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Abstract
Studies of comparing the performance of photoelectrode for dye-sensitized solar cells
(DSSCs) continue to be carried out and developed. The ZnO nanorods as an electrode for

This work is licensed DSSCs have been shown to have high electron collection due to the capability of electron
e s e photoexcitation and increased electron transport. Various methods of making ZnO
liaslli o] nanorods have been studied and developed. However, the method requires controlled

International License .. . . . g .
conditions under high temperature and pressure, thus limiting the commercialization of

ZnO nanorods. Therefore, the seed solution-based hydrothermal method was chosen in
the ZnO nanorod deposition process because it is an effective method, low-cost and easier
fabrication process. The method of growing ZnO nanorod was carried out with three times
of growing for 6 hours. ZnO nanorod was synthesized using different seed solutions,
namely sample 1 and sample 2 by using methoxy and isopropanol, respectively. In this
work, the SEM image shows the growth of ZnO nanorods vertically aligned on the FTO
substrate and resulted in a smaller diameter for the isopropanol seed solution. The smaller
diameter of the ZnO nanorod provides a larger surface area then increasing the total
amount of dye attached to the ZnO nanorod and improve the photovoltaic performance.
Keywords: DSSC, ZnO nanorod, seed solution, UV-Vis spectra.

1. Introduction

The urgent need for functional materials for optoelectronics, photocatalysis, spintronic, sensors, and
solar cell applications continues to be researched for the development of harvesting energy. Dye-
sensitized solar cells (DSSCs) are an alternative silicon-based solar cell introduced by O'Regan and
Gratzel in 1991. DSSCs have attracted considerable due to their potentially low fabrication cost, easy
to control and fabricate the materials [1], [2]. The electrodes play a vital role in photovoltaic
performance for DSSCs. It is well known that the electrode material for DSSCs must have key
characteristics to show a good photovoltaic performance. They are must-have a high surface area,
optimum pore size, good adhesions, light scattering ability, and electron acceptor ability [3]. ZnO
nanorods as a prominent metal oxides material have been generally used for electrode because it has
high thermal stability, non-toxicity, biocompatibility, good photoactivity, excellent photocatalytic, and
potentially to increase the electron mobility accordingly increases the power conversion efficiency for
DSSCs [1], [4]-]6].

ZnO which has a direct wide bandgap (3.37 eV) is a metal oxide semiconductor material that has
been identified as having a great potential for DSSCs [7]. DSSCs consist of several important
components, a conductive substrate, a nanostructure semiconductor (electrode), a counter electrode, an
electrolyte, and a visible-light absorber dye [8]. Previous studies have shown that ZnO nanorods with
oriented and orderly epitaxial growth structures are very important for the development of new
photovoltaic efficiencies of 3.15-4.46% [1], [5], [9], [10]. Various methods have been successfully used
for the synthesis of ZnO nanorods, such as low-temperature solution [11], chemical bath deposition
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[12], precipitation [13], pyrolysis [14], a sol-gel dip-coating technique [5], and sputtering [15].
However, the method requires controlled conditions under high temperature and pressure, thus limiting
the commercialization of ZnO nanorods. Therefore, the seed solution-based hydrothermal method was
chosen in the ZnO nanorod deposition process because of its low cost and easier fabrication process
[1]. In this work, ZnO nanorods were prepared in two different seed solutions in isopropanol and
methoxy. DSSC was prepared with FTO as a transparent conductive oxide, ZnO nanorods as an
electrode, iodide electrolyte, D358 organic dye as a sensitizer, and Pt as a counter electrode. The
morphological properties, the optical properties, and the power conversion efficiency (PCE) of DSSCs
based ZnO nanorods will be examined.

2. Method

2.1. Preparation of ZnO Nanorods Electrodes as a Photoanode

The hydrothermal methods were used in this research. The ZnO nanorods were grown by two different
seed solutions, namely sample 1 and sample 2 with methoxy and isopropanol, respectively. The FTO
as a transparent conductive glass was cleaned with a standard procedure by using acetone followed by
drying in an N, gas atmosphere. In this experiment, we used 0.1 M of seed layer precursors that were
prepared from Zinc acetate dihydrate (Merck) as a zinc source. This material was dissolved in methoxy
and isopropanol as a seed solution. The ZnO precursors were deposited on the FTO substrate by spin
coating methods followed by the heating process. Afterward, the growth solution was prepared by the
Zinc nitrate hexahydrate (Merck) and hexamethylenetetramine (HMTA) (Merck) in aquadest by stirring
at room temperature for 30 minutes. Then the seed layer has been grown by hydrothermal technique in
the growth solution with a temperature of 90 °C for 3 x 2 hours. The final step from this preparation is
ZnO nanorod was washed by aquadest and ethanol followed by the last annealing of 500 °C for 30
minutes.

2.2. Cell Assembly of DSSC

The ZnO nanorods with different seed solutions as a photoanode were then made a sandwiching with
the stacking structure DSSCs of FTO/ZnO nanorods/D358 organic dye/iodide-based electrolyte
(mosalyte TDE 250)/Pt/FTO. The structure of DSSC was shown in Figure 1. The ZnO nanorods were
soaked in the D358 organic dye solution for 24 hours in dark conditions and room temperature. The
conductive area of the ZnO nanorod as a photoelectrode is separated with a 25 pm melthonix spacer
then sealed with the Pt counter electrode on each. The next step is the injection process of the iodide
electrolyte into the cells through the vacuum process. Finally, we have a cell for further characterization
process.

2.3.  Characterization of DSSC

The SEM (Scanning Electron Microscopy) was carried out for investigating the morphology of ZnO
nanorods electrodes. The optical properties of ZnO nanorods electrodes were investigated by UV-Vis
spectroscopy. The photovoltaic characteristics of the DSSCs were carried out to investigate the current
density vs. voltage (J-V) measurements under the illumination of 100 mW/cm?. The J-V curve was
carried out to determine the filling factor (FF) and efficiency.

FTO

Pt
Electrolyte

Seed Layer
FTO

Figure 1. Structure of DSSCs based ZnO nanorods.
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Figure 2. The SEM micrograph of ZnO nanorods with different seed solutions (a) Methoxy and (b) Isopropanol.

3. Result and Discussion

3.1.  The Morphology of ZnO Nanorods

Figure 2 shows the SEM image of a ZnO nanorod array in a top view. From these figures, it can be seen
that ZnO was successfully grown epitaxially on the FTO substrate. ZnO nanorods are formed with
different diameter size. At a magnification of 40,000 times, the hexagonal structure of the sample is
visible, the hexagonal shape of sample 1 (Figure 2a) is formed more clearly than sample 2 (Figure 2b).
The difference in the growth of hexagonal rods is influenced by the seed solution used in the ZnO
nanorod growth process. Sample 1 was grown in methoxy seed solution, while sample 2 was grown in
isopropanol seed solution. These ZnO nanorods diameters are homogeneous with 0.337 um and 0.089
um for sample 1 and sample 2, respectively. This proves that a smaller diameter of ZnO nanorod in
isopropanol seed solution has the potential to increase dye absorption. The mechanism of increasing
particle size depends on the coarsening-dominated system. Nucleation and growth and the degree of
coarsening depend on the alcohol chain length (2-propanol and methoxy) [16].

3.2.  The Optical Properties of ZnO Nanorods

The optical properties of ZnO nanorods were investigated by UV-Vis spectrum as shown in Figure 3.
The absorbance spectrum of ZnO nanorods with isopropanol resulted in higher absorption than
methoxy. The results of this work are in accordance with the research that has been done previously
which proves that isopropanol has been shown to act as an appropriate solvent to control the growth
orientation of ZnO thin films due to its suitable structural and optical properties [17]. The presence of
isopropanol grows a larger area of rods and thus potentially results in higher absorbance levels.
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Figure 3. The UV-vis absorption spectrum of ZnO nanorod.
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Figure 4. The photovoltaic characteristics of the DSSCs based on ZnO nanorod photoanodes.

Table 1. The parameters of DSSCs based on ZnO nanorods photoanodes.

Cells Jsc Voc FF PCE
(mA/cm?) (Volt) (%)

Sample 1 4.6 0.68 35 1.1

Sample 2 5.6 0.72 45 1.8

3.3.  The Photovoltaic Performance of DSSCs based ZnO nanorods

Figure 4 shows the (J-V) curves of DSSCs with ZnO nanorod in different seed solutions under the
illumination of 100 mW/cm?. In this study, DSSC was made in a sandwich structure consisting of FTO,
Zn0O nanorod as photoanode, D358 dye non-metallic indoline based as a sensitizer, iodide electrolyte,
and Pt. The overall PCE of the DSSC is calculated from Equation 1 [18].

Pout _ JSCVOCFF 1
=5 =7 p (1)

in in

The parameters of Equation 1 are current density voltage (Jsc), open-circuit photovoltage (Voc),
FF of the cell, and the incident light intensity (Pin=100 mW/cm?). From these results, the PCE of sample
1 and sample 2 are 1.1% and 1.8%, respectively. These results indicated that the photovoltaic
performance of sample 2 is better than sample 1.

The morphology and absorbance of ZnO nanorods were confirmed by the efficiency performance
was tabulated in Table 1. ZnO nanorods with isopropanol with a diameter of 0.089 um resulted in the
most optimum efficiency of 1.8%. Based on previous research, it is known that isopropanol as a solvent
or seed solution has more stable properties because it acts as a proton donor [19]. Previous research
results have confirmed that the ZnO thin film preference growth axis indicates that the isopropanol is
the best one [17]. This proves that the size of the diameter and absorbance at the photoanode which is
influenced by a good seed solution will affect the performance of DSSCs. The smaller diameter of the
ZnO nanorod in sample 2 provides a larger surface area then increasing the total amount of dye attached
to the ZnO nanorod and improve the photovoltaic performance [20].

4. Conclusion

ZnO nanorods with a different seed solution were successfully fabricated. The photovoltaic
performance of ZnO nanorod cells with isopropanol as solvent was higher than that of seed solution
methoxy. The diameter size and higher absorption will result in a more optimum power conversion
efficiency. ZnO nanorod using isopropanol with a diameter of 0.089 um produces the best efficiency
of 1.8%. The smaller diameter of the ZnO nanorod provides a larger surface area then increasing the
total amount of dye attached to the ZnO nanorod and improve the photovoltaic performance.
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