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Abstract

Capped ZnS, Cd1xZnS (x=0.025) and CdS nanoparticles (NPs) were prepared by co-precipitation method using
mercaptoethanol as capping agent. X-ray diffraction (XRD), photoluminescence (PL) and optical absorption
measurements were performed to characterize their structural and optical properties. The lattice constants and
average crystallite size of cubic phase of capped ZnS, Cdi.xZnS and CdS NPs calculated from the XRD
measurement. The quantum confinement effect on the NPs has been observed in the optical analysis. In addition,
it is seen that the luminescence band of CdixZnxS NPs enhances with the presence of Zn content. The incident
photon to electron conversion efficiency (IPCE) and current density (J) - voltage (V) measurements exhibited that
Capped CdixZnS (x=0.025) NPs coated on the TiO, NWs has better performance compare to capped ZnS and
CdS NPs on the TiO, NWSs. Capped CdixZnyS (x=0.025) NPs can be promising material to improve the solar cell
performance.
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1. Introduction

In recent time, there has been great drive in the synthesis and characterization of mono dispersed nano
particles of Il - IV compounds. The reason is that the optical, electronic and thermodynamic properties
of the particles in the nanometer range are different from the optical, electronic and thermodynamic
properties of the bulk materials, usually due to the quantum confinement. These unique properties can
cause interesting linear and nonlinear optical properties such as optoelectronic probes for irregular DNA
structures, fluorescence probes in peptides, which have great potential in technological applications [1-
5].

The control of the crystallite size can be used to prepare materials with unique properties to meet these
needs. However, there is a problem with the crystallite size growing over time. One way to overcome
this problem is to develop nanoparticle-polymer composite materials [6]. Such an approach is to
incorporate particles into a suitable host to form nano composites [7]. Hence, the particle can be directly
grown in a host with the desired properties. The use of polymers as the main material is very attractive
due to the stabilization of the nanoparticles (NPs) and the prevention of permanent aggregation and their
long-term stability and ease of reprocessing [8]. These inorganic-organic NPs with physical properties
have potential application in the fields of molecular and electronic and photovoltaic devices, catalysis,
molecular diagnostics and interface electron transfer [9-10].

NPs can be synthesized by several well-known methods [11-13]. The co-precipitation method which is
a simple and inexpensive method is considered as one of the most appropriate method. In comparison
other methods which require long time and extreme laboratory conditions, the NPs can be synthesized
with simple laboratory equipments and within a few hours using the co-precipitation method [14-15].
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In our present study, we report the synthesis of ZnS, CdS and Cdi«ZnyS (x=0.025) NPs. Samples were
prepared by co-precipitation using mercaptoethanol as a capping agent at room temperature. We have
studied their structural, optical and photovoltaic properties.

2. Materials and Method
Commercial Cd(CH3COQ),.2H,0 as Cd source, Zn (CHsCOO).2H,0 as Zn source and Na,S as S
source, were of analytical grade and were used without further purification to synthesize capped ZnS,

CdS and CdixZnxS nanoparticles (NPs) at room temperature using co-precipitation method.

For synthesis of ZnS;

In typical co-precipitation method, 0.1 M of aqueous solutions of cation source, Zn (CH3COO),. 2H.0
and anion source, Na,S, were separately prepared into two different beakers. These two solutions were
transferred into another beaker and then stirred at certain time to get homogeneous mixture at room
temperature. Two milliliters (ml) of mercaptoethanol was added onto the mixture when the stirring
process was continued. The precipitated sample was separated by filter paper and the resultant particles
were washed in water and ethanol to get rid of unwanted compounds inside the particles. The final
solution was calcinated in oven at the certain temperature. Then, the obtained white powders were
grinded using a mortar to get ZnS NPs.

For synthesis of CdS;

In typical co-precipitation method, 0.1 M of agueous solutions of cation source, Cd (CH3COQ),. 2H,0
and anion source, Na,S, were separately prepared into two different beakers. These two solutions were
transferred into another beaker and then stirred at certain time to get homogeneous mixture at room
temperature. Two milliliters (ml) of mercaptoethanol was added onto the mixture when the stirring
process was continued. The precipitated sample was separated by filter paper and the resultant particles
were washed in water and ethanol to get rid of unwanted compounds inside the particles. The final
solution was calcinated in oven at the certain temperature. Then, the obtained white powders were
grinded using a mortar to get CdS NPs.

For synthesis of Cd:1.xZnyS;

0.025M of aqueous solutions of Zn (CH3COOQ). 2H,0 was added to 0.1 M of aqueous solutions of Cd
(CH3COO) 2. 2H,0 and then followed the same procedure mentioned above for ZnS and CdS NPs.

The structural properties were studied by x-ray diffraction (XRD) on a Rigaku x-ray diffractometer with
Cu K, (A= 154.059 pm) radiation. UV-Vis absorption spectra were recorded using a Perkin- Elmer
Lambda 2 spectrometer. Photoluminescence (PL) measurement was carried out with a Perkin-Elmer LS
50B at room temperature, using 310 nm as the excitation wavelength. Incident photon to electron
conversion efficiency (IPCE) and current density (J) versus voltage (V) measurements were performed
by using PCE-S20 with a monochromatic light source consisting of a 150-W Xe lamp and a
monochromator. For IPCE and J-V measurements, fluorine doped tin oxide (FTO, 13Q.sq2) conductive
glass substrates were used as the photo electrodes. The TiO, nanowires (NWs) were coated on the FTO
substrates using the doctor blade method, and then sintered at 450 °C for 45 minutes. A suspension of
ZnS, CdS and Cd1«Zn,S (x=0.025) NPs were dropped on the FTO substrates with the TiO, NWs. The
substrates were dried with N2 gas and secured against Cu,S counter electrodes containing polysulfide
electrolytes.

3. Results and Discussions

XRD patterns for capped ZnS, Cd1«Zn,S (x=0.025) and CdS NPs prepared by co-precipitation method
at room temperature, are shown in Figure 1 (a, b, ¢). All peaks of capped ZnS, Cd1xZn«S (x=0.025) and
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CdS NPs can be identified as those of zinc blende crystal structure of ZnS ((JCPD No: 65-0309) and
CdS (JCPD No: 65-2887), which correspond to the (111), (220) and (311) planes.
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Figure 1. XRD patterns of capped ZnS, Cd1xZnxS (x=0.025) and CdS NPs synthesized at room temperature.

Lattice constant of capped ZnS, CdixZnxS (x=0.025) and CdS NPs was calculated from the position of
the peak (111) using formulas as given equation 1 [16].

0= VETIET (1)

T 2sin@

where a lattice is constant, 8 is the Bragg’s diffraction angle, A is the wavelength of x-ray and (hkl) are
Miller indices.
Lattice constant values for capped ZnS, Cd1-xZn,S (x=0.025) and CdS NPs, are given in Table 1.

Table 1. a values for capped ZnS, Cd1-xZnyS and CdS NPs.

Samples Lattice constant values for (111)(A)
Capped ZnS NPs 5.37
Capped Cd1.xZnyS (x=0.025) NPs 5.83
Capped CdS NPs 5.92

The obtained a values for capped ZnS and CdS NPs match with the earlier results reported by Parvaneh
etal. [17] and Rodrgues et al. [18], respectively. It can be clearly seen that the lattice constant for capped
Cd1-xZn,S (x=0.025) gradually decreases in the presence of Zn content. It causes a shift on the peaks
towards ZnS. This trend is consistent with Vegard’s law [19], indicating a homogenous alloy structure.
All broad peaks of capped ZnS, CdixZn,S (x=0.025) and CdS NPs represents that the sizes of the
samples become smaller. Debye- Scherer’s formula (3) as given in Equation 2 was used to calculated
the average crystallite sizes of the NPs from the peak widths of the relatively strong (111) diffraction.

0.914
t= Bcos6 (2)

where t is the mean size of the NPs, 4 is the wavelength of x-ray, S is the broadening measured as the
full width at half maximum (FWHM) in radians and 6 is Bragg’s diffraction angle. The size of capped
ZnS and CdS NPs obtained from the XRD peak widths is around 2.66 nm which is consistent with
studies carried out by Sabit et al. [11] and Kumar et al. [20], respectively while it is found 2.28 nm for
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capped CdixZnyS (x=0.025) NPs. This result shows that the decrease in crystallite size is clearly from
the increase the 5 of the XRD peaks of the NPs due to the size effect.

For UV-Vis measurements, the certain amounts of the capped ZnS, CdixZn,S (x=0.025) and CdS NPs
were successfully dispersed in ethanol. Figure 2 shows the optical absorption spectra of capped ZnS,
Cd1-xZnyS (x=0.025) and CdS NPs prepared using the co-precipitation method at room temperature.
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Figure 2. The UV-Vis absorption spectra of capped ZnS, Cd1xZnS (x=0.025) and CdS NPs synthesized at room
temperature.

The absorption peak shown in Fig. 2 was at 309.2 nm for capped ZnS NPS and at 390.1 nm for capped
CdS NPs. It can be clearly seen that the absorption peaks for capped ZnS and CdS NPs are blue shifted
unlike the UV of spectrum of bulk ZnS and CdS. Using these peak positions, the energy band gap (Eg)
values for capped ZnS and CdS NPs were found as 4.01 eV and 3.18 eV. These results are consistent
with quantum confinement effect on the energy band gap of bulk ZnS (3.7 eV) [21] and CdS (2.4 eV)
[22]. It was observed that the absorption for capped Cd1-xZnyS (x=0.025) (366.3 nm, 3.3 eV) is shifted
to shorter wavelength with the presence of Zn content compare to capped CdS NPs. The reason behind
this shifting can be explained by formation alloy CdZnS by the formation of alloyed CdzZnS NCs via
intermixing of wider band gap ZnS with narrower-band gap CdS. It is important to note that Zn content
plays a very significant role in the band gap of CdS [23].

Figure 3 represents room temperature photoluminescence (PL) spectrum under 310 nm excitation
wavelengths for capped ZnS, Cd1-«Zn,S (x=0.025) and CdS NPs to investigate luminescence properties.
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Figure 3. Photoluminescence (PL) spectra at room temperature, excited with a wavelength of 310 nm for capped
ZnS, Cd1-xZnyS (x=0.025) and CdS NPs synthesized at room temperature.

It is seen that the capped ZnS NPs has only one blue emission band centered at 440 nm, which is related
to radiative recombination involving defect states in the ZnS NPs whereas the emission band, which is
attributed to radiative transition of surface defect states, are located at 551.6 nm for capped CdS NPs. In
the presence of Zn content, the center emission peak of capped CdixZnyS (x=0.025) NPs shifts to 510
nm. This blue shifted is in good agreement with the absorption spectra are indicated in Fig. 2. The reason
of the shift was explained by P. Yang et al. [24]. They described that the luminescence mechanism of
the Cd1xZn,S (x=0.025) NPs in the presence of Zn. When CdS NPs absorb photons; the electrons are
excited from valence band to the conduction band and are trapped by defects. Presence of Zn leads the
recombination of the defects and excitation states which provide modified surface trap states which
enhances and shifts the luminescence band.

The incident photon to electron conversion efficiency (IPCE) measurements can be used to define as the
number of photogenerated charge carriers contributing to the current per incident photon. The IPCE
spectra of capped ZnS, Cdi1Zn«S (x=0.025) and CdS NPs coated on the TiO, NWs are demonstrated in
Fig. 4.
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Figure 4. The IPCE spectra of capped ZnS, Cd1xZnyS (x=0.025) and CdS NPs coated on the TiO, NWs The
band gap value and IPCE efficiency for capped ZnS, CdixZnxS (x=0.025) and CdS NPs are shown in Table 2.

Table 2. Compare to The band gap values and IPCE efficiencies for capped ZnS, CdixZnyS (x=0.025) and CdS

Samples Band gap valuleESéV) IPCE efficiency (%)
Capped ZnS NPs 3.91 3.1

Capped CdixZn,S (x=0.025) 3.38 16

NPs

Capped CdS NPs 3.18 7.1

The presence of Zn in capped Cd1-xZnyS (X=0.025) NPs contributes to a significant enhancement in the
IPCE efficiency. The main reason beyond this is that the spectral response of capped CdS NPs is
improved by Zn content. The similar result was observed in Zni,MnyS NPs (11).

It is an important note that a substantial improvement was observed in the performance of the capped
Cd1-xZnyS (x=0.025) NPs is shown in Fig. 5. The reason of this enhancement could be due to fact that
Zn content in capped CdS NPs inhibits the charge recombination between CdS NPs and TiO; surface.
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This causes an increase of current density (Jsc) [25]. The power efficiencies indicated in Table 3, were
found 0.6%, 2.84% and 1.24 % for capped ZnS, Cdi«Zn,S (x=0.025) and CdS NPs, respectively.
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Figure 5. J-V plots of capped ZnS, CdixZnS (x=0.025) and CdS NPs coated on the TiO, NWs

Table 3. Comparison of Voc, Jsc and n of capped ZnS, Cd1xZnS and CdS NPs coated on the TiO; NWs

Samples Open Circuit Voltage, Short Circuit Current Power conversion
Voc, (V) Density, Jsc, (MA/cm?)  efficiency (n %)

Capped ZnS NPs 0.58 0.90 0.60

Capped Cd1xZnS  0.65 8.40 2.84

(x=0.025) NPs

Capped CdS NPs 0.65 3.70 1.24

4. Conclusions

In this study, the structural, optical and photovoltaic properties of capped ZnS, Cd1«xZnxS (x=0.025) and
CdS NPs synthesized by co-precipitation method using mercaptoethanol as capping agent, are
investigated. Capped ZnS, Cd1xZn,S (x=0.025) and CdS NPs possess cubic zinc blende structure which
is confirmed by x-ray diffraction (XRD) pattern. The quantum confinement effect on the NPs has been
observed in the optical analysis. In addition, it is seen that the luminescence band of Cd;xZnS (x=0.025)
NPs enhances with the presence of Zn content. IPCE measurements indicate that Zn content results in
improvement in the solar cell efficiency. Capped Cd1xZnyS (x=0.025) NPs (=2.84) coated on the TiO;
NWs exhibit better performance as compared capped ZnS (n=0.60) and CdS (n=1.24) NPs coated on
the TiO, NWs. Factors such as the reduction of electron recombination and the enhancement of electron
transport in TiO2 can be ascribed to an improvement in photovoltaic performance due to Zn content.
Hence, capped CdixZnyS (x=0.025) NPs can be promising material to improve the device performance.
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