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Abstract
Cadmium sulphide quantum dots (CdS-QDs) were obtained by a precipitation method. Stud-
ies on the structural, optical and photocatalytic properties of undoped and metals (M = Fe, 
Ag, Zn) doped CdS were investigated. The structural properties of the metals composite CdS 
were analyzed using X-ray diffraction (XRD) and Infrared (IR) techniques. Optical properties 
of the composite materials were characterized by absorption and photoluminescence tech-
niques. XRD pattern reveals the undoped and metals doped QDs have highly crystalline in 
nature with cubic phases. High transmission electron microscopy (TEM) shows the spher-
ical shape of particles with approximately 3-4 nm in sizes. The crystallite sizes of CdS are 
increased with doping of metals but slightly different the sizes of XRD and TEM images. The 
band gap values of CdS, Fe:CdS, Ag:CdS, and Zn:CdS calculated by Tauc plot are predicted as 
3.64, 3.50 eV, 3.43 and 3.35 eV respectively. Upon doping metals, shift in band gap of QDs 
toward the longer wavelength with the increases of crystallite sizes is observed and depends 
on type of metals. The emission peak of QDs is appeared at 521 nm along with a shoulder at 
430 nm which confirms of cadmium vacancies in the lattice. The emission intensity of QDs is 
decreased when metals are included. The emission peaks of metals doped QDs are gradually 
decreased over the increasing irradiation time and influenced by the nature of metal. The 
photo-catalytic activity and efficiency degradation are dependent of metals which may due to 
different crystal quality in Ag, Fe and Zn into CdS QDs composite. Present results suggest that 
Zn:CdS composite enhanced with superior photo-degradation efficiency and photo-catalytic 
activity under the sunlight.

Keywords
Metals composites CdS QDs, XRD, Structural, PL, Photo-catalytic, TEM

band gap (2.42 eV) and proposed as a potential ma-
terial for numerous applications in solar cell devic-
es [1], thin film transistors, optoelectronic devices, 
[2] waveguide [3], electronic devices, photovoltaic 
cells and optical detectors [4-6], photoconductor 

Introduction
One-dimensional cadmium sulfide nanostruc-

tures are one of the important material of II-VI 
semi- conductor compounds because it has wide 
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[7], logic gate [8]. Development of new materials 
by exploring CdS nanostructures with combina-
tion of different metals has constituted a promis-
ing candidate in this field. Some studies have been 
attempted on nano-scale semiconductors compos-
ites with metals to comprise the surface modified 
metals and to construct new tailored materials for 
electronic and photonic properties [9-11]. On other 
hand, the photocatalysis with semiconductor ma-
terials are attracted due to its great potential ap-
plication for environmental remediation, especially 
in the decontamination of air and wastewater [12]. 
Because the photocatalysis is considered as one of 
new strategies to ease the difficulties by produc-
ing renewable fuels (such as hydrogen, methanol 
and methane) and degrading and mineralizing toxic 
pollutants [13,14]. In fact, CdS have been attracted 
among the semiconductors, as a potential material 
because of its cubic or hexagonal crystalline struc-
tures [15]. Extensive studies on pure CdS as a visi-
ble-light-driven photocatalyst for the degradation 
of organic pollutants and H2 production were ex-
tensively reported [16,17]. However, optical, emis-
sion and non-linear optical properties [18-22] of 
metal doped semiconductor nanocomposites were 
reflected as an important parameter for photocat-
alytic effect [10], charge dynamics [23]. In addition, 
with the intention of increase in the photocatalyt-
ic efficiency of the CdS, work have been report-
ed on the addition of co-catalysts, doping agents 
and the formation of composites [24,25]. Among 
the metals, Mn2+, Fe2+ and Co2+ have been doped 
in semiconductors nanoparticles and found to be 
influenced significantly on their electrical, optical 
and magnetic properties [26,27] due to the behav-
ior of transition metal ions. Moreover, photocon-
ductivity of metal content semiconductor such as 
Fe composite CdS have been investigated and led 
steadily to decline [28], because of Fe was acted 
as a killer centers in photoconductivity. Incorpora-
tion of Fe in CdS revealed considerable influence in 
the band gap, photoluminescence (PL) properties 
and peak energy upon increasing the Fe content in 
the films [29,30]. Further, few works on the optical 
properties of CdS in presence of Ag were conduct-
ed and found decrease in their surface interaction 
between the two components, structural, emission 
- and inter-particles separation upon increasing the 
quantity of silver in the composite [31,32]. On oth-
er hand, Zn was used as an alternative metal to de-
velop a new composite material with CdS because 

of having small ionic radius which allows pene-
trating into CdS crystal lattice [33]. The Zn compos-
ite CdS material can improve in electrical and op-
tical properties which is interested for a wider CdS 
based window material. Moreover, a proper fabri-
cation of Zn into the lattice of CdS may possible to 
tune its energy gap and lattice parameters, which 
is an important for solar cells, diodes, sensors and 
microelectronics applications. In this context, in-
vestigation on physical properties of Zn doped CdS 
films with the optical band gap upon varying Zn 
content have been recently reported by [34,35]. 
Therefore, photocatalytic properties of metal 
composites semiconductor quantum dots such as 
CdS is highly interested since inclusion of the met-
als/metal ions to semiconductors can modify the 
photophysical behavior and photochemical reac-
tivity [36,37]. Moreover, metals can influence the 
surface properties by creating a schottky barrier 
between the metal and semiconductor's surface 
because of electron trap. Similarly, incorporation 
transition of metal ions in semiconductor can im-
prove the charge separation; the trapping of elec-
tron with inhibits electron-holes recombination 
and induces interfacial charge transfer [38,39]. 
In fact, the advantage of metal doped semicon-
ductor has a larger potential difference between 
the conduction band of the semiconductor and 
the Fermi level of the metal which facilitates the 
electron transfer between the semiconductor and 
the metal [40]. Hence, a suitable material that can 
transform the properties of a photocatalyst may 
possibly be produced by the metal nanocompos-
ites semiconductors. Although many works on the 
different properties of metals doped semiconduc-
tors have been reported, to best of our knowl-
edge, comprehensive coverage studies on the 
optical and photo-catalytic properties of metals 
incorporated into CdS are still limited. Therefore, 
our present studies aimed on the accommodation 
of different metals (Fe, Ag, Zn) with CdS nanopar-
ticles and to characterize their structural, optical, 
PL along with photocatalytic properties under dif-
ferent conditions. The comparison studies among 
Fe, Ag and Zn doped CdS on different parameters 
were systematically done.

Materials synthesis
All chemical reagents used in the preparation 

of materials were highly pure with analytical grade 
and used as received. The reagents used in exper-
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Zn-doped Cds QDs
The Cd (CH3COO)2 (cadmium acetate), Zn (CH-

3COO)2 (Zinc acetate) and NH2CSNH2 (Thiourea) were 
involved to synthesize the Zn-content CdS QDs. The 
above three reagents were initially dissolved in 80 
mL of distilled water. Then, the three solutions of 
cadmium, zinc acetate and thiourea were mixed in 
a beaker with stirring continuously for about 10-
15 min at room temperature. Then stirred solution 
was transferred into a stainless steel autoclave of a 
100 mL Teflon-lined capacity and preserved at 180 
°C for few hours. After cooling down to room tem-
perature slowly, yellowish particles were formed 
and isolated through centrifugation. After washing 
the yellowish products with distilled water as well 
as alcohol and then kept at 80 °C to dry for about 
10 h.

Experimental Details
The phase purity with crystal structure of un-

doped and metals-doped QDs were evaluated 
by XRD (PanAnalytic X’Pert Pro) using Cu-Kα ra-
diation (λ = 0.15405 nm, at 45 kV and 40 mA). 
The XRD data were collected in the 2θ range of 
15 to 75° at a scan rate 0.02/s. TEM images and 
energy-dispersive X-ray (EDX) were taken in a 
JEOL 2100 F transmission electron microscope. 
For TEM measurement, a small amount of the 
CdS and metals doped CdS QDs solution was pre-
pared in methanol, and then a drop on a carbon 
film with 300 mesh Cu grid. The absorption spec-
tra of the samples were collected in the 200-900 
nm spectral range at 0.5 nm resolution using a 
NIR-UV-Visible spectrophotometer, V679 Jasco. 
The photoluminescence spectra were recorded 
with Lumina fluorescence spectrometer, Ther-
mo. The infrared spectra of the samples were 
measured in a FT-IR spectrometer, Parkin Elmer.

The photocatalytical activity of undoped and 
metals doped CdS nanocomposite with MB dye 
was investigated using some quartz cuvettes un-
der the exposure of sunlight. About 2.5 mL MB 
dye solution was taken and mixed with desired 
amount of catalysts. Before exposure under sun-
light, the mixture solution was ultra-sonicated 
to homogeneously distribution in a dark place 
for 30 min to establish an adsorption-desorp-
tion equilibrium. The concentration of MB in the 
solutions was established by referring to an ab-
sorption-concentration standard curve that was 

imental have been procured from Sigma, Aldrich 
and Merck Company such as Cadmium nitrate tet-
rahydrate-99.99% (Merck), Ferric nitrate ≥ 99.99%, 
Silver nitrate (AgNO3) 99.9% (Sigma-Aldrich) and 
Zinc acetate-99.99 (Sigma). The obtained materi-
als from preparation were produced using simple 
chemical precipitation method. The synthesize pro-
cess to obtain different metal doped quantum dots 
have been adopted as below.

Fe-doped Cds QDs
To obtain iron (Fe) content CdS quantum dots, 

cadmium nitrate (Cd (NO3)2.4H2O) and ferric ni-
trate (Fe (NO3)3. 9H2O) solution were used in the 
process. A known quantity of cadmium and ferric 
nitrate solution was taken and mixed with stirring 
for 1 hr at room temperature. For the Fe-doped 
CdS nanocrystals, 0.98 M cadmium chloride, 1 M 
sodium sulphide, 0.02 M ferrous sulphate and 50 
m MME solution were used. The 0.98 M cadmium 
chloride solution, 50 m MME solution and 0.02 M 
ferrous sulphate solution were mixed. Then, 1 M 
sodium sulfide (Na2S) solution was added into the 
above solution and continued stirring for 2 h. Yel-
lowish orange particles were formed after the in-
clusion of the Na2S solution. The precipitate prod-
ucts were refined by using double distilled water 
and then separated the particles with centrifuge at 
6000 rpm for about 15 min. Subsequently, the re-
sulting particles were washed by MilliQ water and 
methanol through multiple cycles in centrifuging 
and then dried in air to produce the powders.

Ag-doped CdS QDs
In the process, Ag cationic solution was taken 

as a source of Ag. The cationic solution was used 
with the 0.1 M of cadmium nitrate tetrahydrate 
(Cd (NO3)2) (Merck; 99.99%) and silver nitrate 
(AgNO3) (Sigma-Aldrich; 99.9%). The mixture of 
0.1 mM cadmium nitrate and 0.6 mM thioglycolic 
acid was prepared with 100 mL of doubly de-ion-
ised water and stirred for 30 min. An appropriate 
volume of AgNO3 solution at 1 mM concentration 
was added into the above solution under stirring. 
This final mixture was put into stainless steel au-
toclave of a Teflon-lined of 100 mL capacity and 
preserved at 120-180 °C for hours. Then, the 
solution was cooled down at room temperature 
to attain materials. The materials were separat-
ed using centrifuge and washed as a minimum 3 
times with distilled water, alcohol and then dried 
in air at 80-100 °C for about 10-12 hr.
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structural properties were evaluated using X-ray 
diffraction (XRD). The typical XRD patterns of un-
doped and metals (M = Zn, Ag and Fe) doped CdS 
quantum dots are shown in Figure 1. The patterns 
indicate that all composite samples exist the cubic 
phase of CdS structures, comprising to (111), (220), 
and (311) lattice planes as compared to the data 
from JCPDS file no. 42-1411. No additional peaks 
related to (Zn and Fe) metal ion is observed which 
indicates that the addition of Zn and Fe do not 
make change the crystal structure. The pattern of 
Ag composite CdS QDs exhibits at 38.6 nm which is 
indexed to the (111) planes of fcc structure (JCPDS 
file no. 65-2871). Moreover, the peak positions 
shift to lower angle, which suggests that the metals 
M (Fe, Zn, and Ag) are well co-existed with the CdS 
lattice. In addition, the average crystallite size was 

determined by measuring the optical absorption 
of methylene blue at 663 nm. The degradation 
was monitored by measuring the absorbance of 
the solutions.

 The degradation efficiencies of the MB dye are 
estimated by the following equation;

( ) %      100-  o

o

CCDegradation
C

= ×

Where Co represents the concentration of the 
dye before illumination, C denotes the concentra-
tion of dye after a certain irradiation time, respec-
tively.

Results and Discussion
Structural analysis

The crystallite sizes, content of impurity and 

Figure 1: Powder X-ray diffraction patterns of undoped and metals doped CdS quantum dots.

Table 1: The average crystallite size for undoped and metals doped CdS.

Composition Crystallite size by TEM 
(nm)

Crystallite size by XRD 
(nm)

Band gap (eV) Degradation rate 
(min-1 )

CdS 3 ± 1.7 3.2 ± 1.8 3.64 0.0426
CdS + Ag 3.2 ± 1.4 3.5 ± 1.2 3.43 0.0212
CdS + Fe 3.6 ± 1.3 4.1 ± 1.1 3.50 0.0201
CdS + Zn 3.9 ± 1.6 4.4 ± 1.3 3.35 0.0034



• Page 5 of 17 •Naziruddin Khan et al. Int J Metall Met Phys 2020, 5:046 ISSN: 2631-5076 |

Citation: Naziruddin Khan M, Almohammedi A, Majeed Khan MA, Shar MA (2020) Metals Doped CdS Quantum Dots: Structural, Optical 
and Photocatalytic Properties under Visible Light Irradiation. Int J Metall Met Phys 5:046

estimated by taking full width at half maximum of 
the intense diffraction peak using the Debye Scher-
rer equation [41].

D = kλ /β cosθ

Where k is a shape factor of the particle, λ and 
θ are the wavelength and the incident angle of 
the X-rays, respectively. The average crystallite 
size for undoped and metals doped CdS are listed 
in Table 1. The average crystallite sizes of CdS, Zn, 
Fe, and Ag doped CdS QDs are obtained approxi-
mately as 3.2, 4.4, 4.1 and 3.5 nm respectively. It 
is observed that the crystallite size increases as 
the metals added in CdS and dependent on the 
type of metals. The intensities of diffraction spec-
tra of metals-doped CdS significantly incline as 
compared to that of pure CdS, suggesting the in-
crease of crystallinity of the composite as shown 
in Figure 1. It can be seen that the crystallite size 
value of Ag doped CdS is considerably larger than 
the size value of Fe and Zn doped CdS. The varia-
tion of crystallite size with different metals dop-
ing into CdS may attribute to difference in lat-

tice parameter values and ionic radius of Ag, Fe 
and Zn. Incorporation of different metal ions into 
the CdS lattice can cause the lattice volume of 
Cd ions since the ionic radius of Cd 2+ is different 
from the ionic radius of Ag, Fe and Zn [42].

Morphological analysis
The crystal and morphological structures of 

Fe, Ag and Zn -doped CdS QDs was characterized 
by TEM images. Analysis of CdS QDs indicates 
that majority of particles are spherical with the 
average sizes of around 3 nm as displayed in 
Figure 2a. When the Fe nanoparticles combined 
with CdS QDs, some spherical particles of dark 
contrast are existed with around 3.6 nm which 
ascribe to Fe nanoparticles as seen in Figure 
2b. As clearly seen that CdS nanoparticles have 
crystalline in nature and uniformly distributed 
closely together with Fe particles of about more 
or less 3.6 nm in diameter. But micrographs of 
Ag doped QDs shows spherical particles with de-
fects and have an average diameter of about 3.2 
nm as shown in Figure 2c. On the other hand, Zn 

Figure 2: TEM images of: a) Undoped; b) Fe; c) Ag and d) Zn doped CdS quantum dots.
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ure 3a. The inter-planar spacing of Fe-doped CdS 
QDs is found to be 0.261 nm on Fe planes as seen 
in Figure 3b and Figure 3c illustrates a high res-
olution image of Ag nanoparticle with inter pla-
nar fringe of 0.245 nm relating to the d spacing 
of the fcc Ag (111) crystal plane. In addition, the 
inter-planar fringe of Zn nanoparticle is obtained 
about 0.20 nm, which closes to the d spacing of 
the (001) plane as shown in Figure 3d. The ele-
mental mapping and the presence of elements 
in composition were measured by energy-disper-
sive X-ray spectrometry (EDAX) with the TEM. 
The EDAX spectra confirmed the presence of Cd 
and S peaks of pure cadmium sulfide and exis-
tence with Ag, Fe, and Zn in metal doped nano-
composites as shown in Figure 4a, Figure 4b, Fig-
ure 4c and Figure 4d. The peaks of C and Cu are 

content CdS QDs shows roughly spherical parti-
cles and mono distribution with an average di-
ameter of around 3.9 nm appearing to be high 
crystalline quality as shown in Figure 2d. It is ev-
ident that the particle sizes observed by TEM are 
approximately close with the values of crystallite 
sizes of XRD results. The variation of particles 
size of metals doped CdS are observed to be de-
pendent on type of metals and followed as same 
the trend of XRD. The high resolution images of 
pure and metals-doped CdS QDs are presented in 
Figure 3a, Figure 3b, Figure 3c and Figure 3d. As 
seen in the micrograph images, the inter planar 
spacing (d) between the two consecutive planes 
in the lattice fringes is estimated to be around 
0.334 nm, which is consistent with the known 
values for the (111) plane of CdS as seen in Fig-

Figure 3: HRTEM image of: a) Undoped; b) Fe; c) Ag and d) Zn doped CdS quantum dots.
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Figure 4: EDAX spectra of: a) Undoped; b) Ag; c) Fe and d) Zn doped CdS quantum dots.

Figure 5: FTIR spectrum of: a) Undoped; b) Zn; c) Fe and d) Ag doped CdS quantum dots.
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all, the relative intensity of all metals doped CdS 
increases as compared to the intensity of pure 
CdS QDs which is suggesting the improvement of 
crystallinity in CdS due to involvement of metals. 
As clearly seen in Figure 4, increasing in relative 
intensity of metal doped CdS is corresponding 
with the nature of metals.

Absorption analysis
The behavior of optical band gaps (Eg) for 

the metals doped CdS QDs was conducted using 
their fundamental absorption spectra. The typi-
cal comparison absorption spectra between the 
undoped and metals doped QDs is displayed in 
Figure 6a. The absorption peak of CdS QDs at 267 
nm is observed which is attributed as due to the 
exciton peak of CdS [45]. Absorption peak at 267 
nm shows broadening in the case of metals doped 
CdS as compared to pure CdS, which may possi-
ble that the exciton peak energies in the doped 
sample are distributed over wide energies. The 
absorption peaks of undoped and metals (Zn, Fe 
and Ag) doped CdS QDs are observed with their 
band edged in the range of (260-300) nm which 

from carbon-coated copper grid which used in 
the measurement as seen in Figure 4.

Further, molecular structure of the undoped 
and metals doped CdS QDs were investigated in 
the mid IR region. The IR spectra suggest that in-
teraction between pure CdS and metals are con-
firmed and formed the nanocomposites. Figure 
5 shows the FTIR spectra of CdS and metals (Fe, 
Ag, Zn,) doped CdS nanoparticles over the range 
of 500-4000 cm-1. The IR spectra of composite 
samples were recorded using ATR method. For 
metals-doped CdS samples, the absorption peaks 
observe around at 569 and 615 cm-1 are in ac-
cordance with O-H bending vibration of CdS [43]. 
No significant changes at these two feature due 
to metals. The vibrational features appeared 
around 1390 cm-1 and 2065 cm-1 are related to 
the C-N and C-N stretching vibrations on the sur-
face of the CdS nanoparticles. The peak observed 
at 2848 and 2918 cm-1 is possibly in accordance 
with the anti-symmetric and symmetric vibra-
tions of the -CH2 groups [44]. The broad feature 
centered at 3422 cm-1 is in accordance with O-H 
stretching vibration of water molecules. Over 

Figure 6a: Absorption spectrum of undoped and metals doped CdS QDs.
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lation, the values of optical band gap have been 
determined as described in [49].

( ) ( )   -  m
ghv B hv Eα =

Where α is the absorption coefficient can be 
obtained from the relation (α = A/D; A is the ab-
sorption and D is the thickness of the cuvette), Eg 
is the band gap, B is a constant which does not 
depend on photon energy. The value of m is con-
sidered either 2 for direct transition or 1/2 for an 
indirect transition. The band gaps of undoped and 
metals (Fe, Ag and Zn) doped nanoparticles can be 
obtained by plotting a graph between (αhν)2 and 
hν, then extrapolating the straight line to the X-ax-
is as shown in Figure 6b. The estimated values of 
direct band gap for Fe, Ag, and Zn-doped CdS QDs 
are found to be about 3.50 eV, 3.43 eV and 3.35 eV 
respectively, which is lower than that of CdS QDs 
(3.64 eV). In fact, such reduce of the optical band 
gap of metal composite QDs may assume to origi-
nate from the optically active sub-levels formed by 
doping [50-52], increase in size of crystallites and 
modification of the lattice symmetry that lead to 
defect centers within the lattices. Such parameters 

significantly shifted as compared to that of CdS 
bulk material. The absorbance of the metals 
doped CdS are increased from the absorbance of 
pure CdS. The absorption peak positions of dop-
ing metals, namely silver (Ag), iron (Fe) and Zn 
are observed at 270, 272 and 273 nm which are 
all very slightly red-shifted as compared with the 
absorption of CdS at 267 nm. These pattern were 
observed with metals co-doped CdS quantum 
dots [46-48]. Also a slightly red-shift has been 
observed in the absorption edge on doping the 
nanoparticles with Ag. And significant broaden-
ing or shift in the absorption band indicates that 
the interaction of the metal atoms with the CdS 
is strong. The band gap of QDs and metals doped 
has been determined from Tauc equation. The 
estimated values of band gap of the undoped 
and metals doped QD is shown in Figure 6b. The 
gap values of the Ag, Fe and Zn doped are less 
than that of the QDs value of 3.64 eV. Shifting of 
band gaps when metals are included in CdS QDs 
may possibly be due to the increment in the car-
rier concentration along with the formation of 
defect levels in the band gap. Using the Tauc re-

Figure 6b: (αhv)2 vs. ev curves of undoped and metals-doped CdS QDs.
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Figure 7: Photoluminescence spectra of: a) Undoped and metals doped CdS QDs and Time dependent PL 
spectra of: b) Undoped; c) Ag; d) Fe and e) Zn doped CdS under visible light.



• Page 11 of 17 •Naziruddin Khan et al. Int J Metall Met Phys 2020, 5:046 ISSN: 2631-5076 |

Citation: Naziruddin Khan M, Almohammedi A, Majeed Khan MA, Shar MA (2020) Metals Doped CdS Quantum Dots: Structural, Optical 
and Photocatalytic Properties under Visible Light Irradiation. Int J Metall Met Phys 5:046

at 695 nm is originated from dye and that relates 
to the fluorescence of molecule from the excited 
singlet state to its ground state [57,58]. More-
over, the time-dependent PL spectra of pure CdS, 
CdS:Ag, Fe:CdS and Zn:CdS show that the intensi-
ties are decreased gradually with increasing irradia-
tion time, indicating an enhancement in nanoparti-
cles as shown in Figure 7b, Figure 7c, Figure 7d and 
Figure 7e. When the irradiation time increases, the 
emission peak of the composite CdS decreases and 
reach a state of remain unchanged, with the colors 
of metal doped solution. The reason may attributes 
to the absorption property that CdS QDs with the 
metals ions occupy the lattice with better crystal-
linity and symmetry. It is possible to reduce in the 
transition probability that causes to decrease in the 
emission intensity.

Photocatalytic performance
To evaluate the influence of different metals 

doped on the photocatalytic activities of CdS QDs, 
the absorption spectra of the undoped and metals 
doped samples by exposing the aqueous solution 
of MB dye under visible light at different interval 
of times was systematically recorded under same 
condition. The decolorization rate of the samples 
was noted in terms of change in absorbance. The 
catalytic efficiency or percentage of decoloriza-
tion as a function of time under visible light irra-
diation within the spectral range of 400-800 nm 
as shown in Figure 8. Figure 8a shows the typical 
absorption spectrum of CdS in MB dye solution. 
A strong absorbance of MB dye appears at 663.0 
nm which gradually decreases with increasing the 
UV exposure time and nearly disappeared after 
125 min i.e. there is no absorption peak of MB 
dye observed after 125 nm exposure time which 
may due to the completely photobleaching of 
methylene blue dye. The decrease in the absor-
bance indicates the photo-degradation of MB dye 
was occurred with the photocatalysts. The degra-
dation efficiency of MB with CdS QDs is 62.81% 
at 150 min of irradiation time under visible light. 
But, the calculated efficiency values of Ag-CdS, 
Fe-CdS and Zn-CdS nanocomposites are found to 
be 70.73%, 77.77% and 82.02% respectively. It is 
evident from Figure 8a that the degradation effi-
ciency of MB with CdS QDs is obtained as 62.81% 
at 150 min of irradiation time under visible light. 
The decrease in absorption peak of MB is still ob-
served at 150 min irradiation, when Ag is involved 

can make strong influential in the band structure 
with great change in properties of CdS QDs.

Photoluminescence analysis
The effect on energies and dynamics of pho-

to-generated charge carriers as well as nature of 
the emitting states were studied using photolu-
minescence (PL) property of undoped and metal 
doped CdS. Figure 7a shows the PL spectra of un-
doped and metals-doped CdS QDs with the peak 
centred at 550 nm with a shoulder 430 nm. In 
fact, at lower absorption wavelength as an ex-
citation wavelength 270 nm was taken, a broad 
emission centered at 550 nm from present sam-
ples. It has been reported that feature of broad 
emission is enhanced by the recombination of 
shallow region trapped electron-hole pairs and/
or excitons [53]. Indeed, CdS QDs fundamentally 
consist a broad emission band at 521 nm along 
with a shoulder at 430 nm. The broad and shoul-
der emission are assumed to be from carrier 
recombination on surface states and excitonic 
emission of CdS nanocrystals [54] respectively. 
When the metals included in CdS, no significant 
changed at the position of excitonic emission is 
observed, but the broad emission slightly shifts 
toward shorter wavelengths as compared to that 
of pure CdS. In addition, the width of the emis-
sion bands also becomes more broaden than that 
of pure CdS. The effect on emission band of met-
als doped CdS may attribute to the metals con-
tent. The emergence of larger in width indicates 
the overlap of metals-related luminescence with 
the surface state of undoped CdS. Interestingly, 
upon doping of metals in CdS, the emission in-
tensity significantly increases and dependent on 
the type of metal. For instance, emission inten-
sity of Zn doped CdS is remarkable as compared 
to that of Ag and Fe doped CdS nanocomposite. 
Thus, significant increasing of emission intensi-
ty of Zn content CdS could be as due to ZnS as 
previously reported [45]. Moreover, enhanced in 
emission intensity of silver content CdS may pos-
sible to an increased local field by silver surface 
plasmons as assumed in [55]. Fe doping shows 
no variation in peak position, it may possible that 
PL bands are not associated with Fe ions but with 
the shallow impurities and native defects in CdS 
nanoparticles [56].

Two emission bands of CdS QDs are observed 
when it is combined with dye. The emission peak 
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by previous work [51] that the degradation rate 
of MB with Fe content CdS was caused by the de-
fect sites of metals that can enhance absorption. 
Doping of Ag and Zn in CdS crystal lattice could in-
crease and improve to photo catalytic activity and 
stability [52,58]. The rate of enhancement activity 
of Ag, Fe and Zn with CdS may influence to degra-
dation rate due to different of transfer of photo-
generated electrons from the conduction band of 
CdS to metals on the surface. Interestingly, there 
is no photo-degradation and changed in peak and 
intensity of MB dye as a function of different time 
under UV irradiation as displayed in Figure 8f. The 
enhancement of photocatalytic activity can be at-
tributed to the broaden in absorption band due to 
the inclusion of metals Figure 3d as well as the well 
recombination of photo-generated electron-hole 
pairs due to the charge transfer between metals 
(Ag, Fe & Zn) and CdS QDs. In addition, it is also 
possible to transfer the electrons from the con-
duction band to the metal nanoparticles during 
photo induced which brings about electron sink 
that lead to impede electron-hole pairs recombi-
nation. This recombination of electron-hole pairs 

in the solution, which means that the degradation 
rate enhances when the metals ions included in 
CdS QDs as shown in Figure 8b. Similar properties 
of Fe doped CdS NP was observed as higher cat-
alytic degradation as compared to undoped CdS 
[47]. On other hand, rate of degradation is slight-
ly faster in case of Fe doped CdS since the peak 
is disappeared at 150 min as shown in Figure 8c. 
Similarly, rate of degradation of MB with Zn CdS 
is more when irradiation time as reach at 150 min 
as seen in Figure 8d. It is evident from Figure 8b, 
Figure 8c and Figure 8d (see Figure S1) that rate of 
degradation of MB under irradiation of visible light 
depends on the nature of metals. The comparison 
on the rate of degradation for all metals doped 
MB is displayed in Figure 8f. As clearly seen in Fig-
ure 8f, the rate of degradation of MB with Zn-CdS 
is more superior on photocatalytic property than 
the both Ag and Fe doped CdS. Moreover, the cal-
culated efficiency values of Ag-CdS, Fe-CdS and 
Zn-CdS nanocomposites were found to be 70.73%, 
77.77% and 82.02% respectively. The degradation 
efficiency of Zn-CdS is much higher than Ag and Fe 
doped composite. Present results are supported 

Figure 8: Plots of C/Co versus irradiation times (See Figure S1).
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Subsequently, photocatalytic performance of Fe, 
Ag and Zn doped CdS is observed different but Zn 
doped CdS QDs exhibits superior as compared to 
Ag and Fe doped CdS. Though the present results 
of metals elements, like Zn, Ag, and Fe composite 
CdS reveal a good enhancement in their optical 
properties as compared to pure CdS, the pho-
tocatalytic performance is observed to be de-
pend on the nature of metal. For instance, per-
formance of photocatalytic activity and stability 
of Zn doped CdS shows superior in comparison 
with the performance of Ag and Fe doped CdS. 
Therefore, it may conclude that a proper study 
on different metals including Zn metal doped CdS 
will be useful to demonstrate and exhibit high 
tunable optical and photocatalytic properties for 
applications in technology.
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Figure S1: Time-dependent absorption spectra of the methylene blue (MB) aqueous solution: a) Undoped and 
in presence of: b) Ag doped CdS; c) Fe doped CdS; d) Zn doped CdS QDs aqueous solution; e) Methylene blue 
MB) as a function of irradiation time; f) Plots of In(C0/Ct ) versus irradiation times.
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