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Nanoparticles; In the present study, the microwave heating method has been used to prepare
Quantum Dots (QDs); cadmium sulfide quantum dots CdSQDs films. CdS nanoparticles size average

CdS, MW-CBD method. obtained as (7nm). The morphology, structure and composition of prepared

CdSQDs were examined using (FE-SEM), (XRD) and (EDX). Optical
properties of CdSQDs thin films formed and deposited onto glass substrates
have been studied at room temperature using UV/ Visible spectrophotometer
within the wavelength of (300-800nm), and Photoluminescence (PL) spectrum.
The optical energy gap (Eg) which estimated using Tauc relation was equal
(2.6eV). Prepared CdS nanoparticles thin films are free from cracks, pinholes
and have high adhesion to substrate.

Introduction

Recently, interest in nanomaterials has increased due to their unique properties in fields different [1]. The fundamental
properties of materials such as electrical, optical and magnetic properties, can be controlled using controlling the size of
nanomaterials without changing their chemical composition [2]. The importance of semiconductor nanomaterials is
connected to industrial research and development, due to its electronic and optical properties dependent on the size of
nanomaterials. thus, it is used in different fields [3,4]. In particular, sulfides of transitional metals acquired attention for
applications such as sensors, optical filters, solar cells, and photovoltaic systems among others because the optical
properties characteristic of the size and morphology of the crystal, essentially characterized by the transition phase from
the electrical conductivity [3]. There are different methods for preparing nanomaterials [5-7].

Inorganic nanocomposites such as (CdS, CdSe and CdTe) have many properties such as, can be controlled optical energy
gap and high light absorption [8]. The great importance of CdS nanoparticles due to has properties and its high absorption
in the visible region, so many methods were used to prepare, such as (CBD), (MW-CBD), (SILAR) [9-12]. Because of
CdS properties, widely used in different applications [13]. It is one of the most studied materials with a direct bandgap of
2.42 eV [14]. CdS nanoparticles have been studied due to its potential technological applications in field-effect
transistors, solar cells [15], light-emitting diodes, photocatalysis, fluorescence probe [16], infrared photodetector,
environmental sensors and biological sensors [5]. The study of optical and electrical properties CdS quantum dots has
become of great importance to more researchers. [17]. By defining and controlling the methods and variables can be the
preparation of CdS nanoparticles is high-quality [18]. There are many techniques to prepare CdS quantum dots, but they
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are costly, at high temperatures and requires long preparation time, making those methods either expensive, explosive,
moisture sensitive, extremely toxic, and energy-consuming [19,20].

The use of (MW-CBD) technique in preparing nanomaterials showed very rapid growth due to the homogeneous
molecular thermal reaction [21]. The size and structure of prepared nanomaterials can be influence by the solvent at using
(MW-CBD) technique [22]. Because of polarity has water, it is considered one of the best solvents used in the (MW-
CBD) technique [23]. Therefore, due to (MW-CBD) technique properties are widely used in the preparation of
nanomaterial.

In the present paper, CdS nanoparticles are deposited using (MW-CBD). The structural, morphological, and optical
properties of CdS nanoparticles have been charactered and studied.

Experimental Work

Quantum dots CdS is deposited on substrates (glass) using (MW-CBD) method. The solution containing (0.01M) in
deionized water (DW) of [Cd(NOs),] (purity (98%), Sigma Aldrich), and (0.01M) in DW of [CH4N,S] (purity (99%),
Sigma Aldrich), are given a Cd'2, S ions source. [NH4CH3COO] (purity (98%), HoneyWell), with (1IM) in DW to
control reaction rate, a buffer solution is added [24]. Ammonia solution (purity (98%), HoneyWell), is added to adjust the
pH of the solution to (10). After stirred the solution for (5min), the solution in the beaker is transferred to a microwave
oven with (2.45GHz frequency, LG, Korea) and the temperature is fixed at (70°C) and the duration time is (45min).
Finally, washed the samples by DW after completing the preparation to take off any impurities. The yellowish layer
indicates the preparation CdS nanoparticles. The CdS nanoparticles thin films obtained were free of cracks and high
adhesion on substrates.

Structural properties studied using X-ray diffraction (XRD) (X ’Pert PRO, Philips Company, Holland). The composition
of CdSQDs films was studied by energy dispersion X-ray spectroscopy (EDX) (NOVA NanoSEM, FEI Company, USA).
Morphology studded by (FE-SEM) (NOVA NanoSEM, FEI Company, USA) operating at 10.0 kV. Optical measurements
at RT using (UV-Vis. SHIMADZU Company, 1800, Japan) spectrophotometer and photoluminescence (PL) spectrum
was recorded using a (SHIMADZU Company, RF-5301, Japan).

The reaction of preparation CdS nanoparticles

The reaction below refers to the production of ammonium ions and hydroxide as a result of adding an ammonia solution
to the water:
NH; + H-0 — NH} + 0H™ (1)

Dissolution [Cd(NO;),] in DW leads to provide free (Cd*?) ions, (Cd*?) ions react with the (0H™) produce [Cd(OH),].
Finally, react with (WH3) obtained [Cd(NH3)4] *2. As shown in the interaction below [2].
Cd** + 20H™ «— Cd{0H)- )
Cd(OH), + 4NH; — [Cd(NH;) 1% + 20H~ 3)
Adding (CHsN,S) leads to the production of S ions, shown equations below:

{LHHTHE]EGS+GH_ ‘—?‘SH_‘I' CL“HTEHE+HEG (4)

SH™ 4+ 0H «— S+ H.0 (3)

Finally, CdS nanoparticles obtained using reaction [Cd(NH3)4]*" complex with S ions as shown below:

[CA(NH,),1*% + 572 « CdS + 4N H, (6)
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The concentration of @H™ ions is very dependent on the pH value that in turn very affected by the temperature.
Furthermore, the stability constant of a complex is temperature-dependent where increasing temperature led to increasing
dissociation of the complex. Therefore, the temperature of the reaction is a very important parameter in the (MW-CBD)
method [20].

Results and Discussion
Structural analysis

Figurelshows XRD pattern CdSQDs prepared. The pattern refers, three diffraction peaks consistent to angle (20) 23.37°,
26.66° and 29.05° for the sample. This peaks positions consistent with planes of h (100), h (002) or ¢ (111) and h (101)
which refers to a Zincblend a hexagonal structure, correspond with (ICCD-PDF4 No.00-001-0647 and 00-001-0780) [2].
Other peaks consistent to angle (26) 39.03°, 44.20°, 47.37° and 51.78° consistent to planes h (102), h (110) or ¢ (220), h
(103) and h (112) [25,26]. In general, it is difficult to determine whether the primary lattice phase of a compound CdS is
hexagonal or cubic due to convergence diffraction peaks. However, the plans (100), (101), (103) and (112) if the primary
lattice phase is hexagonal. The grain size CdS nanoparticles were estimated by Scherer's relationship [27].

b1 @)

= Brosa

G5

Where (G.S) grain size, A wavelength, B FWHM (radians), and 0 diffraction angle. The grain size average was CdS
nanoparticles (12.23 nm).
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Figure 1 XRD of CdSQDs thin film.
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Morphological and EDX characterization

Morphological characteristics of CdS quantum dots were analyzed using (FE-SEM) captured at different magnifications
as shown in Figure 2 (a and b), which refers to formation of quantum dots. Particles form larger groups [2]. It showed that
the particles exhibited spherical granules like structure [28]. It should be noted that generally, CdS layers have good
adhesion with the surface of the substrate. The thickness of thin-film CdSQDs was measured using field emission
scanning electron microscopy (cross-section) shown in Figure 2 (c). The thickness of the sample was ranged (37.77nm).
In addition, Figure 2 (d) illustrates the diameters average distribution of the CdSQDs sample on the substrate. it should
be noted that in the manufacture of optical-electronic devices, especially solar cells, the porous structure materials are the
best to use. The results of (EDX) are analyzed to confirm the purity of (CdS). (EDX) of CdS quantum dots is shown in
Figure 3 and data in Table 1. The results confirm purity present in the sample and from this data, the cadmium to sulfur
ratio was found (1.15).
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Figure 2 (a and b) FE-SEM images of CdS quantum dots thin film at different magnifications, (c) cross-section images of CdS quantum
dots thin film, (d) diameters average distribution.
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Figure 3 EDX of CdS quantum dots thin film prepared on a glass substrate

Optical properties

Optical absorption

The most dramatic property of semiconductor nanoparticles is the size evolution of optical absorption spectra. Hence UV-
visible absorption spectroscopy is an efficient technique to monitor the optical properties of quantum-sized particles. The
bulk bandgap of CdS is 2.42eV [29]. UV—visible absorption studied at RT within the wavelength of 300-800 nm. The
UV-visible absorption of CdSQDs sample prepared is shown in Figure 4. The maximum absorption for CdS as a bulk
material is around 460 nm. This result is the corresponding value reported [3]. Absorption of CdS changes with the
particle size. A shift of 460 nm absorption compared with the characteristic absorption of bulk CdS may be due to
quantum confinement effects. In our study (Eg) is estimated by the Tauc relationship [30]. The absorption coefficient (o)
was estimated by the relationship [31].

2-303
d

A (3

o=

Where (d) thin-film thickness and ("4) absorption. Optical energy bandgap (Eg) was estimated by relationship [32].
ahv = B{hv — Eg]L"'I: )

The (Eg) value determined from Figure 5 is (2.6eV), bandgap value was higher than the bulk CdS band gap (2.42 eV) due
to the confinement effect due to small particle size. Particle radius (R) was estimated by relationship [2]:

Rimt 1 1 1-8e”
,il.E;:I = —+— (10)

2R \mg  my, " 4weeR

Where (m;) and (-"“:n) effective masses electron and hole, (h) Planck's constant, (e) electron charge, (5) permittivity of
free space (8.854x10—12 C2N—1m—2), (¥) relative permittivity.
48

©SRP 2020, DOI: https://doi.org/10.47758/ijn.vil.29




A. Abed et al

Iraqi Journal of Nanotechnology, synthesis and application 1 (2020) 44-52

Particle size (P-S) of CdS (P-S =2 R), estimated size CdS 7.5 nm (Table 1) which indicate quantum size effect. It can be
observed the results estimated size nanoparticles CdS prepared were close to all methods used. The observed result of
(XRD) estimated particle size was different, because (XRD) measures size particle group (grain size) corresponding to
the diffraction peaks using the Bragg relationship. Therefore, the grain size obtained from Scherrer's relationship, an

estimate of the average unit cell size [2].
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Figure 4 Absorption spectrum for CdS quantum dots.
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Figure 5 Estimated bandgap from the optical absorption spectrum for CdS quantum dots.
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Table 1 Eg and CdS particle size (P-S).

P-S average (nm)

Sample Eg(eV)
XRD(G.5y FE-SEM Mass model

Cds 2.6 12.23 7 7.5

The photoluminescence (PL) spectrum of CdS quantum dots, refers to light emission due to the return electrons from the
excited state to the ground state after an incident with a monochromatic wavelength on it. Most, light incident onto CdS
quantum dots is absorbed by atoms in the outside layers of nanoparticles, due to the low intensity of the lamp used. The
result of (PL) spectra should refer to available energy states at the outside layers of CdS quantum dots. Figure 6 shows the
room temperature photoluminescence (PL) spectrum of the quantum dots CdS at 220 nm excitation wavelength. The
emission spectrum shows four important bands. Its band at 440 nm (highest peak) is the band-edge photoluminescence
peak for CdS quantum dots [33]. The second band at (470) nm refers (Eg) the transition of CdS quantum dots. The third
band at (480-525) nm refers to the (Eg) transition of bulk CdS, band at 658 nm refers to electron transition of defects in
CdS structure. [34]. The (FWHM) of PL is 10nm, it reveals that the narrow size distribution of nanoparticles [5].
Crystalline defects or impurities may be due to a high reaction temperature or solution pH values. The blue shift and high
peak intensity observed in the figure indicate quantization in CdS nanoparticles particles [35,36].
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Figure 6 Photoluminescence (PL) spectrum of CdS quantum dots.

Conclusion

In the present work, the synthesis of CdS nanoparticles (Quantum Dots) thin film at size average (7) nm via (MW-CBD)
on substrates (glass) successfully. The presented route can easily fabricate CdS nanoparticles with small dimensions in
short periods and at (70°C) temperature. CdS quantum dots have been analyzed by XRD, FE-SEM, EDX, UV-Vis, and
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PL. The result of XRD studies, illustrated all XRD peaks corresponded to CdS quantum dots. Great homogeneity and
fewer pinholes and cracks of CdSQDs thin film prepared are illustrated (FE-ESM) results. The results of (EDX) are
analyzed confirm the purity of (CdS), the results confirm purity present in the sample and from this data, the cadmium to
sulfur ratio was found (1.15). The optical band gap (Eg) of CdSQD was determined by using UV-Vis spectra it was
found of (2.6 eV). The (Eg) value was higher than the bulk CdS band gap due to the confinement effect due to small
particle size. In addition, the blue shift and high peak intensity observed in the PL spectrum indicate quantization in CdS
nanoparticles particles. From the results obtained, it can be concluded the CdSQDs thin films prepared can be used in
optoelectronic applications. The use of (MW-CBD) technique to prepare semiconductor nanoparticles is an appropriate
and effective option in terms of accelerating the reaction and homogeneous heat distribution.
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