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CdS nanoparticles and thin films are well known for their excellent semiconducting properties. When transition metal ions
are doped into the CdS, it exhibits magnetic properties in addition to semiconducting properties and they are termed as
dilute magnetic semiconductors (DMSs). In this paper, we discuss the preparation of sodium bis(2-ethylhexyl) sulfonsuccinate
(AOT) capped CdS nanoparticles and thin films doped with magnetic impurity Mn. Sodium bis(2-ethulexyl) sulfonsuccinate
(AOT), capping agent promotes the uniform formation of nanoparticles. Optical characterizations are made using the UV-Vis
spectrometer, PL, and FTIR. XRD shows the hexagonal structure of the CdS. SEM images and EDS measurements were made for
the thin films. EPR shows the clear hyperfine lines corresponding to Mn2+ ion in the CdS nanoparticles.

1. Introduction

Nanostructured materials, especially II–VI semiconductors,
have become a subject of intensive research for their
extraordinary properties compared to bulk material [1–
3]. Semiconductor nanocrystalline materials which have
diameters less than their bulk exciton diameter display size-
dependent optical properties due to the quantum con-
finement. As a result of size quantization, the absorption
spectrum gets blue-shifted which indicates the decrease in
crystallite size [4]. Manganese-doped CdS nanocrystals have
been mainly studied due to their luminescence properties.
Synthesis of these doped nanocrystals has become a major
interdisciplinary field of research during the past decades.
This is due to the fact that the Mn2+ ions provide good traps
for the excited electrons, which give rise to their potential use
in the fields of nonlinear optics, luminescence, electronics,
and optoelectronic devices [5–10]. The localized d orbital
electrons of the magnetic dopant ions couple with the
electrons in the semiconducting band of the host material.
This coupling phenomena lead to number of interesting and

peculiar properties such as magnetoelectrical and magneto
optical effects.

In the present work, we explained the simple attempts
made to prepare the sodium bis(2-ethulexyl) sulfonsucci-
nate (AOT) capped cadmium sulphide nanoparticles and
found varying absorption spectra with AOT capping and
their stability with variation of capping concentration are
reported. The option of AOT was considered since they
have better possibilities of improved size control on the
formation of CdS nanoparticles. AOT is a double-chain
anionic surfactant and a well-known capping agent for
semiconductor nanoparticles. Use of AOT creates interesting
optical properties of AOT capped CdS nanoparticles which
is another motivating factor. Figure 1 shows the structure of
anionic surfactant AOT [11].

In the capping process, the organic solvents are absorbed
on the surface of the CdS nanoparticles, and this produces
the negative charge on the surface of the particles due to
polarization. This leads to the repulsive force among the
capped nanoparticles. This repulsive force is capable of
keeping very small nanoparticles (d < 10 nm) to suspend
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Figure 1: Structure of AOT.

on the solution, where the larger particles settle down at
the bottom. Varying the concentration of the capping agent,
the particle size can be changed, and, in this work, we have
optimized the concentration of capping agent and proceeded
with the magnetic dopants in CdS and their magnetic
properties are studied.

2. Preparation

CdS nanoparticles were prepared by simple chemical process.
Following [12], we have adopted a simple method for the
synthesis. The general procedure includes 0.01 M of CdCl3,
and of 0.01 M of Na2S were dissolved in separate containers
containing 20 mL distilled water. 0.1 M dioctyl sodium
sulfonsuccinate (AOT) solution in 10 mL hexane was created
beforehand. 5 mL of the CdCl2 solution and 5 mL of the
Na2S solution were taken into separate beakers. 0.1 M AOT
in hexane solutions were mixed into the two solutions and
were allowed to stir for 30 minutes using a magnetic stirrer.
In order to get the best emulsion, these aqueous solutions
were injected into AOT in hexane as rapidly as possible.
These respective CdCl2/AOT/hexane and Na2S/AOT/hexane
solutions were allowed to stir for 30 min before being mixed
together and allowed to stir for an additional 30 min. Both
the solutions were mixed together and allowed to stir for
another 30 minutes using magnetic stirrer. AOT, capping
agent is introduced to constrain the particle size. The
particle size depends mainly on the concentration of the
capping agent [13]. The initial preparation was done with a
concentration of 0.1 M. The similar procedure was adopted,
and the concentration of AOT was varied from 0.04 M to
1 M.

The samples were characterized by powder X-ray diffrac-
tion employing Cu Kα radiation. The electron paramagnetic
resonance spectra were taken using Bruker EMX EPR
Spectrometer.

3. Results and Discussions

It is found that the absorbance peak is red-shifted when
AOT concentration was increased from 0.04 to 1 M. This
indicates the increase in particle size with increase in the
concentration of capping agent. The band gap of the CdS
nanoparticles is a function of the particle size under tight
binding approximation (TBA) as well as effective mass

approximations (EMA). The experimental data agree well
with the effective mass calculations for diameters larger than
4 nm where as TBA fit better for particles with diameters
smaller than 4 nm [14]. Murakoshi et al. [15] have reported
that the experimental data for the dependence of band gap
with particle size agrees well with EMA with a finite potential
well, even for smaller sizes. The relationship between the
particle size d and band gap Eg is given by

Eg = Eg(0) +
α

dβ
, (1)

where Eg(0) is the band gap for bulk CdS (2.42 eV), α
and β are constants. The value of β = 2 for EMA [16].
The data taken from Lippens and Lannoo [17] for the
relationship between band gap and particle size under EMA
were solved using the above relation, and the values of α
and β were obtained as 13 eV/nm2 and 2, respectively. Thus,
greater blue shift was observed at 0.04 M AOT capped CdS
nanoparticles, which infers the smaller size compared to
higher concentration of AOT. This was confirmed from the
UV-VIS measurements taken immediately after preparation.

The optical absorption as a function of wavelength for
CdS particles with various capping concentrations is shown
in Figure 2(a). It can be seen from the figure that the
absorption edge shifts towards shorter wavelength region
as the concentration of AOT is decreased, indicating the
formation of CdS particles in the nanometer regime [18]. It
can also be seen that, as the AOT concentration is decreased,
excitonic peaks appear which is an indication of increase in
band gap and decrease in particle size. Haruff and Bunker
[19] have reported the appearance of an excitonic peak
at around 310–380 nm for AOT capped CdS nanoparticles
prepared in different ratio of H2O/AOT. Pileni [20] has also
reported the presence of the excitonic peak at the range of
380 nm to 420 nm for AOT protected CdS nanoparticles.
From Figure 2(a), for the stabilizer concentration of 0.04 M
AOT, excitonic peaks were observed at around 422 nm in the
present study, indicating the formation of CdS particles of
smaller particle size but may be larger than earlier reported
[20]. The excitonic peaks appear at 432 nm and 447 nm for
the 0.07 M and 0.1 M AOT indicating the gradually increase
in the particle size.

Figure 2(b) shows the optical absorption spectra for
Mn-doped CdS nanoparticles. The excitonic peak appears
at approximately 459 nm, which is red-shifted. This red
shift indicates the decrease in band gap and also represents
increase in the particle size.

Thus, we can conclude that, when the concentration of
AOT is smaller, greater blue shift is observed, which refers to
smaller particle size. The optimum concentration of the AOT
to prepare Mn-doped CdS nanoparticles is 0.04 M.

The photoluminescence spectra of CdS have been exten-
sively studied. The role of surface and native defects has
been used to explain the behavior of the PL. In PL, a
strong and narrow emission peak at 488 nm was observed
when the sample was excited at 280 nm light as shown
in Figure 3(a). The luminescence at 488 nm may be due
to a higher level transition in CdS crystallites. It has
been reported that this kind of band-edge luminescence
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Figure 2: (a) Absorption spectra of CdS nanoparticles prepared at
different concentrations of AOT. (b) Absorption spectra of pure and
doped CdS nanoparticles.

arises from the recombination of excitons and/or shallowly
fascinated electron-hole pairs. A slight hump is present at
530 nm, which can be ascribed to the surface defect emission
of the CdS nanoparticles. In contrast to the above, the PL
spectrum of Mn-doped CdS sample shows an additional
red-shifted emission featured at 575 nm, due to an internal
4T1 → 6A1 Mn2+ transition [21], indicating huge spectra
overlapping between the emission from Mn2+ ions and the
emission from surface states. So a capable energy transfer
from the excited carriers intent at the surfaces to Mn ions
occurs in our CdS : Mn sample [22, 23]. Generally, it is
known that the photoluminescence in semiconductors is
greatly influenced by the stoichiometric defects at electronic
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Figure 3: (a) Photoluminescence of the system excited at 280 nm
(λex = 280 nm), (b) system excited at 300 nm (λex = 300 nm).

levels. The variation in the intensity of the characteristic
peaks shows considerable changes in the stability and size
of the nanoparticles. Thus, slight difference is found in
the absorption edge as well as the photoluminescence peak
positions observed for the pure and the doped samples,
which indicates a slight variation in size and stability [24].

Figure 3(b) shows a distinct peak at 488 nm, when excited
at 300 nm light. This is the characteristic peak. An additional
red-shifted peak at 545 nm is also present which represents
the defect emission peak. The intensity of the surface defect
emission increases as the Mn dopant percentage increases.
The Mn (2%) doped sample shows a broad peak compared
to the others; this can be attributed to large surface defects
present. The peak at 600 nm is due to the excitation itself.
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FTIR spectra of AOT, pure and AOT capped CdS
nanoparticles are shown in the Figure 4. The CH stretching
band is characterized by four peaks (2861, 2874, 2932,
and 2960 cm−1) due to the symmetric and antisymmetric
stretching vibrations of CH2 and CH3 groups of the AOT
alkyl chains [25]. The absorption peak around 1047 cm−1 is
due to the CH2 twist [26]. With the overall observations, it
can be concluded that the AOT has formed a coating over
the cadmium sulfide nanoparticles, which in turn supports
their influence on size reduction. There was no formation of
sulphate compounds. The obtained results are tabulated in
Table 1.

The pure and doped CdS nanoparticle solutions are
deposited on glass substrate heated at 80◦C. The XRD
pattern of the deposited film is shown in Figure 5. From the
JCPDS (file no. 10-0454) cards, the peaks of the pure CdS
are marked. The planes corresponding to CdS are marked.
The peaks at angle 2θ = 25.96◦, 29.98◦, 35.44◦, and 43.58◦

correspond to the planes [002] [101], [102], and [110],
respectively, which confirms that the CdS thin films are
having the hexagonal crystalline structure. CdS exhibits both
hexagonal and cubic crystalline structures. The planes [002]
and [101] represent the hexagonal structure of CdS. The
intensity of the peaks was found to be very weak which
refers the poor crystallinity of the materials that is being
deposited. Since the CdS nanoparticles are being capped
with AOT, the X-ray beam falls on the amorphous AOT and
reduces the intensity of the peaks of the CdS nanostructured
thin films. Since the AOT is a polymer compound and
being amorphous, they do not show sharp peaks as like the
crystalline materials. And no peaks of the secondary phase
NaCl were found, and it is very clear from the EDX data
which confirms the absence of the chlorine in the entire
system.

Moreover, the as-deposited samples usually lack in the
crystallinity, and similar results were reported [27, 28]. When
thin films are annealed, the crystallinity of the thin films may
increase.

Figure 6(a) shows SEM images of pure CdS nanoparticles
deposited on a glass plate. We can observe more surface
irregularities like ridges from the SEM images but are not
visible cracks. The CdS nanoparticles, embedded in the AOT
matrix, indicate that the sample is mixed with large number
of well dispersed with irregular shape and size. Figure 6(b)
shows the cluster of nanoparticles at higher resolution. But
most of the particles appear to be spherical in shape.

Figure 7(a) shows SEM images of Mn (1 mol %) doped
CdS thin films. It is observed that the films are not uniform
throughout the regions, but the films are without any
void, pinhole, or cracks and they cover the substrates well.
Figure 7(b) shows the structure of nanoparticles at higher
magnification. We can infer that the clusters like patterns
are formed due to the agglomeration of constituent particles.
The images show presence of larger cluster.

Figure 8(a) shows images of Mn (2 mol %) doped CdS
thin films. There we clearly observe the small-nanosized
grains engaged in a fibrous-like structure, which clearly indi-
cates the nanocrystalline nature along with some agglomer-
ated phase of CdS thin films. The fibrous-like structure is
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Figure 4: FT-IR spectra of the CdS system.
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Figure 5: XRD patterns of the pure and Mn : CdS thin films.

Table 1: FT-IR spectra of CdS system.

S. no.
Wave number

cm−1 Bonding

(1) 2960 νas(CH3)

(2) 2932 νas(CH2)

(3) 2874 νs(CH3)

(4) 2861 νs(CH2)

(5) 1643 ν(CO) of AOT

due to the presence of the capping agent which continued
to remain even after the heating process. From these images,
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10 kV  16.4 mm  x250   SE   4/10/2010  10:48 200 μm

(a)

10 kV  16.2 mm  x12 k   SE   4/10/2010  11:50 4 μm 

(b)

Figure 6: SEM images of pure CdS thin films: (a) lower magnifica-
tion, (b) higher magnification.

grain sizes of the films are not uniform. Therefore, we
estimated the grain sizes from 70 to 500 nm. Figure 8(b)
shows images of Mn (3 mol %) doped CdS thin films.

The EDX report shows the purity of the sample. There
is no impurity available in the sample as there is no element
except the Cd, S, Mn, C, and Na in the EDX spectrum. The
orbital states of Cd, S, Mn, C, and Na are seen in the EDX
spectrum. It should be noted here that the contribution of
the S atoms in EDX spectrum comes from both S atoms
present in the AOT molecules and from those in the CdS
nanoparticles. Figure 9 shows the EDX measurement for the
thin films.

The amount of dopants present in the Mn : CdS thin
films reveals that the Mn concentration increases with
increase in the dopants increase. From the figure, the energy
levels at 0.650 KeV, 0.762 KeV, 5.898 KeV, 6.489 KeV, and
6.536 KeV correspond to the LIαβ, LIIαβ, Kα, Kβ, and Kαβ

(Table 2).

Figure 10 shows the EPR spectra of the Mn-doped
CdS nanoparticles solution in hexane. We can find the

10 kV  16.2 mm  x250   SE   4/10/2010  10:36 200 μm

(a)

10 kV  16.3 mm  x10 k   SE   4/10/2010  10:59 5 μm 

(b)

Figure 7: SEM images of Mn (1 mol %) doped CdS thin films: (a)
lower magnification, (b) higher magnification.

Table 2: Concentration of Mn in doped thin films.

S. no. System At % of the dopant

(1) 1 mol % Mn 0.16

(2) 2 mol % Mn 0.30

(3) 3 mol % Mn 0.55

fully resolved hyperfine structure for typical Mn2+ (d5

configuration) at hexagonal lattice sites in CdS, and the
electronic ground state is 6S5/2. As the spin of the Mn2+ is
S = 5/2, and the hyperfine splitting term is (2S + 1). Hence
EPR signal for Mn2+ in material will have six resonant lines.
This configuration is due to the localized trapping of Mn2+

electron which is a substitutional dopant [29]. The intensity
of the peaks in 2 mol% Mn-doped ZnO is less. The reason
may be due to the nonuniform distribution of Mn2+ [30]
ions. The six hyperfine splitting refers to 5/2 ↔ 3/2, 3/2 ↔
1/2, 1/2 ↔ −1/2, −1/2 ↔ −3/2, and −3/2 ↔ 5/2 [31].
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Figure 8: SEM images of (a) Mn 2 mol %, (b) Mn 3 mol % doped CdS thin films.
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Figure 9: EDX spectra of (a) pure, (b) 1 mol %, (c) 2 mol %, (d) 3 mol % Mn-doped CdS thin films.

4. Conclusion

The following conclusions can be drawn from the results
of the study on the effect of stabilizer concentration on the
formation and stability of AOT-capped CdS nanoparticles

and thin films. The amount of capping agent was varied for
preparing the nanomaterials. It was found the smaller the
concentration of AOT, greater the blue shift which infers
that the particles size reduces. Absorption peak for pure
and doped CdS nanoparticles is found in visible region.



Journal of Nanomaterials 7

2000

1500

1000

500

0

−500

−1000

−1500

−2000
3000 3200 3400 3600 3800

B (Gs)

E
P

R
 s

pe
ct

ru
m

 a
m

pl
it

u
de

Mn 1 mol%

Mn 2 mol%
Mn 3 mol%

Figure 10: EPR spectra of Mn-doped CdS nanoparticles in hexane.

And red shift is found on the addition of dopants, and
excitonic feature is greatly suppressed. In PL, emission is
found near 488 nm at both the excitation wavelength (λex =
280 nm and 300 nm) corresponds to the surface defects in
the CdS system. The emission peak at 575 nm refers to
transition of Mn2+ ion from excited state to ground state.
FTIR reveals the stretching of the functional group present
in the system. CdS absorption peak is found near 2361 cm−1.
The nanoparticles are then deposited on glass substrate at
80◦C. XRD pattern reveals the lower crystallinity of the
thin films, and small shifts are observed on addition of
dopants. SEM images report the surface features, and the
uniform distribution of the particles and EDX shows the
concentration of Mn in the case of Mn : CdS thin films.
Six hyperfine splitting are found in EPR spectra. Since
the splitting is clear, this preparation method can be used
in preparing Mn-doped CdS thin films using any other
sophisticated instrument.
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