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Chemical bath deposition (CBD) was used effectively to
create zinc oxide (ZnO) nanorods (NRs) on fluorine-
doped tin oxide (FTO) substrates, which were then used
as photoanodes in dye-sensitized solar cells (DSSCs). The
production of a Wurtzite-type hexagonal crystalline phase
with a preferential orientation along the (002) plane was
confirmed by structural characterization using X-ray
diffraction (XRD). Field-emission scanning electron
microscopy (FE-SEM) revealed vertically aligned
nanorods with uniform morphology. Optical analysis via
UV-Vis spectroscopy indicated reduced band gap of
(3.27) eV and high transparency in the visible spectrum
compared to bulk ZnO. The fabricated DSSCs based on
these ZnO (NRs) Photoanodes exhibited under air mass
(AM 1.5G) solar illumination simulation, the photocurrent
density (Jsc) was 0.911 mA/cm?, the filling factor (FF)
was 29%, the open circuit voltage (Voc) was 0.27 V, and
the power conversion efficiency (PCE) was 0.07%. These
results suggest that ZnO nanorods preparation via CBD
present a promising low-cost alternative for DSSC
photoanodes.

1. Introduction

Many scholars are interested in the chemical bath deposition (CBD) method for producing
zinc oxide nanostructures due to its tunable optical characteristics, low cost of manufacturing,

and wide range of applications in optoelectronics, sensors, and photocatalysis. Band gap,
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transmittance, photoluminescence, absorption, and other fundamental optical properties are all
greatly influenced by the shape, crystallisation, and distribution of defects, which may be
greatly controlled using the CBD approach. A recent study has empirically demonstrated how
the spectral response of ZnO nanorod, nanowire, and thin films can be fabricated in a
controlled manner by systematic variation of compositional parameters, namely: the precursor
concentration; the growth temperature; solution pH, the seed layer properties, and the type of
dopant involved. Some methods which lead to better crystallinity and aspect ratio often lead

to both better transmittance and better tunability of the band gap[1-4].

Currently, Photovoltaic cells are devices that convert light into electrical energy. Among the
various available commercial solar cells, dye-sensitized solar cells (DSSCs) have gained
significant interest in recent years due to their key advantages and potential functions, which
include increasing efficiency and lowering manufacturing costs [5-10]. Michael Gratzel and
Brian O Regan have been the first ones to suggest such Solar cells based on sensitizers
DSSCs in the year 1991 [11]. Research is increasing on improving the stability of DSSCs to
enhance the performance of their constituent materials. Low efficiency and expenses to
operate Substrates, ruthenium dye and platinum are some of the weaknesses of DSSCs that
have to be substantially enhanced. The role of photoanodes in DSSCs can not be
underestimated as they provide a surface onto which the dye hole is held and through which
the photo-generated electrons are transported to the external circuits [12]. Semiconductors
have attracted a lot of research because of their wide applicability in several areas. There are
many kinds of semiconductors; they include Titanium dioxide TiO2, Zinc oxide ZnO, Cerium

dioxide CeO: etc. [13-21]

The effective conversion of photon energy into electrical power depends on the large surface
area of porous nanocrystalline semiconductor oxide sheets for the adsorption of dye
molecules. A photoanode must have a sufficient surface area, remarkable electron transport
properties, and a low rate of electron and hole recombination in order to achieve premium
functions [22, 23]. However, zinc oxide is considered one of the preferred materials in the
preparation of the photoanode in the development of DSSCs, where the electron mobility is
large and also relative to fewer surface states (recombination centers), bearing in mind that it
has high potential and considerable properties of ZnO. Pooja B. More et al. used a CBD
technique to create ZnO thin films on FTO substrate. The thin films' rod-like shape and

hexagonal wurtzite structure had an average width of 340 nm and height of 630 nm. With an
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optical energy gap of 3.1 eV and a charge carrier density of 8.5 X 10'® cm? the
electrochemical test confirmed n-type conductivity. [24]. Biisra Altun and colleagues
investigated the effects of cobalt doping on ZnO thin-film sensors, specifically looking at
their optical, structural, and CO, gas sensing characteristics. They achieved the doping by
incorporating (1%, 3%, 5%, and 7%) cadmium through using CBD. Notably, the sensor
doped with 3% cadmium exhibited the most significant CO> response, along with rapid
response times, excellent selectivity, and remarkable stability [25]. Hunge Y. M. et al reported
well-aligned ZnO (NRs) with varying reaction times in CBD method for the application of
photo catalysis [26]

In this work, ZnO (NRs) will be deposited on FTO substrates using CBD, and various
measurements will be used to examine the impact of this process on the morphological,
optical, and structural characteristics of the ZnO (NRs). With the intention of applying the
material to DSSCs, XRD, FE-SEM, UV-vis spectroscopy, and room temperature photocurrent

measurement have been employed.

2. Materials and Methods
2.1. FTO substrate cleaning

The FTO layer was cut using a diamond cutter to obtain a smaller substrate. They were
then cleaned in an ultrasonic bath with acetone, ethanol, and deionized water for 10 minutes,
respectively. The samples were then left to dry at 50 °C for 30 minutes. The purpose of

substrate cleaning is to avoid pollution by any other impurity.
2.2 Synthesis of ZnO (NRs) by CBD Growth
(CBD) consists of a two-step on FTO glass seeding and solution growth process):

2.2.1 First step (Preparing the ZnO seed layer)

The ZnO seed layer was created by dissolving 5 mM zinc acetate dihydrate (Zn
(CH3C0O2)2-:2H20) in 50 ml of ethanol while stirring for three hours at room temperature.
After cleaning the glass substrates, the seed solution was spin-coated and thermally dried at
50 °C. In order to eliminate the solvent and guarantee nucleation, these seeded substrates were
further annealed at 350 °C for one hour in an air atmosphere before being allowed to cool to

room temperature[27].
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2.2.2 Second step (Growth of ZnO nanorods)

(CBD) has been used to grow ZnO epitaxial (NRs) on a seeded glass substrate. The growth
solutions were prepared by dissolving separately (0.1 M) Zn (NO3)26H2O and C¢Hi2N4 in (25
ml) of distilled water (DW) to a temperature of (70°C). The two solutions were then mixed,
and the seeded substrates were dipped vertically in a beaker set at a temperature of (90°C) and
left to soak in the solution at (90°C), within 2 h. Samples after growth were taken out of the
solution and washed successively in DW and ethanol, dried, and treated at (350°C) for 1 h. As
shown in Table 1 .[27, 28].

Table 1. Summary of the Experimental Steps

Coating (at T50°C)
Zinc acetate dihydrate 10 layers (FTO) /
Step (D (5mM) + (50ml) ethanol » 50s each+ annealing Seed Layer
(1h/350°C)
(Q.l M) for each (zinc Coating (at 90°C) for Nanorods
nitrate hexahydrate + (3h)
Step (2) . . grown
hexamethylenetetramine + Post-annealing (NRs)
+(25ml) H0 (1h/350°C)

2.3 Fabrication of DSSCs.

Sensitization of a set of ZnO nanorod-coated fluorine-doped tin oxide (FTO) substrates was
done by immersion in the room temperature (0.5 mM) sensitizer solution for 24 h. As counter
electrode a Pt foil (150 pum) was used. The FTO electrode coated with the ZnO nanorod was
put together with the counter electrode, and its combination was sealed with a Parafilm spacer
at a thickness (25 um). In order to enable dye regeneration under oxidizing circumstances,
0.127 g of iodine (I12) and 0.83 g of potassium iodide (KI) were dissolved in 10 mL of
ethylene glycol to create the redox mediator [29]. Its solar cell performance was defined
through capturing of its respective current-voltage (I-V) pattern under illumination by
(1.5Am) type of simulated sunlight. The area of the cell was (0.3x0.3) cm?. The conversion
efficiency of power was then determined according to [30]:

Voo XF.F
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And the filling factor (F. F) is defined:

‘/OC ve ISC

Where: Pin: the intensity of the incident light.
Voc: the open-circuit voltage (mV)
Isc: stands for short circuit current density.

Imax, Vmax: current, voltage at maximum power output, respectively
3. Results

3.1 XRD Diffraction

The XRD analysis (Fig. 1) proved the crystalline status of ZnO having a hexagonal
structure of wurtzite (JCPDS Card No. 65-3411) and lattice a = 3.249 A°, ¢ = 5.206 A°.
The diffraction peaks of the 26 angles are 31.8, 34.4, 36.3, 47.5, 56.6, 62.8 and 67.9 that
corresponding to the (100), (002), (101), (102), (110), (103), and (112) planes
respectively. The (002) orientation is high hence the peak at 34.4 is strong. The Scherrer

equation was used to calculate the dimensions of the average crystallite which is 42.29 nm
[31]:

oo 09A ;
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Figure 1. XRD pattern of ZnO (NRs) grown by CBD.
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3.2 Surface Morphology Analysis

According to the view of the FESEM (Fig. 2), ZnO nanorods exhibits well-aligned
hexagonal morphology, which is essentially vertical standing on the substrate surface. It is
clear from the image micrographs that the ZnO film indicates that rod-like structure [32].

The Imagel] software was used to measure the average diameter of the (NRs) which

measured to be in the range of (80-150 nm).

Figure 2. FESEM images of ZnO (NRs) grown by CBD

3.3 Optical Analysis

In Fig. 3(a), UV-Vis absorbance intensity range of (300-800 nm) spectral range of the
ZnO (NRs) obtained by CBD process is shown. The spectra show a region of peak
absorption of 385 nm; this is attributed to electronic transitions between valence band and
conduction band (O2p -Zn3d) that happens with the band gap and peak of absorbance that
is characteristic of ZnO [33, 34]. Figure 3(b) represents the calculated band gap of ZnO
(NRs) as obtained in the UV-Vis. spectrum which is found to be (3.27 eV). Crystalline
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ZnO crystals usually follow the crystal structure of wurtzite, are direct band gap-type
material (3.33 eV) [35]. The variances in optical bandgap that can be observed can be
explained by the scattering that happens at grain boundaries and results in the marginal
shift of the optical absorption edge that is shifted towards higher wavelength. The
consequence of this shift is that, it causes a decrease in the energy bandgap of the material
[36,37]. Also, the energy bandgap of the films can drop slightly due to formation of

oxygen vacancies in the films [38].
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Figure 3. (a) UV absorbance Spectrum , (b) Tauc plot of ZnO (NRs) grown by CBD.
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4. Discussion
4.1 J -V Analysis

Figure 4. shows the photocurrent density voltage (J-V) characteristic of the CBD-grown
ZnO (NRs) photoanode with simulated sunlight (100 mW/cm?). The device had a low
power conversion efficiency (PCE) of 0.07 percent, having a photocurrent density of
0.911 mA/cm? with a fill factor (FF) of only 29%. An exceptionally low FF is one of the
key indicators of important charge recombination losses. It is not isolated to ZnO-based
DSSCs which have a reputed high density of surface defects and trap states that facilitate
rapid electron recombination [39]. Moreover, the lack of a dense blocking material at the
FTO/ZnO interface could also be a cause of back electron transfer to the electrolyte,

which subsequently decreases the open-circuit voltage and fill factor.

The reduced photocurrent density may be explained by the defects in dye-sensitization
process. Solvation of the ZnO surface by the carboxylates of the dye may cause
complexation of the dyes with Zn?>* or even partial dye degradation and thus reducing the
actual dye loading and light-harvesting efficiency [40]. This, together with the natural
charge recombination, entirely explains the low overall efficiency that is apparent in this
unoptimized system. Power conversion efficiencies (PCEs) of Zinc oxide-based (DSSCs)
and (PSCs), are typically (less than one percent) in poorly optimized, poorly-engineered,
defect-prone non-nanostructured photoanodes, and (between three and six percent) in
more carefully prepared, nanostructured photoanodes. Moreover, higher-order perovskite
structures that include the design of engineered electron transport layers have shown
efficiencies of more than (20 %) [41,42]. An example of this is the combination of zinc
oxide nanotetrapods to facilitate DSSCs, which have reported better efficiencies that
exceeding (3) % ,whereas composite photoanodes (zinc oxide and tin oxide) can achieve
better efficiencies that exceeding (6) % under ideal conditions; though, their functionality
is required to include multilayer designs and severe control of absorption layer thickness
[43]. zinc oxide/cadmium sulfide/cadmium telluride thin-film solar cells can theoretically

achieve efficiencies of more than (20)[44].

Moreover, ZnO is also an alloy with a greatly high concentration of surface defects and
trap states, which are prone to fast electron recombination and slow charge transport. The

lack of an efficient compact or blocking layer between the ZnO and conducting substrate
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also contributes to the back electron transfer, sacrificing the open-circuit voltage and fill

factor [39].

Abel Garcia-Barrientos et al reported that the pH level used in the process of growing the
film of ZnO has an extreme influence on the crystalline quality of the film. This, in its
turn, has a direct effect on the efficiency of the solar cell [45]. Moreover, morphology of
the nanorods (length and density) and sensitization conditions (solvent, pH and possible
dye aggregation) are very vital in defining the dye adsorption and hence the overall
photovoltaic performance. All these facts explain why efficiency of ZnO-based DSSCs is
low in comparison with the TiO> counterparts. The variables that should be controlled in
order to maximize the CBD method include growth time and concentrations of precursors.
This helps in reducing defects and produce well aligned nanorods which improve

performance [46, 47].

Table 2. Photovoltaic characteristics of ZnO (NRs) DSSCs grown by the (CBD) under
solar illumination (100 mW/cm?).

Voe (V) Jsc (mA/cm?) Vi(V) F.F (%) n (%)
0.27 0.911 0.11 29 0.07
0.0040 T T

Current Density (mA/cm?2)

o0 01 02 03 04 05 06 07
] Voltage (V) ]

Figure 4.J-V characteristics of ZnO (NRs) DSSCs

-0.0010
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5. Conclusions

ZnO films were successfully synthesised in this study employing a straightforward and
inexpensive (CBD) approach. At room temperature, structural, morphological, and UV-vis
spectroscopic studies were examined. In addition to vertically orientated growth on the FTO
substrate, the ZnO XRD pattern showed texturing and a hexagonal wurtzite structure in the
(002) direction. Further, the fabrication of a rod structure was confirmed by the FESEM
results. ZnO optical bandgap energy was determined to be 3.27 eV. Finally, these ZnO (NRs)
films were used to fabricate (DSSCs) by using them as photoanode materials. Photocurrent
intensity measurements showed that, for the deposition methods employed, the presence of a
seed layer increased the filling factor but decreased the short-circuit current density. A photo
conversion efficiency of 0.07% percent was attained by applying ZnO (NRs) to glass
substrates coated with FTO and immersing the resultant photoanode in a ruthenium-based dye

solution for 24 hours.
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