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Abstract
In the present work, Dye Sensitized Solar Cells (DSSCs) have been fabricated
by utilizing a dense layer of photoelctrode cadmium sulfide thin film (CdS) as
n-type, which prepared by spray coating, while p-type electrode was multi-wall carbon nanotubes/graphene (MWNT-G) composites. The experimental results showed the higher energy conversion efficiency for CdS/MWNT-G
was 0.056% in comparison with the others, which were CdS/MWNT with
0.044% and CdS/G with 0.037% respectively, which referred to improvement
in the conductivity by using MWNT-G. The microstructure and nanostructure of CdS, MWNT, G, and MWNT-G nanocomposite were carried out by
employing Scanning Electron Microscopy (SEM). X-Ray Diffraction (XRD)
has been used to get crystal size of CdS, Raman scattering, and optical absorption also used for characterizations the samples. This study promised to
increase and enhance the conversion efficiency of photovoltaic devices.
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1. Introduction
Dye-sensitized photoelectrodes lie at the root of many recent developments used
to advance processes central to photovoltaic, photocatalytic, and optoelectronic
instruments [1] [2] [3]. These photoelectrodes pair a semiconductor film that
has an inherently wide band gap, with a dye. As the name suggests, the dye plays
a significant part in the charge transfer and light absorption characteristics of
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these photoelectrodes, the main components of DSSCs are shown in Figure
1.
Metallic sulfides [4] and chalcogenide compounds [5] have been a long-term
focus for researchers who study photocatalysis, over several recent decades.
Cadmium sulfide (CdS) is one semiconductor photocatalyst that has attracted
continuous investigation because two of its important characteristics are optimal: the fitting location of the conduction band and valence band edge, alongside
the useful band gap of the compound [4] [6] [7].
A number of techniques have been employed to produce CdS nanocrystalline
thin films. Some of them are using physical methods and the others are using
chemical methods. Among these are spray deposition, electrodeposition, pulsedlaser deposition [8] [9], RF sputtering [9] [10], sol-gel, hydrothermal processes
solvothermal processes [11] [12] [13] [14], vacuum evaporation [15], successive
ionic layer adsorption and reaction (SILAR) [16], chemical bath deposition
(CBD) [17] [18] [19], chemical vapor deposition (CVD) [9] [20].
The inherently high conductivity and high charge mobility characteristics of
graphitic nanoparticles have stimulated research into a wide array of possible
new uses for such materials. Two of the indisputably most important new materials are carbon nanotubes and graphene. These discoveries have resulted in an
upheaval in the development of electronic devices.
Recently, studies have demonstrated that the integration of composite science
and technology constituents into the polymeric matrices of electronic components results in several orders of magnitude enhancement of the electrical conductivity. This is achieved without affecting other critical features, such as the
mechanical and optical properties.
Two-dimensional (2-D) structured graphene continues to display significant
promise for use as a conductive nanomaterial in organic solar cells and DSSCs.
Graphene has emerged as a positive measure in new photoanode applications
[21].
Because of their capability to transport high current and their mechanical
flexibility, multi-walled carbon nanotubes (MWNTs) have demonstrated marked
benefits in the role of conducting matrix in nanocomposites [22].

Figure 1. The main components of DSSCs.
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The main aim of this work is to fabricate low cost DSSCs based on photo electrode CdS thin film prepared by low cost and simple spray coating deposition
technique on FTO. While counter electrode MWNT/G nanocomposites were
synthesized on FTO by multi-step spray coating instead of using high cost electrodes like platinum (Pt).

2. Experiments
2.1. Chemicals and Materials
Cadmium sulfide (CdS) powder 99.995%, ethylene glycol (CH2OH)2, multi-wall
carbon nanotubes >99%, Di-tetrabutylammonium cis-bis(isothiocyanato)bis
(2,2-bipyridyl-4,4-dicarboxylato)ruthenium(II) (N-719 dye) C58H86N8O8RuS2 95%
and graphene were purchased from Sigma Aldrich, iodine I2 was from mallinckodi
chemical work. Fluorine doped tin oxide (FTO) coated glass substrate, with a resistivity of 12 - 17 Ω∙cm was purchased from Nanocs. N,N-Dimethylformamide
(DMF), acetone (C3H6O), potassium iodide (KI) and ethanol (C2H6O) were
purchased from Fisher Scientific. All the chemicals were used as received without further purification.

2.2. Preparation of CdS, Dye N719, Electrolyte and MWNT-G
3 g of CdS nanopowder was added into ethanol, and DI water with purity 18.20
MΩ∙cm (15%: 15%: 70%) were mixed and produce a dispersion which stirred for
50 min, then the solution was deposited by using spray coating technique to
produce a layer of CdS onto clean FTO and the deposition occurred at 150˚C on
hot plate to evaporate the solvents. The cleaning of FTO under sonication for 5
min in each of acetone, ethanol and deionized water (DI). Annealing was carried
out for CdS in the oven at 450˚C for 30 min to improve the crystal size. The resultant CdS thin film was immersed in a dye bath for 10 hours, which was prepared by dissolving 0.01 g of the dye (N719) in 20 ml ethanol.
The electrolyte solution was made by dissolving 0.83 g of potassium iodide,
and 0.127 g from iodine, in 10 ml ethylene glycol. 0.3 mg/ml from each of
MWNT and Graphene dissolved in DMF to prepare a dispersion of each one individually and leave it on stir for 3 h, then deposited on FTO by spray coating at
125˚C on hot plate. The mass ratio (25:25:50) for MWNT, Graphene and DMF is
(25:25:50) to prepare MWNT-G composite. The spray coating deposition carried
out on hot plate 125˚C to deposit MWNT-G nanocomposite, the main steps to
produce DSSCs device are shown in Figure 2.

2.3. Solar Cell Fabrication
The sandwich device of the DSSCs consist of FTO/CdS as photoelectrode and
FTO/MWNT-G as counter electrode while the dimensions of spacer are 2.5 ×
2.5 cm2 for outer area, which filled with few drops from electrolyte. The schematic diagram of FTO/CdS/MWNT-G/FTO is shown in Figure 3.
DOI: 10.4236/ampc.2021.116011
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Figure 2. General procedure utilized to prepare DSSCs device. (a) Preparation of CdS/FTO,
(b) Preparation of MWNT-G/FTO, (c) Make a sandwich device of DSSCs.

Figure 3. The schematic diagram of FTO/CdS/MWNT-G/FTO.

3. Characterization
Scanning Electron Microscopy (SEM, JEOL JSM7000F) was used to investigate
the microstructure and nanostructure of the samples. Raman spectra were analyzed
by EZRaman-N to get more information about the crystalline of the film. UV-visible
spectrometer was employed to measure the optical absorbance. The crystal structure
of the synthesized CdS was determined by X-ray diffractometer (XRD) patterns on
a Rigaku Miniflex 600 X-ray diffractometer with copper target; the wavelength of
Copper K-alpha Cu Kα radiation is 1.54056 Å. Keithley 2400 sourcemeter measuring was employed to record current-voltage (I-V) characteristics.

4. Results and Discussion
Figure 4(a) and Figure 4(b) show the typical surface SEM images of CdS nanoparticles at different locations and magnifications, it is obviously seen the aggregation of particles to produce uncracked and a rough thin film of CdS which increase its ability to adsorb the dye.
The micro and nano structure of Graphene sheets has been examined by SEM
images as shown in Figure 4(c) and Figure 4(d); the images clearly indicate the
low surface coverage of Graphene sheets as compared to MWNT.
DOI: 10.4236/ampc.2021.116011
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Figure 4. SEM images of; Top view of micro-graphs and nano-graph CdS synthesized on
FTO (a), (b), top view of micro-graphs and nano-graphs grapheme (c), (d), nano-graph
cross section and micro-graph top view of multiwall carbon nanotube (e), (f), and top
view micro-graphs and nano-graph of G-MWNT nanocomposite (g), (h).

Figure 4(e) and Figure 4(f) at low and high magnifications indicate the formation of pristine MWNT uniformly covered FTO with a large surface coverage,
the average diameter and length of MWNT was (5 - 25) nm and (5 - 60) μm repectively.
The morphology of the MWCNT-G nanocomposite was studied through SEM
as shown in Figure 4(g) and Figure 4(h). The graphene diffuses between the
MWNT film pores and produces good interference of nanocomposite.
Figure 5(a) presents the prospective XRD pattern of the CdS on glass. The six
diffraction peaks are corresponding to (100), (002), (101), (110), (103) and (112)
plane respectively referring that film is hexagonal CdS phase.
From Scherer formula [23] D = 0.94λ β cos θ , where D is the crystallite size,
λ the wavelength of the X-ray radiation (Cu Kα = 0.15406 nm), θ the diffraction
angle and β is the full width at half maximum (FWHM) of the peak, particle size
of CdS for H (002) before and after annealing was calculated and it was 49 ± 0.9
nm and 71 ± 7 nm before and after annealing respectively, it can be observed
that the intensity and sharpness peak corresponding to the plane (002) increases
after the annealing, which in terms indicate to improve the crystal size of CdS
after annealing.
DOI: 10.4236/ampc.2021.116011
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Two optical vibrational Raman modes for CdS can be observed at 300 cm−1
and 600 cm−1, as shown in Figure 5(b). In nanometer sized, the strong and
sharper Raman peak of CdS shifted to a wavenumber 300 cm−1 referred to fundamental longitudinal optical phonon (1LO) while the broadband peak at wavenumber 600 cm−1 indicates to the first overtone mode (2LO), it is reasonable
with the reports [24].
Figure 6 shows the typical absorption spectra of FTO, CdS with and without
dye. It is notable that the absorbance of the CdS with dye is higher than that of
the CdS only and absorbs more photons in the region between 420 - 900 nm,
which shows that the incident light harvested by a dye molecules.
Figure 7(a) and Figure 7(b) show J-V characteristics of solar cells devices
under illumination (AM 1.5 G, 100 mW/cm2) and under dark respectively. The
solar cells devices performance, short circuit current density (Jsc), open circuit
voltage (Voc), fill factor (FF), shunt resistance (Rsh), series resistance (Rs), and
power conversion efficiency (η) are shown in Table 1.

Figure 5. XRD patterns of CdS (a) Raman scattering spectroscopy of CdS (b).

Figure 6. Absorption spectra of FTO, and CdS with and without dye.
Table 1. J-V Characterization of devices structures under illumination of AM 1.5.
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Devices

JSC (mA/cm2)

VOC (V)

FF (%)

CdS/MWNT-G

1.02

0.21

26%

20.04

CdS/MWNT

0.94

0.24

20%

CdS/G

0.82

0.23

20%
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RSh (Ω∙cm2) RS (Ω∙cm2) PCE (%)
9.14

0.056

18.49

12.2

0.044

20.27

10.97

0.037

Advances in Materials Physics and Chemistry

E. Alkuam

Figure 7. The J-V Characteristics of CdS/MWNT-G, CdS/MWNT, and CdS/G devices (a)
under AM 1.5 G illumination and (b) in the dark.

The device CdS/MWNT-G displays the highest power conversion efficiency
(0.056) and higher short circuit current density (1.02 mA/cm2) when compared
to the CdS/MWNT and CdS/G devices because the reduced recombination due
to MWNT-G nanocomposites that effectively helped the diffusion of excited
photoelectron from the dye molecules, which increase the charge injections and

Jsc as shown in Figure 4(g) and Figure 4(h). The fill factor improved from 20%
to 26% when the high conductive MWNT-G nanocomposite were used. High efficiency of CdS/MWNT-G also can be attributed to the lowest value of Rs = 9.14
Ω∙cm2 for the DSSCs device CdS/MWNT-G when compared with the others,
and increasing Rsh = 20.04 Ω∙cm2 which in turn affect the DSSCs performance.
The DSSCs efficiency calculated from the equation [8] [12] [25]:
 FF ⋅ J sc ⋅ Voc 
.
Pin



η =

5. Conclusion
MWNT, G, and MWNT-G nanocomposite film were successfully prepared by
spray coating deposition on FTO, which employed as counter electrode to fabricate DSSCs with photo electrode n-CdS. The properties of the thin film were
analyzed and characterized by different techniques. An improvement in power
conversion energy was observed when MWNT-G nanocomposite used in the
photovoltaic device, which is attributed to large surface coverage of MWNT-G
and increased the conductivity, while the lowest power conversion energy might
be attributed to the poor dye regeneration.
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