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  ABSTRACT     CdS/ZnS Core-shell nanostructures (NSs) were synthesized by a sonochemical method under ambient 
conditions. The crystallographic studies of the synthesized materials has been done  by X-ray diffraction (XRD) and it 
shows that the average crystallite size  values of pure and  Mn2+ doped CdS/ZnS core-shell NSs were ~ 4.12 nm and ~ 
6.25 nm, respectively. The morphological studies of synthesized core-shell NSs have been done by Field Emission 
Scanning Electron Microscope (FESEM) and High Resolution Transmission Electron Microscope (HRTEM). Both 
microscopies reveal the formation of quasi-spherical CdS/ZnS core-shell nanostructures. The optical properties are 
analysed by UV-Visible spectroscopy. FTIR studies give the information about chemical bonds and identify the chemical 
species present in synthesized materials. The photo-catalytic activity of intrinsic and extrinsic CdS/ ZnS core-shell NSs 
has been studied by using methylene blue (MB) as a test contaminant in aqueous media under UV irradiation.  In this 
article, the photo-catalytic activity dependence on the doping concentration has been studied in detailed.   
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Introduction 
II-VI semiconductor nanostructures have been generated great interest in both fundamental 

studies and technical applications because of their unique size tuneable, optical and electronic properties. In 
nanostructures materials, more than 80% atoms are on the surface due to high surface to volume ratio. 
Therefore, surface defects are more prominent in nanostructured materials. The creation of 
heterostructures such as core-shell nanostructures is the best option to reduce surface defects. Now a day, 
core-shell heterostructures have attracted considerable attention because of their performance compared 
with their single components, and these advantages make them one of the most promising candidates for 
the exploration of new applications in various fields [1-4].   Core-shell semiconductor nanostructures also 
termed as quantum dots composed of a core and shell made up of different semiconductor nanostructures 
[5].  The growth of protective shell on the core of nanostructures has demonstrated to be an effective 
solution to eliminate the surface defects by reducing the number of dangling bonds on the surface and 
improve the photo stability by physically separating the core surface from its surrounding medium [6,7]. 
Core-shell nanostructures are potentially useful in optics, optoelectronics, catalysis, chemical engineering 
and biology [8]. The optical properties of various semiconductors can be enhanced by coating them with a 
shell of a second higher band gap semiconductor [9]. Commonly discussed core-shell nanostructures 
include CdSe/ZnS, CdSe/CdS, CdS/ZnS and ZnO/ZnS, where the first semiconductor denotes the core while 
the second one is the shell of wider band gap than the first [10-12]. Among the different core-shell 
nanostructures, CdS/ZnS is an interesting one because of its potential applications. Both Cadmium Sulphide 
and Zinc Sulphide belong to II-VI group chalcogenide semiconductors and have similar crystalline 
structures (hexagonal and cubic).  CdS and ZnS are direct band gap semiconductors with band gap energy of 
2.42 eV and 3.7 eV, respectively [13]. Due to higher band gap energy of ZnS, it has been used as surface 
passivating shell material for CdS [14]. Several reports have been reported on CdS/ZnS core-shell 
nanostructures.  Petr et.al [5] reported on molecular modelling of Cd/ZnS core-shell nanoparticles and their 
photocatalytic activity using Methylene blue as a test contaminant. Qutub et.al [15] reported on synthesized 
CdS/ZnS core-shell and sandwich nanocomposites for photocatalytic properties.  
In the present research work, sonochemical method is used for the synthesis of pure and Mn2+ CdS/ZnS 
core-shell nanostructures. Photo-catalytic activity of intrinsic and extrinsic CdS/ZnS core-shell NSs has been 
thoroughly studied.  
 

Experimental  
Materials and chemicals  

The chemicals used were of analytical reagent grade and used without any further purification. The 
AR grade chemicals: zinc acetate (CH3COO)2Zn.2H2O, cadmium acetate (CH3COO)2Cd.2H2O, thioacetaamide 
(TAA)  (C2H5NS) , sodium hydroxide (NaOH), manganese chloride (MnCl2.4H2O), ethanol (C2H5OH), 
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methylene blue dye (C16 H18N3SCl) were procured from S D Fine Chem Ltd, Mumbai (India) and  Loba 
Chemie, Mumbai (India). 
 

 Synthesis of CdS core nanostructures 
Sonochemical method [7] already used for synthesis of CdS/ZnS core-shell nanoparticles. With little 

modifications was used for the synthesis of intrinsic and extrinsic CdS/ZnS core-shell nanostructures. In a 
typical synthesis, 50 ml of 0.05 M of cadmium acetate and TAA solutions were prepared separately in two 
different beakers vigorously. Then, the TAA solution was added to cadmium acetate solution drop by drop 
under continuous stirring. 1M NaOH was added to the stirred solution to keep the pH value constant at 
about 12. Finally solution was sonicated for 40 minutes. The yellowish precipitates were centrifuged and 
washed with distilled water and ethanol several times. The settled nanostructures were collected and dried 
in a vacuum oven at 800C. Then synthesized CdS cores were used to produce CdS/ZnS core-shell 
nanostructures. 
 

 Synthesis of pure and doped CdS/ZnS core-shell nanostructures 
For synthesis of pure CdS/ZnS core-shell NSs, 50 ml 0f 0.05 M zinc acetate and TAA solutions were 

prepared separately in two different beakers vigorously. Then 2 g of synthesized CdS core was added to the 
Zinc acetate solution under magnetic stirring and then added the TAA solution to above solution by drop 
wise under magnetic stirring. 1 M NaOH was added to the solution to keep the pH value constant at about 
12. Finally, the mixture was sonicated for 40 minutes. The light pale yellow prepared core-shell NSs were 
centrifuged and washed with distilled water and ethanol several times. Later dried in vacuum oven at 800C. 
The pure core-shell nanostructures were obtained. The same procedure was followed for doped core-shell 
nanostructures. Only difference was the addition of dopant precursor. The dopant precursor (MnCl2) 
(0.05M) was added to the zinc precursor solution. Different dopant concentrations 10%, 5%, 1%, 0.2% and 
0.1% (at.wt %) were added to the zinc acetate solution to check the dopant concentration dependent 
photocatalytic behaviour of synthesized core-shell nanostructures.  
 

Characterization  
The structural and phase composition of the core-shell nanostructures was analyzed by powder X-

ray diffraction. The diffraction patterns were recorded in 2θ range of 200 -700 using Rigaku Miniflex-600 X-
ray powder diffractometer by using Cu Kα radiation (λ = 1.54056). The surface morphology of characterized 
core-shell NSs was studied by Field Emission Scanning Electron Microscopy (FESEM). FESEM micrographs 
were recorded at 3.00kV accelerating voltage. High Resolution Transmission Electron Microscope (HRTEM) 
was used to determined the particle size distribution. For TEM micrographs, CdS/ZnS NSs  were well 
dispersed in DMF and sonicated for 15 minutes  and after this  placed the drop of this solution  on the 
carbon-coated copper grid and analysed by Hitachi[ (H-7650), Japan] Transmission Electron Microscope at 
accelerating voltage of 100keV. The chemical bonds and chemical species were analysed with Model RZX 
(Perkin Elmer) Fourier Transform (FTIR) Infra-red Spectrophotometer in the wavenumber range of 4000 
cm-1 - 400 cm-1. UV-visible absorption spectra were recorded in the wavelength range of 300 nm – 650 nm 
by using Hitachi (2J-0004) spectrophotometer. For UV-visible absorption spectra, 10mg of core-shell NSs 
were dispersed in 10 ml of solvent (DMF) and sonicated. When the solute was completely soluble in DMF 
then measurements were taken in UV-visible spectrophotometer.  
 

Photo-catalytic Activity 
 The photo-catalytic activity of synthesized intrinsic and extrinsic CdS/ZnS core-shell NSs was 

studied by the degradation of Methylene Blue (MB) dye as a test contaminant in aqueous media under the 
UV radiation with continuous magnetic stirring. Methylene Blue (MB) stock solution was prepared by 
dissolving 0.003 mg dye into 1000 ml of distilled water. Then taken 100 ml of prepared dye solution and 
add 0.01g of synthesized core-shell nanostructures.  Placed the mixture in dark with continuous magnetic 
stirring for 1 hour, for complete adsorption of dye on the surface of core-shell nanostructures. Then taken a 
10 ml sample from suspension in test-tube. The remaining suspension was irradiated in laboratory made 
UV reactor (two 18-W UV tube, λ =200 to 400 nm) used as UV source. The suspension was irradiated for 80 
minutes in UV exposure. After every 10 minutes, 10 ml of suspension was removed out for testing. Repeat 
the above process till 80 minutes. All collected samples were analysed in UV-visible spectrophotometer to 
check the degradation of MB dye. Same steps were followed for different doping concentrations of core-
shell NSs. 
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Results and Discussion 
Crystallographic analyses 

The recorded XRD patterns of pure and 10% Mn doped CdS/ZnS core-shell nanostructures are 
shown in Fig. 1(a, b). The recorded diffractograms of samples are agreed well with the standard peaks of 
cubic structure of CdS (JCPDS file no: 42-1411) [16], and with hexagonal structure of ZnS (JCPDS file no: 05- 
0492[17].  In Fig.1 (a), the observed diffraction peaks of CdS at 2θ = 44.490 and 52.190 are associated with 
(220) and (311) planes and ZnS at 2θ = 27.410, 28.760, 36.050 and 47.890 are associated with (100), 
(002),(102) and (103) planes, respectively. In Fig. 1(b), there is slight shifting in diffractions peaks, this is 
may be due to Mn2+ doping. The diffraction peaks at 2θ = 27.460, 28.780, 33.400, 36.190, 44.410, 47.800 and 
51.780 are observed corresponds to similar crystal planes. The weak diffraction peaks at 2θ = 42.050, 61.080 
and 67.80 are associated with (110), (206) and (203) planes were also observed in Fig. 1(b). The recorded 
diffraction peaks have broadening due to the formation of nanocrystallites. The average crystallite size was 
calculated by using Debye-Scherrer’s formula [18] as given below: 

                                           D = 0.89λ/βcosθ                   ------------- (i)     
In equation (i), 0.89 is the constant value for shape factor, λ is the  X-ray wavelength of Cu Kα X-ray, 

β is the full width half maximum(FWHM) of the highest peak and θ is the Bragg diffraction angle. The 
calculated average crystallite sizes are ~ 2.67 nm and 4.11 nm for pure and doped CdS/ZnS core-shell 
nanostructures respectively. There is increase in size of core-shell with Mn2+ doping. This may be due to the 
large ionic radii of Mn2+ (88 pm) as compared to Zn2+ (81 pm).  
    
 
 
 
 
 
 
 
 
 
 
Fig. 1 XRD Pattern of (a) Pure CdS/ZnS core-shell NSs (b) 10% Mn doped CdS/ZnS core-shell NSs 
 

Morphological studies 
Fig. 2 (a, b) displays the FESEM images of pure and 10% Mn doped CdS/ZnS core-shell 

nanostructures. Both images show that core-shell nanostructures are spherical and quasi-spherical in 
shape. Moreover, recorded micrographs show that the size of CdS/ZnS core-shell NSs is increased with Mn 
doping.  
Fig. 3 (a, b) shows the recorded TEM micrographs of pure and 10% Mn doped CdS/ZnS core-shell NSs, 
respectively. It can be clearly seen from TEM micrographs that core-shell NSs are formed with slight 
agglomeration. The average particle size calculated from TEM micrographs are ~ 20.5 nm and ~ 23.9 nm 
for pure and 10% Mn doped CdS/ZnS core-shell NSs, respectively. There is small change in average particle 
size with Mn doping in CdS/ZnS core-shell NSs.  
        
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 FESEM micrographs of (a) Pure CdS/ZnS core-shell NSs (b) 10% Mn doped CdS/ZnS core-shell 

NSs 
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Fig. 3 TEM Micrographs of (a) Pure CdS/ZnS core-shell NSs (b) 10% Mn doping CdS/ZnS core-shell 

NSs 
Fourier Transform Infrared (FTIR) analyses 

Fig. 4 (a, b) shows the recorded FTIR spectra of pure and 10% Mn doped CdS/ZnS core-shell 
nanostructures in the range of 4000 – 400 cm-1. In FTIR, by comparing the recorded spectra with standard 
database, it is observed that peaks at 3433.1cm-1 and 16.29cm-1 are due to stretching vibration of O-H bond 
of H2O molecule [19]. The presence of characteristic peaks at 2127.7cm-1, 1462.2cm-1, (1414.3cm-1, 
1010.4cm-1) and 1169.5cm-1 due to  C≡C triple bond, C-O stretching, CH2 bending and C-O-C out of phase 
stretching[20,21]. A peak observed at 932.0cm-1 is due to Zn-S vibrations [22]. The peaks observed between 
400-700 cm-1 indicates the formation of Zn-S and Cd-S bonds and this region is assigned to Metal-Sulphur 
bond [20, 23]. In doped core-shell NSs, the peaks are slightly shifted due to the presence of additional metal 
bonds caused by doping in ZnS shell. 
 

Table 1: The description of functional groups present in pure and 10% Mn doped CdS/ZnS core-shell 
NSs 

            
Functional groups 
 

Pure CdS/ZnS core-
shell NS stretching 
frequencies(cm-1) 

10% Mn doped 
CdS/ZnS core-shell NS 
stretching 
frequencies(cm-1) 

O-H stretching  3433.1, 1629.3 3448.0, 1630.4 
C≡C triple bond 2127.7 2139.7 
C-O stretching 1462.2, 1010.4 1466.1, 1013.3 
CH2 bending 1414.3 --- 
C-O-C stretching 1169.5 1173.7 
Zn-S vibrations 932.0 --- 
Zn-S & Cd-S stretching 
vibrations  

659.8, 608.2,473.1 654.7, 534.1 

                                                                                  
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 FTIR spectra of (a) Pure CdS/ZnS core-shell NSs (b) 10% Mn doped CdS/ZnS core-shell NSs 
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UV-Visible spectroscopic studies analyses 
 Fig. 5 shows the UV-Visible absorption spectra of pure and 10% Mn doped CdS/ZnS core-shell NSs. 
The recorded spectrum has broad absorption profiles in the UV-Visible range of electromagnetic spectrum 
and this makes core-shell nanostructures suitable for photo-catalytic activity. Fig. 5 shows that the 
absorbance of 10% Mn doped CdS/ZnS core-shell is less than pure CdS/ZnS core-shell nanostructure in the 
UV-Visible region. So it seem that pure CdS/ZnS core-shell NSs may show better photo-catalytic activity as 
compared to 10% Mn doped CdS/ZnS core-shell NSs in UV-Visible region. 

 
Fig.5 UV-Vis Absorption spectra of (a) pure CdS/ZnS core-shell NSs (b) 10% Mn doped CdS/ZnS core-

shell NSs 
Photo-catalytic Activity analyses 

The photo-catalytic degradation of MB dye as test contaminant in aqueous media was investigated 
using synthesized pure CdS/ZnS and Mn doped (Doping concentration: 10%, 5%, 2%, 1%, and 0.1% at.wt 
%) CdS/ZnS core-shell NSs under UV irradiation. The absorption spectra of MB dye solution for different 
durations of UV- Visible irradiation for different concentrations are plotted between wavelength and 
absorbance as shown in Fig. 6 (a –f). According to Beer-Lambert’s law, the concentration of MB dye is 
linearly proportional to the intensity of the absorption peak at 663nm and thus the decoloration of MB dye 
can be calculated using the following expression: 
                                                     Degradation Rate (%) = (1-At /A0)100             ------ (ii) 
  In equation (ii), At and A0 are absorption of dye at‘t’ time and at initial time respectively. Fig. 7 
shows the degradation profile of MB dye solution for different durations of UV-Visible irradiation. For 
photo-catalytic activity, the stock solution with core-shell NSs was stirred for one hour in the dark, so as to 
adsorb dye on its surface. After one hour , at 0min the dye concentration in a case of pure CdS/ZnS, 0.1%, 
1%, 2%, 5% and 10% Mn doped CdS/ZnS core-shell NSs is 90.5%, 74.6%, 85.9%, 76.1%, 78% and 53.9%, 
respectively.  It is clear from Fig.7 the adsorption of dye in dark is more in a case of 10% Mn doped CdS/ZnS 
core-shell NSs whereas the adsorption of dye in dark is less in a case of pure CdS/ZnS core-shell NSs. The 
reason is that with doping the size of core-shell NSs is increased and hence the surface area increased. So 
10% Mn doped CdS/ZnS core-shell NSs have adsorbed more dye on its surface as compared to pure 
CdS/ZnS core-shell NSs. It is also clearly seen from Fig. 7, the photo-catalytic degradation of MB dye in UV 
irradiation for pure CdS/ZnS core-shell NSs is maximum as compared to different concentrations of Mn 
doping in CdS/ZnS core-shell NSs. The MB dye is degraded to maximum (42.6%) extent in a case of pure 
CdS/ZnS core-shell NSs whereas it is degraded to minimum (45.3%) in a case of 10% Mn doped CdS/ZnS 
core-shell NSs at 80mins of UV irradiation. The enhanced photo-catalytic activity of pure CdS/ZnS core-shell 
NSs can be explained by the photo-generated electron (e-) and hole (h+) pairs.   When the UV photon 
interacts with CdS/ZnS core-shell NSs dispersed in MB dye contaminated aqueous solution, the photo-
excited carriers (e- and h+) are generated. There are two major possibilities either photo-excited e- and h+ 
can recombine through radiative emission process or these can be trapped in defect states followed by 
recombination or else transferred to the core-shell NSs surface, where these may counter with species 
adsorbed on or close to the surface of the particles [17]. In a case of pure CdS/ZnS core-shell NSs, based on 
their energy band levels all the photo-generated electrons and holes are moved to the conduction band (CB) 
and valence band (VB) of CdS. In the oxygen equilibrated media, the photo-excited electrons are scavenged 
by molecular oxygen O2 to hydrogen peroxide H2O2 and the superoxide radical anion O2

-, these 
intermediates radicals interact to generate hydroxyl radicals •OH and these radicals degrade the dye 
molecule [9]. However the hole formed in the VB of CdS cannot produce oxidize hydroxyl radicals and H2O 
molecule. But furthermore, it can oxidize organic dye molecules into reactive intermediates and final 
products. In addition, in the CdS/ZnS core-shell NSs, both the energy levels are displaced symmetrically into 

https://www.sciencedirect.com/science/article/pii/S0022369716302438#bib34
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the core material (CdS) because of the shell material (ZnS) has a larger band gap. Furthermore, the outer 
electron and hole are relaxes in to the core material when the shell nanoparticles are excited. The following 
reasons are responsible for enhanced photocatalytic activities of CdS/ZnS core-shell NSs (i) the shell 
material effectively passivate the surface electron states of the CdS core level. (ii) The surface charge 
modification, inhibition of CdS photo-corrosion and surface electronic state passivation of CdS core 
material [23]. But in a case of 10% Mn doped CdS/ZnS core-shell NSs, Mn2+ ions are trapped into the deep 
energy levels of CdS/ZnS core-shell NSs. The photo-generated e- and h+ are recombined due to trapping at 
deep Mn2+ defect states caused in Mn2+ doped CdS/ZnS core-shell NSs. So there are lesser number of charge 
carriers present at the surface of Mn2+ doped CdS/ZnS core-shell NSs to participate in photo-catalytic 
degradation of MB dye. Hence with Mn doping in CdS/ZnS core-shell NSs, the photo-catalytic activity of 
CdS/ZnS core-shell NSs is decreased.  
 

                
 

              
              

                  
Fig.6 Photo-catalytic degradation of MB dye by (a) Pure CdS/ZnS core-shell NSs (b) 10% Mn doped 
CdS/ZnS core-shell NSs (c) 5% Mn doped CdS/ZnS core-shell NSs (d) 2% Mn doped CdS/ZnS core-
shell NSs (e) 1% Mn doped CdS/ZnS core-shell NSs (f) 0.1% Mn doped CdS/ZnS core-shell NSs 

https://www.sciencedirect.com/science/article/pii/S0022369716302438#bib35
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Fig.7 Degradation Profile of MB dye with UV irradiation time in the presence of intrinsic and 

extrinsic CdS/ZnS core-shell NSs 
 

Conclusions 
  Pure and Mn doped CdS/ZnS core-shell NSs are successfully synthesized by sonochemical method. 
XRD results  confirms the formation of CdS/ZnS core-shell NSs with the hexagonal phase of ZnS and cubic 
phase of CdS having average crystalline size values ~ 2.67 nm and 4.11 nm  for pure and Mn doped CdS/ZnS 
core-shell NSs, respectively. FESEM and TEM results show the formation of spherical and quasi-spherical 
agglomerated core-shell NSs having average particle size values ~ 20.5 nm and ~ 23.9 nm for pure and 10% 
Mn doped CdS/ZnS core-shell NSs, respectively. FTIR spectra confirm the formation of pure and 10% Mn 
doped CdS/ZnS core-shell NSs by bending and stretching modes of CdS and ZnS NSs. The UV-Visible 
absorption spectra show that the synthesized core-shell NSs can be photo-excited in the UV-Visible range of 
electromagnetic spectra for photo-catalytic applications. The photo-catalytic activity potential of the 
synthesized core-shell NS under UV irradiation tested using MB dye as a test contaminant in aqueous media 
reveal that the synthesized NSs are efficient photocatalysts. Due to higher surface to volume ratio and 
interface actions, pure CdS/ZnS core-shell NSs exhibited higher photo-catalytic activity as compared to Mn 
doped CdS/ZnS core-shell NSs.  Due to low surface to volume ratio, dopant concentration deteriorates 
photo-catalytic activity of CdS/ZnS core-shell NSs via the recombination of trapped carriers. These 
synthesized core-shell NSs with augmented photo-catalytic activity can be efficiently used for purification of 
the polluted water.  
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