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This work focuses on Zinc Oxide (ZnO) nanorods as the photoanode in Dye-Sensitized 
Solar Cell (DSSC). The photoanode protects the dye molecules and enables the energetic 
absorption of photogenerated electrons from the active state of the natural dye. The 
primary goals are the fabrication of ZnO nanorods on ITO, the investigation of the 
structural, optical and electrical properties of the synthesized ZnO nanorods, and the 
performance evaluation of the ZnO nanorods-based DSSC. The hydrothermal process is 
used to produce ZnO nanorods at an annealing temperature of 90°C. For structural 
characterization, a scanning electron microscope (SEM) with specific field ranges and 
magnification utilized to analyze and evaluate the composition of ZnO nanotubes. X-ray 
diffraction measurements with data processing are carried out in order to classify the 
crystalline process of the materials and provide information on cell unit size. 
Alternatively, UV analysis is used to demonstrate optical characteristics. Ruthenium was 
implemented as a natural dye, and four samples of ZnO nanorods with different 
development durations were tested for current density and voltage using an automated 
multimeter and UV irradiation. Calculations are performed for both current and voltage 
outputs of the DSSC. 
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1. Introduction 

 
Solar energy, which the sun provides in the form of heat and radiation, is constantly released into 

the universe. Solar energy offers an unlimited, free source of clean, renewable energy. The ability to 
convert sunlight into solar energy using small and medium-sized photovoltaic (PV) cells is the main 
advantage of solar energy over other traditional generators. Affordable for ordinary people, solar 
energy has been plentiful in the last decade compared to fossil fuels and oil. In comparison, the labor 
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costs associated with renewable energy sources are much lower than those of traditional electricity 
generation methods. Given various advantages, this capacity still has a few disadvantages. First, the 
sun's rays do not shine during the night. Second, sun exposure is not always present. To solve this 
problem, highly efficient solar cells and modules are required [1].  

In recent years it has been shown that the current energy supply structure has no future. As a result, 
rising oil and gas prices are a blatant expression of the scarcity of these resources. At the same time, 
we are seeing the early consequences of fossil fuel use through melting ice, rising water levels, and 
poor weather conditions. Fortunately, renewable energy sources can be used to ensure a steady flow 
of electricity. They use infinite energy sources and can guarantee maximum supply through a mix of 
biomass, photovoltaics, water, etc. Photovoltaics make a significant contribution to the total amount 
of renewable energy. It enables the pollutant-free conversion of sunlight into electricity and would 
be an important part of future energy systems due to its enormous potential [2].  

First-generation solar cells are built from silicon wafers. Its great power has made it the most 
widespread and oldest technology. Monocrystalline silicon solar cells and polycrystalline silicon solar 
cells are two subgroups of the technology category on silicon wafers. Second-generation solar cells 
are made of thin films and amorphous silicon (a-Si), less expensive than their predecessors made 
from silicon wafers. In comparison, light-absorbing layers in silicon wafer cells are often up to 350 m 
thick, but in thin-film solar cells, they are normally only 1 m thick. Thin film solar cells contain 
materials like copper indium diselenide (CIGS), amorphous silicon (A-Si) and cadmium telluride (CdTe) 
while the third generation solar cells consist of Nanocrystal solar cells, polymer-based solar cells, dye-
sensitized solar cells (DSSC) and lumped solar cells [2]. In general, solar cells are constructed as PIN 
diodes, consisting of the hole-transporting layer (p-type) and the electron-transporting layer (n-type), 
both of which layers play a vital role in the efficiency of the solar cells. Commonly used electron 
transport layers are made of metal oxide materials such as ZnO [3] and TiO2 [4] since both have 
almost the same bandgap energy and photocatalytic capacity. Meanwhile, CuSCN is the most 
commonly used hole transport layer as it is the best-performing material with significant conductivity 
[5-7].  

 
1.1 Dye-sensitized Solar Cell (DSSC)   
 
    Thin-film solar cells DSSC due to their low cost, simplicity of production, and low toxicity, they have 
been studied for over 20 years. However, due to the high price, lower availability and lower long-
term reliability, there is great potential for replacing established DSSC devices [8]. DSSC is an effective 
low-cost alternative to traditional solar cells [9-10]. A DSSC carries out three key measures to turn 
light from the sun into electric power: it depends mostly on obvious photo-excitation of the dye, 
which induces the electron transfer to the metal oxide semiconductor conductive band, accompanied 
by the recovery of electron donation from the redox torque in the electrolyte to the oxidised dye 
molecules, followed by electron mobility through the external load [11-12]. 
    The entire process requires the assistance of various components of the DSSC, such as a light 
absorber through dye or sensitizer, an electron transfer agent and a hole transport agent [13,14]. In 
addition, in order for the DSSC to work, all of the components that make up the process will perform 
their tasks effectively. In general, sensitizer or dye may have particularly important properties for 
efficient efficiency, namely wide and heavy absorption from visible to near-infrared regions [15-17], 
chemical stability of the required LUMO and HOMO rates for effective injection of load into the 
semiconductor [18, 19] and electrolyte regeneration dye, high molar extinction coefficients for light 
harvesting in the visible and near-infrared region, nice solubility and photostability to hinder 
recombination [20, 21]. NS Noorasid et al. fabricated a complete DSSC by screen printing with TiO2 
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as the photoanode in 2021. To investigate the effect of the annealing process, the deposited TiO2 
thin film was annealed at different temperatures. It was discovered that the porosity structure 
increased with the increasing temperature and the same concept applies to the distance between 
the TiO2 particles [22].  
     By changing the TiO2 thickness from 1 to 50,000 nm, the operating temperature, the doping 
concentration and the defect density, N.S. Noorasid et.al in 2021 analysed the performance of DSSC 
by SCAPS-1D simulation. The results indicate that each of these elements plays a crucial role in 
improving DSSC [23]. Those elements were also influenced in the next generation of Perovskite Solar 
Cell (PSC) [24]. 

Besides TiO2 photoanode, ZnO has also emerged as a promising candidate as a photoanode 
in improving the charge carrier mechanism with lower processing temperature. Alias et al. 
successfully simulated DSSC using SCAPS-1D by applying different doping concentrations and the 
adjustment of certain critical layer parameters. Using 3 mol% ZnO:Al photoanode and 4 mol% ZnO:Ni 
photoanode, cell efficiencies of up to 3.96% and 3.9%, respectively, were obtained. This evidence 
shows that the additional dopant improves charge carrier conduction and increases the PCE in DSSC 
[25]. A similar trend was also demonstrated in other types of solar cells such as PSC [26, 27].  Low-
temperature processing conditions are essential in the fabrication of flexible solar cells, which use 
plastic substrates, and can also reduce processing costs [28]. 
 
1.2 Working Principle of DSSC 

 
Figure 1 shows the classic DSSC architecture. A thin layer of sensitized mesoporous metal oxide 

semiconductor with an inorganic or organic dye forms the basis of the device. This mesoporous layer 
is formed over a transparent electrode supported on an acceptable substrate. The photoanode 
assembly is the working electrode of the device. The unit counter electrode consists of a transparent 
conductive film mounted on a suitable substrate. By pervading the porous structure of the 
semiconductor, an electrolyte solution containing a redox mediator is trapped between the two 
electrodes, creating an electrical connection between them [29]. DSSC solar cells operate under 
fundamentally different principles than ordinary solar semiconductor cells do. The charge carriers 
and the absorption of the light are not the separating processes in semiconductor solar cells. These 
two functions are independent of the DSSC. The injection of light generated electrons into the 
conduction band separates the charge and these shaped promoters are transported to the collector 
[30]. Due to its large absorption unit, the solar cell can absorb a large amount of sunlight through the 
use of dyes.  
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1. Operation Principle of DSSC 
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1.3 DSSC using Zinc Oxide Nanorods (ZnO) 
 
    As a result of its excellent thermal performance, high thermal conductivity and high-temperature 
ZnO has many applications in industry. The properties of ZnO depend on the hexagonal close-packed 
wurtzite structure of Zn and O atoms [31]. ZnO processing techniques have been divided into 
metallurgical and chemical systems. It is classified in Category II-VI as a boundary covalence 
semiconductor between ionic and covalent semiconductors.  
     It is desirable for potential applications in optoelectronics, electronics, and laser technology due 
to its broad energy band (3.37 eV), outstanding structural efficiency (60 meV), and great thermal and 
mechanical stability at room temperature. These characteristics make it ideal for use in the future. 
The diversity of ZnO nanometric structures means that it can be identified as an emerging material 
for future applications in many nanotechnology fields [32]. A wide range of nanostructures including 
nanodots, nanotubes, nanotubes and nanonails, nanowalls, nanohelixes, seamless nanotubes, 
mesoporous single crystal nanowires and polyhedral cages have been developed [33].  
    ZnO nanotubes have been made by using thermal evaporation, metal-organic chemical vapour 
deposition (MOCVD), vapor-phase cycling, metal-organic vapour epitaxy, and thermal chemical 
vapour deposition. These growth methods are dynamic and call for high growth temperatures (more 
than 350℃). The hydrothermal solution has attracted a great deal of interest due to its particular 
advantages, which include its speed, low temperature (60℃-100℃), high yield and controllability 
compared to the above processes. Nishizawa et al., [34] produced needle-shaped ZnO crystals by 
hydrothermal synthesis (chemical deposition) by decomposition of an aqueous Na2Zn-EDTA solution 
at 330 °C [35]. 

Dye adsorption is a significant contributor to the conversion efficiency of ZnO nanorods array-based 
DSSCs, which are computed using the dye adsorption of individual nanorods arrays in conjunction 
with the number of nanorods arrays in a given area. A DSSC photoanode is a transparent TiO2 
membrane. ZnO, though, is seen as the most appealing option. For the first time in 2005, Baxter and 
Aydil developed ZnO nanorods based DSSC and obtained 0.5% of photo conversion efficiency (PCE) 
through hydrothermal technique [36]. Therefore, over the years, a large number of useful techniques 
have been utilized to synthesize nanorods. However, the hydrothermal technique has been shown 
to work particularly well for ZnO as it is a simple process, performed at a low temperature and at an 
affordable price. It produces a crystal clear structure with great shape and clarity, and is also a fast 
and regulated approach [37].  

 
1.4 ZnO Nanorods Growth on Indium Doped Tin Oxide (ITO) substrate  
 
     On glass substrates, ZnO nanotubes were generated from ZnO film that was deposited by reducing 
the annealing process. DC sputtering was used to deposit thin films of varied thicknesses from 200 
to 500 nm on top of the glass substrates. It shows that the thickness of the ITO films has a significant 
impact on both the structural and electrical properties of the ITO films [38]. Photo-spectrometer and 
Raman spectroscopy are the instruments that are used in the course of optical analysis. The 
roughness of ITO films increases as a direct consequence of their increased thickness. The versatility 
of the ITO films used in the Hall was also increased by increasing the film thickness, which reduced 
the resistance as a result of this.  

ITO film with a thickness of 500 nm was found to produce the best mobility, which was 29.2 cm2/V 
s, and the lowest resistance was 1.303 × 10−4 ꭥ-cm. The thickness of the ITO coating exerted a 
significant amount of impact on the structural characteristics of the ZnO nanotubes. Because of the 
increased thickness of the ITO sheet, the density of the ZnO nanotubes gradually lessened. The 
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growth mechanism and impact of the thickness of ITO films on the structural properties of ZnO 
nanotubes have been studied. ZnO nanotubes have been added to a DSSC as photoanodes. This color-
sensitized solar cell conversion performance was 2.11% [38]. In general, the output of dye solar cells 
is assessed using a variety of cell parameters such as power conversion efficiency, fill factor, open 
circuit voltage, short circuit current, maximum voltage and maximum cell current [39]. 
 
2. Methodology  
 
    The production of DSSC required a number of different procedures and equipment in order to 
complete the process. The preparation of the substrates, the preparation for the development of the 
ZnO nanorods, the selection of an appropriate natural dye, the preparation of the electrolyte, and 
the determination of the counter electrode are the general techniques and procedures that are 
utilised in the fully fabricated DSSCs. In the manufacture of a ZnO nanorods solar cell, the procedures 
and mechanisms that have been discussed are normally the primary processes that are utilised. 
 
2.1 Substrates preparation 
 
     The resistivity of the substrates was measured as the first step in this process. The resistance value 
is shown on the conducting side of the ITO, but there is no resistance value on the non-conductive 
side of the glass. This was done to ensure that the cutting line was drawn on the glass side. Because 
its effectiveness influences the results, the ITO side must be thoroughly maintained, free of scratches, 
and always clean. After measuring the resistance, the glass must be labelled to differentiate the 
varying periods required by four samples for the formation of ZnO nanorods. The substrates were 
then cleaned chemically using ethanol and acetone. To remove the light resistance, the substrates 
were individually soaked in acetone. It has no effect on microstructure, roughening, or oxide 
reduction. As a result, it is an efficient cleaning approach. This cleaning procedure just affects the 
surface and has no effect on the chemical or electrical qualities. The substrates were then immersed 
in the ethanol beaker. The ethanol level should be higher than the substrate level. As a result, the 
substrates can be fully immersed. With no overlap, all substrates were neatly put in the beaker. After 
that, the beakers were cleaned in an ultrasonic bath. The top of the beaker is covered with aluminium 
foil. For 10 min, the temperature was set to 70 °C. The substrates were placed on the hotplate with 
tweezers after the chemical cleaning process. The substrates were then dried for 5 min on a hot plate 
set to 90 °C. To ensure cleanliness, the clean substrates were positioned in a petri dish wrapped with 
aluminium foil after drying. 
 
2.2 Seeding process 
 
     The production of ZnO nanorods is not similar to the production of TiO2. It includes a set of 
chemicals and materials used to grow nanorods. ZnO nanorods are generally grown on ZnO seed 
layers using a hydrothermal method. Before growth, the ZnO seed layers are grown on a cleaned ITO. 
Thus, the first step in this process was to prepare a seed solution to form an ITO-based seed layer. 
The unit moles (M) for 1 mM zinc acetate dihydrate and 1 mM sodium hydroxide need to be 
converted to grams as this is easier to implement. Three beakers of the same size were used to mix 
different chemical solutions. The first beaker labeled A consists of 60 ml of ethanol mixed with 1 mM 
zinc acetate dihydrate [Zn(O2CCH3)2•2H2O] the second beaker labeled B consists of 60 ml of ethanol 
mixed with 1 mM sodium hydroxide (NaOH) and the third beaker labeled C Beaker consists of 60 ml 
ethanol. The chemical solutions in beakers A and B were then stirred at 60 °C for 30 min at a speed 
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of 300 rpm. After stirring and heating, Beaker A and Beaker B were set aside to cool. The chemical 
solution in Beaker A (A+C) was then poured into Beaker C to mix Beaker A and Beaker C. As a result, 
the volume of the solution is 120 ml. By dropping 2 ml every 1 minute, the chemical solution in beaker 
B was synthesised into the chemical solution in beakers (A+C). At the same time, the chemical 
solution was stirred at a speed of 300 rpm and heated to 60 °C. The dropping operation of the 
chemical solution in beaker B was continuously performed until the solution was completely finished. 
The mixed solutions were subjected to double boiling at 60°C for 3 hrs using a magnetic stirrer. The 
timer was set manually.  
     After 3 hrs, the labeled ITO jars were immersed in the inoculation solution for 15 min. Then anneal 
it on a hot plate at 150 °C also for 15 min. Repeat 3 times. Next, dipped it back in and annealed it 
until dry. This time just dipped and tempered until dry, then dipped again without timing as before. 
Repeat it 10 times. After that, anneal the ITO for about 1 hr. The total of dipped and dry methods 
took 3 hrs including annealing. The aim of this process is to remove water and improve the electrical 
contact between the substrate and the ZnO seed layer. The resulting ZnO seed particles served as a 
nucleation center for the growth of nanotubes on ITO glass. 
 
2.3 Growth process 
 
     The ZnO nanorods growth process was followed by a reaction of 10 mM zinc nitrate hexahydrate 
[Zn(NO3)2.6H2O] and 10 mM hexamethylene teramine or HMT [(CH2)6N4] dissolved in deionized (DI) 
water. As a seeding process, chemical materials also need to be converted to grams for the growth 
process. The molar unit (M) for 10 mM zinc nitrate hexahydrate and 10 mM HMT was calculated. ZnO 
growth solution was prepared by the resolution 4.4624 g of zinc nitrate hexahydrate and 2.1029 g of 
hexamethylene teramine or HMT in 750 ml of DI water to form a 10 mM aqueous solution. Four 
beakers were set up and each beaker consists of an inoculated ITO glass for growth. 8 rectangular 
pieces of glass were used to serve as the base for the growth solution flow at the bottom of the ITO 
page. Next, 250 ml of zinc nitrate hexahydrate or HMT was mixed in the beaker. Both solutions must 
be mixed in the oven about 5 min before coating, otherwise the chemical material will degrade if 
mixed for a long time. Then 100 ml of the mixed solution was poured into 4 beakers. Then the 
annealing process was carried out in the oven at 90 °C. The growth solution had to be changed every 
5 hrs to avoid degradation. The manipulated variable is growth time and at 2 hrs the first sample was 
removed from the oven, at 2 hrs followed by 3 hrs, 5 hrs and 7 hrs. The growth conditions vary and 
are optimized since these parameters are crucial for the vertical alignment of the ZnO nanorods. The 
beaker becomes cloudy and white particles are distributed on the ITO surface. 
 
2.4 Electrolyte and counter electrode preparation 

     The redox shuttle and electrolyte are made by combining 127 mg of iodine crystal, 830 mg of 
potassium iodide, and 10 ml of ethylene glycol. Both substances are properly combined in an opaque 
box to limit light absorption until totally dissolved. These concentrations were chosen to limit the 
recombination current and light absorption by tri-iodine ions, which causes decomposition. Another 
ITO glass is utilised to make the counter-electrode (cathode). The conductive side of the ITO glass is 
employed as a counter electrode. This results in a counter electrode that must be catalysed by the 
redox shuttle. However, the ITO must be cleaned using an ultrasonic bath to ensure its purity. 
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2.5 Final assembly 

     Glasses with ITO coatings are labelled A1 to A4. Upon completion of the sealing process, the 
coated samples are poured a few drops of dye solution. The ZnO nanorods layer receives electrons 
from the dye, which are then injected into the layer. A few drops of electrolyte are added to the 
sample and the slide is placed over it after 30 min. The samples must be oriented so that the coated 
surfaces are touching. Each slide has a conductive side that can be accessed in order to properly 
offset them. The edges become dots for both the negative and positive electrodes. The foil with the 
ZnO nanorods is the negative side, and the foil with the cap is the positive side. Prior to the sealant 
drying, the cell is held together by two clips. Alligator clips on a multimeter are used to make contact 
with the bare areas for a true reading of electrical conductance. 
 
3. Results  
3.1 Structural Properties (SEM and XRD) 
 
     The surface morphology of ZnO nanorods can be determined using Scanning Electron Microscopy 
(SEM). Observation and analysis under SEM were carried out on four samples with different growth 
times of ZnO nanorods. From Figure 2, the length of the ZnO nanorods was measured at random and 
reveals that sample A2 has a longer length compared to other samples, with 3 hrs of growth time. 5 
hrs sample growth time is denser than other samples. The pore size (space between ZnO nanorods) 
increased as the growth time increased. This can be proven by the A1, A2 and A3 samples shown in 
Figure 2. However, the pore size started to decrease after 5 hrs of growth time. Thus, the morphology 
of A2 sample surface composition is better than other samples. This illustrates that it is necessary to 
conduct nanorods development for 3 hrs.  
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 

Fig. 2. SEM images of ZnO nanorods with different growth time (a)2hrs (b)3 hrs (c)5 hrs (d)7 hrs 
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Fig. 3. XRD pattern for ZnO nanorods DSSC samples 
 

     Figure 3 is the XRD pattern graph for ZnO nanorods DSSC samples. The presence of zinc oxide 
proves that the ITO substrate is coated with zinc oxide. XRD is performed before the deposition of 
dye, electrolyte and counter electrode is made on the ITO substrate. The structure of all ZnO 
nanorods peaks is observed as zinc oxide hexagonal wurtzite. The XRD pattern shows that the ZnO 
nanorods crystal has an excellent level of uniformity, as evidenced by the sharp peaks in the pattern. 
The result obtained shows that the ZnO nanorods samples prepared by hydrothermal methods have 
a strong peak between 31.45° and 31.93° (2θ) corresponding to the (002) plane and have a pure 
hexagonal wurtzite structure with a high c-axis orientation. The second apparent peak (2θ) is 
between 34.12° and 34.52° and corresponds to the (100) plane based on the figure above, while the 
lowest peak shows that zinc oxide corresponds to the (101) plane at (2θ) coincides between 66.06° 
and 68.14°. The zinc oxide peaks in the XRD pattern prove that the seeding and growth process using 
ZnA, NaOH, ZnH and HMT to grow the ZnO on the ITO is successful.  
 
 
3.2 Optical Properties (UV-VIS) 
 

UV-Vis is used to determine the absorbance of samples A1, A2, A3 and A4 by applying a specific 
wavelength or lambda. In this project, wavelengths between 200 and 1000 nm were used. This is 
because the wavelength range of ultraviolet light is around 200 to 400 nm while the wavelength 
range of visible light is around 400nm to 800 nm. As shown in Figure 4a), the effect of the first UV-
Vis layer was observed for ZnO nanorods DSSC. This chart contains four samples labeled A1, A2, A3, 
and A4. UV-Vis is used to measure the absorption property of ZnO. The sample with the highest 
absorbance is A3, followed by A2, A4 and finally A1. Analysis of the peak wavelength for each sample 
gives the identical value of 339.5 nm. Thus, it is confirmed that each sample has a ZnO coating and 
no other photoanode. In other studies, the peak wavelength for ZnO is between 300nm and 400 nm, 
which is proportional to the amount of energy required to shuttle the electron between energy 
levels. 
     A band gap is defined as the difference between the valence band and the conduction band of 
electrons. The band gap is the minimum amount of energy required to excite an electron in the 
conduction band into a conductive state. Figure 4b) illustrates the effect of the band gap for samples 



Journal of Advanced Research in Applied Sciences and Engineering Technology 
Volume 31, Issue 2 (2023) 339-351 

 
 

347 

A1, A2, A3 and A4, using UV-Vis spectroscopy. In order to calculate the band gap, Tauc plots is used. 
The chart is generated considering the average nanorods thickness, absorbance, absorptivity alpha, 
photon energy, and wavelength. All of the resulting samples have a band gap of about 3.3 eV. This 
shows that all samples have approximately the same band gap with ZnO, which is theoretically 3.37 
eV. The Knee approximation method is used to determine the band gap of ZnO from its plot. This is 
the most common and simplest method used by other researchers to determine bandgap via graph. 
In addition, a goodness of fit (R2) of 0.97815 was achieved, designating excellent accuracy. 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. a) UV-Vis first layer graph for ZnO nanorods DSSC b) Band gap effect on ZnO nanorods DSSC samples 
[inset, goodness of fit R2 (plot)] 

 
      
 
 

a) 

b) 
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3.3 Electrical Properties (I-V Characteristics) 
 
     The measured voltage and current electrical properties of ZnO nanorods DSSC under solar UV 
irradiation are summarized in table 1. The voltage is supplied by the power supply, while the current 
is measured using Keithley 2401. The voltage applied is in a range of 2 V to 6 V. The result shows that 
sample A4 has the highest measured current compared to other samples. With increasing duration 
of the growth process, the measured currents also increase. Thus, by applying a voltage to ZnO 
nanorods DSSC, the conductivity and resistivity can be measured using the I-V characteristics. The 
best-measured voltage and measured current are A4 which resulting 0.741 V and 2.2 µA where the 
area of each sample exposed to the light is 3 cm2.  
 
      Table 1 
      Electrical properties of measured voltage and measured current of ZnO  
      nanorods DSSC 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 5. I-V plot of measured voltage and current based on growth time 
 
 
 
 
 

Sample Growth Time of ZnO 
Nanorods (hrs) 

Measured 
Voltage (V) 

Measured 
Current (µA) 

A1 2 0.317 1.1 

A2 3 0.558 1.4 

A3 5 0.645 1.7 

A4 7 0.741 2.2 
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4. Conclusions 
 
     Due to the low cost and simple of manufacturing process, excellent efficiency, and environmental 
friendliness, DSSCs are the third generation of photovoltaic cells. The main goals of this review are 
the synthesis of ZnO nanorods on ITO and the characterization of the structural, optical, and electrical 
properties of the synthesized ZnO nanorods. The main focus is on the electrical characterization as 
the obtained I-V characteristics, maximum voltage and maximum current define the value of fully 
fabricated ZnO nanorods DSSC. Five layers including ITO glass, ZnO nanorods, ruthenizer, electrolyte 
and silver paste-coated ITO glass comprise a fully fabricated device. Ruthenium is deposited as a dye 
on a layer of ZnO nanorods. Four samples with different ZnO nanorods growth times are analysed to 
measure current and voltage under sunlight. Each sample has a surface area of 3 cm2. A4 has the 
highest maximum voltage and current, resulting in 0.741 V and 2.2 A. Therefore, samples A4 exhibits 
the best voltage and current performance with ZnO nanorods growth time of 7 hrs thus showing that 
the growth time affects the morphology structure in terms of structural, optical and electrical 
properties of the ZnO nanorods photoanode in DSSC.  
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