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Abstract
The present work reported the samarium (Sm) doped CdS nanostructures synthesized via using co-precipitation method 
from cadmium and sulphide particle arrangements with no ligands at different temperature arrangement and amalgamation 
time. Structural, compositional, valance state and optical properties of the prepared samples were investigated using X-ray 
powder diffraction (XRD), transmission electron microscope (TEM/EDS mapping), X-ray photoelectron, Fourier transform 
infrared red, UV–Vis absorption and photoluminescence spectroscopes. XRD and TEM results suggest that Sm doped CdS 
samples were cubic structure with spherical shaped morphology with average diameter of around 14–28 nm. The prepared 
Sm doped CdS nanoparticles showed the superior photocatalytic activity for the degradation of RhB under visible light 
(λ > 420 nm) irradiation, and 15 mol% Sm-doped CdS was found to be highly efficient for organic pollutants RhB and MB 
removal. Moreover, this catalyst showed improved stability, and the activity did not decrease significantly after seven recy-
cles. This could be attributed to creation of electron–hole pairs and inhibit their recombination process by Sm doping. The 
improved mechanism by Sm doping is also discussed in detail.

1 Introduction

In recent years, many researchers have paid much attention 
in environmental pollution and energy utilization by using 
semiconductor photocatalyst. Semiconductor photocata-
lysts have a potential to exploit solar energy to solve many 
related problems, such as organic pollutants degradation,  H2 
production from water splitting and waste water treatment 
[1–3]. An ideal photocatalyst require convenient synthesis 
of nanocrystal size and shape, thus allowing for improving 
their activity [4–7]. Because of the high light-harvesting 
efficiency, fast mobility of charge carriers, and superior 
catalytic activity [8, 9]. Among the different II–VI semi-
conductor group materials, cadmium sulfide (CdS) has got 
enormous concern in the observations and scientific com-
munity because of their wide band gap, high electron affinity 
and high photoconductivity. It has wide potential applica-
tions in electronics, optics, catalysis, and ceramics. These 

applications are strongly contingent on the size, shape and 
component. CdS also has good photocatalytic activity due to 
its suitable band gap and fine optical transmittance [10, 11]. 
In recent years, several authors have working and improving 
the photocatalytic performance of CdS by using structure 
design or surface modification through different nanostruc-
tures such as nonorods, nanowires, nanobelts, quantum dots 
and nanospheres. nanospheres. But it was not fulfilling the 
attainment for increasing both the photoactivity and stability.

Metal ions doping (such as Zn, Ni, Co and Sm, etc.) is 
one of the effective and alternative method to controlling 
the band gap and absorption properties, which influence the 
photocatalytic properties of CdS. Generally, samarium ions 
 (Sm3+) provide significant advantages to CdS, which modify 
the electronic structure and band gap of the CdS and improv-
ing the visible light absorption properties of CdS. Previously 
it was reported that samarium  (Sm3+) ion increased the vis-
ible light absorption ability of  TiO2 and ZnO nanostruc-
tures for excellent photocatalytic activity [12, 13]. Hence, 
we report the preparation of Sm doped CdS nanocrystals by 
the chemical co-precipitation method and study the struc-
tural, optical and photocatalytic properties. To the best of the 
author’s knowledge this is the first preliminary report about 
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structural, optical and photocatalytic properties of Sm doped 
CdS nanoparticles by simple wet chemical route.

2  Experimental procedure

2.1  Materials

Cadmium acetate dehydrate Cd(CH3COO)2·2H2O, sodium 
sulfide  (Na2S·2H2O), samarium nitrate hexahydrate 
(Sm(NO3)3·6H2O) for source materials for CdS and Sm 
respectively. The chemicals were purchased from Merk, 
India. All the chemicals used were of analytical grade and 
were used as received without any further purification.

2.2  Preparation of Sm doped CdS

High quality  Sm3+ doped CdS nanoparticles were prepared 
by chemical precipitation method. In a typical synthesis, 
aqueous solution of 1.305 g of 0.1 M cadmium acetate dehy-
drate Cd(CH3COO)2·2H2O and 0.1 M of Sm(NO3)3·6H2O 
was prepared separately. The concentration of Sm is var-
ied from 5 to 15 mol%. Aqueous 0.1 M  Na2S solution was 
also prepared. Drop wise addition of  Na2S solution was 
then added slowly into the mixture of samarium nitrate and 
cadmium acetate solution with constant stirring. To this 
mixture, 20 ml of ethanol was further added and allowed 
for 6 h stirring. The  NH4OH (as precipitate agent) solution 
was added drop wise until the pH value reaches to 11. Dur-
ing this process the drop rate must be controlled in order 
to maintain the chemical homogeneity. The entire solution 
turned into yellowish orange in color and further allowed 
to stirrer for 48 h which in optimized aging period of the 
growth process. The dark green final products were washed 
thoroughly with the organic solvents (acetone, ethanol) and 
dried at 60 °C in a hot air oven and preserved in moisture 
free container. The pure CdS nanoparticles were prepared 
in a similar manner without use of Sm source.

2.3  Characterization techniques

The structure and average grain size of the samples were 
analyzed by using X-ray patterns of the powders were 
recorded using a Bruker D8-ADVANCE diffractometer 
(Cu Kα radiation: λ = 1.5418 Å). TEM was recorded with 
JEM2100 model. High resolution electron microscope was 
recorded with accelerating voltage of 200 kV. The elemental 
analysis of the samples was analyzed by EDS spectra (JEOL 
Model JED-2300). UV–Vis absorption spectra were taken on 
a Perkin-Elmer Lambda 2 spectro-meter. Photoluminescence 
spectra of the samples were recorded using PerkinElmer LS 
55 spectrometer equipped with a He–Cd laser source, Exci-
tation length used was 325 nm. The functional groups were 

analyzed by suing Fourier transformed infrared spectra (FT-
IR), which is collected using a 5DX FTIR spectrometer. The 
composition and chemical state of the final products were 
analyzed by X-ray photoelectron spectroscopy (XPS) using 
an ESCALAB-MKII spectrometer (UK) with Al Kα radia-
tion (1486.6 eV) as the X-ray source for excitation.

2.4  Photocatalytic setup

A specially designed photocatalytic reactor system made 
of double walled reaction chamber of glass tubes was used 
for photodegradation experiments. A 300 W xenon lamp 
as the light source and the control of the reaction bottle of 
the plane window 20 cm from the xenon lamp, the reaction 
using 420 nm high pass filter to remove the ultraviolet light. 
The photocatalytic degradation reactions of MB and RhB 
were considered from the model pollutants. The 50 mg of 
the prepared photocatalyst was mixed with 50 ml of aque-
ous solution containing the appropriate dye (10 mg/l for MB 
and RhB). Prior to reactions, the dye solution with catalysts 
was stirred in the dark for 30 min to attain the adsorption, 
desorption equilibrium. The concentration of the aqueous 
suspensions (MB and RhB) in each sample was analyzed 
using UV–Vis spectrophotometer at a wavelength of λmax. 
The degradation efficiency of the dye solution was calcu-
lated using the formula

where  C0 and  Ct are initial and final concentration of the dye 
solutions. The time interval of irradiation time was 20 min.

3  Results and discussion

3.1  XRD analysis

The crystallography nature and average grain size of the 
nanoparticles were analyzed through powder XRD method. 
Figure 1a shows the powder XRD pattern of pure and Sm 
doped CdS nanoparticles with different Sm content. This 
PXRD pattern confirms the CdS in the form of face-centered 
cubic structure and its corresponding diffraction peaks of 
2θ = 26.57°, 44.67° and 54.61° can be assigned to the (111), 
(220) and (311) planes of CdS respectively. These results 
are matched well with the standard value (JCPDS Card No. 
80-0019). No other impurity phases were detected in the 
spectrum. The absence of peaks other than CdS confirms 
the purity of the sample. These results further indicate that 
the dopant  Sm3+ ions are incorporated into lattice of CdS 
nanocrystals. Moreover, the calculated lattice parameters 
and volume was increases with the increase of Sm content 
(Table 1). This could be attributed to similar ionic radius of 
 Sm3+ (0.967 Å) ions in  Cd2+ (0.957 Å). The peak positions 

Degradation efficiency (%) = 1 −
(

Ct∕C0

)

× 100
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in an XRD pattern are related to the lattice parameters. 
The shift in XRD peaks is surely a result of change in the 
lattice parameters. In our case after doping Sm the peak 
intensity was enhanced and shifted towards the lower angle 
side. This could be due to different ionic radius, electronic 
density and strain gradient of the Sm and Cd atoms. How-
ever, with the increasing of Sm content in the precursors, the 
peak intensity of these samples became stronger gradually, 
suggesting these samples tend to be well crystallized. Pras-
anth et al. [14] have reported Sm doped ZnS nanoparticles 
using chemical co-precipitation method. They also reported 
that 15% Sm doped ZnS showed high optical and lumines-
cence properties that other samples (5 and 10 wt%), which 
is confirmed through UV and PL results. Moreover, there is 
no impurity phases were detected in the XRD pattern even 
doped with higher percentage of Sm (15%). This may be due 
to similar smaller ionic radius of  Sm3+ (0.967 Å) ions than 
 Cd2+ (0.9823 Å). The same findings were observed in our 
case (Sm doped CdS). The grain size has been calculated 
using the Scherrer’s formula [15] and found to be 12, 14, 
20, 28 nm for pure and Sm (5, 10 and 15 mol%) doped CdS 
respectively. For clear understanding, we have plotted the 

graph between average grain size and Sm content (Fig. 1b). 
We have similar finding were observed at Sm and Nd doped 
CdS nanoparticles by synthesized through the chemical co-
precipitation method [16].

3.2  TEM with EDS analysis

The surface morphology and size of the nanoparticles were 
analyzed by using TEM images. Figure 2a–c shows the TEM 
images of pure and Sm (5 and 15 mol%) doped CdS respec-
tively. It was clear evident that both pure and Sm doped 
CdS consist of very fine particles to form clusters. It was 
also noted that spherical nanocrystals have formed with very 
slight aggregation with the increase of Sm content. Fig. 2d 
show the HRTEM image of 15 mol% doped Sm doped CdS 
sample, clearly displays lattice fringes, indicating good 
crystallinity with well connectivity in the nanocrystals. The 
calculated average particle sizes were around 15–25 nm. 
In addition that, HRTEM image exhibits three different 
lattice fringes, which correspond to the (111), (220), and 
(311) planes of cubic CdS, respectively. The cubic struc-
ture with above mentioned planes was also confirmed by 
XRD results. SAED pattern in the inset of Fig. 2d indicates 
the corresponding ‘halo’ ring pattern of cubic phase CdS 
with polycrystalline nature. The elemental composition of 
the Sm (15 mol%) doped CdS nanocrystals determined by 
EDX shown in Fig. 2e. The sample exhibiting only presence 
of three elements for cadmium, sulfur and samarium peaks. 
Its corresponding weight and atomic percentage are given 
in the table (Fig. 2e inset). Therefore, the EDX results again 
supported that Sm is incorporated into CdS, which is also 
agreeing with the XRD and TEM results. The Cu element 
was found in the composition, due to the grid used to for 
EDS measurements.

Fig. 1  a Powder XRD pattern of pure and Sm doped CdS nanoparticles, b variation grain size as a function of Sm content

Table 1  Shows the grain size, lattice parameter, volume and band gap 
of pure and Sm doped CdS nanoparticles with different Sm concen-
trations

Sm con-
centrations 
(mol%)

Grain 
size 
(nm)

Lattice 
parameter 
a (Å)

Volume (Å3) Band gap (eV)

0 12 5.8398 198.99 2.55
5 14 5.8402 199.10 2.47
10 20 5.8455 199.58 2.38
15 28 5.8492 199.89 2.23
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3.3  XPS analysis

XPS is a surface analytical technique that can provide use-
ful information on the complete chemical composition of 
the sample surface. Figure 3 gives XPS profile of 15 mol% 
Sm doped CdS. Different elements present in the com-
pound are showed in the survey spectrum (Fig. 3a). The 
constituent’s peaks were identified to be cadmium (Cd), 
sulfur (S), and samarium (Sm). In order get the more detail 
about the valance state and the chemical composition of 
Cd, S and Sm, high-resolution spectra were analyzed, as 
shown in Fig. 3b–d. In Fig. 3b, the Cd 3d levels peaks 
appeared at 404.91 and 411.65 eV, which is character-
istics peak of Cd  3d5/2 and Cd  3d3/2, respectively. The S 
2p levels of CdS spectra were shown in Fig. 3c. It can be 
noted that the S 2p peaks were observed at 161.72 eV is 
attributed to metal sulfide. The binding energy of S 2p at 
161.84 eV also agrees well with a binding energy with 
blue shift compared to the observed S 2p in bulk CdS 
[17]. The peak at 1085.37 eV in Fig. 3d is attributed to Sm 
 3d5/2 observed in  Sm3+: CdS nanocrystals [18]. Hence, our 
XPS results further supported that presence of Sm in CdS 
nanocrystals with + 3 in state.

3.4  UV–Vis absorption spectra analysis

To investigate the optical absorption properties and band 
gap energy of the samples, UV–Vis absorption spectra was 
carried out. Fig. 4a shows the UV–Vis absorption spectra 
of pure and Sm doped CdS nanoparticles in the range of 
300–800 nm was examined. It was noted that, the absorp-
tion edge was found as 480 nm for pure CdS, further it was 
shifted towards the longer wavelength side with the increase 
of Sm content. Especially for 15% doped CdS sample had 
larger absorption ability, which had an obvious doping level 
in its spectrum since there was a weak peak around 550 nm. 
For a crystalline semiconducting nanoparticle, it is known 
that the relationship between optical absorption and band 
edge is given by the following equation:

where a, n,  Eg, and A are the absorption coefficient, light 
frequency, bandgap and constant respectively [19]. The opti-
cal band gap decreases from 2.55 to 2.23 eV with increas-
ing Sm concentration (Fig. 4b). The decrease in band gap 
energy can be attributed to 15% Sm doped CdS have greater 

(�h�) = A
(

�h� − Eg

)n∕2

Fig. 2  TEM images of a pure CdS, b 10% Sm, c 15% Sm, d corresponding HRTEM and SAED pattern (inset), e EDS spectra of 15% Sm doped 
CdS nanoparticles
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Fig. 3  XPS spectra for a a survey spectrum of 15% Sm doped CdS, b Cd 3d, c S 2p, and d Sm 3d

Fig. 4  a UV–Vis absorptions spectra of pure and Sm doped CdS nanoparticles, b band-gap determination
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carrier concentration, since the optical absorption in this 
wavelength region is due to free-carrier absorption of the 
conduction electrons. Thus it is speculated that this sam-
ple may have the highest visible-light driven photocatalytic 
activity. Similarly Agrawal et al. stated that, increasing La 
concentrations on CdS–Se films shifts the emission spectra 
towards a longer wavelength, which is caused due to the 
transfer of energy from energy levels of La ion [20].

3.5  Photoluminescence spectra analysis

Photoluminescence (PL) studies of the materials provided a 
comprehensive knowledge about the localized defect states 
such as vacancies and interstitials; which act as trapping 
and recombination centers across the band gap of semicon-
ductor nanoparticles. Figure 5 shows the room tempera-
ture photoluminescence spectra of pure and Sm doped CdS 
nanoparticles in the range from 300 to 600 nm excitation 
wavelength. It was shown that the emission spectra for all 
the samples illustrate a band-edge emission at 394 nm. It 
was reported that this kind of band-edge luminescence can 
be caused by the recombination of excitons and/or shal-
lowly trapped electron–hole pairs [21, 22]. The next week 
emission appeared at 420 nm is attributed to the emission 
of surface states due to the small size of nanocrystals. 
The luminescence emissions (394 and 420 nm) spectra 
of the both pure  Sm3+ doped CdS nanoparticles is gener-
ally due to transition of 5D0 7F2 and 5D0 7F1 respectively. 
With increasing concentration of  Sm3+ ions, the peaks 
get shifted towards longer wavelength, which is due to 

the energy transfer from energy levels of Sm ion. When 
a higher percentage of Sm is doped into the CdS crystal 
lattice, changes in the band gap and lattice distortions are 
expected to enhance the red shift in the emission spectra. 
The clear red-shift in the absorption edge was also con-
firmed by UV–Vis absorption spectra.

3.6  FTIR spectra analysis

FTIR spectroscopy can be used to estimate the nature of 
surface of nanostructure materials. To derive the surface 
structure of pure and Sm doped CdS based nanostructure, 
we carried out FTIR measurement in the wavenumber 
range from 400 to 4000 cm−1 using the KBr method at 
room temperature shown in Fig. 6. The broad band ranging 
from 3300 to 3600 cm−1 centered at 3420.57 cm−1 and a 
weak band at 1634.15 cm−1 is due to stretching and bend-
ing vibration of O–H group respectively [23]. In general, 
Cd–S bond stretch vibration appeared below 700 cm−1, 
hence the strong peak located at 631.57 in present case 
can be assigned for Cd–S stretch vibration [24]. There is 
no peak evidence related to Sm–O band vibrations in the 
spectra, which again supported that substitution of  Sm3+ 
ions in the CdS nanocrystal.

3.7  Photocatalytic studies

3.7.1  Absorbance and visible light driven photocatalytic 
test

MB dye is a heterocyclic aromatic chemical compound 
with molecular formula  C16H18ClN3S. It is a solid odor-
less, dark green powder that yields a blue solution when 

Fig. 5  Room temperature photoluminescence spectra of pure and Sm 
doped CdS nanoparticles Fig. 6  FTIR spectra of pure and Sm doped CdS nanoparticles
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Fig. 7  UV absorption spectra of MB dye solution by using a pure CdS, b 5% Sm and c 15% Sm doped CdS nanoparticles; UV absorption spec-
tra of RhB dye solution by using d pure CdS, e 5% Sm and f 15% Sm doped CdS nanoparticles under visible light irradiation
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dissolved in water at room temperature. The dye has a 
problem of disposal due to its high solubility in water. 
Traces of this dye are also harmful for the environment. 
In view of the above, the degradation of MB dye has been 
studied in the present study with RhB under UV light irra-
diation. The effect of the Sm doped CdS catalyst material 
was examined by monitoring the intensity of absorption 
and emission peaks with irradiation time. The absorption 
spectra of the aqueous solution of MB and RhB dyes irra-
diated under visible light are recorded at the time interval 
of 20 min and shown in Fig. 7a–f. The peak maximum for 
the absorbance spectra of MB (at 665 nm) and RhB (at 
554 nm) decreases gradually with increasing irradiation 
time, allowing quantification of the photocatalytic discol-
oration of MB and RhB. The color of the solutions like 
dark blue and pink was turned to light blue and pink color 
of MB and RhB dye solutions respectively. The samples 
further tested for degradation efficiency under visible light 
irradiation with a regular interval of 20 min and the cor-
responding temporal graph was shown in Figs. 8 and 9. It is 
also found that the 15 mol% Sm-doped CdS nanoparticles 
demonstrated highest activity in the series of Sm-doped 
CdS photocatalysts. After 100 min of visible light irradia-
tion, the MB degradation efficiency was found to be 55, 
68, 85 and 94% for pure and Sm 5, 10 and 15 mol% doped 
CdS respectively. Similarly, the RhB removal efficiency 
was found to be 62, 72, 89 and 98% for pure and Sm 5, 10 
and 15 mol% doped CdS respectively. This result indicates 
that Sm (15%)-doped CdS has higher photocatalytic activ-
ity than other Sm-doped CdS for MB and RhB degradation. 
An appropriate amount of Sm can form the surface chemi-
cal groups, such as O–H, which can be found in Fig. 6 
(FTIR spectra). Due to the strong electron-withdrawing 

property of these groups, hydroxyl can accelerate the pho-
tocatalytic process of CdS nanocatalyst and improve its 
photocatalytic efficiency. This could be attributed to the 
 Sm3+ doping can provide them with exciting properties 
inherited from the synergetic effect. We can find that the 
activity of Sm-doped CdS is enhanced monotonously with 
the  Sm3+ content increasing. This can be partly attributed 
to the relatively high doping concentrations of  Sm3+, which 
might cause an increased adsorption of both MB and RhB 
and become the recombination center of photogenerated 
carriers, resulting in a increase of photocatalytic efficiency. 
When  Cd2+ ions are replaced by  Sm3+ ions more hydroxide 
ions are adsorbed on the cadmium surface, these excess 
hydroxide ions are acting as hole trapping agents, which 
delay electron–hole recombination reaction and hence 
enhances the photocatalytic activity. In addition, inhibition 
of the  e−/h+ recombination and the increase in the absorp-
tion of visible light of Sm doped CdS is another important 
factor. This is also explained in PL spectra analysis. Arasi 
et al. [25] have synthesized Sm doped CdS nanoparticles 
using one step hydrothermal method and studied the pho-
tocatalytic properties of RhB. The degradation efficiency 
was found to be 95%. Ertis et al. [26] have reported pho-
tocatalytic activity of methylene blue using Sb doped CdS 
catalyst under visible light irradiation. They observed only 
84% degradation efficiency of MB by Sm doped CdS cata-
lyst. Luo et al. [27] have reported Ni doped CdS catalyst 
towards degradation of RhB under visible light. They also 
found only 95% degradation efficiency of RhB. Compared 
with the above results, our newly prepared Sm doped CdS 
catalyst showed highest photocatalytic behavior towards 
MB and RhB under visible light irradiation.Fig. 8  Temporal degradation profile of MB using pure and Sm doped 

CdS catalyst under visible light irradiation

Fig. 9  Temporal degradation profile of RhB using pure and Sm doped 
CdS catalyst under visible light irradiation
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3.7.2  Recycle test

In order to test the stability of the pure and Sm-doped CdS, 
we reused the catalyst for seven recycles by MB and RhB 
degradation under visible light irradiation. Figures 10 and 
11 show the recycle test of pure and Sm doped CdS catalyst 
under visible light irradiation. As shown in Figs. 10 and 
11a, b, the catalyst could be reused seven times without 
significant deactivation after seven times recycling. The 
results showed that after seven cycles, only small vari-
ation was observed in the photocatalytic efficiency, this 
could be due to incomplete recollection and loss during the 
washing process. The results suggest that suggest that Sm 
doped CdS catalyst showed good stability and recyclability. 
Hence, this type of catalyst powders might be a promising 
potential application in high performance photocatalytic 
device.

3.7.3  Photocatalytic mechanism

The schematic representation of photocatalytic mechanism 
of Sm–CdS under visible light is shown in Fig. 10c. The 
photocatalytic reaction generally includes photoexcita-
tion, charge separation and migration, and surface oxida-
tion–reduction reactions. The reactive species generated 
during illumination of photocatalysts are  h+,  OH−, and 
·O2

−. To understand the mechanism of Sm doped CdS for 
degradation dyes, it is necessary to detect which reactive 
species plays a major role in the photocatalytic degrada-
tion process. During the photodegradation of dyes over Sm 
doped CdS, the  h+, ·OH, and  O2

− are eliminated into the 
reaction solution, respectively. When the presence of vis-
ible light absorbed efficiently by both Sm–CdS catalyst and 
the dye molecules (MB and RhB), electrons in the valence 
band of Sm–CdS could be excited to the conduction band 

and electron–hole pairs are generated. On the other hand, 
visible-light irradiation can excite the VB electrons of 
CdS to the Fermi level  (EF) of Sm (formation of the hole 
 (hvb

+) in VB of CdS), which following reaction of the hole 
with water can also create  OH· radicals. These radicals are 
highly reactive, and reaction of them finally degradation 
of the organic pollutants [28]. Then the molecular oxy-
gen  (O2) near the boundary photocatalyst could be rapidly 
condensed to the superoxide radical  (O2

· and hydrogen 
peroxide radical (·OOH) by the photogenerated electrons, 
while the valence band holes can directly oxidize organic 
pollutants adsorbed on the surface of catalyst (Sm–CdS) 
or mineralized them indirectly through hydroxyl  radicals·) 
OH generated by the reaction of holes and water molecules 
 (H2O) or chemisorbed  (OH−). When the presence of vis-
ible light irradiation energy exceeds the energy difference 
between the valence and conduction bands (band gap) of a 
semiconductor, electron–hole pairs will be generated. This 
is referred to as the photoexcited state of the semiconduc-
tor. The photogenerated charges (i.e.,  e− and  h+ carriers) 
cause oxidation reactions on the particle surface, giving 
rise to free radicals, which in turn degrade the organic mol-
ecules. Finally, these  OH· radicals having a strong oxida-
tion power, can lead to a partial or complete mineraliza-
tion of the organic substances (MB and RhB) in the waste 
water, forming non-toxic products such as  CO2 and  H2O. 
 (OH· + pollutants → Intermediated products → CO2,  H2O). 
In our case, the higher concentration of Sm (15%) is higher 
photocatalytic activity than other concentration of Sm (5 
and 10%) doped CdS. This could be attributed to tuning of 
band gap and particle size of the CdS nanocrystals, which 
enhance the more absorption visible light properties and 
increasing the photocatalytic efficiency.

Fig. 10  Recycling cycles of test of pure CdS catalyst under visible light irradiation a MB and b RhB
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4  Conclusion

In summary, Sm-doped CdS nanoparticles were prepared 
by simple wet chemical route. The formation of CdS and 
Sm-doping was confirmed by PXRD and EDX spectrum. 
TEM micrograph revealed that the Sm-doped CdS have 
spherical shape nanoparticles. After doping, the change in 
the morphology was not observed in the present work. The 
XPS spectrum confirms that presence of Sm was  3+ in state. 
Optical properties were enhanced by increasing the concen-
tration of Sm doping up to 15 mol%. The alteration of Sm 
into CdS catalyst shows higher adsorption with synergistic 
effect and enhances the separation of photogenerated elec-
tron–hole pairs, important to higher photocatalytic degrada-
tion efficiency. The Sm doped CdS may have the potential 
for environmental purifications in future.
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