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In this work, we present the synthesis and characterization of CdS nanoparticles suitable
for semiconductor applications using a simple and manufacturable process. The solution
based process was synthetized at room temperature using cadmium nitrate tetrahydrate
(Cd (NO3), .4 H,O 0.1 M) and a Thioacetamide (C,HsNS (TA) 0.5 M) as source of
cadmium and sulfur, respectively. The effect of the concentration of polyethyleneimine
(PEI) as a surface stabilizer or surfactant for growth control of CdS nanoparticles was
studied. The PEI concentrations were varied as 1 M, 0.5 M, 0.25 M , and 0.01 M
respectively. Optical properties of CdS were analyzed by UV-Vis spectroscopy; functional
groups were identified by Fourier transform infrared spectroscopy (FTIR) and the surface
morphology by scanning electron microscopy (SEM). The particle size for CdS
nanoparticles were less than 80 nm. An increase in size was observed inversely to the PEI
concentration.
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1. Introduction

Semiconductor nanocrystals are of great interests for both fundamental research and
industrial development. This is due to their unique size-dependent optical and electronic properties
and their exciting utilization in the fields of light-emitting diode [1], electrochemical cells [2],
laser [3], hydrogen producing catalyst [4] and biological label [5]. The usual preparation technique
of nanocrystals are by liquid reaction system at high temperatures for several hours, making those
methods either expensive, explosive, moisture sensitive, extreme toxic, and energy consuming.
Recently, much attention was paid to develop liquid—liquid approach for synthesis of nanocrystal
metals, metal oxides and metal sulfides [6,7]. Particularly, semiconductor nanoparticles have been
attracting much attention because of their characteristic properties resulting from the quantum size
effect which are significantly different from those of the corresponding bulk material [8-15]. 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 [16].
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Semiconducting cadmium sulfide (CdS) has been widely used as a yellow pigment and has
been actively studied for application as a photocatalyst for hydrogen generation from water, as a
window layer material for CdS/CdTe solar cells, and for various optoelectronic devices.

CdS is one of the most studied materials because it has a well-established relationship
between the optical absorption and the size of the particle; the first investigations in this area were
focused in the improvement of the synthesis method [17-19]. There are numerous reports on the
synthesis of CdS nanoparticles, such as sol-gel [20], chemical vapor deposition [21,22],
solvothermal [23, 24], spray pyrolysis [25, 26] and microwave (MW) assisted synthesis [27-29].
However, suspension colloidal synthesis routes offer the advantage such as short time reaction and
industrial scalable.

One of the most important goals of materials chemistry is the control of size and
nanoparticles stability. Since the nanoparticles are thermodynamically unstable, an agglomeration
effect and then a consequent crystal growth are usually observed. To avoid these phenomena, the
nanoparticles are stabilized with organic systems that enveloped them and obstruct their
agglomeration and the consequent growth.

In this work, we have synthesized CdS nanoparticles using a simple chemical reaction
method using Cd(NO3),.4H,0, C,HsNS, PEI, hydrazine 30% (N,H,), hydrogen peroxide 3%
(H,0O,) and deionized water. CdS nanoparticles were subsequently analyzed by UV-Vis absorption
spectroscopy, Fourier Transform Infrared analysis (FTIR) and scanning electron microscopy
(SEM).

2. Experimental details

2.1 Materials

Cd(NOs),4H,0 was used as the cation precursor and C,HsNS thioacetamide, TA as anion
precursor both from Sigma-Aldrich 98%. Polyethyleneimine (PEI), hydrazine 30% (N,H,),
hydrogen peroxide 3% (H,O,) and deionized water used were of analytical grade.

2.2 Nanoparticles synthesis

The stock solution was prepared by dissolving H,O, , PEI (1M, 0.5M, 0.25M or 0.01M,),
N,H; and 0.1 M Cd(NOs),. 1 mL from the stock solution was dissolved to 50 ml of deionized
water, followed by the addition of three drops of thioacetamide (TA). The synthesis of CdS
nanoparticles in the solutions was conducted at room temperature.

2.3 Characterization

Optical absorption measurements were performed using a Thermo scientific Nanodrop
2000 spectrophotometer in the range from 400 to 700 nm. The Infrared absorption spectra, was
recorded by Thermo scientific Nicolet 6700 FT-IR Spectrometer. Powder morphology and
nanoparticle size were characterized by Scanning Electron Microscopy (SEM) on JEOL, JSM
7000f microscope.

3. Results and discussions

In the synthesis presented, thioacetamide acts as source of sulfur and cadmium nitrate acts
as source of cadmium, H,O, and N,H, act as the alkaline medium in order to yield cadmium and
sulfur ions in the solution. In the beginning, a white solution is formed which gradually become
transparent, changing from white to orange-yellow, typical color of the cadmium sulfide
formation. The color increases with increasing concentration of PEI. Nitrogen atoms from the PEI
structure interact with the nanoparticles of CdS, protecting the surface.

The possible mechanism of reaction of the formation of CdS nanoparticles is as follow:
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PEI
N;Hs+ 4H;0,+ 35Cd(N0O3); — 3.5 Cd** +4 H(NO3) + NO
Cd2* + CoH,NS + H,0 = CdS +CHyCHy(O)NH, + H*

The UV-visible absorption spectra of CdS samples prepared under different concentrations of
PEI are shown in Figure 1. It is observed that an absorption edge located at 444 nm occurs when
CdS nanoparticles were prepared at 1 M PEI. The maximum absorption for CdS as a bulk material
is around 460 nm. This result is in agreement with the value reported [16]. The absorption
spectrum of CdS changes with the particle size; and it was observed that the PEI concentration has
an inverse relationship to particle size. A shift of the 460 nm absorption compared with the
characteristic absorption of bulk CdS may be due to quantum confinement effects.
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Fig. 1. Absorption spectra for CdS nanoparticles synthesized at different
PEI concentration (1M, 0.5M, 0.25M and 0.1M).

The band gap of the as-prepared nanoparticles is determined from the relation a(hv) =
A(hv -AEg)™?, where A is a constant, AEg is the band gap of the material and o is the absorption
coefficient, hv is the photon energy and m = 1 for a direct transition between bands (valence and
conduction band). A plot of (a hv)? vs. energy (hv) is shown in Figure 2 and the linear portion of
the curve is extrapolated to hv axis to determine the band gap.
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Fig. 2. Estimated band gap from optical absorption spectrum for CdS nanoparticles
synthesized at different PEI concentration.
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The calculated band gap vs PEI concentration is shown in Figure 3. These results show an
increase in the band gap energy as a function of particle size reduction, nevertheless it should be
mentioned that the value of band gap energy reported in this work is 2.42 eV. It has been reported
previously [30-32]. that the band gap energy of 3.9 eV for nanoparticles of CdS, indicates the
presence of quantum-size effects in the prepared CdS nanoparticles [33].
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Fig. 3. Effect of PEI concentration on the band gap energy of CdS nanopatrticles.
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The FTIR spectrum of nanoparticle CdS is shown in the Figure 4. A broad band in the
range of 3300-3400 cm* is due to the N-H and 1607-1645 cm " is assigned to - NH, of hydrazine,
which intensity increases gradually with increasing the concentration of PEI. The Cd-S bond is
observed at 670 cm”, indicating the CdS formation.
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Fig. 4. Infrared spectra for CdS nanoparticles obtained at different PEI concentration.

SEM was performed to obtain direct information about the particle size and morphology
of the CdS nanoparticles. Figure 5 shows the SEM image of the CdS nanoparticles obtained at

different concentration of PEI. Monodisperse particles were observed with sizes in the rage of 59
to 80 nm.
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There are been reported several methods for the synthesis of CdS nanoparticles. Yang et
al. [34] synthesized size-quantized CdS crystals, which have diameters of 5-15 nm using epitaxial
growth. Xu et al. [35] prepared CdS nanoparticles with diameter of 100 nm via hydrothermal
synthesis. Zhu et al. [36] produced CdS nanoparticles with 5 — 10 nm by microwave irradiation
method. Compared with the results obtained from these preparative routes, the present results
demonstrate that this method can easily fabricate CdS nanoparticles with competitive dimensions.
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Fig. 5. SEM micrographs for CdS nanoparticles obtained at different PEI concentration: a) 0.1M . b))
0.25M, ¢) 0.5M d) 1M.
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Fig 6. Effect of PEI concentration on the particle size of CdS nanoparticles.

Fig. 6 presents the average size of CdS nanoparticles. 80, 73, 70 and 59 nm where
obtained at 0.1M, 0.25M, 0.5M and 1M concentrations of PEI, respectively. The morphology of
CdS nanoparticles change as a function of PEI concentration, suggesting that the PEI plays a key
role in the tailoring of CdS nanostructures.

4. Conclusions

In the present work, the development of a new method for the synthesis of CdS
nanoparticles via a wet process in the presence of a polielectrolite cationic of high molecular
weight (PEI) is successfully demonstrated. The presented route can easily fabricate CdS
nanoparticles with small dimensions in short periods and at room temperature. CdS nanoparticles
have been analyzed by SEM, UV-Vis, and FTIR. We demonstrated that the PEI concentration
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plays an important role in the formation of CdS nanoparticles. There is a strong relationship
between the concentration of PEI and the size of the CdS nanoparticles, as well as with the band
gap of the particles. Obtaining a smaller particle (59 nm) energy-band banned from 3.82 eV. An
increase in the band gap is also clearly observed by different colorations in the solution due to the
quantum confinement effects in the nanoparticles.
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