then the final
products were washed several times with MilliQ-water and etha-
nol and the sample was allowed to dry in a vacuum overnight.

2.3. Determination of photocatalytic activities of ZnO nanorod and
CdS/ZnO heterostructure.

The solution of RhB dye was prepared by dissolving 1 pmol of
RhB dye in 20 mL ethanol. The as-synthesized ZnO and CdS/ZnO
nanoparticle samples were then used to measure the photodegrada-
tion of RhB dye in aqueous solution. The efficiency of ZnO and CdS/
ZnO nanoparticles were investigated under UV/Vis light. To study
photocatalytic activity of ZnO nanorod and CdS/ZnO heterostructure
samples, 2 mL of colloidal solution and 2 mL of ethanol were mixed
thoroughly with 200 pL RhB dye solution separately in plastic cuv-
ettes. ZnO nanorod film and CdS/ZnO heterostructure were placed
in the reactor containing dye solution. Light was illuminated from
the 300 W Xe lamps on the solution. An aliquot of the suspension
was taken at different time intervals from the reactor. The UV/Vis
spectrophotometer was used for measuring the absorbance of the
solutions at 553 nm wavelength to account for the effects of irradi-
ation time as a function of the RhB dye concentrations.

2.4. Characterization of ZnO and CdS/ZnO nanorods

Optical absorption spectra of both ZnO nanorod, CdS/ZnO
nanorod and the RhB solutions were recorded in the range of
300-800 nm on a Perkin-Elmer Lambda 25 UV/Vis-NIR spectrom-
eter. The X-ray diffraction (XRD) of ZnO nanorod and CdS/ZnO
heterostructures were taken using a Rigaku SmartLab diffractome-
ter at room temperature. The CuK-o radiation (% = 1.5418 A) was
generated at 45 kV and 200 mA. The two-dimensional diffraction
patterns (20) were reported in a range from 20° to 80° in steps of
0.02° and a counting time of 2 sec/step. Data matching was carried
out on Diffrac.Eva software (version 2.0). The surface morphology
of the ZnO nanorod and CdS/ZnO heterostructure were examined
using Field Emission Scanning Electron Microscope (FESEM) (JEOL
JSM7401F) under the conditions of 1.5 keV and 3 mm working dis-
tance. This is a versatile imaging technique that is based on
electron-material interaction, capable of producing image(s) of
the surface of samples. The principle is based on bombarding the
surface of the sample with the electron beam to re-emit certain
particles; the electrons then interact with atoms in the sample,
thus producing quantitative and qualitative information pertaining
to particle morphology and surface appearance of samples. Various
detectable signals containing specific information concerning the
sample surface topology and compositions are analyzed by a range
of detectors to give three-dimensional image(s). Energy Dispersive
X-Ray (EDX, JEOL, JSM6500F, Japan) analysis was carried out on
both ZnO nanorod and CdS/ZnO heterostructure samples to deter-
mine the elemental components.

2.5. Photodegradation activity experiments

The photocatalytic activity of the ZnO nanorod and CdS/ZnO
nanorod samples on RhB dye were determined using photodegra-
dation technique under activated sunlight from a 300 W Xenon
lamp at normal conditions. Each of ZnO nanorod and CdS/ZnO pho-
tocatalyst was placed in 100 mL containing aqueous solution of
5.0 x 107> M RhB dye. Prior to irradiation studies, the electrodes
were positioned in solution in the dark for 2 h to attain an adsorp-
tion/desorption equilibrium. The zero-time reading was obtained
from the blank solution kept in the dark but otherwise treated sim-
ilarly to the irradiated sample. After a specific time of radiation,
small volume of the solutions was withdrawn for determination
of RhB dye concentration. The processes of photocatalytic degrada-
tion were monitored by UV/Vis spectrophotometer. Blank experi-
ments without addition of catalyst and with the catalyst in the
dark were also carried out.
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Fig. 1. FE-SEM images of (a) ZnO nanorod and (b) CdS/ZnO heterostructure.

3. Results and discussions
3.1. Formation and structural characteristics

Fig. 1 presents the SEM images of ZnO and CdS/ZnO
heterostructures. It clearly shows the formation of nanorods of
both ZnO and CdS/ZnO heterostructures grown on FTO substrate.
The substrate was fully covered with the ZnO nanorods. It was
observed that the uniform ZnO nanorods are vertically aligned into
well-defined arrays and have a high surface density (Fig. 1a). How-
ever, when CdS was deposited on ZnO under illumination treat-
ment, the growth between ZnO nanorods and CdS nanoparticle
occurred immediately. As shown in Fig. 1b, uniform CdS nanopar-
ticle was deposited on the surface of ZnO nanorods both after
15 min and 30 min illumination respectively. In addition, the
growing of numerous nanoparticles having different sizes in
nanometers were observed on the surface of the CdS/ZnO nanorods
owing to the formation of grainy and rough structures on the CdS/
ZnO surfaces; compared with those of ZnO nanorods. These were
the results of molecular disorders and lattice strains, thereby
resulting into difference in their ionic radii. These imply that
nanoparticles were produced from the rapid reactions between
the S?~ anions and Cd?* ions occurring in the second preparatory
step. This therefore resulted into the attachment on the ZnO
nanorod surfaces. Importantly, these coarse and rough surface
structures enhance absorption of RhB dye and reduce the incident
light reflection, thereby improving photocatalytic performance
greatly [52-58].

To corroborate the chemical analysis of pure ZnO nanorod and
CdS/ZnO heterostructure, chemical analysis using the Energy dis-

persive X-ray (EDX) technique was used. It comprises of protons
detection using Si-Li solid detector called detection by energy dis-
persions. The photon energy, X, is characteristic of the atom. The
peaks (lines spectra) obtained corresponds to individual pho-
ton X of a given energy and each corresponding to a particular ele-
ment [59]. The intensities of the characteristic lines are
proportional to the concentrations of the elements; these analyses
are quantitative in nature (Fig. 2). Nevertheless, there are factors of
corrections which are dependent on the sample compositions and
the experimental parameters (such as the incidental beam energy
and angle). As a result on this, only semi-quantitative analyzes are
considered in this study. The limit of detection was positioned at
the 0.1-1% concentrations for elements with average or light
atomic weights, with the exception of superposition of characteris-
tic peaks which are unfavorable (see the inset in Fig. 2). Fig. 2
shows the EDX spectra of pure ZnO and CdS/ZnO. In ZnO sample,
only Zn and O elements were found, contributing to total atomic
percentages of 42.66 and 57.34% respectively. Whereas in CdS/
ZnO, there were existences of Zn, O, Cd and S elements having
atomic percentages of 47.48, 51.44, 0.47 and 0.61% respectively.
This show that CdS successfully formed heterostructure with ZnO
nanorod. The small percentage of Cd and S were as a result of a
very small amount of CdS loading on the ZnO nanorod. Comparing
the two samples, the increase and decrease in atomic percentages
of both Zn and O observed in CdS/ZnO is an indication that CdS/
ZnO would be a good and efficient photocatalyst for RhB dye degra-
dation. EDX analysis revealed that there were no impurities in the
samples.

3.2. Growth mechanism

CdS was photodeposited on the ZnO surface leading to the for-
mation of Cd?* jons reduced to Cd°, this follows by the successive
reactions with Sg [14,23,51,60,61]. For equilibrium, the ions of
Cd?* were adsorbed onto the surface of ZnO in the dark condition.
Upon light irradiation, ZnO got excited leading to initiation of
inter-band transitions for the generation of electron-hole pair
(Mechanism 1) with ethanol acting as holes-scavenger. This makes
the valence band (VB) holes to escape the recombination and
thereby oxidizing ethanol to .CoH4OH radical (Mechanism 2). This
injects other electrons to the ZnO conduction band (CB) to form
CH3CHO and H* (Mechanism 3) which have stronger reducing rad-
ical (.CoH40H) [13,42,61,62]. Therefore, this resulted into the accu-
mulation of electrons in the ZnO CB, thereby reducing the ions of
Cd?* to Cd® (Mechanism 4). The reactions between the Cd® and Sg
produced CdS (Mechanism 5).

Fig. 2. (a) EDX spectrum of ZnO nanorods; (b) EDX spectrum of CdS/ZnO heterostrcutures.
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Inter-band transition for the generation of electron—hole pair
(Mechanism 1)

ZnO + hv — ZnO(eg + hyg) (Mechanism1)

Oxidation of ethanol to .C,H4OH radical (Mechanism 2).
CHsOH + hvy — -CoH4OH + H* (Mechanism2)

Injection of electrons to the ZnO conduction band (CB) to form
CH3CHO and H* (Mechanism 3).

-CoH40H — -CH3CHO + H" + e (Mechanism3)

Accumulation of electrons in the ZnO CB, reducing the ions of
Cd?* to Cd°® (Mechanism 4).

Cd** + 2e; — Cd° (Mechanism4)

Reaction between Cd® and Sg to generate CdS (Mechanism 5).

8Cd° + Sg — 8CdS (Mechanism5)

Moreover, the XRD patterns of ZnO nanorod and CdS/ZnO
heterostructure are presented in Fig. 3 with ZnO showing the for-
mation of hexagonal wurtzite characteristic diffraction peaks
(JCPDS No. 36-1451). The diffraction peaks observed were
20 = 26.64°, 34.62°, 43.92°, 47.69°, 51.73°, 61.74°, 62.92°, 65.73°
and 72.73° respectively. Beside the ZnO characteristic peak, one
additional peak also appeared in the spectrum at 26 =43.92°
indexed to (1 1 0) which corresponds to CdS, thus confirming the
successful formation of CdS/ZnO heterostructure. The peak inten-
sity of CdS is smaller because of the small CdS-loading on the
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Fig. 3. XRD patterns of the ZnO nanorods and CdS/ZnO heterostructure.

superface of ZnO nanorod. It should be noted that ZnO nanorod
diffraction peaks observed in CdS/ZnO heterostructure are sharper
while that of CdS which are noticeably weaker, implying that ZnO
nanorod sample has a high crystalline characters while they are
only smaller in the CdS sample. This observation agreed with liter-
ature [22,54,61,63,64]. No impurity peak was observed in the XRD
patterns.

3.3. Optical study

The UV/Vis-spectroscopy of pure ZnO nanorods and CdS/ZnO
heterostructures were recorded from 300 to 800 nm range
(Fig. 4a) in accordance with the previous works [58,65,66]. ZnO
gives absorption peak at UV region (Fig. 4a). After the deposition
of CdS on ZnO, the absorption peak shifted toward the visible
region (Fig. 4a). Nevertheless, the UV/Vis absorption spectrum of
CdS/ZnO heterostructure (Fig. 4b) show noticeable shifts in absorp-
tion peaks belonging to CdS and ZnO characteristic absorption
edges confirming that these materials only comprised of CdS and
ZnO. The absorption intensity of CdS/ZnO revealed higher peak
than the one observed in ZnO as shown in the Fig. 4a. This signifies
the impact of lesser amount of CdS on the composites during the
immobilization of CdS onto ZnO.

However, the respective band gap energies of both ZnO nanorod
and CdS/ZnO heterostructure were calculated using Tauc equation
(Eq. (1))

(¢hv)'" = B(hv — Eg) (1)

where “Eg” is the band gap energy, B is a constant, v is the fre-
quency of the incident radiation, h is Planck’s constant, « is the
absorption coefficient, r is determined by the type of optical transi-
tion of a semiconductor. The band gap can be obtained by extrapo-
lating the linear section of the plot of («hv)? vs hv in the high
absorption range and finding the intercept on the x-axis” [52]. For
ZnO, the band gap energy was 3.14 eV (Fig. 4b) which corresponds
to the literature value [58,61,67]. The band gap of CdS/ZnO is red
shifted to 3.04 eV as shown in Fig. 4b. The shifting towards the vis-
ible region could be attributed to the effects of the quantum con-
finement on the CdS/ZnO semiconductor, which also implies that
CdS/ZnO has a suitable band gap required for activation by the vis-
ible light for photodegradation of RhB dye. This observation is in
agreement with previous works [58,61,67-69].

In order to find out the interfacial properties of these materials,
Electrochemical Impedance Spectroscopy (EIS) which is an effec-
tive technique was used to achieve this. The EIS results are shown
in the Nyquist plots (Fig. 5) of ZnO, CdS/Zn0O (15 and 30 min pho-
tocatalysts). The 0.5 mM (1:1) [Fe(CN)6]* /4~ was used for redox

(a) = ZnO nanorod
—— CdS/ZnO

Absorbance

T T T T
300 400 500 600 700 800

wavelength (nm)

(ahv) *(eV cm)

(b) = Zn0O nanorod
—— CdS/zn0O

2.0 2.5 3.0 35

Photon energy

Fig. 4. UV/vis spectrum of pure ZnO nanorods and CdS/ZnO (b) Band gap estimation of pure ZnO nanorods and CdS/ZnO heterostructures.
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probing. It is evidenced from the Nyquist plots that electrodes
exhibited typical semicircles at higher frequency region while lin-
ear trend was detected in the lower frequency region. For the
higher frequency region, the intercept was as a result of solution
resistance. The diameters of semicircles in the Nyquist plot were
the extents of the charge transfer resistances (Rct), which in reality
controlled the kinetics of the electron transfers of the redox probe
on the surfaces of the electrode. The Rct is a sensitive and direct
parameter for depicting the electrodes/electrolytes interfacial
properties [58,70,71]. It can be observed in Fig. 5 that ZnO elec-
trodes demonstrated poor and inferior charge transfer kinetics in
comparison with CdS/ZnO heterostructures. While 30 min CdS/
ZnO exhibited the least Rct among the catalysts under study. The
EIS result also confirmed the efficient charge transfer in 30 min
CdS/ZnO as compared to 15 min CdS/ZnO and pure ZnO.

3.4. Determination of photocatalytic activities of ZnO nanorod and
CdS/ZnO heterostructure

The photocatalytic activities of the pure ZnO nanorod and CdS/
ZnO heterostructure were investigated using RhB dye as pollutant
water under UV/Vis light (Fig. 6). The photocatalytic behavior of
ZnO0 nanorod and CdS/ZnO heterostructures for different times at
25 °C under UV/Vis light irradiations are presented in Fig. 6. The
photocatalytic efficiency is calculated using the equation:

T T T T
[ ]
400 — m ZnO
@® CdS/znO 15 min
A CdS/ZnO 30 min [ ] b
]
~ [ ] i
= =
N ]
200 - ®
] - ®
®
= PS ®
[
) L]
u_e b
)
04 LAA A A A A A A A
T T T T T
0 100 200 300 400 500
Z(Q)

Fig. 5. Nyquist plots of the catalysts in (1:1) 0.5mM [Fe(CN)6]*/4~ in
frequency range of 10 Hz-100 kHz at open circuit voltage.
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G — G

G

where Cy and C; are the initial and final concentrations of RhB dye.

The control experiment (pure RhB dye) was firstly set up with-
out any catalyst under visible light irradiation and the result gave
no degradation efficiency (Fig. 6a). This study reveals that RhB dye
was not self-degraded under visible light irradiation system when
catalyst was not involved, thereby revealing a stable behavioral
pattern and nature of RhB dye. However, for ZnO nanorod photo-
catalyst, the RhB dye degradation efficiency was 58%, this is lower
when compared with CdS/ZnO heterostructure at 15 min with effi-
ciency of 73% (Table 1). Whereas, for the photodegradation of RhB
dye at 30 min of the light irradiation using thae same catalyst, CdS/
ZnO heterostructure, the photodegradation of RhB dye gave a
higher efficiency of 85% and the degradation process was com-
pleted in 30 min (Table 1). This shows that CdS/ZnO heterostruc-
ture at 30 min displayed superior photocatalytic activity than the
ZnO nanorod and CdS/ZnO at 15min light irradiation time
(Fig. 6b). This indicates that introduction of CdS onto ZnO nanorod
enhanced the photodegradation of RhB dye from 58% to 85% effi-
ciency, thus proofing the excellent photocatalytic efficiency of
CdS/ZnO to degrade RhB dye [58,66]. This is because in CdS/ZnO
heterostructure, the photo response ranges were prolonged and
light energy was absorbed under simulated sunlight irradiations.
Notably, the improved photocatalytic efficiency of CdS/ZnO was
characteristically an effect of inhibition of the electron-hole pair
recombination by the charge transfer processes in CdS/ZnO
heterostructure.

However, the kinetics of RhB dye degradation was also investi-
gated and quantitatively compared with the photocatalytic perfor-
mances of the samples, this fitted well to pseudo first-order
equation:

C

kt = lné’

% Degradation = x 100

)

G3)

Table 1
Photocatalytic efficiency and rate constant of pure ZnO and CdS/ZnO.

Samples Photocatalytic efficiency % Rate constant k (min)
Pure ZnO 58 0.0019
CdS/ZnO (15 min) 73 0.0036
CdS/ZnO (15 min) 85 0.0040

(b)

®  RhB Dye

® ZnO

4 CdS/znO 15 mins
¥ CdS/Zn0O 30 mins

0 100 200 300 400 500

Time (min)

Fig. 6. Photocatalytic decomposition of RhB over different photocatalyst such as, ZnO nanorod and CdS/ZnO at different time under visible light irradiation. Reaction
conditions: Co = 1.03 x 103 M; Catalyst loading: 0.01 g/L; (b). Determination of the apparent rate constants for RhB degradation reaction over the prepared ZnO nanorod and

CdS/ZnO at different time.
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Fig. 7. The schematic (a) photodegradation process in the CdS/ZnO/RhB aqueous solution, and (b) N-deethylation of Rhodamine B to Rhodamine.

where k; signifies the pseudo first-order rate constant (in min~!) of
initial degradation, C, and Cy are final and initial concentrations of
RhB dye respectively. The rate constant, k, which is the slope of
the linear plot of In (Co/C;) against irradiation time (t) (Fig. 6b)
obtained were 0.0019, 0.0036 and 0.0040 min~' were observed
for ZnO nanorod, CdS/ZnO (15 min) and CdS/ZnO (30 min) respec-
tively. This implies that CdS/ZnO (30 min) exhibited higher rate
constant Kk, which is more than two-fold increase than the “k.”
value observed in ZnO nanorod. This means that the amalgamation
of CdS with ZnO nanorod gave an enhanced RhB dye degradation
over a standard period of time.

The phenomena for CdS/ZnO having higher activities on the
photocatalytic activities could be explained further by the mecha-
nism of the reactions (see the scheme in Fig. 7). The Fig. 7 eluci-
dates the photocatalytic reaction mechanisms, which comprise of
the generation of electron-hole pairs by the incident photon,
charge separation/transportation and lastly the reactions involving
the oxidation/reduction of the species absorbed. Since CdS/ZnO
systems have ‘“staggered type-II” band gap alignments [72,73], it
then follows that the location of CB-edge of ZnO is amidst the CB
and VB of CdS (see the scheme in Fig. 7). The transfer of photoelec-
trons to CB facilitates the electron hole charge separation before
recombination; this was as a result of the generation of electron
hole pairs by the visible light. Consequently, leading to excitation
in the band gap configuration of CdS. This band alignment is a
major significant factor that must be taken into consideration
when looking for a way to augment photocatalytic efficiencies.
Fig. 7(a) shows modified diagram for band gap energy, obtainable
for the synthesized photocatalyst. The position of CdS/ZnO band
systems obviously elucidated the feasibilities of charge transfers
from CdS to ZnO owing to CB and VB-edges of CdS having more
negative charges than those of ZnO [74-76]. In order to enhance
the photoresponse, a faster charge transport rate is required, which

can be facilitated by the effective and close contact of the hybrid
materials Fig. 7(b). The higher photodegradation efficiency of
CdS/ZnO samples in comparison with ZnO nanorod could be attrib-
uted to prominent UV/Vis light absorption, high charge separation
carrier and a succeeding carrier diffusion on the CdS/ZnO surface
[67,77]. This implies that composite structural arrangements
decreased the charge recombination electron-hole pair on the sur-
face of CdS/ZnO heterostructure. On the other hand, the lower effi-
ciency observed in ZnO implies that the ZnO surfaces are protected
from incident light leading to more scattering effects of UV/Vis
light penetration, thereby, inhibiting the light absorption by the
Zn0 nanorod. Therefore, CdS/ZnO heterostructures demonstrated
a superior photocatalytic performance than ZnO precursor under
the simulated sunlight (Table 1).

4. Conclusion

In this study, we have successfully synthesized ZnO and CdS/
ZnO photocatalysts by hydrothermal method for the photodegra-
dation of RhB dye. The characterization of the as-synthesized
nanostructure samples were performed by various techniques
including UV/Vis spectroscopy, XRD, SEM, EDX and EIS respec-
tively. The photocatalysts developed in this study demonstrated
high and wide surface areas, the light absorptions pattern
extended to the UV/visible regions, thus their photo catalytic activ-
ities are enhanced. Both pure ZnO nanorod, CdS/ZnO heterostruc-
tures at 15 and 30 min photodeposition times were compared. It
was found that 30 min CdS/ZnO photocatalyst is highly photoac-
tive than pure ZnO nanorod and 15 min CdS/ZnO. The high pho-
todegradation efficiency and enhanced photocatalytic activity
was ascribed to an increased in charge separation efficiencies of
CdS/ZnO heterostructures at 30 min.
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