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ABSTRACT

Un-doped and Ni (5%, 7.5% and 10%) doped CdZnS nanoparticles (NPs) were prepared by the co-precipitation
method at room temperature using the mercaptoethanol as a capping agent. J-V measurements were carried out
for Ni-doped CdzZnS NPs for the first time in this study, showed that Ni-doped CdZnS NPs can be utilized as
sensitizers to improve the performance of solar cells. In addition to the photovoltaic properties, structural and
optical properties of Ni-doped CdZnS NPs have been investigated. Study (XRD) on the structural properties
showed that un-doped and Ni-doped CdZnS NPs have cubic (zinc blende) structure and the particle size of doped
CdZnS NPs becomes smaller than un-doped CdZnS NPs. Optical absorption revealed that the absorption of Ni-
doped CdznS is blue shifted compare to un-doped CdZnS NPs. Consequently, the results indicate that Ni-doped
CdZnS NPs can be suitable material for photovoltaic applications
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l. INTRODUCTION
CdS and ZnS which have band gap of 2.42 and 3.6 eV at room temperature are important members of 11-VI
semiconductors. CdZnS, which has a wider band gap than CdS, increases short circuit current in solar cell devices.
The CdznS is a capable material for opto-electronic applications in UV-VIS spectral region owing to its wide
band gap features. It has also been reported that lattice constant of CdZnS which is suitable for electronic device
manufacturing, is well matched to common substrates such as GaAs and Si [1-3].

From the application point of view, CdS and ZnS NPs doped with transition metals have been studied as an
alternative strategy to boost the efficiency of solar cells because they create long-lived photogenerated charge
carriers, reduce the electron-hole recombination, and have a long lifetime and facilitate the charge transfer from
the NPs to the photoelectrode [4-9]. Gopi et al. [10] reported that CdNiS cell exhibits the best photovoltaic
performance with power conversion efficiency (n) of 3.11%. However, no work was found about solar cell
application of Ni-doped CdZnS NPs. For this reason, this study will be original.

In our present study, the effect of Ni content on the photovoltaic properties of CdZnS NPs is discussed for the
first time. The synthesis and characterization of un-doped and Ni (5%, 7.5% and 10%) doped CdZnS NPs have
been reported, prepared by the co-precipitation method at room temperature using the mercaptoethanol as a
capping agent. Their structural, optical and photovoltaic properties have been studied.

. EXPERIMENTAL DETAILS

Commercial Cd(CH3COO),.2H,0 as Cd source, Zn (CH3COO0)..H,0 as Zn source, Ni (NO3)2*6H,0 as Ni source,
and NazS as S source, were of analytical grade and were used without further purification to synthesize un-doped
and Ni (5%, 7.5% and 10%) doped CdZnS NPs at room temperature using co-precipitation method.
Mercaptoethanol (C2.HsOS) was used as a capping agent to prevent any agglomeration during the preparation.

For synthesis of un-doped CdzZnS; 0.5 M aqueous solutions of Cd(CH3C0O0Q),.2H,0, 0.025 M aqueous solutions
of Zn (CH3COO0).oH,0 and 0.5 M aqueous solutions of Na,S were dissolved into three different beakers. These
three solutions cation and anion sources were transferred into fourth clean beaker and stirred at certain time to get
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homogeneous mixture of CdZnS at room temperature. While stirring, the mercaptoethanol (2 ml) was added onto
the mixture. The precipitated sample was separated from the solution by a filter paper. De-ionized water and
ethanol were used to wash the resultant particles to get rid of unwanted compounds inside the particles. The
obtained final solution was heated in oven at 80 °C. Orange color of CdZnS NPs was obtained after grinding the
powders using a mortar.

For synthesis of Ni (5%, 7.5% and 10%) doped CdZnS NPs; 0.025 M, 0.0375 M and 0.05 M aqueous solutions
of Ni (NO3)2*6H20 were added onto the solution of [0.5 M Cd(CH3;C0O0)2.2H,O and 0.025 M Zn
(CH3C00).2H20], separately then, followed the same procedure as mentioned above.

X-ray diffraction (XRD) on a Rigaku x-ray diffractometer with Cu K, (A= 154.059 pm) [11] radiation were used
to characterize the structural properties of the samples. UV-VIS absorption spectra were recorded using a Perkin-
Elmer Lambda 2 [12] spectrometer. Photoluminescence (PL) measurement was carried out with a Perkin-Elmer
LS 50B [13] at room temperature, using 310 nm as the excitation wavelength. The magnetic properties of un-
doped and Ni (5%, 7.5% and 10%) doped CdZnS NPs were analyzed using a physical property measurement
system (PPMS) [14]. Current densities (J) versus voltage (V) measurements were performed by using PEC-S20
with a monochromatic light source consisting of a 150-W Xe lamp and a monochromator [15]. For J-V
measurements, fluorine doped tin oxide (FTO, 13Q.sq?) conductive glass substrates were used as the photo
electrodes. The TiO- paste were coated on the FTO substrates using the doctor blade method, and then sintered at
450 0C for 45 minutes. A suspension of un-doped and Ni (5%, 7.5% and 10%) doped CdZnS NPs were dropped
on the FTO substrates with the TiO, paste. The substrates were dried with N2 gas and secured against Cu,S counter
electrodes containing polysulfide electrolytes.

1. RESULTS AND DISCUSSIONS

The XRD patterns of un-doped and Ni (5%, 7.5% and 10%) doped CdZnS NPs are indicated in Fig. 1. It can be
clearly seen that all the diffraction peaks of NPs can be well indexed as the zinc blende (cubic) phase structure of
CdS, which are consistent with the standard card (JCPD No: 65-2887). It was observed that the three diffraction
peaks correspond to the lattice planes of (111), (220) and (311), respectively, suggesting that Ni contents have
been incorporated into the CdZnS lattice. The XRD patterns demonstrate that the full width at half height
maximum (FWHM) of the diffraction peaks increases with doping concentration which results in the degradation
and decrease in the crystalline size. Based on the FWHM, the average particle sizes (PSs) of un-doped and Ni-
doped CdZnS NPs, were calculated using the Debye-Scherrer equation, PS=0.91/(Bcos6); where 1=0.15418 nm,
is the x-ray wavelength provided from a Cu (a) radiation, 8 is the FWHM in radians and 6 is the Bragg’s angle,
are 2.56 , 2.48, 2.43 and 2.39 nm, respectively. The Ni?* ions occupy the regular lattice site of Cd?* ions that
what may be possible reason for the decrease in the crystalline size. Moreover, this ion substitution could cause
the crystal defects and charge imbalance in CdZnS structure.
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Fig.1 X-ray diffraction patterns of un-doped CdZnS (inset) and Ni (5%, 7.5% and 10%) doped CdZnS NPs.

We investigated the optical properties and analyzed the band gap of un-doped and Ni-doped CdZnS NPs by UV-
visible absorption spectroscopy. Crystal imperfection may occur due to the dopant which changes the band gap
of semiconductor. Figure 2 reveals the optical absorption spectra for un-doped and Ni-doped CdZnS NPs in the
wavelength range 300-800 nm. Some factors such as particle size and defects in the structure can change the
absorbance of the samples. The UV-VIS absorption spectra show the ultraviolet cut-off absorption of Ni- doped
CdznS shifts to higher energy (shorter wavelength) compared with un-doped CdZnS. The absorption edge is
found to shift towards shorter wavelengths (blue shift) which mean the band gap increases which may be caused
by crystallite size as the doping concentrations increase.
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Fig. 2 UV-VIS absorption spectrums of un-doped CdZnS (inset) and Ni (5%, 7.5% and 10%) doped CdZnS NPs.

The Tauc relation [16] is given in Equation 1, were used to calculate the energy band gap (Eg) of the NPs.
ahv = C(hv-Eg)" (1)
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Where a is the absorption coefficient, n=1/2 or 2 for direct or indirect allowed transition, respectively, C is the
characteristic parameter for respective transitions, hv is photon energy and Egq is energy band gap. Plots of (ahv)?
versus hv for un-doped and Ni (5%, 7.5% and 10%) doped CdZnS NPs are shown in Fig.3.
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Fig.3 Determination of the optical band gap of un-doped CdZnS (inset) and Ni (5%, 7.5% and 10%) doped
CdZnS NPs using (ahv)? vs. hv plot.

As can be seen in Fig. 3, the un-doped CdZnS has a large band gap (3.79 eV) which increases with increasing in
the Ni concentration. The blue shift in the absorption edge is due to the quantum confinement of the
excitons present in the sample, causing more discrete energy spectrum of the individual NPs. Using Brus’s
equation is given in ref [17], the particle sizes for un-doped and Ni (5%, 7.5% and 10%) doped CdZnS NPs were
calculated. Table 1 indicates the band gap and size calculation for samples.

Table 1 Particle size and band-gap variation with Ni concentration.

Sample (NPs) Band gap energy | Particle size (nm)
(eV)

Un-doped CdZnS 3.79 2.40

Ni  (5%) doped | 4.02 2.24

CdZnS

Ni (7.5%) doped | 4.1 2.19

CdznS

Ni (10%) doped | 4.17 2.16

CdznS

It was found that Ni content results in the reduction in size of CdZnS NPs which clearly relates with increasing in
the band gap value. The reason of this could be due to the quantum confinement effect on the bulk of CdS. The
effect of the quantum confinement on impurity depends upon the size of the host crystal. The obtained
sizes for un-doped and Ni (5%, 7.5% and 10%) doped CdZnS NPs are in good agreement with the results from
XRD analysis.

The optical properties of NPs are explored by photoluminescence (PL) which is a perceptive helpful method [18].
It gives us information about the energy states of impurities and defects, yet at very low densities, for
understanding structural defects, the crystallinity, surface defects, energy bands and exciton fine structure. The
defects like sulfur vacancies in grain boundaries and the presence of doping atoms in the surface and intergranular
layers which affect some physical properties such as optical properties of nano sized metal sulfide materials [19].
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Fig. 4 demonstrates the room temperature PL excited with a wavelength of 310 nm for un-doped and Ni (5%,
7.5% and 10%) doped CdZnS NPs in the wavelength range 492-800 nm. It is seen that the un-doped CdZnS NPs
has only one green emission band centered at 510.7 nm, which is related to radiative recombination involving
defect states in the CdZnS NPs. The emission peaks at 575.6, 582.2 and 592.5 nm which correspond to d-d
transition between Ni ions, are observed for Ni (5%), Ni (7.5%) and Ni (10%) doped CdZnS NPs, respectively.
In case of higher Ni concentrations, the emission peaks of Ni doped CdZnS NPs are red-shifted. This red-shift
could be due to the strong p-d hybridization and quantum confinement effect of NiS cluster in CdZnS NPs [20].
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Fig.4 Photoluminescence (PL) spectra at room temperature excited with a wavelength of 310 nm (4.0 eV) for un-doped
Cdzns (inset) and Ni (5%, 7.5% and 10%) doped CdZnS NPs.

The plot of current density (J) versus voltage (V) for the un-doped CdznS and Ni (5%, 7.5% and 10%) doped
CdZnS NPs is shown in Fig.5. The samples were examined under 100 mW/cm? light intensity.
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Fig. 5 J-V plots for un-doped CdZnS (inset) and Ni (5%, 7.5% and 10%) doped CdZnS NPs.
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It is important to note that there is a significant improvement in the performance CdZnS NPs with increase in Ni
concentration. Table 2 indicates the power conversion efficiencies were found 2.67, 2.88, 2.95 and 3.05 for un-
doped and Ni (5%, 7.5% and 10%) doped CdZnS NPs, respectively.

Table 2 Values of Jsc, Voc, # % for un-doped CdZnS and Ni (5%, 7.5% and 10%) doped CdZnS NPs, respectively.

Samples (NPs) Short Open Power
Circuit Circuit conversion
Current Voltage, efficiency (n
Density, Voc, (V) %)
Jsc,
(mAJ/cm?)
CdZnS 8.36 0.68 2.67
Ni(5%):CdZnS 9.21 0.66 2.88
Ni(7.5%):CdznS | 9.47 0.66 2.95
Ni (10%):CdznS | 9.8 0.66 3.05

As can be seen clearly from the Table 2, there is a significant improvement in the performance of the CdZnS NPs
when they are doped with different concentrations of Ni. The effect of Ni content on the performance of the
CdznS can be explained that owing to Ni doping, the contact between CdZnS NPs and TiO, NW becomes good.
Thus, this contact can block the interfacial recombination of the injected transfer from NWs to polysulfide
electrolytes. Correspondingly, it improves the performance of the devices made from CdZnS NPs [21]. Another
reason can be explained that the CdZnS NPs doped with Ni passivation reduce the recombination processes at the
surface of NPs.

V. CONCLUSIONS

In this study, the structural, optical, photovoltaic and magnetic properties of un-doped and Ni (5%, 7.5% and 10%)
doped CdZnS NPs, prepared by the co-precipitation method at room temperature using the mercaptoethanol as a
capping agent, were investigated. Study (XRD) on the structural properties showed that un-doped and Ni (5%,
7.5% and 10%) doped CdZnS NPs have cubic (zinc blende) structure and the particle size of CdZnS NPs doped
by Ni becomes smaller than un-doped CdZnS NPs. The optical absorption spectra revealed that the absorbance of
Ni (5%, 7.5% and 10%) doped CdZnS NPs are blue shifted compare to un-doped CdZnS NPs. It means that the
band gap increases which may be caused by crystallite size as the doping concentrations increase. It was also
observed the enhancement in PL intensities may be ascribed to the creation of new radiation centers or size
reduction caused by Ni doping in CdZnS matrix. J-V measurements were carried out for Ni (5%, 7.5% and 10%)
doped CdZnS NPs for the first time in this study, showed that Ni (5%, 7.5% and 10%) doped CdZnS NPs can be
utilized as sensitizers to improve the performance of solar cells. The power conversion efficiency (n %) was
obtained as 2.67, 2.88, 2.95 and 3.05 for un-doped and Ni (5%, 7.5% and 10%) doped CdZnS NPs, respectively.
Consequently, the results indicate that Ni (5%, 7.5%, and 10%) doped CdZnS NPs can be suitable materials for
photovoltaic applications.
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