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Abstract: Mn, Ce co-doped CdS nanoparticles were prepared by chemical co-precipitation method at
room temperature. The prepared samples were characterized by X- ray diffraction (XRD), scanning
electron microscopy (SEM), energy dispersive analysis of X-rays (EDAX), photoluminescence (PL) and
high resolution Raman spectroscopic techniques. X-ray diffraction studies showed that the diameter of
the particles was around 10-12 nm. Broadened XRD peaks revealed the formation of nanoparticles with
wurtzite structure. The Raman spectra of undoped and Mn, Ce ions co-doped CdS nanoparticles showed
longitudinal optical mode. Compared with the 1LO and 2LO Raman modes (296 and 590 cm-1) of
undoped CdS nanoparticles, the Raman modes of Mn, Ce co- doped CdS nanoparticles were slightly
shifted towards lower frequency. PL spectra of the samples showed remarkable enhancement in the
intensity upon doping.
Keywords: Chemical synthesis, Nanoparticles, Photoluminescence, Raman spectra, XRD

I. INTRODUCTION
The Nanomaterials doped with optically active luminescence centers create new opportunities for
luminescence research and also for the application of nanometer-scale structured materials. Doped II–VI
semiconductors like ZnS:Cu, CdS:Mn, etc have been intensively investigated with new luminescence centers
[1–3]. Cadmium sulfide is an important semiconducting material that has attracted much interest owing to
their unique electronic and optical properties, and their potential applications in solar energy conversion,
photoconducting cells, non-linear optics and heterogeneous photocatalysis [4, 5]. The extended life time of
charge carriers as observed in Mn doped CdS, for example, could be advantageous to improve the
performance of solar energy conversion systems. When doping with Mn, for example, the photoinduced
electrons in the conduction band of CdS are transferred to the Mn 4T1 state, which temporarily traps
the electrons and prevents recombination with holes or oxidized electrolyte species [7]. Mn 2+ doped CdS
NPs are interesting because of the fact that Mn 2+ ions provide good traps for the excited electrons, which give
rise to their potential use in nonlinear optics, electronic and optoelectronic devices [8-10]. Many literatures
from different groups have reported the optical properties of various doped nanocrystals and the potential
application of these luminescent materials. Today, various transition metal ions and rare-earth ions as
impurities doped in CdS nanocrystalline materials have many interesting optical properties [11-15].
Previous works have shown that large quantities of nanomaterials were prepared by various methods
artificially. Optoelectronic properties, particle sizes, and morphologies of nanomaterials have a close relation
to preparation conditions. Appropriate preparation methods should be utilized according to the demands for
different applications. Nanocrystalline CdS, CdTe, CdSe, ZnSe and PbS have been synthesized by a variety of
methods including precipitation, sputtering, electrochemical deposition and inverse micelles. A reduction in
the particle size strongly influences the crystallinity, melting point and structural stability. In the present work,
Ce and Mn co-doped CdS nanoparticles were prepared via cost effective, facile chemical co-precipitation
method at room temperature and the structural, morphological, chemical composition and luminescent
properties of these nanoparticles were investigated.

II. EXPERIMENTAL
All the chemicals used were of analytical reagent grade and used without further purification.
Undoped CdS, cerium (Ce) (2 at.%) and manganese (Mn) (0, 2, 4 and 6 at.%) co-doped CdS nanoparticles
were prepared by a simple chemical co-precipitation method with biocompatible polyvinylpyrrolidone (PVP) as
a capping agent. The reactants were CdCl 2, CeCl3.7H2O (2at. %), MnSO4.H2O, Na2S and polyvinylpyrrolidone
(PVP). Ultrapure de-ionized water was used as the reaction medium in all the synthesis steps. In a typical
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synthesis, desired molar proportions of CdCl 2, CeCl3.7H2O (2at.%) and MnSO4.H2O (0,2,4 and 6 at.%) each in
50 ml were dissolved in ultrapure de-ionized water. An appropriate amount of capping agent PVP was added
to control the growth of the nanoparticles during the reaction. Later stirring the solution for 60 min, Na 2S
solution was drop wisely added to the solution at room temperature under constant stirring which was
continued for four hours to get fine precipitation. The obtained precipitate was washed with de-ionized water
several times. Finally, the powders were vacuum dried for 3 hours at 80 0C to obtain Ce, Mn co-doped CdS
nanoparticles. Undoped CdS nanoparticles were synthesized by the same procedure.

III. CHARACTERIZATION
The as synthesized nanopowders were characterized by studying the structure, composition, surface
morphology and optical properties. The X-ray diffraction patterns of the samples were collected on a Rigaku D
X-ray diffractometer using Cu-Kα radiation (λ=1.5406A°). The morphology and elemental composition of the
prepared samples were analyzed through EDAX using Oxford Inca Penta FeTX3 EDS instrument attached to a
Carl Zeiss EVO MA 15 scanning electron microscope. Photoluminescence spectra was recorded in the
wavelength range of 400–650 nm using a PTI (Photon Technology International) Fluorimeter with a Xe-arc
lamp of power 60 W and an excitation wavelength of 320 nm. Raman Spectroscopic studies of the as prepared
samples were carried out using a LabRam HR800 Raman Spectrometer.

IV. RESULTS AND DISCUSSION
4.1. Structural Analysis
Fig. 1 represents the XRD patterns of undoped CdS and Ce, Mn co-doped CdS nanoparticles. The
broadening of peaks indicates that particles are in the nanosize regime. The XRD pattern shows (100), (002),
(101), (102), (110), (103) and (112) planes of wurtzite CdS corresponding to JCPDS File No. 41-1049. The
planes (110), (103) and (112) clearly distinguish the wurtzite structure of the Mn doped CdS NPs. The
intensity of the plane (102) is very low and this intensity increases as the doping concentration of Mn 2+
increases. The increased intensity of the plane (102) in doped CdS may be due to increased crystallinity in this
plane on doping [16]. The low intensity in undoped system may be due to imperfection or due to the strain or
low crystallinity in the crystals [16]. In the diffraction patterns, peak broadening is due to four factors:
deformation of the lattice, crystalline domain size, crystalline faults and domain size distribution [16]. From
the XRD spectra it was also observed that no diffraction peaks corresponding to the impurity phases were
detected and this rule out Ce or Mn precipitation or secondary phases. The average particle size calculated by
Debye Scherrer’s equation [a] for Ce, Mn co-doped CdS nanoparticles lies in the range of 10-12 nm.
------------------ [a]
Where, D is the average particle size and βhkl is full width at half maximum of the XRD peak expressed in
radians and θ is the position of the diffraction peak. The average particle size of the samples was calculated by
Debye Scherrer’s equation [a].
4.2. Morphological and Compositional Analysis
Fig. 2 shows the morphology of Ce, Mn co-doped CdS nanoparticles. Figures 2(a), 2(b), 2(c), 2(d) and
2(e) show the SEM images of pure CdS, CdS: Cex, Mny (x=2%, y=0%, 2% and 4%, 6%) respectively. SEM
images showed the agglomerated nanoparticles of the prepared samples.
The chemical composition analysis of the Ce, Mn co-doped CdS nanoparticles was done using the
EDAX technique. The EDAX spectra of the CdS: Ce, Mn nanoparticles shown in Fig. 3 confirms the effective
doping of Ce and Mn. Figures 3(a) , 3(b), 3(c), 3(d) and 3(e) shows the EDAX spectra of pure CdS, CdS: Cex,
Mny (x=2%, y= 0%, 2%, 4%, 6%) respectively, confirmed that the samples were composed of Cd, Ce, Mn and
S elements in desired composition and without any impurities.
4.3. Photoluminescence Studies
Fig. 4 shows the PL spectra recorded at room temperature with an excitation wavelength of 390 nm
for pure CdS, Ce (2%) and Mn (0, 2, 4 and 6 at. %) co-doped CdS nanoparticles. High intense peaks centered
at 450 nm are assigned to band edge emission of CdS nanocrystallites. The peaks of the CdS nanocrystallites
doped with Ce3+ ions were almost the same as those of the pure CdS nanocrystallites. However, the
fluorescence intensity of the CdS nanocrystallites doped with Ce3+ ions is about 6 times of that of CdS
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nanoparticles. The broad peak located around 605 nm may be arises from sulphur sites and the Mn 2+
luminescence is caused by emission from the first excited state 4T1 to the ground state 6A1 [17-18]. An
additional red-shifted emission feature is observed with increase in Mn 2+ concentration. Mn 2+ pairing has also
been observed in Zn 2SiO4:Mn2+ [19]. There are however a few reports on Mn 2+ pairing in CdS: Mn
nanoparticles and Chory et al.[20] were the only group reporting a red (640 nm) luminescence from CdS: Mn
nanoparticles. Present studies show that, the enhanced luminescence properties of the PVP capped CdS: Ce,
Mn nanoparticles that continued upto Mn (4 at.%) and a decrease in luminescence is observed at Mn (6 at.%).
The red luminescence is attributed to Mn 2+ pairing effect due to high concentration of Mn 2+ and Ce3+ in CdS
host lattice.
4.4. Raman Spectroscopy
Raman spectra of the undoped and Ce (2 at. %) and Mn (0, 2, 4 and 6 at. %) co-doped CdS
nanoparticles in the frequency range 200 - 700 cm-1 are shown in Fig. 5. The Raman spectrum of bulk CdS
exhibits the first longitudinal optical phonons (1LO) peak at 304 cm -1 and the second longitudinal optical
phonons (2LO) peak at 600 cm-1[21]. The Raman spectrum of undoped CdS nanoparticles exhibited strong but
broad peaks at 296 and 590cm-1 corresponding to 1LO and 2LO optical phonons, respectively. The frequency
shift of the Raman bands towards lower frequency could be due to large surface to volume ratio. In the case of
large surface-to-volume ratio, surface scattering contributes more to the Raman signal than volume scattering.
The frequency shifts of the 1LO and 2LO modes observed in the present samples may be attributed to a smaller
size and larger surface-to-volume ratio compared with that of the undoped CdS. Another possible reason for
the Raman shift is that the ionic radius of Ce3+ is higher than that of Cd2+. Lattice defects are introduced or
intrinsic host lattice defects are activated when Ce3+ and Mn2+ ions are incorporated. The Ce3+ and Mn2+ ions
tend to occupy substitutional cationic sites resulting in host lattice defects. Further, no additional Raman modes
due to Ce and Mn impurities were observed in Ce and Mn co-doped CdS nanoparticles. This revealed the
absence of impurity phases in the prepared nanopowder samples.

V. FIGURES

Fig.1. XRD patterns of undoped CdS and Ce, Mn co-doped CdS nanoparticles
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Fig. 2. SEM images of CdS: Ce, Mn nanoparticles. (a) Pure CdS, (b) Ce=2%, Mn=0%, (c) Ce=2%, Mn=2%,
(d) Ce=2%, Mn=4% and (e) Ce=2%, Mn=6%
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Fig. 3. Representative EDS spectrum of Ce, Mn co-doped CdS nanoparticles. (a) Pure CdS, (b) Ce=2%,
Mn=0%, (c) Ce=2%, Mn=2%, (d) Ce=2%, Mn=4% and (e) Ce=2%, Mn=6%.
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Fig. 4. Photoluminescence spectra of undoped and Ce, Mn co-doped CdS nanoparticles.

Fig. 5. Raman spectra of undoped CdS and Ce, Mn co-doped CdS nanoparticles

VI. CONCLUSION
In summary, Ce and Mn co-doped CdS nanoparticles have been successfully synthesized by chemical
co-precipitation method at room temperature. X-ray diffraction (XRD) measurements showed that the Ce, Mn
co-doped CdS nanoparticles have a wurtzite structure. The morphology and composition of CdS: Ce, Mn
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nanoparticles were successfully studied by scanning electron microscopy (SEM) and energy dispersive X-ray
spectroscopy (EDAX) respectively. The luminescence peak of CdS nanoparticles is centered at 450 nm and is
enhanced to 6 times by doping with Ce3+ ions. The emission peaks of CdS: Ce, Mn nanoparticles are observed
at 450 nm and broad emission peak around 610 nm are enhanced effectively that of undoped CdS
nanoparticles with a red shift. Undoped CdS showed Raman peaks at 296 and 590 cm -1correspond to the 1LO
mode and 2LO mode of the samples showed a slight red shift and asymmetric broadening indicating phonon
confinement effects.
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