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ABSTRACT

Energy crisis and global warming are the two major problems facing us today. The search for the best
effective photo-anode film for the development of Dye-sensitized solar cells (DSSCs) — a third generation
organic cell, is very essential. ZnO and TiO, had been reportedly used as nanomaterial for the development
of DSSCs. This paper presents reviewed works on the analysis of major properties of these nanomaterials. X-
ray diffraction (XRD) analysis, Microstructural and compositional analysis, and photo-electrochemical
analysis were considered for these materials. Our analysis agreed well with many researchers who had
claimed that TiO is the best photo-anode material for DSSCs.
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INTRODUCTION

Research and development of Dye-sensitized solar cells (DSSCs) have arisen as a technically and
economically credible alternative to the p-n junction photovoltaic devices. Recently, great amount of
research efforts has been directed toward the fabrication of DSSCs. This is because their effectiveness relies
on production cost and environmental friendliness, DSSCs have attracted exceptional consideration, since
their first development in 1991 [1-3]. DSSCs are termed as encouraging cost-effective solar cells that have a
comparable conversion efficiency from sunlight into electricity. Numerous photovoltaic cells that guarantee
solar energy conversion have been discovered in the past years. Although, significant problems are
confronting their universal adoption which is limited to two important difficulties namely; cost and
efficiency [1,3,4]. Four main parts of DSSCs are porous crystalline wide semiconductor band gap electrode,
sensitizer, electrolyte, and counter electrode [1,4]. In DSSCs, the dye sensitization of photo-anode would
account for efficient electrical energy conversion from sunlight in the cells, therefore, there is need to know
the best photo-anode material.

X-ray diffraction (XRD) characterization is a powerful nondestructive technique for characterizing
crystalline materials. It provides information on crystal structure, phase, preferred crystal orientation
(texture), and other structural parameters, such as average grain size, crystallinity, strain, and crystal defects
[19]. XRD peak intensity tells about the position of atoms within a lattice structure and peak width tells
about crystallite size and lattice strain. XRD is used to study the crystalline structure of materials since the
X-ray wavelengths (between 0.2 and 10 nm) are comparable to the interatomic spacing of crystalline solids.
The technique measures the average spacing between layers or rows of atoms. XRD is useful for
evaluating minerals, polymers, corrosion products, and unknown materials. In most cases, the samples
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analyzed at Element are analyzed by powder diffraction using samples prepared as finely ground powders

[5]

Microstructure are material structures seen at the micro level. Specifically, they are structures of an object,
organism, or material as revealed by a microscope at magnifications greater than 25 times. Simply put,
anything that is not regular from a given crystalline structure is a microstructure. A microstructural analysis
is performed in order to evaluate the microstructure in a metal alloy. The observation is made at different
magnifications depending on the observation to be made. Microstructural analysis is used widely in industry
to evaluate products and materials. Performance, response to environment and failure mechanisms are just
some of the areas in which microstructural analysis can be utilized to assess and develop products [6].

Photoluminescence (PL) is a process in which a molecule absorbs a photon in the visible region, exciting
one of its electrons to a higher electronic excited state, and then radiates a photon as the electron returns to a
lower energy state. PL is the spontaneous emission of light from a material following optical excitation. It is
a powerful technique to probe discrete energy levels and to extract valuable information
about semiconductor sample composition, quantum well thickness or quantum dot sample monodispersity.
Photoluminescence spectroscopy is a widely used technique for characterization of the optical and electronic
properties of semiconductors and molecules. Photoluminescence spectra are recorded by measuring the
intensity of emitted radiation as a function of either the excitation wavelength or the emission wavelength.
An excitation spectrum is obtained by monitoring emission at a fixed wavelength while varying the
excitation wavelength [7].

ANALYSIS OF ZNO AND TIO NANOPARTICLES

1. X-ray diffraction (XRD) analysis of ZnO powder

In 2014 and 2021, Adedokun et. al., and Bindu & Thomas were respectively reported on the structural
properties of ZnO nanoparticles. They were able to established their reports using XRD analysis. They
reported, the structural properties of the ZnO nanoparticles were established using XRD analysis as shown
in Fig. 1 [8]. The peaks in the XRD plot corresponded with the typical wurtzite ZnO structure (hexagonal
phase, JCPDS file 75-0576). The average crystallite size, D, of 34.2 nm was calculated from the highest
diffraction peak along the ¢101) plane for the ZnO nanoparticles, which further established that there is no
impurity or remnant bulk materials in the ZnO powder. The XRD pattern’s peak broadening indicates the
presence of small nanocrystals in the samples [9].
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Fig. 1. X-ray diffraction (XRD) analysis of ZnO powder [8]
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2. Microstructural and compositional analysis of ZnO

The structural analysis of ZnO was strengthened by the transmission electron microscopy (TEM) analysis of
the ZnO nanoparticles [8]. Fig. 3 shows the TEM analysis of the ZnO nanoparticles. Nanoparticles with
hexagonal-typical ZnO shape were produced as found in Fig. 3(a) and the nanoparticle’s cross-sectional
width were ranged from 20 nm to 50 nm. The crystalline nature of individual nanoparticles was confirmed
by the HRTEM result, while from Fig. 3(b) the corresponding spacing of the (101) plane was shown. The
Selected Area Electron Diffraction (SAED) pattern of the sample as shown in Fig. 3(c) describes planes of
(101), (102), and (200) for ZnO nanoparticles [8].

3. Microstructural and compositional analysis of TiO,

TEM was used to further examine the particle size, crystallinity and morphology of samples. TEM bright
field image of TiO, micropowder is shown in Fig 4(a) [10]. It is clearly seen that the TiO, powders in
anatase phase are mostly spherical morphology. Furthermore, it can be estimated that the particle size of
samples in Fig 4(a) are microscale with the grain size about 0.3-0.7um.

TEM bright field images of TiO,, nanopowder is shown in Fig 4(b). It can be estimated that the particle size
of powders in Fig 4(b) is nanoscale with the grain size less than 10nm. The corresponding selected area
electron diffraction (SAED) patterns of nano-TiO, powders is shown in Fig 4(c). This is in agreement with
XRD results in Fig (2). In Fig 4(c), the SAED patterns of nano-TiO, powders in anatase phase shows that
the brightness and intensity of polymorphic ring is weak, so they are poorly crystallized and partly
amorphous. The crystallinity of nano-TiO, powders can also be observed by phase-contrast images or Moire
patterns. Fig 4(d) show crystal lattice planes of nano-TiO2 in anatase phase. It is seen that, there are many
crystal lattice planes with d-spacing of 0.313nm for the plane (101).

Fig. 3. (@) TEM image showing ZnO nanoparticles (b) a single nanoparticle HRTEM image, and (c) SAED
pattern [8].
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Fig. 4: Images of anatase phase. (a) TEM image of micro-TiO, powder; (b) TEM image of nano-TiO,
powder; (c) SAED pattern of nano-TiO, powder and (d) HRTEM image of nano-TiO, powder [10].

4. Photoluminescence (PL)/Photo-electrochemical comparison between ZnO and TiO,

Table 1.0 [8] shows photo-electrochemical comparison of natural pigments used in ZnO/TiO,-based
DSSCs. The values obtained for the open circuit voltage (V ), current density (J.), Fill factor (FF %) and
Energy conversion efficiency ( (%)) for the TiO,-based DSSCs shows that they are more effective than ZnO-
based DSSCs.
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Table 1.0: Photo-electrochemical comparison of Natural Pigments used in DSSCs [8]

Natural Photoanode [V . [Js. FF
Pigment Materials  [(V) [(mA/cm?2)|(%) n(%) | Ref
Pheophytin a TiO, 0.593(2.199 0.355(0.46 |[11]
0.718(0.698 0.480(0.24
Carotenoids TiO, 0.43 (2.84 0.46 (0.56 |[12]
0.58 0.45 0.60 [0.16
Bixin ZnO 0.32 (0.087 0.37 (0.010|[13]
Anthocyanins TiO, 0.644|0.24 0.49 10.076|[14]
0.495(0.94 0.65 (0.301
Chlorophyl TiO, 0.36 (0.8 0.69 (0.178|[15]
Carica papaya 0.373|0.149 30.37|0.017
Citrus lanatus ZnO 0.333(0.140 26.78|0.013([16]
Persea americana 0.303|0.111 29.51(0.010
Solanum melongena 0.321]0.126 28.24/0.011
Citrus fruit peel ZnO 0.323|0.299 29.18|0.028([17]
0.205(0.033 30,40(0.013
0.291(0.042 28.12(0.004
0.207(0.265 26.40(0.022
Musa paradisiaca |ZnO 0.282|0.122 25.49(0.009([8]
Mangifera indica 0.288|0.265 30.79|0.024
Punica granatum 0.283]0.133 27.51{0.010
Ananas comosus 0.214)0.033 29.45|0.002
CONCLUSION

We therefore conclude that TiO, nanoparticle material is better than ZnO materials for the development of
DSSCs. Also, due to being non-toxic and less expensive and its easy availability, TiO, is mostly used as a

semiconducting layer in DSSCs because photosensitizers are easily attached on the nanocrystalline particle
of TiO, compare to ZnO [18]. Thus, we recommend the use of TiO, as an effective nanoparticle material

for the development of DSSCs as reported in Table 1 above.
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