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Abstract: ZnO as a promising photocatalyst has gained much attention for the removal of organic pollutants from water. 
However, the main drawbacks of the relatively low photocatalytic activity and high recombination rate of photo excited electron-
hole pairs, restrict its potential applications. Promoting the spatial separation of photo excited charge carriers is of paramount 
signi? cance for photocatalysis, because the dierence in the band positions make the potential gradient at the composite boundary. 
In this work, our aim is to enhance the photocatalytic efficiency of CdS coated Mn doped ZnO nanospheres under solar light 
irradiation. Objectives in this work are, to fabricate the CdS coated Mn doped ZnO nanospheres by a simple ethanolic dispersion 
method, and its applied for testing the photocatalytic activity of methylene blue (MB) dye. The fabricated binary composites were 
analyzed with different physicochemical techniques like PXRD, SEM with EDX, UV-DRS, PL and TEM. The photocatalytic 
degradation results have revealed that, the CdS coated Mn doped ZnO nanospheres exhibits admirable activity toward the 
photocatalytic degradation of the MB. The remarkably enhanced photocatalytic activity of CdS coated Mn doped ZnO 
nanospheres can be interpreted in terms of lots of active sites, which efficiently separate the photo generated electron and holes. 
A plausible mechanism is also elucidated via active species trapping experiments with various scavengers, which indicating that 
the photo generated O2 -and. OH radicals play a crucial role in photo degradation reactions under visible light irradiation. This 
work suggests that, the rational design and construction of heterostructures is powerful for developing highly efficient, and 
reusable visible-light photocatalysts for environmental purification and energy conversion. The enhanced photo degradation 
activity indicates the potential of the nanocomposite for the treatment of organic pollutants from the textile wastewater. 
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1. INTRODUCTION 
 
The world is highly concerned about water pollution and this 
problem can be controlled by wastewater treatment, using 
low cost and environmental friendly processing techniques.1 

There are many effective processes for the treatment of 
wastewater, such as carbon adsorption, chemical 
precipitation, evaporations, ion exchange, membrane, fenton, 
ozonation, photocatalysis and the biological treatment.1-3 Out 
of these processes, photocatalysis is one of the viable and 
commonly investigated process, which is very effective for the 
elimination of dyes, pharmaceuticals, paper industry wastes, 
petrochemicals and inorganic pollutants from wastewater. 4-8 
The beauty of the photocatalysis is its potential to use 
sunlight, as a source of energy for wastewater treatment 
instead of using expensive reductants or oxidants.9-11 Unlike 
to conventional wastewater treatment processes, the 
photocatalysis process results in the complete mineralization 
of the pollutant into harmless products like salts, CO2 and 
H2O in ambient environment.12 As for as the photocatalysis 
is concerned, the semiconducting titanium oxide (TiO2) is the 
extensively used catalyst for the decontamination of water 
and air.13 The advantage of ZnO over the TiO2 is that the 
ZnO has wide range of absorption in the solar spectrum, 
while the TiO2 absorbs in UV region only .14 Due to its low 
cost and wide band gap (3.37 eV) , the ZnO is emerging as a 
most suitable alternative of TiO2. 

15 In certain cases the ZnO 
exhibits higher photocatalytic activity and quantum efficiency 
than TiO2. Moreover, in addition to photoassisted reactions, 
the ZnO is also used for anti-bacterial and self-cleaning   
activities.16 Though, ZnO, TiO2 and other comparable photo-
catalyst under the UV-light have ability to degrade organic 
pollutant only. This happens because of photo-catalysts’ wide 
band gap, which got activated only under UV-light 
irradiation.17 Therefore, on a broad scale, the utilization of 
such photo-catalysts may results in low photo-electronic 
transition      efficiency as the UV-light consists only 4–5% of 
the solar spectrum. Thus, by considering the environmental 
pollution and energy conservation issues, it is essential to 
develop highly efficient visible light-driven photo-catalysts. 
Doping and nano composition of metal oxides have been 
considered as interesting ways of modification. The doped 
metal oxides have shown excellent properties in photo-
catalysis. Doping is the source of modification in the features 
and properties of nanomaterials. To meet the cumulative 
demands of various applications, the nanocomposites and 
doping generally play an important role to improve the 
various properties of nanomaterials (metal oxides).18 These 
properties include size reduction and surface area 
enhancement of nanostructured metal oxides. Moreover, the 
tuning of band gap-energy and shifting of absorption in the 
visible region, through nanocomposites and doping enhances 
the solar photocatalytic properties. Likewise, Mn doped ZnO 
nanoparticles have got substantial attention as promising 
photocatalysts, with enhanced photocatalytic efficiency over 

pristine ZnO and other transition metal-doped ZnO 
nanoparticles.19,20 In order to enhance the absorption of light 
and provide effective charge transport, combinations of ZnO-
CdS nanocomposites21have been exploited for the 
photocatalytic applications. These morphologies have various 
advantages, such as dimensional anisotropy, due to which the 
maximum number of charge carriers resides at the surface of 
nanorods and flow of charge along the nanorod occurs. It also 
facilitates high charge separation and reduced recombination 
resulting in high photoactivity.22 CdS is a transition metal 
sulfide      with a band gap of 2.4 eV with a high optical 
absorption coefficient.23 Many reports suggest that the 
enhancement in photocatalytic activity in the visible region is 
due to the formation of binary composites e.g. ZnO-CdS,24 
Nanocomposites possess numerous benefits, such as high 
charge separation, substrate for heterogeneous nucleation, 
high charge carrier mobility, and increased life time of charge 
carrier etc. In industry, the remediation of water from MB is 
a major problem, as failure to remove it, has led to hazards in 
living organisms and the environment. Recently, various 
techniques for MB removal in aqueous media have been 
developed such as adsorption,26 biosorption mechanism 
membrane, Fenton 25 and photocatalytic process. Most of the 
normal techniques for MB removal have limitations, as they 
result in secondary pollutants like adsorption and biosorption 
mechanisms, or they are expensive such as the membrane 
process. However, the photocatalytic technique for the 
degradation of hazardous substances becomes significant,27 
due to its unique advantages without producing secondary 
pollutants. Some of the photocatalytic degradation of MB dye 
with different types of light source are listed below. Au-ZnO 
- UV irradiation 28, ZnO/GO - Mercury vapor lamp 29, 
ZnO/GdCoO3-Visible light 30 ZnO-SnO2 nano-cubes - UV 
irradiation NA 31 Ag-ZnO-Graphene - UV irradiation NA 32, 
GP-ZnO-NCs - UV irradiation NA 33, Fe-Co-ZnO - Sunlight 
34 From the background discussion, we have selected 
CdS/Mn-doped ZnO binary photocatalyst for the degradation 
of methylene blue dye. The CdS/Mn-doped ZnO binary 
nanospheres were developed by polar solvent dispersed 
method. The prepared samples were characterized by XRD, 
SEM, TEM, EDX, UV-visible and PL spectroscopy. 
Photocatalytic degradation performance was evaluated on 
removal of methylene blue dye. 
 
2. MATERIALS AND METHODS 
 
2.1 Chemicals used  
 
Methylene blue (MB) (Mark, Germany, dye content 85%) was 
used for photocatalytic degradation studies. 
Chemical formula: C16H18ClN3S 
Molecular weight: 319.85 g/mol 
Water solubility: 43.6 g/L in water at 25 °C 
λ max: 668 nm 

 

 
 
Zinc chloride (98%), Sodium bica rbonate (99%) and Copper 
acetate (GR), Nickel chloride (GR) were supplied by Merck 
India Pvt. Ltd; dye solutions for photocatalytic studies were 

prepared in double distilled water. NaOH and HCl were used 
for modifying the pH of the solutions. Isopropanol, 



 

ijlpr 2022; doi 10.22376/ijpbs/lpr.2022.12.3.L23-36     Environmental Photocatalysis 

 

L-25 

 

benzoquinone and ammonium oxalate used as scavengers in 
deduction of active species measurement. 
 
2.2 Preparation of Mn- doped ZnO nanopowder 
 
In the preparation of Mn - doped ZnO nanopowder, 10 g of 
zinc chloride were dissolved in 100 ml of double distilled 
water.35 To that solution, 6.2 g of sodium bicarbonate was 
then added in portions with vigorous stirring for several 
minutes. The precipitate formed was washed several times 
with distilled water to remove NaCl formed. Added 0.07mol 
% of manganese acetate completely washed the precipitate to 
the suspension. The precipitate was then dried at 100ºC to 
remove the water. The solid obtained after drying was 
grinded in an agate mortar and pressed into a ceramic 
crucible. The material was calcined at 500ºC for 4 hrs. The 
undoped ZnO was synthesized in the same procedure 
without adding dopant materials. 
 
2.3 Synthesis of Cadmium sulphide36 
 
CdS was synthesized by ultrasonification method. Required 
amount of sodium sulfide solution was slowly added into the 
cadmium chloride solution and stirred vigorously for 8 h. The 
stirred solution was left aging for another 4 h to get the 
product. Furthermore, it was ultrasonicated with water and 
transferred into 100 ml Teflon lined autoclave kept in 24 h at 
180 °C. Finally, the yellow color precipitate was washed 
several times with ethanol and distilled water and the product 
was dried at 100 °C for 10 h for further characterization. 
 
2.4 Preparation of CdS/Mn-doped ZnO binary 

nanospheres37 
 
In the preparation of 2 wt % CdS/Mn-doped ZnO binary 
nanospheres, 0.02 g of CdS was first dispersed in 40 ml of 
ethanol, to that suspension, 0.2750 g of oxalic acid was added, 
and the mixture was stirred in a magnetic stirrer to form a 
homogeneous suspension. To that suspension, 0.98 g of Mn-
doped ZnO nanopowder was      added, and the stirring was 
continued for 12 hours and then the suspension was dried 
and subsequently annealed at 300°C for 3 hours in a muffle 
furnace. The Mn-doped ZnO nanopowder with 4, 6, 8 and 10 
wt % of CdS were prepared by varying its ratios as in a same 
method and labeled as CMZ-2, CMZ-4, CMZ-6, CMZ-8 
andCMZ-10 respectively. 
 
2.5 Photocatalytic degradation of CdS/Mn-doped ZnO 

binary nanospheres 
 
All the photocatalytic experiments were performed under 
natural sunlight on clear sky days during the period of January 
to March-2022. In a typical experiment, 50 ml of dye solution 
(concentration 50 mg l-1) was taken with 50 mg of 
photocatalyst in a 250 ml glass beaker. Then the dye solution 
was kept in direct sunlight with continuous aeration and the 
concentration of the dye remains was measured periodically 
by measuring its light absorbance at the visible λ max by using 
Elico SL- 171 Visible spectrophotometer. In order to avoid 
the variation in results due to fluctuation in the intensity of 

the sunlight, a set of experiments have been carried out 
simultaneously. Oxidant combined photocatalytic 
degradation process were also done as mentioned method. 
For pH studies the pH of the dye solutions were modified to 
different values (3, 5, 7, 9 and 12) by using 0.1M HCl and 
NaOH solution. 
 
2.6 Characterization of Photocatalyst 
 
X-ray powder diffraction (XRD) patterns of the 
photocatalysts were recorded on a Philips X’pert-MPD 
diffractometer in the 2h range 20°–80° using Cu Ka radiation 
(MRL 1012, 1032 and CNSI (Elings Hall) 1409, California, 
USA). The phase structure of the products was determined 
by comparing the experimental X-ray powder patterns to the 
standard compiled by the Joint Committee on Powder 
Diffraction and Standards (JCPDS).  For morphological study 
of catalysts, Scanning Electron Microscopy was done by 
ULTRA55 FESEM, Carl Zeiss. Samples for SEM were 
prepared by dispersing a very small amount of catalyst in 
absolute ethanol by ultrasonication  for 10 min. The dispersed 
sample was dropcasted on silicon wafers. The samples were 
kept under vacuum/desiccator for 12 h. Before imaging, gold 
sputtering was done on the samples using Quorum 
sputtering. Transmission electron microscopy was done by 
using Tecnai F30 operated at 180 kV. Samples for TEM were 
prepared by dispersing the catalyst in isopropanol using 
ultrasonication for 10 min and drop casted on Cu grid. 
Samples were kept under vacuum for 24 h. Diffused 
reflectance spectroscopic (DRS) analysis was done using solid 
state UV-visible spectrophotometer (Perkin Elmer, Lambda 
35). Photoluminescence (PL) spectra were obtained using a 
photoluminescence detector (Perkin Elmer) with excitation 
wavelength of 325 nm. 
 
3. RESULT AND DISCUSSION 
 
3.1  Characterization of Photocatalysts 
 
3.1.1   X-ray diffraction studies 
 
The powder XRD patterns of nano ZnO, pure CdS, 0.007 
mol% Mn- doped ZnO nanopowder, 6 wt% CdS/Mn-doped 
ZnO and 8 wt% CdS/Mn-doped ZnO binary nanospheres 
were shown in Fig 3.1.  The ZnO samples were identified by 
XRD pattern as a single phase containing wurtzite crystal      
structure (JCPDS card nos.: 89-1397; 89-0511; 36-1451). 
0.007 mol% Mn doped ZnO nanopowder shows intense 
diffraction pattern in the same respective wurtzite plane. The 
high intensity of the peaks indicates that Mn doped ZnO 
nanopowders are of high crystallinity.38 The CdS crystal 
structure also      exactly matches the JCPDS card no.89-2944. 
CdS/Mn doped ZnO nanosphere ( 4wt%) shows      wurtzite 
phase and some important peaks of CdS. Its represent CdS 
coupled in the Mn doped ZnO surface. The CdS content 
increases (8wt%) the crystalline behavior of CdS/Mn doped 
ZnO nanospheres was increased. No other diffraction peaks 
were observed in this pattern, indicating that the CdS and 
ZnO phase occurred during the synthesis process. 
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Fig 3.1XRD patterns of nano ZnO, pure CdS, 0.007 mol% Mn- doped ZnO nanopowder, 8wt% CdS/Mn-doped 

ZnO binary nanospheres and  10 wt% CdS/Mn-doped ZnO binary nanospheres 
 
3.1.2    SEM analysis of the photocatalysts 
 
Fig 3.2 demonstrate the SEM images of nano ZnO, pure CdS, 
0.007 mol% Mn- doped ZnO nanopowder, 8 wt% CdS/Mn-
doped ZnO binary nanospheres and      10 wt% CdS/Mn-
doped ZnO binary nanosphere.It was clear from the obtained 
images, that the particle size of all the synthesized samples 
lied in the nanometer range with characteristic geometry. It 
was observed that ZnO nanoparticles (Fig. 3.2 a)exist in the 
rice-like      surface structure. Pure CdS SEM image (Fig.3.2 b) 
shows small granular particles dispersed with an 
agglomerated      surface. Fig 3.2 c indicates that Mn doped 

ZnO nanopowder have nanosized blunder particle 
morphology. Addition of CdSon Mn doped ZnO nanopowder 
(Fig 3.2 d and e) has might shows significant effect in the 
focused applications due to the particles highly dispersed and 
small particle size and particularly this weight ratio (8wt%) 
binary nanospheres shows small size sphere like structure. It 
is presumed that, the concentration of CdS as a coupling 
precursor played a key role in the formation of the peculiar 
morphology of spheres. From this study 8 wt% CdS/Mn-
doped ZnO binary nanospheres suitable for solar light 
photocatalytic degradation. 

 

 
 

Fig 3.2 SEM micrograph of nano ZnO, pure CdS, 0.007 mol% Mn- doped ZnO nanopowder, 8 wt% CdS/Mn-
doped ZnO binary nanospheres and 10 wt% CdS/Mn-doped ZnO binary nanospheres 

 
3.1.3  Elemental composition analysis  
 
Fig 3.3 represents the EDS spectra of the CdS/Mn doped 
ZnO nanosphere. The weight percentage of Zn, O, Cd, S and 
Mn elements in the synthesized nanomaterials are also in the 
Figure. The EDS spectra of CdS/Mn doped ZnO nanosphere, 
which contains 32.8 wt% of Zn, 27.2 % of Cd, O 19.2%, S 5.5 

% and 4.9 wt% of Mn. These results indicate a higher      
amount of ZnO present than the CdS. The EDS report that 
CdS/Mn doped ZnO nanosphere consists of considerable 
amount of major components (Zn, Cd, O, Mn and S) elements 
in samples with some impurities like Na, C and K.39 Finally the 
EDS result concluded, there are no unwanted impurities 
present in the prepared samples

. 
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Fig 3.3 EDS spectra of CdS/Mn doped ZnO nanospheres 
 
 
3.1.4  Surface particle structure analysis 
 
Fig. 3.4a shows that the overall structure of the 
photocatalyst and its presented a spherical and rod like 
structure. Mn, CdS and ZnO are stacked in close contact with 
each other. The dense small spherical dot in Fig. 3.4 b  
 

represents the CdS covered uniformly to the Mn doped ZnO 
nanopowder surface. From the TEM results, the CdS/Mn 
doped ZnO nanospheres were      successfully composited. 
40From the results of the fringe analysis in Fig. 3.4c, it can be 
seen that the lattice spacing of the ZnO (002) crystal plane 
are 0.26 nm.  
 

 

Fig 3.4(a) 200 nm (b) 100 nm (c) 50 nm and (d) 10 nm views of TEM image  
8 wt% CdS/Mn-doped ZnO binary nanospheres 

 
3.1.5.   Diffused Reflectance UV-Visible analysis of the      

photocatalyst 
 
UV-visible diffused reflectance spectra of ZnO, Mn doped 
ZnO nanopowder and various weight ratios      of CdS 
coupled Mn doped ZnO nanospheres were given in Fig 3.5. 
This UV-visible diffuse reflectance spectral study was done for 
the CdS effect on the optical properties of Mn doped ZnO 
nanopowder. The light absorbance of pure ZnO only 
exhibited in the fundamental absorption band in the UV 
region (397 nm), and the remains absorption band is zero in 
the visible region. Mn doped ZnO nanopowder (0.007 mol %) 
slightly shifted the absorption band in the red region, which 
indicates the band gap reduction than the pure ZnO. In the 

case of CdS coupled Mn-doped ZnO nanosphere samples 
significantly enhances the visible light absorption than 0.007 
mol% Mn doped ZnO and pure ZnO.  41 It could be revealed 
that, the CdS coupled Mn-doped ZnO nanospheres and 
enhances the utilization ability of visible light to improve the 
photocatalytic activity, which could be attributed to the 
presence of CdS. Hence, it was consistent with the results of 
XRD and SEM-EDS, that the UV–vis DRS spectra, which 
proved the preparation of the CdS coupled Mn-doped ZnO 
nanosphere is successful. In addition, 8 wt% CdS/Mn codoped 
ZnO nanospheres had strongest absorption in the visible 
light, indicating that, it exists in optimal molar ratio of Mn 
doped ZnO to CdS making the highest photocatalytic activity 
of CdS/Mn codoped ZnO nanospheres. Simultaneously, the 
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absorption abilities of 10 wt% CdS/Mn codoped ZnO 
nanospheres in visible range were significantly lower than that 
of 8 wt% sample, which could be ascribed to the excessive 
amount of CdS coupled    on Mn doped ZnO surface. It is 
indicating does not separate the photogenerated e--h+ pairs 

efficiently, which leads to photocatalytic activity decreases. 
According to the Kubelka-Munk function 42 and plot of 
(α hv)2 vs. hv, the calculated band gap of ZnO, Mn doped 
ZnO and CdS are 3.22 eV and 3.18 eV and 2.39 eV 
respectively 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 3.5UV-visible DRS ofnano ZnO, pure CdS, 0.007 mol% Mn- doped ZnO nanopowder, 8 wt% CdS/Mn-doped 

ZnO and 10 wt% CdS/Mn-doped ZnO binary nanospheres 
 
3.1.6 Photoluminescence study 
 
To exhibit the proposed photocatalytic mechanism, we have 
measured the photoluminescence behavior of the 
photocatalyst system. Photoluminescence has been widely 
employed in the field of photocatalysis over solid 
semiconductor as a useful probe for understanding the 
efficiency of charge-carrier trapping, immigration and 
transfer, and to understand the recombination processes of 

photo generated electron (e-)–hole (h+) pairs.43 Fig 3.6shows 
the photoluminescence (PL) emission spectra of nano ZnO, 
0.007 mol% Mn- doped ZnO Nano powder and 8 wt% 
CdS/Mn-doped ZnO binary nanospheres. ZnO has a peak at 
578nm in the PL spectrum which corresponds to the 
recombination of the electron (e-) and hole (h+) formed. The 
emission is significantly weakened largely in the CdS/Mn-
doped ZnO binary nanospheres.  

 

 
 

Fig 3.6photoluminescence (PL) emission spectra of nano ZnO, 0.007 mol% Mn- doped ZnO nanopowder and 8 
wt% CdS/Mn-doped ZnO binary nanospheres 

 
The observable lower PL intensity at 578 nm implies that the 
recombination of charge-carriers is effectively inhibited, 
which probably leads to a higher photocatalytic activity since 
the photodegradation reactions are induced by these 
carriers.44 This result demonstrates good agreement with the 
proposed mechanism of efficient separation of charge-
carriers, as discussed above. 
 
3.2 Photocatalytic Studies 
 
3.2.1 Effect of Catalyst Loading    
 
The amount of catalyst is one of the main parameters for the 
degradation studies. In order to avoid the use of excess 

catalysts it is necessary to find out the optimum loading for 
efficient removal of dye molecule.45 Several authors have 
investigated the reaction rate as a function of catalyst loading 
in the photocatalytic      degradation process. The effect of 
the catalyst amount on the photocatalytic degradation MB has 
been carried out in the range 25- 150 mg/L of the CdS/Mn-
doped ZnO binary nanospheres for 50 ml of 20 mg solution 
and these      results are shown in Fig 3.7. As the amount of 
the catalyst is increased from 25 to 100 mg, the degradation 
increases like19.57 to 88.88 % at 60 min of irradiation time. 
This is due to an increase      in the number of CdS/Mn-doped 
ZnO binary nanospheres, which increases the absorption of 
photons and adsorption of dye molecules.  
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Fig 3.7Effect of initial concentration of MB on the photocatalytic process of  
CdS/Mn-doped ZnO binary nanospheres 

 
3.2.2 Effect of pH of the dye solution on CdS/Mn-doped ZnO binary nanospheres 
 
The pH of solutions greatly affects the rate of reaction taking place on semiconductor surface due to its influences on surface-
charge-properties of the photocatalysts.  
 

 
 

Fig 3.8 Effect of pH of the dye solution on CdS/Mn-doped ZnO binary nanospheres 
 
Fig 3.8, shows the photodegradation of MB in the presence 
of CdS/Mn-doped ZnO binary nanospheres was studied in the 
pH range 3-12. The concentration of dye solution was 20 
mg/L, and the dosage of the photocatalyst was 0.5 mg. 
Therefore, in the pH range 7-9 the negatively charged 
CdS/Mn-doped ZnO binary nanospheres and the positive 
charge MB dye should readily attracts each other, while they 
should repulse each other when pH is below, 7 due to both 
species like MB dye and CdS/Mn-doped ZnO binary 

nanospheres shows positive charge. The degradation rate of 
CdS/Mn-doped ZnO binary nanospheres was high at around 
pH 9. The ultimate reason is semiconductor photocatalysts 
are negatively charged at pH above 7 and the MB has been 
positively charged species.  46 The ZnO based 
nanocomposites at extreme pH values, such as pH 3 and 
12getreadily dissolved. In an acidic and basic environment, 
ZnO photocatalyst reveal a propensityto dissolve: 

 
 
 
 
 
 
 
Therefore, the decreased photocatalytic activity at low and 
higher pH values can be attributed to the dissolution in strong 
acidic or alkaline environment. 
 
3.2.3   Photodegradability of methylene blue 
 
Photocatalysis has become one of the most gifted 
technologies, due to its potential applications in solar energy 
conversion to solve the worldwide energy scarcity and 
environmental pollution.47 As is well known, solar light is an 
unlimited supply of energy in nature. There is only a small 
portion (4%) of solar radiation in the UV region, while visible 
light is far more abundant (>46%), thus enhancing the 

photocatalytic capability of semiconductors under visible light 
as well as UV light irradiation has become an necessary issue 
in order to highly utilize solar energy. In this work, MB with 
a characteristic absorption at 668 nm, is chosen as a typical 
dye pollutant for testing the photocatalytic activity of the as-
prepared products under solar light irradiation. Fig. 3.9(a) 
shows the instantaneous MB concentrations variations versus 
time in the presence of CdS/Mn-doped ZnO binary 
nanospheres. The graphs in the first 20 min before light 
irradiation are caused by the MB adsorption-desorption 
process onthe catalyst surfaces. It can be seen that only ~10% 
decrease in the concentration of MB can be observed in the 
presence of ZnO based photocatalyst.The optimized 0.007 
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mol% Mn doped ZnO nanopowder was further evaluated the 
dye degradation, ability when modified with different weight 
content of CdS with Mn doped ZnO under the solar light 
irradiation.After 60 min of solar light illumination, the MB 
degraded over CdS, ZnO and 0.007mol% Mn doped ZnO 
nanopowder are only 20%, 23%, 29% respectively. However, 
CdS/Mn-doped ZnO binary nanospheres shows higher 
photocatalytic degradation rate(76-99%) in the presence of 
same experimental conditions. It is worth noting that CdS 
coated Mn-doped ZnO nanopwder could be inducing notable 
photodegradation efficiency from 80% to 98% beyond the 
increases of 8 wt % of CdS. From the results, the 
photocatalytic activity of 0.007 mol% Mn doped ZnO 
nanopowder increases with the increase in CdS content 2 
wt% to 8 wt % due to the tightly bonded or close contact 
interfaces between CdS and Mn-doped ZnO, by which the 
injection of photogenerated electron of CdS transfer of 

conduction band of Mn-doped ZnO and also absorbs visible 
light. On the contrary, when the mass ratio was higher than 
8 wt%, the CdS got agglomerated and it was not well 
dispersed. This hinders the smooth contact between Mn-
doped ZnO systems and CdS, leading to a negative influence 
on the activity of the 10 wt % CdS/Mn-doped ZnO binary 
nanospheres. The studies also show that photoelectron 
injector, such as CdS has very low photocatalytic activity in 
UV-visible light (solar light) when compared to that of Mn-
doped ZnO and ZnO photocatalysts. This shows that the CdS 
has a smaller electron-hole diffusion length than the W,N 
codoped ZnO and ZnOphotocatalysts.The kinetics of 
degradation of MB dye over ZnO, Mn-doped 
ZnOandCdS/Mn-doped ZnO binary nanosphereshas been 
studied in natural sunlight. The normalized C/C0 Vs time plots 
for the dyes were given in Fig 3.9b. The data were also 
analysed with the Langmuir–Hinshelwood kinetic model:

 
 
 
 

   
 
 
 
Where r is the specific degradation reaction rate the dye (mgl-1min− 1), C the concentration of the dye (mg l-1), k the reaction 
rate constant (s− 1) and K is the dye adsorption constant. When the concentration (C) is small enough, the above equation can 
be simplified in an apparent first-order equation:48 
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Where C0 is the initial concentration (mg l− 1), C is the 
concentration of the dye after     t minutes of illumination and 
kapp is the apparent first order rate constant. The plots 
obtained were shown as Fig 3.9 b. The photocatalytic 
degradation of MB dye on CdS/Mn-doped ZnO binary 

nanospheres was found to be faster than that of the pure 
ZnO and Mn- doped ZnO. The CdS/Mn-doped ZnO binary 
nanospheres shows higher activity than the Mn-doped ZnO 
and pure ZnO, the reason is due its band gap difference. 49
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Fig 3.9 a) degradation b) Kinetics of  MB dyeover CdS/Mn-doped ZnO binary nanospheres (initial 
concentration      C0 = 50 mgl-1) 

 
 
3.2.4 Photocatalytic Mechanism 
 
The work mechanism of these CdS/Mn-doped ZnO binary 
nanospheres is illustrated in Fig 3.10. The CdS as an electron 
donor can inject the e- on conduction band of Mn-doped 
ZnO and which process compeciate the electron for the 
recombination in the UV-visible photoexcitation of Mn-doped 
ZnO. This function of CdS can promote the decomposition 
of organic pollutants under the oxidation of the H+ by Mn-

doped ZnO.  The applications conversing this principle, 
namely organic compounds as the H+ scavenger for the 
elimination of selenite pollutants, have been extensively 
studied. Then, CdS, can deposit onto Mn-doped ZnO and 
shift the absorbency of the system to the visible light region 
due to CdS narrowband gap 2.59 eV. 50 Thus, the 10 wt % 
CdS/Mn-doped ZnO binary nanospheres is a hopeful form for 
further improving the practicability of CdS and 

Mn-doped ZnO. 
 

 
 

Fig 3.10 Photocatalytic mechanism of prevention of electron-hole recombination and electron injection 
process of CdS/Mn-doped ZnO binary nanospheres 

3.2.5 Role of Reactive Species 
  
Fig 3.11 shows the photocatalytic degradation results in the 
presence of different scavengers under sunlight irradiation. 
The degradation efficiency of MB decreased slightly upon in 
presence of AO compared with the without scavenger, which 
indicated the photogenerated holes are not the main active 
species for degradation of MB dye. When BQ was added to 
the photocatalytic mixture, a dramatic change in the  

 
photocatalytic activity was observed compared with the 
absence of scavenger, confirming that the dissolved oxygen 
(O2-) has      a main source on the photodegradation process 
under sunlight irradiation. However, a similar change in the 
photocatalytic activity was observed upon the addition of IPA 
as a .OH scavenger, which indicates that the O2- and .OH are 
the main reactive species in the CdS/Mn-doped ZnO binary 
nanospheres51,52. 
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Fig 3.11 Effect of different scavengers on degradation of MB dye in the presence of CdS/Mn-doped ZnO binary 

nanospheres under solar light irradiation 
 

3.2.6 Stability and Reusability  
 
In order to evaluate the stability of CdS/Mn-doped ZnO 
binary nanospheres during photocatalytic reaction, cycling 
experiments were also carried out by repeated degradation 
of MB dye for five times under solar light irradiation. As  
 

shown in Fig. 3.12, the photocatalytic activity of CdS/Mn-
doped ZnO binary nanospheres is      high even with third 
cycles. Further, the degradation rate was slight decrease, 
which could be due to the loss and catalytic poisoning of the 
photocatalyst during the recycling experiments.53 

 
 

 
 

 
 

Fig 3.12(a) Stability test of CdS/Mn-doped ZnO binary 
nanospheres for five cycles and (b) XRD pattern for CdS/Mn-
doped ZnO binary nanospheres before      the activity and 
after recycling five times for RB 5 degradation. Fig 3.12 shows 
the XRD patterns of the CdS/Mn-doped ZnO binary 
nanospheres before and after photocatalytic reaction, and 
there is no observable structural difference in the samples 
before and after the reaction, indicating that the phase and 
structure of CdS/Mn-doped ZnO binary nanospheres are 
stable during the photocatalytic reactions. 54But the intensity 
of main diffraction pattern decreased due to accumulation of 
degraded intermediates. These results indicate that the as 

prepared ternary photocatalyst      are stable and reusable for 
photocatalytic reactions.  
 
3.2.7  Model Pollutant (dye) degradation behavior from 

the various water samples 
 
The selected 8 wt % Mn-doped ZnO nanospheres were 
applied to remove MB dye (model pollutant) from various 
types of water. 55-57For this purpose, water samples were 
taken from four different sources. The tap water was taken 
from my own house Salem, distilled water was purchased in 
Mercury scientific company, Salem    and the seawater sample 
was taken from the Mettur    Dam, Salem, while the sea water 
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from Merina beach Chennai. The MB dye was added to the 
water sample to make the solutions of almost same 
concentration (0.05 g). To study the dye degradation 
behavior of various water samples, the CdS/Mn-doped ZnO 
binary nanospheres was      added (10 ppm) in the presence 
of sunlight. The Fig. 3.13 shows the degradation behavior of 

the MB dye in various water samples. Fig. 12 shows that 
fastest degradation occurred in DI water (100%) and then 
respectively in river water (~80 %), tap water ((~680 %) and 
sea water (~20 %). This delay in degradation process may be 
due to presence of various elements.

 
 

 
 

Fig 3.13Pollutant (dye) degradation behavior from the various water samples. 
 

4. CONCLUSION 
 

In this paper, CdS/Mn-doped ZnO binary nanospheres were 
effectively synthesized with a simple ethanolic dispersion 
method followed by annealing at 300 °C for 3 hr. The 
characterization of the photocatalysts was done by XRD, 
SEM, TEM, EDX, UV-visible and PL spectroscopy. The 
comparative photocatalytic      degradation revealed the 
excellent photocatalytic efficiency of  CdS/Mn-doped ZnO 
binary nanospheres, compared to Mn-doped ZnO, pure ZnO 
and CdS samples, and it degraded 100% of MB in 90 minutes 
under sunlight      illumination. Furthermore, the energy band 
positions of CdS and Mn-doped ZnO are well-matched, 
leading to further enhancement in the charge transfer and 
separation. Moreover, the active spices experiments 
(scavenging activity) exposed that the main active species such 
asO2

2- and •OH. Reuse experiments indicate the reusability 
and stability of ternary CeO2/FeTiO3/TiO2composites and 
this good characteristic behavior were addressed by XRD 
analysis. Further, the photocatalytic performances were also 
tested in the various sources      of water with dye. This study 
introduces a potential new family of novel solar active 
photocatalysts for degradation of reactive dyes. 
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