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The challenge to provide a powerful instrument with a high energy conversion is
of a great importance to our modern society, not only in terms of conversion but
in high-capacity storage derived by the increase for energy demand. In addition,
the environmental impact of these new technologies to create a green and
sustainable environment. One of these green technologies is the use of dye-
sensitized solar cells to produce energy and lithium-ion batteries to store the
generated energy. The need for high electronic mobility and high surface volume
and activity, nano metal oxide was investigated as alternative or a new material
in generation and conversion of energy. For this purpose, many metal oxides
were explored especially Zinc oxide (ZnO) and titanium oxide (TiO2) due to their
electronic characteristics.
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1. Introduction

Nanomaterials (NM) have been exploited in various
research areas, including energy storage and conversion
and highlighted in the literature [1]. Their physical and
chemical properties are significantly varying from
conventional materials. With regards to the energy storage
and conversion, semiconducting NM, such as metal-oxide
semiconductors have been lately engaged in the scientific
application and mostly implemented in energy storage
devices. Namely, using nanomaterials in the latest
development of photovoltaic cells as well as lithium
batteries. To eliminate or lower weak properties of
standard electrodes via introducing the above materials,
will reduce the recombination of charge rates and increase
the charge carrier mobility as well. Recently, researchers
are focusing on metal-oxide nanostructure (MON) due to
their availability on the earth, composition, unique shape,
physical and chemical properties [2]. Thus, they have
found their way in solar cells, photolysis of water to
produce and store hydrogen, light emitting devices, water
treatment, energy saving batteries, transistors, fuel cells,
sensors and detectors [3-19]. Transition Metal oxides has
strong ferromagnetism properties in addition to relatively
high curie temperature making them good candidates for
the use in data storage, read and write equipment’s [20].
Spintronics devices uses metal oxides such as ZnO, Al,O;
and TiO,. SnO, nanomaterial is used in sensors design due
to their high sensitivity to detect low concentration of
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flammable gases [22]. ITO as an optical transparent
material with relatively high conductivity in addition to tin
oxide makes them ideal materials to be wused in
manufacturing flat panel displays [23]. In respect with cost
of manufacturing, ZnO is considered a good replacement
of ITO in addition to easier rechargeability characteristics
[24] In addition to the above, some MONSs such as ZnO
and TiO, recently found their way into more extensive
research due to their

Chemical synthesis convenience. The introduction of
the metal oxides to the solar cell’s construction may
influence the active mesoporous layer and optimizing the
efficiency of the dye-sensitized solar cells (DSSCs).
Although of the big achievement in the design and
construction of such solar cells, the capabilities of these
cells are still limited due to the charge separation issues as
well as the transport with in the electrodes. In addition to
difficulties in repository of energy in rechargeable
batteries. The application of nanomaterials can be very
advantageous in enhancing the devices efficiency. i.e.,
traditional lithium-ion batteries may increase their specific
capacity via introducing MON to the design which may
lead to reduce the possibility of batteries catching fire.

2. Energy Production and Storage Devices

The traditional way of energy supply starts with generation
of the energy as a first step, then carry on to the small-
scale use: this may result in a drastic loss of energy
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through the distribution network, this can be seen in many
energy productions such as nuclear and hydroelectric. On
the other hand, the application in different large class
system such as mobile system where the need for energy is
less due low power devices or in far areas like rural zone
in which theirs is no electrical net is provided. The
solution to this kind of problems is to set a local energy
production system. For this reason, the large energy
production can successfully link with circulation hotspots.
It was revealed a few years ago that extensive
implementation of distributed generation means in power
systems can significantly enhance the creation of a
reasonably clean, and reliable energy [25]. researchers are
interested in the design of low energy harnessing system
which is usually dispersed and no one exploit it in
producing energy, such as smart windows and solar
facades. The design of this system takes in to the
consideration of high efficiency in energy conversion as
well as other factors like flexibility or its mechanical and
aesthetics properties which are essential in the construction

of the solar cells. Managing the energy supply can be
relied on two approaches. First, the design of the device
itself in order to work correctly by limiting the constant
supply of fuel, i.e., fuel cells, super capacitors and
batteries. Such devices are categorized as non-regenerative
power supplies.

The second approach is a regenerative device such as
thermoelectric devices, solar panels and mechanical
harvesters which does not need any fuel to run. The
technology applied in energy resources distribution are
illustrated in Figure 1, [25].

Great number of devices is being used for storing and
generating energy. DSSCs are designed to generate energy
while the lithium-ion batteries are designed to store the
generated energy. Those devices are attracting a great
attention in terms of ease manufacturing in addition to the
availability and cheap materials involved in the
construction of such devices. In the next two sections,
DSSCs and Li-ion batteries will be the main focus, [27].
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Figure 1. The technology applied in energy resources distribution [25].

2.1 DSSCs

The seminal work of O’Regan and Gritzel in 1991 in
creating DSSCs grabbed much attention as solar harvesters
[28] after a long work in this field started in 1970s. Solar
harvesters can be generated using accessible organic
materials and non-toxic and cheap semiconducting
materials via implementing simple technologies as
possible. Additionally, evading elevated temperatures and
high-vacuum treatments and apply it in roll-to-roll
technology [29]. Moreover, DSSCs can work effectively
indoor applications [30]. As the name of these solar cells
suggests, dyes are used for the construction of the metal-
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oxide strongly supported by the significant decrease in the
recombination of the electron-hole process. Electrolyte,
solvents containing the dissolved redox materials, provide
the electrons causing a dye electrical regeneration. It has
the ability to pass through the pores of the nanostructure
closing to the sensitizer material fabricating 3D junction.
The ionic electrolyte has the ability to gain the hole from
the dye after oxidation. lodide/triiodide diffusion redox
couple increased the efficiency up to 11 % [31,32].
Electron cross the nanomaterial layer is integrated where
the diffused electrons are with external circuit. The
chemical structure does not change or transformed to
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another form with in the cell. Graetzel during its
experiments reported that the efficiency of the
polycrystalline anatase film to harvest the sunlight and
convert it to current is increased from 1.25 up to 7.9% via
TiO, nanostructured mesoporous layer [33,34].

The increase of the surface area will increase the
exposed area to sunlight which leads to increase the cell
efficiency. A single layer of the dye tethered to the surface
effect the ability to absorb photons, the small amount of
the absorbed photons can affect the efficiency of the cell
due to the short cross-section area on the electrode surface.
The introduction of the nanomaterials may lead to enhance
the exposed area of the dye. Subsequently, the efficiency
of the DSSC in generating energy is increased too (Figure
2).
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Figure 2. DSSC cell structure [35].

2.2 Lithium ion microbatteries

Lithium-ion batteries (LIB) have as an essential invention
in  contemporary  electrochemical  materials and
applications. The science and technology of these batteries
have been primarily explained and discussed in the
literature [36,37].

A marketable LIB (Figure 3) usually constructed of
negative electrode such as graphite and positive electrode
embraces lithium layered not as lithium metal but as
lithium metal oxide like LiCoO,. Lithium-ion electrolyte is
used in the isolation of the cell electrodes. In most cases,
the separator is immersed in ethylene-diethyl carbonate
solution of LiPFs.

In LIBs, the active materials design includes electronic
and ionic conductors to work correctly. The current flow
greatly affected by the mobility of the electronic and ionic
(Li*) conductors, hence affecting the power supplied to the
device. Therefore, the increase in the surface area will
increase the efficiency of the battery via application of
nanostructured material in the fabrication of the electrode.
Also, the reduction of the distance of the ionic travel as
well as the electronic conduction will be very effective in
the device performance. Nano materials can perfectly
tolerate this criterion of insertion of the ions by changing
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the size of the surface of the electrode which enhance the
working cycle of the lithium ion based batteries.
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Figure 3. Sketched picture of a LiB [38].

Separator

Appling nano scale materials in the design of LIBs
would be very useful in different aspects:

(a) Enhancing the life cycle performance of the batteries
by better absorbing of the strain of Li*, Figure 4.

(b) Superior performance in comparison to micrometer
sized particle as nano electrode have the ability to
undergo new reactions.

(c) Nano layered electrode provides a high surface area of
electrode/electrolyte contact, subsequently increase the
rate of charge/discharge.

(d) Allowing operating with low electronic conductivity
with high power as the cross section9 of electronic and
Li* transport is reduced.

3. Energy Applications of Nanostructured TiO2
The unique properties of TiO, make it a good candidate as
a solution for the increase demand for the energy. The low
energy band gap of nanostructured TiO, plays an
important role in converting the visible light to energy
alone is not sufficient. The molecular design of the dye
sensitizer must take in consideration to enhance the
DNSCs efficiency. This may support the water splitting
photolytically which can participate in the solving the
demand for energy problems. The process does not give a
high quantum vyield makes it hard to increase the
scalability of the process. The improvement in the process
of redox reaction in water splitting in addition to the
electron-hole reconnecting.
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Figure 4. Schematic illustration of the strain reduction via
application of nanostructured materials to improve the
workability of LIBs [39].

Problems can contribute to the water splitting process
and increase the final yield. Also, the storage of hydrogen
within the nano structure materials needs to increase in
order to meet the requirements for storing hydrogen [40].

4. Dye-synthesized Nano Crystalline Solar Cells /
TiO2

Typically, DNSCs fabrication comprises two sheets of
glass. These sheets (conducting glass) are coated with
Florine doped in tin oxide as a thin layer. A colloidal TiO,
is coated on one of the glass sheets of 20-40 nm thickness
as a thin layer. The mesoporous layer is created by
sintering the film at 400 °C in which the produced layer
has a porosity of about 50% [41]. Different methodologies
are applied to produce the mesoporous film such as, TiO,
colloid treated hydrothermally or sol-gel processing
methodologies. The TiO, coating on the glass sheet was
sensitized with organic dye such as cis-bis (isothiocyanate)
bis  (2,2-bipyridyl-4, 4-dicarboxylato)-ruthenium (1)
bipyridyl-4, 4-dicarboxylato)-ruthenium (11) bistetrabutyl-
ammonium. The dye selected for the sensitizing must have
high absorption coefficient in the visible region. Hence,
the solar light in the visible area has enough energy to
excite the electrons to the conduction band (CB). In
addition, good chemosorption of the dye on the surface of
the substrate resulted in a good adhesion characteristic
between the semiconductor and the dye. Thus, the
molecular structure design may include phosphonate or
carboxylate groups to increase the interactions between the
TiO, and the dye [42]. The second glass sheet (conducting
glass) comprises of a platinum layer coated on the surface
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by either electrochemical deposition or sputtering. A hot
melt polymer gasket was used to hold the glass sheets
together where the electrolyte (usually iodide/tri-iodide
redox couple) is loaded via tiny puncture in the glass
coated with platinum followed by locking this puncture
after finishing the electrolyte loading. Figure 5 give a
schema to illustrate the manufacturing process of DNSCs.

5. Functionality of Dye-Sensitized Nano
Crystalline Solar Cell

Nano crystalline mesoporous TiO, film represent the core
of the DNSC bound to a charge transfer dye in a single
layer to its surface [43]. The application of the light rays
on the transparent electrode can excites the dye to the CB
of the TiO, until they find their way to the glass substrates
through the random interconnection of the oxide particles
[44]. The external circuit provides the redox electrolyte
with the electrons. The dye will gain the electrons from the
electrolyte to restore its original state, in which the
electrons in CB of the oxidized dye were locked by iodide.
On the other hand, reduction of tri-iodide at the counter-
electrode will recover the iodide original state. Electrical
circuit is finished with the electrons traveling via the
external load. Generally, the generated power in the solar
cells as a result of exposure to light does not involve any
chemical transformation permanently [41,43]. Figure 5 (a)
represents the schematic of the operation of the DNSCs,
and the summary of the regeneration process is shown in
Figure 5 (b).
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Figure 5. (a), ahd (b) Schematic of the operation of DNSC
and Regenerative cycle in DNSC.

6. Conclusion

In conclusion, nano materials and particularly metal oxide
semiconductors have attracted much attention due to their
contribution in harnessing light and converting it into
useful energy. Research is still ongoing to develop these
materials to undergo optimal energy production and
storage. This review needs some overview from time to
time to assess efforts being made and demonstrating
prospects for future directions.
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