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In our present study, Ce doped CdS nanoparticles were synthesized in room temperature
environment by using chemical co-precipitation technique which is cheap in cost. Ce
doped CdS nanoparticles ( average particle size: 3.7 nm) were found to have cubic
structure as a result of XRD measurements. It has also been clearly observed that Ce
dopant ions do not alter the structure of the host semiconductor CdS. Using the spectrum
obtained as a result of UV-Vis measurement, the energy band gap of Ce doped CdS
nanoparticles was determined as 2.73 eV. This value was observed to be higher than the
energy band gap of bulk CdS (2.42 eV). Thus, it can be said that this change in the energy
band gap is due to the quantum confinement effect. The maximum IPCE value was 27%
for Ce doped CdS nanoparticles while the IPCE values was 4% for pure CdS
nanoparticles, respectively. The IPCE of the solar cells improves with the Ce dopant ion.
Moreover, the spectral response range of Ce doped CdS nanoparticles widens with the Ce
dopant ion. This is attributed to the long lifetimes of the Ce®" excited states that facilities
the transfer of the charge carries to the photoelectrode.
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1. Introduction

Rare earth doped semiconductors, known as phosphorus materials, are of great importance
in the use of optical display devices. It is possible to obtain the blue, green and red colors that exist
in full color devices with rare earth ions (1-4). Therefore, various studies have been carried out on
the investigation of properties of different rare earth element doped 11-VI semiconductor materials
(5-8). The characteristics of dopant mainly affect the luminescence properties of rare earth element
doped I1-VI semiconductors (9, 10). The electronic structure of rare earth ions with uncharged 4f"
shells differs from other elements. The 4s® and 4p°® orbitals protect the 4f" electrons (11, 12).
Excitation of materials doped with rare earth ions leads to sharp line emission. This emission can
be seen in the UV, Vis and IR regions of the spectrum (13).

The reason why the rare earth ions have not been successfully incorporated into the CdS is
due to the large radius and charge mismatch between the rare earth ions and the Cd* ions. This
leads to inefficient energy transfer (14-16). Many lanthanum doped materials were prepared in
nanoscale and their properties were investigated (17-19). The weakness of these studies is the
synthesis of these nanoparticles by subjecting them to high temperature processes. However,
contrary to these studies, it is emphasized that cerium ions doped semiconductor materials have
lower particle size and higher surface area (20). Ce doped CaS (21, 22) and Ce doped SrS (23, 24)
nanoparticles were synthesized using different synthetic techniques such as solid state diffusion
and chemical co-precipitation, and data on their characteristic properties (structural, morphological
and optical) were reported. To date, no experimental studies have been conducted on the
investigation of the photovoltaic properties of Ce doped CdS nanoparticles.
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In our present study, Ce doped CdS nanoparticles were synthesized in room temperature
environment by using chemical co-precipitation technique which is cheap in cost. The
nanoparticles obtained as a result of the experimental study were characterized by x-ray diffraction
(XRD) (for structural properties), photoluminescence (PL) (for optical properties), UV-Vis (for
opitical properties), the incident photon to current conversion efficiency (IPCE) and current
density- voltage (J-V) (for photovoltaic properties), respectively.

2. Synthesis process

Cerium nitrate, cadmium acetate and sodium sulfide are commercial solid chemicals used
in the synthesis of Ce doped CdS nanoparticles. In the synthesis process, de- ionized water and
ethylene diamine were used as solvents. 2.66 g of cadmium acetate salt was dissolved in the
solvent containing ethylene diamine and de- ionized water. Stirring was continued at room
temperature until the salt used as the cadmium source was completely dissolved. 0.78 g of sodium
sulfide salt was added to a 100 mL beaker containing cadmium aqueous solution. The color of the
solution was observed to be orange after the addition. The stirring was stopped until a
homogeneous mixture was obtained, allowing solid CdS to precipitate. The wet CdS precipitate
was removed from the solvent with the aid of filter paper. The CdS precipitate on the filter paper
was washed several times with purified water and ethanol, respectively. After washing, the wet
CdS precipitation was dried in the oven. To synthesize Ce doped CdS nanoparticles using
chemical precipitation technique; 0.13 cerium nitrate salt was added to the solution containing
2.66 g of cadmium acetate and all the above steps were followed.

Ce doped CdS nanoparticles synthesized using chemical co-precipitation technique which
is an inexpensive and simple method were characterized by x-ray diffraction (XRD) (for structural
properties), photoluminescence (PL) (for optical properties), UV-Vis (for opitical properties), the
incident photon to current conversion efficiency (IPCE) and current density- voltage (J-V) (for
photovoltaic properties), respectively.

3. Results and discussion

The x-ray diffraction patterns of undoped and Ce doped CdS nanoparticles are shown in
Fig. 1. The diffraction peaks are significantly broadened due to very small size of the
nanoparticles. Fig. 1 indicates three diffraction peaks at 20 values; 26.5°, 42.9° and 50.4°
corresponding to reflections from (111), (220) and (311) crystal planes of the cubic zinc blend
phase and are well matched with the standard cubic CdS (JCPDS card No. 10-454). No
characteristics peaks corresponding to impurity phases were detected. Using the Debye-Scherer
formula (25) average particle size of nanoparticles was calculated to be about 3.7 £ 0.5 nm.
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Fig. 1. XRD spectra of nanoparticles.
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The UV-Vis absorption spectra of Ce doped CdS nanoparticles synthesized by chemical
co-precipitation at room temperature are shown in Fig. 2. The absorption edge of the Ce doped
CdS nanoparticles was determined using the optical spectra obtained. Extrapolating the linear
region of the spectra was used to determine the energy band gap value of Ce doped CdS
nanoparticles. Broad and less symmetric absorption peaks of pure CdS and Ce doped CdS
nanoparticles were observed at about 449 nm and 453 nm, respectively , that is effectively blue
shifted compared to the bulk band gap wavelength at 515 nm. Blue shifting absorption peak is
attributed to the quantum size effect (15), whereas the broadening and asymmetricity are due to the
wide size distribution of synthesized particles. Different size of particles give number of excitonic
peaks that appear at different energies and overlapping of these peaks produces a broadening in
absorption spectra.
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Fig. 2. UV-Vis absorption spectra of nanoparticles.

As shown in Fig. 3, when excitation wavelength is used as 320 nm, it was observed that
both pure CdS and Ce doped CdS nanoparticles have an emission band around 350-450 nm. No
emission peaks of defects were found in both samples. An important observation should be noted
that the emission band of Ce doped CdS nanoparticles shifts to longer wavelengths than that of
pure CdS (from 360 nm to 374 nm). With this result, it can be said that the Ce doped metal has a
positive effect on the luminescence property of CdS. It is possible to see similar observations in
different studies carried out on the optical properties of CdS nanoparticles (26-28).
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Fig. 3. Emission spectra of nanoaparticles.

J-V curves of pure CdS and Ce doped CdS nanoparticles are indicated in Fig. 4. As shown
in Fig. 4, it can be said that owing to Ce dopant metal, the short circuit current density and the
conversion efficiency of Ce doped CdS nanoparticles is better than the pure sample. The
calculated photoelectric conversion efficiency (%) and short circuit current density for pure CdS
and Ce doped CdS nanoparticles are 3.71 mA/cm?, 6.43 mA/cm?, 0.71% and 1.11%, respectively.
The reasons for the increase of the conversion efficiency of the solar cell can be comprehended
from one aspect. (1) Compared with pure CdS and Ce doped-CdS nanoparticles, cosensitization of
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double doped CdS nanoparticles can better increase the range and intensity of the absorption
spectrum of the solar cell, improve the utilization rate of the incident light, improve the rate of
capture of the photons, and increase the photocurrent density and the open circuit voltage, and
double doped CdS electrode had lower dark current which was benefited for delivery of the
electrons, inhibited for recombination of the electrons, thus ultimately improving photoelectric
conversion efficiency of the solar cell.
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Fig. 4. J-V curves of nanoparticles.

At least, the IPCE curves of pure CdS and Ce doped CdS nanoparticles shown in Fig. 5
were discussed. At the wavelength of 400 nm, the maximum IPCE value was 27% for Ce doped
CdS nanoparticles while the IPCE values was 4% for un-doped CdS nanoparitcles, respectively.
The IPCE of the solar cells clearly improves with the Ce dopant ion. Moreover, the spectral
response range of Ce doped CdS nanoparticles widens with the Ce dopant ion. This is attributed to
the long lifetimes of the Ce®" excited states that facilities the transfer of the charge carries to the
photoelectrode.
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Fig. 5. IPCE curves of nanoparticles.

4. Conclusions

In our present study, Ce doped CdS nanoparticles were synthesized in room temperature
environment by using chemical co-precipitation technique which is cheap in cost. The average
particle size of Ce doped CdS nanoparticles, which were found to have a cubic structure, was
calculated as 3.7 nm. The absorption peaks of pure CdS and Ce doped CdS nanoparitcles were
observed at about 449 nm and 453 nm, respectively , that is effectively blue shifted compared to
the bulk band gap wavelength at 515 nm. Blue shifting absorption peak is attributed to the
quantum size effect. it was observed that both pure CdS and Ce doped CdS nanoparticles have an
emission band around 350-450 nm.

An important observation should be noted that the emission band of Ce doped CdS
nanoparticles shifts to longer wavelengths than that of pure CdS ( from 360 nm to 374 nm). In
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terms of application, the power conversion efficiency (%) and IPCE (%) values of Ce doped CdS
nanoparticles-based solar cell devices were calculated as 1.11 and 27, respectively, while those
values for pure CdS were 0.71 and 4, respectively. Clearly, the Ce dopant element plays an active
role in improving the efficiency of Ce doped CdS-based solar cell devices.
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