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There are number of methods were developed to synthesize cadmium
sulfide (CdS) materials in nanoscale such as chemical precipitation method
(CPM) and pulsed laser ablation in a liquid solution (PLAL). In the CPM, with
increasing the amount of ethylenediamine (en) acting as a surfactant from 25%
to 100% the obtained CdS nanorods decrease in their axis and tends to take
spherical shape at 100% of en. The results obtained from CPM were used for
comparison with PLAL. In PLAL, with increasing the laser intensity of the used
nanosecond laser the particles size of produced CdS is reduced and exhibits
narrow particle size distribution.

Index Terms— Cadmium sulfide (CdS), Nanomaterials, Chemical precipitation
method (CPM), Pulsed laser ablation in liquid environment (PLAL),
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1. Introduction

In the last few decades, researches on nanostructures have increased
enormously and have been extremely attractive and interest to several fields of
research because of their unique size-dependent optical, electronic properties,
magnetic and chemical properties which are different from their bulk materials
[1-4]. Important scientific and technological advances based on understanding
and control of properties and processes at the scale of atoms and molecules, the
nanometer scale, are taking place in laboratories around the world. The ability
to control materials at the nanoscale is already leading to novel materials and
improved performance and other characteristics in existing products. Over the
longer term, nanotechnology promises even more revolutionary advances with
potential impacts on nearly every industrial sector, including energy, health
care, defense, transportation, and electronics.
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Therefore nanostructures are predicted to be, or are already, successfully
employed in a wide range of applications. Special the nanostructures made out
of II-VI are important nanomaterials for optoelectronic, biosensing and
imaging, magnetic and optical memory, nanoelectronics, hard coatings,
chemical-mechanical polishing applications [2, 5-8]. In particular, when the
size of the nanocrystallites is close to or smaller than the exciton Bohr radius
within the corresponding bulk material, they are termed as quantum dots and
exhibit very special physical and chemical properties [9].

Many attempts have been made by the researchers in the world to
discover and develop the new synthesis methods and characterization
techniques to control shape and size of nanostructures due to the heavily
shape/size-dependent functional properties. nanostructures have been prepared
by a wide variety of techniques such as pulsed laser deposition [10], flame
metal combustion [11], chemical reduction [12], photo-reduction [13],
electrochemical reduction [14], solvothermal [15], electrolysis [16], green
method [17], Microwave-induced [18], sono-electrochemical [19], aerosol flow
reactor [20], photochemical reduction [21], chemical fluid deposition [22],
spray pyrolysis [23, 24], and spark discharge [25]. The usual techniques for
synthesizing metallic nanostructures are chemical reactions. Recently, the new
methods were developed to synthesize materials in nanoscale like pulsed laser
ablation of metal target in a liquid solution (PLAL)[26].

Chemical Precipitation method (CPM) is the most common technology
used to remove dissolved (ionic) metals from solutions. The ionic metals are
converted to an insoluble form (particle) by the chemical reaction between the
soluble metal compounds and the precipitating reagent. The particles formed
by this reaction are removed from solution by settling and/or filtration. The
unit operations typically required in this technology includes neutralization,
precipitation,  coagulation/flocculation,  solids/liquid  separation  and
dewatering.The effectiveness of CPM is dependent on several factors, including
the type and concentration of ionic metals present in solution, the precipitant
used, the reaction conditions and the presence of other constituents that may
inhibit the precipitation reaction.

Pulsed laser ablation (PLA), Pulsed laser irradiation of a target (mostly
solid), is the process by which macroscopic amounts of material are ejected
from the surface of a solid irradiated by the interaction of relatively short (10-°-
107%), intense (10°-10™Wcm™), laser pulse bursts of coherent and
monochromatic light with surfaces, offers a unique way to perturb materials
away from equilibrium [27].
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In this work, our synthetic strategy of binary compound (CdS) by CPM is
based upon the controlled, aqueous precipitation of cations (e.g. Cd?*) with
anions (e.g. S%) in the presence of a stabilizer (en). The surfactants adsorb to
the growing crystal depending upon the precursor concentrations which can
moderate the growth rate of crystal faces. Then we make a comparative study
between these results and the nanofabrications results from PLAL method.

2. Materials and Experimental
2.1. Materials

Cadmium chloride hemipetahydrate (CdCl..xH20) of M.W. 228.35, 95%,
Ltd., Sodium sulfide (Na;S) of M.W. 78.03, Sulfur (S) of AW.32.97,
Ethylenediamine LR (1,2-diaminoethane), en, MW 60.10, All of these
chemicals from S. d. Fine-Chem were analytical grade and used without further
purification.

3. Experimental

In CPM, 0.069g of Cadmium chloride hemipetahydrate (CdCl..xH,0)
was dissolved in 150mL of distilled water, which contains an appropriate
amount of ethylenediamine (en) in a flask. After stirring the solution for about
15 min, 0.216g of Sodium sulfide (NazS) was added drop by drop in 30
minutes. A yellow color of the solution developed gradually when the reaction
proceeded under constant stirring at 80°C. The stirring was continued further
for 24 hours in order to facilitate complete nanoparticle precipitation. After the
reaction was completed, the resulting solution was centrifuged and washed with
distilled water and ethanol, respectively to get rid of unreacted species and
byproduct. The sample was dried at 100 °C for 6 h. Then the free standing
powder was collected and preserved in an airtight container.

In PLAL, The CdS target used were carried out on samples in the form of
disc of about 0.85cm diameter and 0.16cm thick. It was positioned inside a
cuvette (inner dimensions 10x10x35mm) (Suprasil 300 quartz) and held firmly
in a holder place with a flexible thin teflon ring which was placed at the bottom
of the cuvette, acting as a spring and pushing the sample onto its vertical wall.
The cuvette was filled with de-ionized water. It was then placed onto a moving
stage which could be moved in the X, y and z directions with accuracy of +5um.
The Nd:YAG solid state laser was focused onto the target material surface
using a lens of focal length 7cm by varying the energy of laser from 100mJ to
385mJ. Laser ablation was carried out by scanning the sample.The ablation was
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carried out forl5 minutes and formation of nanostructures in the solution could
be confirmed by the slight change of the color of the solvent during ablation.
4. Results and Discussions

4.1. Transmission Electron Microscope

In CPM, In order to prove the key role of en in the formation of CdS
nanostructures in agueous solution, it is important to study the effect of varying
the volume ratio of en with respect to distilled water (en: distilled water) used
as a medium. Figures 1:3 show the TEM images of CdS nanostructures using
25%, 50%, and 100% of en dissolved in distilled water as a solvent. Figures1:2
show that CdS nanostructures tripods and nanorods are produced. While figure
3 and its histogram shows that the using of 100% en CdS nanostructures
produced in spherical shape and particles size is 45nm. So, from these figures,
it can be seen that as the volume ratio of en increases from 25% to 100% the
growth of 1D (multirods) decreases in their axis to be 1D (nanorods) till they
become spherical nanostructures at 100% en. It seems that en concentration
strongly affects the length of the growing crystalline but much less acts on its
diameter [28]. In en, the amine group (NH>) is known to be a capping ligand
that highly influences the morphology of nanoproducts through interactions
with the metal centers on the surface of nanocrystals, thus changing the growth
rates of different faces [29]. This capping ligand in en when interact with Cd

cations, bidentate ligand complex [Cd(en):]** is formed which served as a

molecular template in control of the CdS crystal growth [30] and an
intermediate in the control of the CdS crystal growth [31]. Moreover, lower
concentration of en caused diffusion of more constituent elements inside the
capping sphere, which was responsible for the particles size growth leading to
increase in particle size of nanostructures [32]. Therefore at high concentration

of en the complexes [Cd(en),]** is very stable. So, the S ions were released

slowly from the complex which gives much more time for forming the
nanostructures. So, the nanostructures fabricated as spherical form due to it has
the highest stable form. While with decreasing the concentration of en, the

stability of the complexes [Cd(en).]?>* decreased, the S ions were released

rapidly and the growth in 1D form like uniform nanorods. While the further
increasing of the concentration of en, the growth in 1D is appeared in the
number of direction leading to formation of multirods [33].

Figure 4 shows TEM image of CdS nanostructures synthesized by ns
laser (1064nm, 385mJ) ablation of CdS target immersed in deionized-water as a
medium. The produced nanostructures are very small with the size in the range
of 9.5nm with high homogeneity and narrow particle size distribution. This
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happen because of the mechanism of laser matter interaction leading to laser
induced material removal. This mechanism can basically be classified into two;
thermal and non-thermal process. In thermal process, the type of pulsed laser is
short laser pulses (Ns). The ablation process is dominant by heat conduction,
melting, evaporation and plasma formation. This energy of the laser pulse is
absorbed on the surface of the work piece and heat conduction leads to the
formation of a temperature field. So, the nanostructures produced and appeared
in nanosphereshape which represents the most stable form [34-38].

5. X-Ray Diffraction

Figure 5 shows the powder XRD patterns of CdS nanostructures
precipitated from the aqueous solution at different amount of en dissolved in
distilled water. From this figures it’s clear that the more remarkable peaks were
observed at 20 = 25, 27, 29, 44, 48 and 52°. The discernible peaks can be
indexed to (100), (002), (101), (110), (103), and (112) planes of the hexagonal
structure of CdS according to the lattice constants close to the values in
literature (JCPDS No. 01-0780) [39, 40]. A more precise examination and
intercomparisons of diffraction patterns obtained for different nano CdS lead to
three conclusions; First, the as-prepared samples are crystalline as seen by
broad XRD features at prominent lattice planes of these materials rather than
amorphous which would yield only a very broad single. Similar nonamorphous
particles were made by Murray et al. [41]. Second, the XRD peaks of
hexagonal CdS were broad in accordance with their small grain size and low
degree of crystallinity. These nanocrystals have lesser lattice planes compared
to bulk, which contributes to the broadening of the peaks in the diffraction
pattern. This broadening of the peak could also arise due to the micro-straining
of the crystal structure arising from defects like dislocation and twinning. These
defects are believed to be associated with the chemically synthesized
nanocrystals as they grow spontaneously during chemical reaction [42].Third,
no characteristic peaks were observed for the other impurities, such as CdCl; or
Na,S which may reflect the purity extent of prepared CdS nanostructures.
However, one can see weak shoulders corresponding to (100) (26 = 25°) and
(101) (20 = 29°) peaks of wurtzite phase riding over the (002) peak of the
hexagonal phase suggesting the presence of small fraction of wurtzite phase in
the synthesized sample.

Figure 6 shows the powder XRD patterns of CdS nanostructures
prepared by PLAL. From this figure it’s clear that the more remarkable peaks
were observed at 20 = 24, 26, 28, 43 and 51°. The discernible peaks can be
indexed to (100), (002), (101), (110), and (112) planes of the hexagonal
structure of CdS according to the lattice constants close to the values in
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literature (JCPDS No. 01-0780). Moreover, No characteristic peaks were
observed for the other impurities, such as S or Cd which may reflect the purity
extent of the prepared CdS nanostructures.

5.2. UV-VisibleAbsorption Spectra

The optical properties of materials are very sensitive to the transition
from bulk materials to low-dimensional systems. The 1I-VI nanostructures are
well known to exhibit a strong change of their optical absorbance when their
size is reduced to a few nanometers [43]. Figure 7 shows the UV-Visible
absorption spectrum of CdS nanostructures synthesized by CPM at a different
percentage of en and 1:7 Cd:S molar ratio at 80°C. From this figure it’s clear
that as the percentage of en increased from 25% to 100%, the maximum
wavelength (Amax) increased from 435nm to 490nm.This figure exhibits a broad
absorption peak in the spectral region which is assigned to the optical transition
of the first excitonic state. This band is due to the first optically allowed
transition of CdS between the electronic state in the conduction band (CB) and
the hole state in the valence band (VB). And these values are different than that
of the bulk CdS, which is usually observed around 515 nm due to the quantum
size effect of CdS nanostructures [41]. This clearly depicts that size of the
nanocrystals formed are governed by precipitation of Cd?'cations with S*
anions in aqueous solution in the presence of a stabilizer. The decrease in the
particle size results in the increase in the band gap between the VB and CB.
Consequently, the excitation of electron from VB to CB requires higher energy,
which results in the blue shift or light absorbance in higher energy region, i.e.
lower wavelength region. The blue-shift in the energy band gap indicates
increase in effective band of the samples [44]. So, It’s clear from this figure
that the band position of this peak was blue shifted gradually as the percentage
of en increased, indicating quantum size effect i.e. formation of smaller
particles [41, 45]. So, by tuning this percentage it is indeed possible to vary the
growth rate at a particular instant of time.

The electron excitation from valance band (VB) to conduction band
(CB), can be used to determine the nature and value of the optical band gap.
The optical band gap has been estimated from absorption coefficient data as a
function of wavelength by using Tauc Relation [46, 47]:

ahv = B(hv —E,;)" 3)

where o is the absorption coefficient, hv is the photon energy, B is band tailing
parameter, En, the optical band gap of the nanoparticle, and n = 1/2 for direct
band gap.



A.M. Darwish et. al 116

It is well known that CdS is a direct band gap NP; hence the direct band
gap value is estimated from the absorption spectra by plotting (chv)? versus
(hv) and extrapolating the straight line to the energy axis of the graph to hv axis
i.e. at o = 0. Figure 8 shows the typical plots of (ahv)?vs (hv) for the prepared
CdS nanostructures at a different percentage of en. It’s clear from this figure
that the x-intercept of a line (the point at which the line crosses the x axis)
represent the energy band gap in the different percentage of en. So, the amount
of en increased in the medium from 25% to 100%, the energy band gap
decreased from 4.95ev (25% en) to 3.95ev (50% en) to 2.59ev (100% en).

The size of nanostructures can be estimated by applying Brus effective
mass model on the Effective mass approximation formula (EMA) which given
as [9, 48];
hiz?1 1.786e* 0.124e*

Eg (nano) = Eg (puny + 2Ry 4me.sR hll H
1 1 1
= T 4
e + — (4)
B B h?m?1  1.786e® 0.124e*
E"Eg - Eg(nﬂno} - Eg(bu!k} - IR2 ;_ <R - hlg2 I [:5:]

where Egnano) IS esStimated from absorption coefficient data as shown above,
Egbuiy is bulk band gap (2.4eV for CdS), h is Planck’s constant, R is the radius
of nanoparticle, me” the effective mass of the electron (0.19m. for CdS), m," the
effective mass of the hole (0.8me. for CdS), me is the free electron mass (kg), e
is the electronic charge (C), £ is the dielectric constant of nanoparticle (5.7 for

CdS), - is the dielectric constant of vacuum (C2J-*M™1), i is the effective mass
of the system, hi= 6.58211928x10'%eVs*, and m.=0.510998928MeVc?[49].

The second and third terms are much smaller than the first term,
therefore may be neglected and the expression reduced. So, the increase in band
gap in nanostructures due to quantum confinement has the equation form [49].

N him?1
ﬁgg = Eg (nano) ~ Eg (Bulk) ™ ERE E [:6:]

This equation can be used to estimate size of the particle taking proper
value of i and increase in band gap obtained from blue shift in absorption edge.
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For hexagonal CdS, p=1.919x103Kg [50]. Substituting all the values and
rearranging we get;

_ 15606
AEH®

R (7)

The calculated average particles sizes were tableted in tables 1. From
these tables it’s clear that by varying the amount of en dissolved in distilled
water, the calculated average particle sizes are 4.03nm, 31.21nm, and 8.66nm
for 25%, 50%, and 100% of en dissolved in distilled water, respectively. So, the
band gap energies gradually decrease from 4.95eV (25% en dissolved in dist.
water) to 2.41eV (100% en).

In PLAL, figure 9 shows the small blue-shift of the absorption onset of
the laser-ablated particles in comparison to that of the bulk indicates the
presence of quantum confinement. The calculated average particle sizes using
the particles size estimation were tableted in tables 2. From this table it’s clear
that the absorption edge increases from 2.6 nm: 5.92 nm by decreasing energies
of laser from 385mJ:100mJ (seen in table 2). So, the band gap energy gradually
decrease from 2.78eV (385mJ) to 2.49eV (100mJ) and shifted to the lower side
of the spectrum. These changes have been attributed to the crystallite size-
dependent properties of the energy band gap.

Conclusion

In CPM, with increasing the amount of en from 25% to 100% the
produced nanorods decrease in their axis till they become spherical
nanostructures at 100% of en. The powder X-ray diffraction (XRD) patterns of
the different CdS nanoparticles indicated that the precipitated CdS have the
hexagonal crystal structure. The systematic blue shift in the absorption edge of
the UV-Visible with changing the particles size is observed. This shift is due to
the quantum size effect of CdS nanostructures.

In PLAL, The production system of PLAL is easy, simple and cheap,
does not require costly vacuum chambers. The ns laser ablation of CdS target
immersed in deionized-water produce nanoparticles in the size range of 5nm
with high homogeneity and narrow particle size distribution. The TEM images
indicated that CdS nanostructures have an external spherical shape. PLAL can
be applied in all materials because of its ability to ablate almost all kinds of
materials due to the ultra-high energy density and control over the growth
process by manipulating the process parameters like Intensity, wavelength.
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Figure 1: TEM image of CdS nanostructures prepared using Cd:S molar ratio of
1:7 at 80 °C for 24 hours dissolved in distilled-water containing 25% of en and its

histogram of the aspect ratio
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Figure 2: TEM image of CdS nanostructures prepared usingCd:S molar ratio of
1:7 at 80 °C for 24 hours dissolved in distilled-water containing 50% of en and its

histogram of the aspect ratio
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Figure 3: TEM image of CdS nanostructures prepared usingCd:S molar ratio of
1:7 at 80 °C for 24 hours dissolved in 100% of en and its histogram of the particles

size
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Figure 4: TEM image of CdS nanostructures produced by ns PLAL using CdS-

tablet immersed in deionized solution and its histogram of particles size
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Figure 5: XRD pattern of CdS nanostructures prepared at Cd:S molar ratio of 1:7

and 80 °C for 24 hours at different amount of en dissolved in distilled-water
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Figure 6: XRD pattern of CdS nanostructures prepared by PLAL



Egypt. J. Solids, Vol. (34), No. (2), (2011) 127

100% of en

50% of en

25% of en

(arb. units)

Abs,

L ¥ L] o T
600 700 800

Wavelength (nm)

Figure 7: UV-Visible spectra of CdS nanostructures synthesized by chemical

method at a 1:7 Cd:Smolar ratio dissolved in a different percentage of en (80 °C)
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Figure 8: Typical relation of (ahv)? vs hv for CdS nanostructures prepared at

different percentage of en
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Figure 9: UV-Visible absorption spectrum of synthesized CdS nanostructures by
Top-Down PLAL technique (ns-laser, 100mJ:385mJ)
Table 1: The optical parameters of CdS nanostructures produced by PLAL at

different amount of en dissolved in dist. water.

Percentage Aabs Amax Enp R D

of en (%) (nm) | (nm) | (eV) (nm) | (nm)
25 572 429 4.95 201 |4.03
50 590 463 3.95 210 |4.21
100 604 503 2.41 156 |31.21

Table 2:The optical parameters of CdS nanostructures produced by PLAL (Top-

Down technique)

NS' Efnle;. Sgeyr )\,abs }Lmax Enp R D
laser (mJ) (nm) | (nm) | (V) | (nm) | (hm)

=c3 385 595 | 409 278 |261| 5.2
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368 606 | 454 272 |286| 57

150 666 | 477 264 (334 6.7

100 678 | 509 249 1592|118




