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Abstract— Here we have discussed the role of compound of metals such as ZnO, TiO,, PbS nanomaterials in QDSSC.
Quantum dots have many advantages such as they form bilayer structure on the top of metal oxide, besides this it provides
good carrier pathways and large interface areas for collection of carriers. PbS is used as photovoltaic material in near IR region.
PbS quantum dots have also number of applications such as in nanotechnology, light emitting diodes and solar cells. In
Quantum dots due to high level control over the size of crystals it is possible to have control over the band gap and conductive
properties of the materials. This property makes quantum dots suitable for solar cells. Semiconductor quantum dots such as
CdSe, InP, InAs, PbS, PbSe are used in solar cells. Cobalt nanoparticles are used in solar energy absorption and magnetic
recording data purposes. QDSSC are less expansive and highly efficient in comparison to traditional solar cells.
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l. INTRODUCTION

Metal compounds such as ZnO, TiO,, PbS nanomaterials
have huge applications in Quantum Dot Sensitized Solar
Cells (QDSSC). Quantum dots (QDs) are the compound
semiconductors which are the excellent constituent materials
for solar cells for their properties like intense excitation
absorption bands which are tuned by selecting suitable
semiconductors compositions and also the size that cover the
entire solar spectral region [1]. QD-based solar cells have
been used in different of cell structures [2-6]. Metal oxide
Quantum dots-based solar cells have bilayer structures with a
QD layer formed on top of a metal oxide layer [7-9]. Another
advantage of a metal oxide nanorods is that it provides good
carrier pathways and also provides large interface areas for
carrier collection [10—14]. PbS Quantum Dots are widely
used as photovoltaic materials in near Infra Red region.
Semiconductor quantum dots (QDs) have excellent
optoelectronic properties [15]. Properties like size tunable
absorption, high optical extinction coefficient and multiple
excitation generation of semiconductor QDs are suitable for
absorbing light in solar cells. The QD-sensitized solar cell is
similar to the dye-sensitized solar cell, if the dye is replaced

by QDs.

Quantum confinement of excitation helps in limited
pathways for de-excitation of electron and hole pairs
showing slow cooling dynamics [16]. This slow cooling
dynamics in QDs can increase the probability of multiple
excitation generation, here a high energy photon ( > 2Eg, Eg
is the band gap energy) can give two or more electron-hole
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pairs. This phenomenon has great application for new
generation photovoltaic of QDs [17, 18]. PbS (lead Sulphide)
has properties like direct energy band gap of 0.41 eV at 300
K, which corresponds to the absorption onset of 3024 nm,
large Bohr excitation radius of 18 nm, high dielectric
constant of 18, small effective masses of electron and hole
(me* =mp* = 0.085m,) [19]. Due to these properties, PbS
QDs have numerous applications in nanotechnology, near-IR
communication, biomedical imaging, bio sensing, window
coatings , infrared detectors , optical switches , light-emitting
diodes and solar cells [20-26]. Cobalt nanoparticles due to its
unique electrical, optical and magnetic properties can be
used in solar energy absorption and magnetic recording data
purposes [27]. The ability to tune the size of quantum dots is
advantageous for many applications in solid-state quantum
computation, Solar cells and Photovoltaic devices, Light
emitting devices, Photo detector devices and Medical
imaging and disease detection. Due to the smaller size of the
crystal, the larger energy band gap, there is greater difference
in energy between the highest valence band and the lowest
conduction band , therefore more energy is required to excite
the quantum dot and concurrently more energy is released
when the crystal returns to its initial state. This equates to
higher frequencies of light emitted after excitation of the
qguantum dots as the crystal size grows smaller, showing
colour change from red to blue in the emitted light.

The main advantage with quantum dots is that because of
high level of control over the size of crystals produced, it is
possible to have a control over the band gap as well as the
conductive properties of the material. This property makes
quantum dots desirable for solar cells. Traditional solar cells
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are made of semiconductors and expensive to produce. Also
the efficiency was not so high as compared to QDSSC.

This paper gives brief review of the properties and
applications of some metal compound nanomaterials in
Quantum Dot Sensitized Solar Cells (QDSSC) which have
great importance in nano technology.

This paper has been written into three distinct sections-
Introduction, Mechanism and conclusion. Introduction
section contains a brief review of literature related to topic of
this paper. Mechanism section deals with the mechanism of
charge transfer processes taking place in semiconductor
nanocrystals for which they have importance in
nanotechnology. Conclusion part gives the major conclusion
drawn in this paper.

Il.  MECHANISM

Semiconductor nanocrystals which are the building blocks of
nanotechnology have been widely used in solar cells. Three
major ways of using semiconductor dots in solar cell are (i)
metal-semiconductor or Schottky junction photovoltaic cell
(if) polymer-semiconductor hybrid solar cell, and (iii)
quantum dot sensitized solar cell.

We are here interested in third process. Charge separation
and recombination reaction in semiconductor nanocrystal
when subjected to band gap excitation is given by

CdSe+hv— CdSe (e,+h,) — CdSe (esth)...... (1) (Charge
separation reaction)

CdSe (esthg) — CdSe + hv'...............
recombination reaction)

Subscripts s and p refer to the electronic states of the
electrons (e) and holes (h) [28].

veeeeeereen (2) (Charge

when the holes and electrons get collected in the conduction
and valence bands, then there is a absorption. The charge
separated state usually follows the emission decay or there is
recovery of the transient bleaching. The major deactivation
process for the quenching of emission is the electron transfer
between excited CdSe(Cadmium Selenide) and TiO,
(Titanium Dioxide) and the reaction is

CdSe (es+he) +Ti0,—CdSe (h) +TiOj (€) «..veve....... 3)

It has been seen that CdSe Nano rod samples with length
(~30 nm) with different diameters which are 2.5 nm and 8.0
nm, show 8 times faster intra band energy relaxation in the
case of thicker rods than thin rods[29]. The excited CdSe
quantum dots inject electrons into TiO, (Titanium dioxide)
nanoparticles [30-31]. The TiO, particle has a band gap of
3.2 eV, so it exhibit absorption in the UV region having
onset around 390nm. Because of the small electron effective
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mass me = 0.13m, and the larger hole mass m, = 1.14m,,
most of the band gap increase shift in the conduction band
towards more negative potentials [32]. So CdSe quantum
dots with their increased band gaps are having favourable
conduction band energies for injecting electrons into TiO,
(reaction 3). By coupling semiconductor having a short
energy band gap such as CdSe with another semiconductor
with suitable energy, it is possible to increase the efficiency
of charge separation by rectification of charge [33]. By
matching the conduction and valence bands of the two
semiconductors it is possible to capture the charge carriers at
the electrode surface. Semiconductor quantum dots such as
CdSe, InP, InAs, PbS, and PbSe can be used for harvesting
light energy in the visible region. CdTe nanomaterials helps
in spatial charge separation between CdTe(Cadmium
Telluride) and CdSe(Cadmium Selenide) nanomaterials [34].
Fast capture of electrons at the quantum dot interface is a
major challenge for harvesting light energy in visible range.
This is very important for multiple charge carrier generation
leading to photocurrent generation. Use of CdSe quantum
dots on a semiconductor nanotube can be used to capture and
transport photo generated electrons thus producing
photocurrent.

I1l. CONCLUSION

In summary, Compounds of metal nanostructure such as
Zn0O, TiO, PbS play important role in QDSSC. And
semiconductor Quantum Dots such as CdSe, InP, InAS, PbS,
PbSe are also used in solar cells as they can harvest light
energy in visible range. PbS quantum dots is used as
photovoltaic material in near IR region. Due to their
extraordinary unique properties they are used in Quantum
Dot Sensitized Solar Cells. Cobalt nanoparticles are used in
solar energy absorption and magnetic recording data
purposes.
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