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Abstract: CdS nanoparticles are synthesized using chemical precipitation at room temperature. Cadmium sulfide is
one of the most promising materials for solar cells and of great interest for their practical applications in up to
electronics and photonics. The optical properties get modified due to the confinement of charge carrier within the
nanoparticles. The physical and chemical properties of thus nanoparticles are found to be size dependent. The
crystallite sizes of cadmium sulfide crystals were estimated from the peaks of XRD. The optical properties of the
samples were estimated by UV visible spectroscopy. The functional groups present in the synthesized CdS materials
are identified by FTIR analysis. XRD is used to carry out the structural characterization of the nanoparticles. The
coloration of the nanoparticle is directly linked to the band gap. The color of the emitted light depends on the size of
the quantum dots, the larger the quantum dots size, the redder the light.
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1. Introduction and optical properties were obtained with decreasing
CdS has promising applications in multiple the size of CdS nanoparticles.
technical fields including photochemical catalysis, gas Experimental:-
sensor, detectors for laser and infrared, solar cells, CdS nanoparticles are prepared by the colloidal
nonlinear optical materials, various luminescence chemical precipitation method using cadmium
devices, optoelectronic devices and so on [1-2]; it is sulphate (CdSO4), Ammonium chloride (NH4Cl) and
also most promising candidate among II-VI thiourea in molar ratio of 1:3:7. Mercapto ethanol is
compounds for detecting visible radiation [10]. CdS used as capping agent..
can be obtained in thin film form, by various methods These compounds are weighed in a microbalance
[4-5] or in powder form, by (M/s SICO, India). on 100 ml volume we take 90ml
hydrothermal/solvothermal methods, thermal water and keep it on stirrer after mixing the cadmium
decomposition etc. [3, 6 7 ]. In last decades, efforts sulphate (CdSO,), and Ammonium chloride ( NH4Cl)
have been devoted to the preparation of high - quality after than maintain the ph of solution at 9.8 by the help
CdS nanoparticles and the investigation of optical of ammonia NHjthan mix the (2ml,4ml,8ml) mercapto
properties. [8] The possibility of tuning the properties stock solution (4ml mercapto + 96ml DIwater) and
of particles by controlling their sizes and shapes lastly mix the thiourea as A supporting electrolyte. and
implies search of new experimental methodologies the flask was constantly stirred for about 1 hours at
that yield very low size- and shape-dispersion room temp. Then the precipitates were filtered out.
nanoparticles. For example, sea-urchin like cadmium The structure and phase of the sample are determined
sulfide nanoparticles with nanorod-based architecture by X-raydiffraction Technique (XRD) Diffraction
were prepared by solvothermal method, with cadmium patterns have been recorded over the range of 20— 80at
chloride and thiourea in ethylenediamine solution [9]; the scan rate of 2 degree/min. CdS nanoparticles have
the CdS nanoparticles have been assembled into CdS been synthesized by aqueous medium through
nanorods and arrayed nanorod bundles by a chemical co-precipitation technique. X-ray diffraction
thioglicolic acid [10]; cadmium sulfide nanorods were measurement confirms the structure, single phase
also synthesised in micro-emulsions formed by non- cubic and particle size 10 nm for the sample CdS
ionic surfactants [11]. There are many reports about Bulk,1.98 nm for sample CdS 8mland 2.64nm for
cadmium sulfide nanoparticles, obtained by different sample CdS 4ml. The Optical properties were
methods and from different precursors. [11 - 13]. determined by using UV-Vis spectroscopy, Structural
In the present work describes synthesis and and Morphological properties were analyzed by
characterization of cadmium sulfide using chemical Fourier Transform Infrared Spectroscopy (FTIR), X-
precipitation techniques. Different sizes of CdS Ray Diffraction (XRD) and Scanning Electron
nanoparticles were obtained by wusing different Microscopy (SEM).

concentration of Mercaptoethanol. Enhanced structural
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2. Result and Discussion
2.1. Structural Properties of CdS by X-ray
Diffraction Analysis:-

XRD pattern provide information about
crystalline phase of the nanoparticles as well as the
crystallite size. A considerable broadening of
diffraction peaks is the characteristic feature of the x-
ray diffraction patterns of films and ultra-dispersed
powders of cadmium sulfide. This broadening of the
diffraction peaks is associated with the small sizes of
particles in powders.

Fig 1, 2 and 3 shows the XRD pattern of sample
CdS1, CdS2 and CdS3 respectively. X-ray diffraction
studies confirmed that the synthesized materials were
CdSwith cubic phase and the entire diffraction peak
agreed with the reported JCPDS data. Comparing with
the data of the JCPDS file (Powder Diffraction File
Card, No. 10-0454), it was found that the CdS
nanoparticles are identified as -CdS, which belong to
the cubic crystal system. The XRD peaks are found to
be broad indicating fine size of the sample grains. The
XRD pattern of a typical CdS sample exhibits peaks at
26 values of 26.67°, 43.98° and 51.89° which could be
indicated as scattering from the (111), (220), and (311)
cubic phase CdS plans, respectively, suggesting that
the nanoparticles are in cubic (Zinc blend phase) form
and are in good agreement with the reported data on
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CdS (Rodrigues et al., 2008; Wang et al., 2001). The
broadening of the diffraction peak provides
information about crystallite size. As the width
increases, the particle size decreases and vice versa
(Banerjee et al., 2000).

The X- ray diffraction data were recorded by
using Cu Ko radiation (1.5406 A°). The average grain
size was calculated with the help of Scherrer equation
using the diffraction intensity of the peak that has
highest intensity.

Scherrer equation is

D=0.891/ (BCosO)............... (1)

Where D is the grain size, A is the wavelength of
x-ray radiation, B is the full width at the half
maximum (FWHM) of the CdS nanoparticles and 6 is
the diffraction angle. Standard data is taken from the
JCPDS card No. 36-1451. The Calculated grain size
using the peak (111) were found 10, 2.64 and 1.98 nm
for sample CdS1, CdS2 and CdS3 respectively using
theScherrereq. The summary of XRD parameters are
given in table 1.
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Figure.2 XRD Pattern of CdS2 Quantum dots with
grain size 2.64 nm
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Table No. 01 from XRD analysis of Size Tuned CdS Quantum dots

FWHM Peak 20 Inter planar spacing d values . 0 Grain Size
Sample (4% No (degree) hkl (4% Intensity (4%) (nm)
Standard d (A) | Observed d (A) | Standard | Observed
1 26.69 111 |3.36 3.3360 100 100
CdS1  |0.85625 2 43.98 220 |[2.06 2.0563 40 39 10
3 51.82 311 |1.75 1.7621 60 58
1 26.62 111 |3.36 3.34463 100 100
CdS2  |3.05777 2 43.69 220 |2.06 2.06935 40 37 2.64
3 51.72 311 |1.75 1.76531 60 58
1 26.69 111 |3.36 3.3360 100 100
CdS3  [4.0786 2 43.98 220 |[2.06 2.0563 40 35 1.98
3 51.82 311 |1.75 1.7621 60 56
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Figure 3. XRD Pattern of CdS3 Quantum dots with grain size 1.98 nm

2.2. Texture Coefficient:-

In material science, texture is the distribution of
crystallographic orientations of a polycrystalline
sample. Material properties such as strength, chemical
reactivity, stress corrosion, cracking resistance, weld
ability, deformation behavior, resistance to radiation
damage and magnetic susceptibility can be highly
dependent on the material texture and related changes
in microstructure. Quantitative information concerning
the preferential crystal orientation can be obtained
from the texture coefficient, TC, defined as.

1(hkl) (1 I(hkl) "
1, (hkl) {nz 1, (hkl)}

Te(hkl) =
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Where TC (hkl) is the texture coefficient, I (hkl)
is the XRD intensity and n is the number of diffraction
peaks considered. /o (hkl) is the intensity of the XRD
reference of the randomly oriented grains. As TC (hkl)
increases, the preferential growth of the crystallites in
the direction perpendicular to the hkl plane is greater.

A summary of Texture coefficient is given in
Table 02. Texture coefficient for the peak (111) is
highest that shows intensity of that peak is high and
that is most preferable peak for the XRD calculation,
texture coefficient shows tendency to orientation in the
(111) plane. Values higher than 1 indicate the
abundance of grains in a given (hkl) directions. All the
peaks are not suited for particle size calculation.
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Table No. 02 from Texture Coefficient of Size Tuned CdS Quantum dots

Sample | FWHM (A%) | Peak No| h k1| Intensity (4%) TC (hkl) | Grain Size (nm)
Standardl(hkl) | Observed I (hkl)
1 111 100 100 1.037
Cdsl1 0.85625 2 220 |40 37 0.959 10
3 311 |60 58 0.988
1 111 100 100 1.035
Cds2  |3.05777 2 220 |40 37 0.963 2.64
3 311 |60 58 0.988
1 111 100 100 1.068
CdS3  |4.0786 2 220 |40 35 0.934 1.98
3 311 |60 56 0.988
2.3. Optical Properties Of CdS By UV-Vis fabrication of thin film solar cells [30,31]. In
Absorption Analysis:- photocatalysis, it is used for hydrogen production [32]
Quantum dots are semiconductors whose and water purification [33]. CdS is also used as a

electronic characteristics are closely related to the size
and shape of the individual crystal. Generally, the
smaller the size of the crystal, the larger will be the
band gap, and greater will be the difference in energy
between the highest valence band and the lowest
conduction band. Therefore more energy is needed to
excite the dot, and concurrently, more energy is
released when the crystal returns to its resting state.
Due to quantum size effect, as the radius of the
crystallite approaches the Bohr radius of an exciton,
the energy gap begins to widen, quantization of the
energy bands becomes apparent and a blue shift in the
exciton transition energy can be observed [14 -17].
The effective mass model is commonly used to study
the size dependence of optical properties of Quantum
Dotssystem [18]. CdS shows variation in 1D
morphology when the reaction conditions change (i.e.
monomer concentration, reaction temperature and
reaction time). Any combination of reaction conditions
could lead to diverse shapes such as dots, rods, bipods,
tripods, tetrapods and spindles [19, 20].

As CdS nanoparticles (quantum dots) has wide
band gap, it is widely used in optoelectronics,
photonics, photovoltaics and photocatalysis. It is used
as window material for hetero junction solar cells to
avoid the recombination of photogenerated carriers
which consequently improves the solar cells efficiency
[21]. In optoelectronics, it is utilized for making
photocells, light emitting diode (LED) [22 23], lasers
[24], and address decoders [25]. In photonics, CdS is
employed to make nanocrystals [26], sensors [27],
optical filters, and all optical switches [28]. In
photovoltaics, it has been exploited to fabricate
cadmium telluride (CdTe), as well as copper indium
diselenide solar cells to act as a window layer that
separates charge carriers produced due to photon
absorption and photo detectors [29] and in the
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pigment in paints and in engineered plastic for good
thermal stability [40]. These properties are the result
of high surface-tovolume ratio present in CdS
nanoparticles. In the present work, CdS nanoparticles
were synthesized by single pot chemical precipitation
method in aqueous medium using ambient reaction
conditions using ambient reaction conditions. The
Optical properties were determined by using UV-Vis
spectroscopy.

The UV-Vis spectroscopy has become an
effectivetool in determining the size and optical
properties. The optical properties were determined by
using Thermo Spectronics, Genesis 20 Spectrometer in
the wavelength range of 400-600 nm at room
temperature using the stable dispersions formed in
DMSO after ultra-sonication. As the particle size
decreases, the A max shifts to shorter wavelengths, due
to the band gap increase of the smaller-sized particles
[23, 41]. The nature of the electronic transition across
the optical band gap is determined by the variation of
optical coefficient with wavelength. The nature of the
transition is
Determine using the relation [42]:

(ahv)=Ahv—-Eg)"............. 1)

Where ‘o’ is the absorption coefficient, ‘A’ is a
constant related to the effective masses associated with
the bands, ‘hv’ is the energy of photon and n=1/2 for
allowed direct transition. The value of absorption
coefficient is found to be of the order of 104 cm-1 for
all composition that supports the direct band gap
nature of the semiconductor [34]. The most direct way
of extracting the optical band gap is to simply
determine the wavelength at which the extrapolations
of the base line and the absorption edge cross [35, 36].
With the band gap value, the particle radius can be
calculated using equation proposed by Brus [37,38].
The Brus equation is used to describe the emission



Report and Opinion 2017;9(10)

http://www.sciencepub.net/report

energy of quantum dot semiconductor nanocrystals.
This expression gives a relation between radius of the
crystallite and the energy gap thus explains the
quantum size effect.
2 2

E,=Eg ot %[mie+mih]-1.786:—R-0.248Ery ........ )

Where; Eg is the band gap value of the
nanoparticles, E gois the band gap value of the bulk

material,m,and m,, are effective masses of electrons
and holes, respectively. € is the dielectric constant of
the semiconductor, R is the radius of the particle;
histhe planks constant and E,.,, is the effective Rydberg
energy [39]. The first term in Equation (2) referred to
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as the quantum localization term (i.e. the kinetic
energy term), which shifts the Egto higher energies
proportionally to R2-. The second term in Equation (2)
arises due to the screened coulomb interaction
between the electron and hole, it shifts the Eg to lower
energy as Rl—. The third, size independent term in
Equation (2) is the solvation energy loss and is usually
small and ignored. In case of semiconductors the
effect of the second term, the coulomb interaction term
in the equation (2) is very less and hence can be
ignored as well. [40, 41].
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Figure 4. UV-Vis Absorption Pattern of Size Tuned CdSQdots

The reported value of absorption edge in bulk
CdS was found at 515 nm while in prepared CdS
nanoparticles the absorption peaks were observed at
451.84, 339.79 and 315.74nm for CdS1, CdS2 and
CdS3 respectively; wavelength (fig 4) which indicates
the blue shift in absorption edge. Absorption peak
shows shift to shorter wavelength (blue shift) with
decreasing the size, which is in good agreement with
the results reported [42]. Graph shows the plot of
Absorbance versus hv whose intercept on energy axis
gives the band gap energy Eg of the particles which
came out to be 2.74eV, 3.65e¢V and 3.94eVfor CdS1,
CdS2 and CdS3 respectively (reported standard value
of band gap for bulk CdS=2.42eV). The summary of
UV visible parameters is given in table 03.

The particle size of the synthesized CdS
nanoparticles was calculated from Equation (2)
keeping Eg0=2.42 eV, m,=1.73 x 10719, m, =7.29
x 1071, for CdS, and Eg=2.74, 3.65, 3.94eV
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(observed) (graph). The particle size came out to be
nm. The prepared CdS nanoparticles had wider band
gap than the bulk CdS due to quantum size effect, and
can be used in optoelectronics, photonics, photo
voltaics, photo catalysis and solar cells.

The above graph shows that even for those
photons which have an energy above the band gap, the
absorption coefficient is not constant, but still depends
strongly on wavelength. The probability of absorbing
a photon depends on the likelihood of having a photon
and an electron.

Different semiconductor materials have different
absorption coefficients. Materials with higher
absorption coefficients more readily absorb photons,
which excite electrons into the conduction band.
Knowing the absorption coefficients of materials aids
engineers in determining which material to use in their
solar cell designs.
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The absorption coefficient determines how far
into a material light of a particular wavelength can
penetrate before it is absorbed. In a material with a
low absorption coefficient, light is only poorly
absorbed, and if the material is thin enough, it will
appear transparent to that wavelength. The absorption
coefficient depends on the material and also on the
wavelength of light which is being absorbed.
Semiconductor materials have a sharp edge in their
absorption coefficient, since light which has energy
below the band gap does not have sufficient energy to
excite an electron into the conduction band from the
valence band. Consequently this light is not absorbed.
The absorption coefficient for several semiconductor
materials is shown below. The above graph shows that
even for those photons which have energy above the
band gap, the absorption coefficient is not constant,
but still depends strongly on wavelength. The
probability of absorbing a photon depends on the
likelihood of having a photon and an electron interact
in such a way as to move from one energy band to

another. For photons which have energy very close to
that of the band gap, the absorption is relatively low
since only those electrons directly at the valence band
edge can interact with the photon to cause absorption.
As the photon energy increases, not just the electrons
already having energy close to that of the band gap
can interact with the photon. Therefore, a larger
number of electrons can interact with the photon and
result in the photon being absorbed. The energy gap
values depends in general on the films crystal
structure, the arrangement and distribution of atoms in
the crystal lattice, also it is affected by crystal
regularity. The energy gap (Eg) value is calculated by
extrapolation of the straight line of the plot of (ahv) *2
versus (hv) photon energy for different deposition
parameters the linear dependence of (ahv) "2, (hv)
with indicates direct band gap. The band gap increases
with the increase in thiourea ion concentration. More
probably this is related to the decrease in grain size
with increasing deposition rate.

Table No. 03 from UV Visible Absorption analysis of Size Tuned CdS Quantum dots

Sample | Wavelength (}) at Experimental Theoretical EMA |Theoretical TBT |Particle size
Name |absorption peak (nm) |Band gapE, (eV) |Band gapE, (eV) Band gapE, (eV) |(nm)

CdS1 451.843 2.74 2.75 3.11 10

CdS2 339.793 3.65 3.18 3.57 2.64

CdS3 315.737 3.93 3.87 3.78 1.98

The UV absorbance spectral presented in the
figures above reveal that as the size of the Nano
crystals shrink, the maximum peak shifted to a shorter
wavelength leading to corresponding increase in the
confinement energies because the valence band is
move downward and conduction band is pushed
upward thus widening the band gap of the
semiconductor Nano crystals. The net effect is that the
band gap increases. This results to a blue-shift of the
(band-band) excitation energy of the semiconductor.
The value of the band gaps of the various synthesized
nanoparticles was quite large when compared to
typical band gap in bulk CdS. This rapid increase in
band gap and shift in the electron transition to higher
energies with decreasing dot size is due to
enhancement in surface/volume ratio and accompanied
increase in oscillation strength of the Nano crystal
induced by the quantum size effect (QSE). Ashcroft,
N.W. ANDMermin, (1976).

24. Optical Properties of
Photoluminescence Analysis:-

Special interest in quantum dots is due to a
considerable difference between the discrete exciton
spectrum of the quantum dots and the spectrum of a
bulk crystal of the same chemical

CdS By
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Composition. This difference leads to a change in
the optical properties of quantum dots as compared to
the bulk material. In particular, the emission band of
the quantum dots can be located, depending on their
size, in any part of the spectrum from the ultraviolet to
infrared range [48, 49]. This makes it possible to
produce markers of various color for optical coding
[50] and to use quantum dots in opto electronics [51]
and for studying the structure of biological cells and
influence of various factors on the cells [52, 53].

The photoluminescence spectrum of CdS
quantum dots was measured by photoluminescence
spectroscopy. The wavelength of the excitation light
was 320 nm. The spectrum included a pretty narrow
photoluminescence peak with the maximum at about
477.187, 451.307 and 423.453nm for CdS1, CdS2 and
CdS3 respectively. And shifted towards blue side with
decreasing in size. (shown in fig 5)

An immediate optical feature of the quantum
dots synthesize is their color. Although the quantum
dots were of the same material but their different sizes
results to emission of light of different colors. The
larger the QDT size, the redder (lower its fluorescence
spectrum). Conversely, smaller (QDTs) emit bluer
(higher energy) light. The colorations is directly
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related to the energy levels of the quantum dot. 25+

Quantitatively speaking, the band gap energy _83212
determined the energy (and hence color) of the 20+ ——Cds3
fluorescence light which is inversely proportional to
the size of the quantum dot. The material properties
changes dramatically because the quantum size effect
arises from the confinement of the electrons and holes
in the material. The increased surface area/volume
ratio and accompanied increase in oscillator strength
as a result of the downsizing the bulk CdS to
nanometer range is responsible for the unprecedented 00 . . .
increase in the band gap of the synthesized 300 400 500 600

nanoparticle over their bulk counterpart. The summary Wavelength (nm)
of PL parameters is given in table 04. Figure 5 Photoluminescence Pattern of Size Tuned

CdS Quantum dots

Intensity (a.u.)

054

Table No. 04 from PL analysis of Size Tuned CdS Quantum dots

Sample Name | Particle Size (nm) | Capping Agent Volume (Mercapto stock solution in ml) | PL Peak Position
CdS1 10 2ml 477.187
CdS2 2.64 4ml 451.307
CdS3 1.98 8ml 423.453

2.5. Fourier Transform Infrared Spectroscopy (FTIR)

Another method to study the purity and composition of the products is FTIR. The dried CdS nanoparticles were
characterized with FTIR. The functional groups present in the as — synthesized materials are identified by FTIR
analysis.

Sophisticated Analytical Instrumental Laboratory, @ SHIMADZU
School of Pharmaceutical Sciences, RGPV, Bhopal.

— T T T

- | | 1

271384

1620.21

1047.36— <=

—_——————t————
4000 3500 3000 2500 2000 1750 1500 1250 1000 750
CDS 2ML 1/cm

Figure 6.1FTIR Pattern of CdS1 Quantum dots
FT-IR spectrum of CdS film is presented in figure6, the band at 3558.68 cm—1 is due to O-H stretching vibrations of
water molecules. The bending vibrations of C=N appeared at 1620.21 cm—1. CdS particles showed two stretching
bands of C-O at 1099.43 cm—1. At 700.42 cm—1 and 734.36 cm—1, there are medium to strong bands which have
been assigned to Cd-S stretching.
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Figure 7FTIR Pattern of CdS2Quantum dots

FT-IR spectrum of CdS film is presented in figure 7the band at 3558.67cm—1 is due to O-H stretching vibrations of
water molecules. The bending vibrations of C=N appeared at 1616.35cm—1. CdS particles showed two stretching
bands of C-O at 1049.28cm—1. At 678.94 cm—1 and 825.53cm—1, there are medium to strong bands which have been
assigned to Cd-S stretching.
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Figure 8FTIR Pattern of CdS3 Quantum dots

FT-IR spectrum of CdS film is presented in figure 8 the band at 3558.67cm—1 is due to O-H stretching vibrations of
water molecules. The bending vibrations of C=N appeared at 1616.35cm—1. CdS particles showed two stretching
bands of C-O at 1049.28cm—1. At 678.94 cm—1 and 825.53cm—1, there are medium to strong bands which have been
assigned to Cd-S stretching.
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3. Conclusion

We prepared Cadmium Sulfide nanoparticles by
precipitation method the resulted samples were
analyzed by XRD, PL, UV Absorption, and FTIR
techniques. The Cadmium sulfide was obtained as
uniform, fine and spherical particles.

In, summary CdS Quantum Dots have been
successfully studied. The size of CdS nanoparticles is
smaller than Bohr radius so that, there is strong
quantum confinement. The average crystallite size of
the sample was calculated using Scherrer equation.
CdS nanoparticles can be prepared using simple
precipitation or by sol gel hydrothermal synthesis etc.

The XRD analysis shows that the nanoparticles
have the cubic structure and the particle size increase
with growth temperature and decrease with
concentration of precursor. Texture coefficient
represents the preferred orientation. It can be seen that
highest texture coefficient in (111) plane, it shows the
tendency of (111) orientation.

The absorption of ultra violet or visible radiation
results from excitation of bonding electrons as a
consequence, the wavelength of absorption peaks can
be correlated with the type of bonds in the species
hence UV visible absorption spectroscopy is an
efficiencies techniques to monitor the optical
properties of quantum size particles.

The spectrum exhibits a well-defined absorption
peak at 451.84nm for CdS1, 339.79nm for CdS2and
315.74nm for CdS3; which is considerably blue
shifted related to the peak absorption of the bulk
cadmium sulfide indicating quantum size effect. The
UV absorbance spectral reveal that as the size of the
Nanocrystals shrink, the maximum peak shifted to a
shorter wavelength leading to corresponding increase
in the confinement energies because the valence band
is move downward and conduction band is pushed
upward thus widening the band gap of the
semiconductor Nano crystals. The net effect is that the
band gap increases. This results to a blue-shift of the
(band-band) excitation energy of the semiconductor.
The value of the band gaps of the various synthesized
nanoparticles was quite large when compared to
typical band gap in bulk CdS. This rapid increase in
band gap and shift in the electron transition to higher
energies with decreasing dot size is due to
enhancement in surface/volume ratio and accompanied
increase in oscillation strength of the Nano crystal
induced by the quantum size effect (QSE).

Nanoparticle with varying band gaps and
diameter emerge in the process. The coloration of the
nanoparticle is directly linked to the band gap. The
color of the emitted light depends on the size of the
quantum dots, the larger the QDT size, the redder the
light.
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The functional groups present in the synthesized
CdS materials are identified by FTIR analysis.

Also study the purity and composition of the
materials.
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