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ABSTRACT 

Nanocrystalline samples of Cadmium Sulphide (CdS) were prepared  with  different  Manganese (Mn) doping concentrations 
(0-10 at.%) through  chemical  route using  thiophenol  as a capping agent. Fourier Tranform Infrared Spectroscopy (FT-IR) 
study disclosed the presence of capping agent on the surface of the samples.  X-ray diffraction (XRD) analysis showed  phase 
transition   from  hexagonal to cubic phase beyond 8 at.% of Mn doping and grain size in the range of 13-30 nm. Micro 
structural study by High Resolution Transmission Electron Microscopy (HRTEM) confirmed phase transition and quasi-
spherical particles having size in 15-50 nm range with  small grains distributed on the surface of the particles.  A blue shift in 
the band gap energy of the samples was indicated in optical absorption study and the band gap was found to vary nonlinearly 
with Mn content. Studies on electrical properties of the samples using a complex impedance spectroscopy (CIS) technique 
showed a decrease in the bulk resistance with increase in Mn concentration. Further, the nature of cole-cole plots (Nyquist 
plots) revealed the presence of bulk and grain boundary effects in the samples in consistent with HRTEM results. These 
crystalline quasi-spherical nanoparticles of CdS:Mn seems to be one of the promising candidates for modern age opto-
electronics and biomedical applications. Copyright © 2013 VBRI press.  
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Introduction  

Diluted magnetic semiconductors (DMS) have been studied 
widely during the past two decades in view of their 

intriguing properties [1-2]. On the other hand, consequent 
upon the advent of nanomaterials, DMS in nano-form have 
in recent years attracted significant attention of the 
technologists, because of their relevance to the 
development of nanotechnology. Their specific behavior to 
external constraints, like temperature, electric field, 
magnetic field and radiations finds applications in many 

devices [3]. Cadmium Sulphide is a II-VI semiconductor 
with a direct band gap of 2.4 eV and has attracted much 
more attention because of its many potential applications in 
light detection such as in optical switches and filters. Due 
to its fluorescence property it can be also used as molecular 

probe in the diagnosis of cancer [4]. Photoswitchable 
magnetic nanoparticles containing CdS and Prussian blue 

created by Taguchi et al. [5] may open many possibilities in 
the development of magneto-optical devices. CdS doped 
with different transition metals which could work as 
multifunctional nanoparticles are being investigated for 

biomedical applications [6]. A novel strategy of designing 
composite nanoparticles (Gd2O3:Eu3+) was developed by 

Tiwari et al. [7] in a similar way where spin-valve and other 
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magneto resistive devices detect the stray field from a 
magnetic nanobead. More recently, it has been reported that 
doping with transition metals in inorganic quantum 
particles like CdS could efficiently work as multifunctional 

nanoparticles [8-9]. These functionalized nanoparticles are 
the futuristic materials for variety of applications starting 
from data storage, security/sensors to biomedical 
applications. 

Most of the DMS nanoparticles can be synthesized by a 
variety of methods and can be made by substituting cations 
in compound semiconductors with transition metal ions 

[10]. Normally, chemical co-precipitation technique is 
relatively less expensive and convenient to prepare large 
area semiconductors. At moderate temperatures materials 
can easily be obtained in the colloidal form, which can 
subsequently be precipitated to give dry and stable 
powders. However, recently various suitable capping agents 
are being added in the reaction media to generate stabilized 

nanoparticles [11]. In the present study chemical co-
precipitation method has been adopted to prepare CdS:Mn 
samples in nano-crystalline form. Thiophenol was used as a 
capping agent to passivate the particles. Chemical 
composition, morphology, optical absorption and electrical 
conductivities of the samples were also investigated. In 
nano-crystalline materials both grains and grain boundaries 
play a vital role in modifying the electrical properties and 
have not been studied in detail with respect to their 
variation with dopant composition. In view of this, the 
present author has chosen to synthesize and characterize 
Mn doped CdS in nano-form by varying dopant 
concentration from 0 to 10 at.% and the results of all these 
studies are reported in this paper with relevant discussions. 

 

Experimental 

Chemicals 

Cadmium acetate [Cd(CH3COO)2], Sodium sulphide 
nanohydrate (Na2S.9H2O) procured from Aldrich Chemical 
Co. Ltd., and Manganese acetate [Mn(CH3COO)2] 
purchased from Fisher Scientific Co. Ltd., were used as 
starting materials in this study. Mn doped CdS powders 

were synthesized according to the reported method [12] in 
our laboratory. All solvents and reagents obtained from 
commercial source were of analytical reagent (AR) grade 
and used as received. 
 
Synthesis of nanosized CdS: Mn powder 

CdS:Mn nanoparticles were prepared by colloidal chemical 
co-precipitation method. The chemicals used in the 
preparation were of analytical grade and were used without 
further purification. 0.1 M of Cd-acetate, 0.1 M of Mn-
acetate and 0.1 M of sodium sulphide were prepared 
separately using methanol and distilled water as solvents. 
The solutions prepared from the starting materials in their 
respective solvents were taken in a round-bottomed flask 
fitted with a reflex-cooling tube. The contents were heated 
by a heating mantle, the vapours rise in the inner tube of the 
reflex, while the cooling water from a chilled is circulated 
in the outer jacket reflect the vapours back to the flask by 
condensing them. Hence, the quantity taken in the flask is 
invariable even after heating for hours together. The as-
prepared solutions of Cd-acetate and Mn-acetate were 

mixed in the desired ratio and were taken in a burette. 
Solution of sodium sulphide and few drops of thiophenol 
were taken in a conical flask and were heated to 50 oC with 
magnetic stirring.  Then the solution in the burette was 
added to a conical flask drop-wise at a run rate of 
1ml/minute till turbidity (precipitation) occurred. The 
process involved the reaction of Mn2+ and Cd2+ ions with 
S2- ions in the stoichiometric solution. Samples were 
prepared by varying the volume of Mn precursor keeping 
volumes of Cd acetate and sodium sulphide constant. In the 
solution CdS:Mn was precipitated which was washed 
several times with distilled water (peptization) to remove 
the byproduct Na-acetate salt. Then the samples were 
allowed to dry in a furnace at 3000 C for 2h. Finally the 
dried powder of CdS:Mn was ground in an agate mortar 
and was characterized. 

 
Characterization of nanosized CdS:Mn powder  

The calcined samples were subjected to various 
characterization studies. The chemical species present in 
the samples were estimated using Energy Dispersive 
Analysis of X-rays (EDAX) attached to Scanning Electron 
Microscope (model: SEM, JSM 840A). For this purpose 
the powders were sprayed on a cylindrical metal rod and 
were capped with gold layer by sputtering method using ion 
sputtering device (model: JEOL JFC-1100E). By using the 
X-ray mode of SEM, the elements in the samples were 
identified. 

The structural properties of the samples were 
investigated by powder X-ray diffractometer (XRD) 
(model: SIEFERT 3003 TT) with Cu Kα (λ=1.5420 Ǻ) as 
target material using 40KV accelerating voltage, 30mA 
emission current and in the 2ɵ range of 200-800

 with a scan 
rate of 10/min. The x-ray spectra were obtained by using a 
powder pattern indexing programme (POWD). This 
software has the capability of least square fitting and other 
routine refinements and directly outputs the lattice 
parameters data. 

The fine structure of the powdered samples was 
analyzed by High Resolution Transmission Electron 
Microscope (HRTEM) (model: JOEL JEM 3010). Samples 
were prepared by placing a drop of the ethanol suspension 
of the nanopowders on a carbon coated copper TEM grid, 
which was sonicated for about 2 minute before placing it. 
Electrons of wavelength 0.025 Ǻ at 200KV are transmitted 
through the samples were diffracted giving rise to structural 
information and unscattered electron beam produces bright 
field image of the samples. 

FT-IR spectrum was recorded on FT-IR Spectrometer 
(model: MIR 8300TM). The powders were mixed well with 
KBr and then palletized. The output spectrum was obtained 
by subtracting the background due to the solvent.  

The absorption spectra of the samples were recorded on 
Cary-5E UV-VIS-NIR Spectrophotometer at room 
temperature in the range of 200-800 nm. The samples were 
diluted with nujol oil and ground well in a mortar. The 
resulting paste was then soaked on a whatmann-41 filter 
paper and was introduced into the spectrometer. Prior to 
that background correction was done with nujol-soaked 
filter paper.  The impedance measurements were carried out 
on an Impedance Analyzer (model: Solartron SI 1260) with 
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a frequency range 0.1μ Hz to 32 MHz and fully automated 
with a personal computer which is controlled by software 
such as Z-plot/Z-view. This software directly outputs the 
bulk resistance, capacitance of the samples. Samples were 
made into pellets of thickness of 1mm and diameter of 8mm 
using hydraulic pressing with 1.75 Mpa before analysis in 
order to compute electrical conductivities of the samples.  

 

Results and discussion 

Mn doped CdS is distinguishable from other DMS, because 
of the half-filled 3d shell Mn can contribute its 4s2 
electrons to the sp3 hybridization in CdS and can 
substitutionally replace Cd atoms in CdS by forming a solid 
solution and allowing the possibility of tailoring its 
parameters like lattice constant, crystal structure, energy 
gap etc. To prepare the CdS:Mn nanoparticles through a 
simple method is of importance for both the physical 
research and the applications in opto-electronics. For 
doping transition metals into compound semiconductors, 
chemical co-precipitation method is the most conventional 
method than other synthesis methods like thermal 
decomposition, micro emulsion, hydrothermal synthesis 

and sonochemical synthesis [13]. It is cost effective and 
surfactant or stabilizer can also be added in the reaction 
media to produce stable nanoparticles. Hence, using the 
method yellow colored CdS: Mn powders were obtained. 
Preliminary XRD study showed that the samples were 
amorphous. The samples were calcined in a vacuum 
furnace at 100 0C, 200 0C and 300 0C followed by XRD. 
The samples calcined at 300 0C were found to be 
nanocrystalline in nature and these were subjected to 
various characterization studies. 
 
 

 

Fig. 1. EDAX pattern of Mn doped CdS sample. 

 
Elemental analysis 

Typical EDAX pattern of 10 atm. % Mn doped CdS is 

shown in Fig. 1. It can be seen that only peaks of cadmium 
(Cd), manganese (Mn) and sulfur(S) were detected, 
indicating the formation of CdMnS particles. The SEM 
micrograph of samples of the same Mn content is shown in 

Fig. 2. The micrograph shows spherical particles clustered 
together in aggregates. The agglomeration may occur due 
to the nanosize of the particles. The small nanocrystallites 
possess large surface energy, which leads the 

nanocrystallites to aggregate in order to lower their surface 

energy during formation of the nanocrystals [14]. 
. 

 

Fig. 2. SEM micrograph of Mn doped CdS sample. 

 

 
 

Fig. 3. X-ray diffraction scans of CdS: Mn samples. 

 
Micro structural study 

Fig. 3. shows the XRD patterns of all the Mn doped CdS 
samples. The X-ray lines are labeled with their respective 
crystallographic plane indices (hkl). An obvious change in 
the structure of the samples is observed with increase in 
‘Mn’ content. The indexed peaks in the XRD patterns 
correspond to the hexagonal phase of CdS up to 8 at. % of 
Mn doping (JCPDS card 65-3414). But, on substitution of 
10 at.% Mn the structure becomes cubic with lattice 
constant a =5.798 Å (JCPDS card 65-2887) indicating an 
obvious structural transformation. The grain size and the 
lattice parameters of the samples of all the compositions 

were calculated using XRD data and are shown in Table 1. 
The hexagonal phase lattice parameters ‘a’ and ‘c’ decrease 
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more or less linearly with increasing Mn content following 

Vegard’s law [15]. This indicates that Mn has gone into the 
host lattice as a substituent, that is, ‘Mn’ ions occupy ‘Cd’ 
sites in the host CdS lattice. The crystallite size estimated 
from the full-width at half maximum (FWHM) intensity of 
the (110) and (220) reflections by using the Scherrer 

relation [16] varies in the range 13-30 nm for the samples 

of different Mn contents and is also shown in Table 1. 

Table 1. XRD data of CdS: Mn nanoparticles. 

Mn’ 

content

(at.%)

Angle

(2)

Peak

Width

2 units

d-value

(Å)

[hk1]

(From 

XRD 

std.)

A

(Å)

C

(Å)

Crystallite

size (nm)

0 43.7669 0.3030 2.0667 [110] 4.128 6.707 29

2 43.8264 0.3385 2.0640 [110] 4.123 6.697 26

4 43.8674 0.3818 2.0622 [110] 4.120 6.688 23

6 43.9043 0.3019 2.0605 [110] 4.117 6.676 30

8 43.9512 0.3806 2.0585 [110] 4.111 6.670 24

10 43.9756 0.6801 2.0574 [220] 5.798 -------- 13
 

High- resolution TEM images of 10 atm. % Mn doped 

CdS are shown in Fig. 4. The ring pattern of the composite 

shown in Fig. 4a, confirms that the dispersed phase is cubic 
CdS, in consistence with the XRD observation. 
Examination of the particles at higher magnification known 

as lattice imaging (Fig. 4b) indicates that each of these 
large particles is polycrystalline and is an agglomeration of 
smaller particles with nanostructured domains. The 
tendency of the nanoparticles to agglomerate happens due 
to the lowering of free energy associated with the surface 

energy on forming larger particles [17]. The HRTEM 

image (Fig. 4c) shows quasi-spherical particles having sizes 
in 15-50 nm range. The size determined from XRD is 
always found to be smaller than that measured by HRTEM, 
since; XRD measures the crystallite size instead of particle 

size [18]. 
 

(a) (b)

(c)

 
 

Fig. 4. HRTEM images of 10 at.% Mn doped CdS. 

Optical study 

Typical FT-IR spectrum of Mn doped CdS (10 atm. %) is 

shown in Fig. 5. In the higher energy region the peak at 
3410 cm-1 is assigned to O-H stretching of absorbed water 
on the surface of the particles. Again, presence of water is 
confirmed by its bending vibration at 1627 cm-1. The peak 
at 1436 cm-1 is attributed to bending vibration of methanol 
used in the process. It is also verified by its CH3-stretching 
vibrations occurring as very weak peaks just below 3000 
cm-1. The C-O stretching vibration of absorbed methanol 
gives its intense peak at 1116 cm-1

.  In addition to surface 
coverage of the samples by methanol, presence of 
thiophenol is also evident from this spectrum. Its ring C-H 
vibration occurs at about 3000 cm-1, it is very weak peak. 
Similar such weak peaks due to C-H bending vibrations are 
observed at about 617 cm-1. Hence, it can be inferred that 
the capping agent passivates the surface of the 
nanoparticles. 
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Fig. 5. FT-IR spectrum of 10 at% Mn doped CdS. 
 

Optical absorption studies of the samples were carried 
out in the wavelength range of 200-800 nm at room 
temperature. The variation of absorbance with wavelength 
for CdS: Mn samples of all compositions is shown in Fig.6. 
The shape of the peaks for all Mn concentrations is similar 
and broad suggesting larger particle size distribution in 
consistence with the TEM results and also indicates that the 
nanoparticles are well quantum confined. Their absorption 
edge lies below 350 nm (3.54 eV), which is blue shifted 
from the bulk band gap value of CdS at 517 nm (2.40 eV) 

[19]. Blue shift is indicative of increasing band gap due to 

quantum size effect [20, 21] characteristic of nanosized 
particles. It is also observed that the optical band gap is 
found to vary nonlinearly with Mn content in CdS. Similar 
non-linear increase in the band gap of mixed Cd1-xMnxS 
nanocrystals with Mn content has also been reported earlier 

[22]. Whereas, Eychmuller et al. [23] reported that the 
increase in band gap energy could be attributed to decrease 
in particle size. This nonlinear dependence of the band gap 
on doping concentration is ascribed to band bowing which 
is believed to arise due to chemical disorder and exchange 
interaction between the band carrier and the d-electron of 

the magnetic Mn ion as suggested by Zunger et al. [24]. 

Chuu et al. [25] attributed the observed bowing in Cd1-

xMnxS to inter substitutional atoms rather than to the 
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structure of the lattice itself. Besides, a slow decrease and 
increase in absorption is observed in the wavelength range 
of 350 nm to 200 nm. This corresponds to transitions to 
different excited states of the conduction band as described 

by Ekimov et al. [26]. Existence of surface states within the 
band gap region of the samples was also confirmed by 
photoluminescence study and will be published elsewhere 

[27]. 
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Fig. 6. UV-visible absorption spectra of CdS:Mn samples. 
 

Electrical study 

Fig. 7. shows the Cole- Cole plots (Nyquist plots) of the 
pelleted samples with different Mn content. Shielded test 
leads were used for electrical connections from the analyzer 
to the sample in order to avoid any parasitic impedance. All 
the semicircles exhibited some depression instead of 
semicircles centered on the x-axis. Such behavior is 
indicative of non-Debye type of relaxation and it also 
manifests that there is a distribution of relaxation time 

instead of a single relaxation time in the materials [28]. In 
addition to a semicircle, there exists a straight line at low 
frequencies in all the spectra, which is a characteristic of a 
double layer capacitance, that is, the capacitive admittance 
associated with the nanoparticles.  
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Fig. 7. Impedance plots of   CdS: Mn samples and inset is hyperfine part 
of the doped samples. 
 

Fig. 8. represents the two parallel RC circuits 
corresponding to grain and grain boundary effects, the 

proposed model for the impedance behavior shown in Fig. 

7, where Cg is the bulk capacitance, Rg the bulk resistance, 
Cgb the grain boundary capacitance and Rgb the grain 
boundary resistance. The semicircles are attributed to bulk 
effect (intra granual) and the linear region is ascribed to 

grain boundary effect (inter granual) [29]. The grain 
boundaries may act as a hindrance to the carrier transport or 
they might also provide a high conductivity path (since the 
defect density may be larger in the interface region). 
Usually, a polycrystalline material shows both grain and 
grain boundary effects with different time constants leading 

to two successive semicircles [30]. The values of bulk 
resistance have been evaluated from the intercepts of 
semicircular arc on the real axis (z1) and the d.c (bulk) 
conductivities of the samples were computed from known 

geometry of the pelleted samples and are shown in Table. 

2. The resistivities of these samples are strongly dependent 

on Mn content and are of the order of a few M-cm which 

are very much higher than that of the bulk CdS (0.12 -cm 
at room temperature). The electrical resistivity of the 
nanocrystalline materials is expected to be higher than that 
of coarse grained poly crystalline materials, because of the 
increased volume fraction of atoms lying in the grain 

boundaries [31]. Similar high resistivity values for Mn 

doped ZnS nanoparticles were reported [32]. Further, this 
dielectric (insulating) nature of the samples is also 
anticipated due to the presence of large band gap in the 
samples. The resistivities of the samples decrease with 
increasing Mn content appreciably, this could be 
understood from the electronic structure of the component 

elements of the ternary alloy. According to Croce et al. [33] 
addition of Mn provides cross-linking centers for the CdS 
matrix lowers the tendency for sample reorganization and 
promotes a modification of the overall structure. Such a 
structural modification enhances the mechanical properties 
and establishes additional pathways for charge carriers to 
conduct at the surface of the samples. 
 

 
 

Fig. 8. The two parallel RC circuits equal to grain and grain boundary. 

 

Table. 2. Bulk resistances and d.c conductivities of CdS: Mn samples. 

‘Mn’ content

(at. %)
Bulk resistance 

(ohm) x 106

d.c. conductivity 

(mho/cm) x 10-6

2 85.49 0.009

4 10.53 0.075

6 7.71 0.103

8 3.98 0.200

10 1.88 0.416
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CdS:Mn nano-polycrystalline particles were prepared at 
various Mn content (0-10 atm. %) by simple chemical co-
precipitation method successfully using thiophenol as a 
capping agent. The composition of the samples is found to 
be CdMnS.  XRD studies of the samples revealed structural 
transformation from hexagonal to cubic between 8 at.% and 
10 atm. % of Mn doping and the crystallite size estimated 
from the broadening analysis generally corresponded to the 
primary particle size(grain size) as determined by HRTEM 
studies. Optical measurements showed a blue shift in the 
band gap energy of the samples and band bowing due to 
particles of varying sizes. Electrical studies indicated the 
insulating nature of the samples consistent with large band 
gap present in the samples and the doping of Mn on CdS 
enhances the electrical conductivities. The future challenge 
lies in designing monodisperse and nonagglomerated 
CdS:Mn nanoparticles that could bring us new 
opportunities to explore their properties and novel 
applications.  
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