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Abstract

In a quest to explore the field of renewable energy sources, Semiconductor Quantum dots has received several nods as light harvesters,
emitters and as potential markers in imaging owing to their opto-electronic properties which are size dependent. One of the fundamental
but little known aspect of Quantum dots’ solar photo conversion is the dynamics of charge transfer. This paper discusses the fundamental
processes of charge transfer i.e. Electron injection in Quantum dots to metal oxides composites, Charge trapping in Quantum dots, and finally,

Exciton vs Energy Transfer.

Introduction

Semiconductor Nano crystals commonly referred to as
Quantum dots has gained applications as potential markers
in imaging, as emitters in light emitting diodes, and as
light harvesters in photovoltaic systems. This progress is
largely due to the dots’ opto-electronic properties which
are size dependent and to the fact that they are quantum
confined systems. Progress made in wet-chemistry for the
synthesis of colloidal quantum dots has stimulated research
in their fundamental properties and applications. Of all the
applications mentioned, the photovoltaic aspect has received
a considerable attention because it has offered the prospect of
breaking the Shockley-Quiesser thermodynamic limit of single
junction solar cells by using Multiple Exciton Generation [1] or
Hot Electron Transfer [2] to improve the efficiency of quantum
dots solar cells and hence, posing as world-leading renewable
energy source.

On the other hand, the study on the photo induced
electron transfer is one of the most fundamental topics in the
interdisciplinary research field in physical sciences. This is
a process of the photo excitation of donor (D) or acceptor (A)
and the subsequent charge separation to produce the charge-
separated state (De+ + Ae-) (equation 1 and 2). Depending on
the molecule excited by light, photo induced electron transfer
can be classified into two types

1. The electron transfer from the excited electron donor
(D*) to the acceptor (A) and

2. The hole transfer from the donor (D) to the excited
acceptor (A*).

Electron transfer occurs via Lowest Unoccupied Molecular
Orbital, while whole transfer occurs via Highest Occupied
Molecular Orbital. Finally, charge recombination occurs to
reproduce the ground state when the charge-separated state is
not converted into electronic or chemical potential (equation
3).

D*+ A > De+ + Ae— (@)}
D+ A* > De+ + Ae- (2)
De+ + Ae->D+A 3)

Natural photosynthesis is an important example of Photo
induced electron transfer and serves as the best example of
solar conversion in which Light induced charge separation
is achieved through judicious spatial arrangement of the
pigments and elements of the electron transport chain in
the thylakoids membrane. Co-operative interaction between
these components allows the electron transfer to proceed
in a vectorial fashion. progress in solar photo conversion
are therefore aimed at mimicking this natural process by
fabricating crystal structures capable of harvesting and
converting sunlight into useful and storable forms, chiefly via
Photo induced electron transfer process.

Here, basic processes of photo induced electron/hole
transfer in quantum dots-based solar systems are discussed
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under the following guidelines; Electron injection in Quantum
dots to metal oxides composites, Charge trapping in Quantum
dots, and Exciton vs Energy Transfer.

Electron Injection in Quantum Dots to Metal Oxides

In most solar cell architectures based on Quantum dots as
light harvesters, anodic charge transport is carried out by a
wide band gap oxide semiconductor [3]. Electrons are injected
from Quantum dots to the oxide, generating the photocurrent.
This is why one of the most important issues for improving
device efficiency is to understand and control the fast Exciton
dissociation at the Quantum dot/oxide interface, and charge
injection into the anodic material, depending on the relative
alignment of conduction and valence-band edges of the core
and shell. The rate of electron injection can be affected by; the
size of the quantum dots, this is because the size directly affects
the driving force of the injection, the core-shell structure since
the increase in shell thickness slows down the injection, and
the mode of quantum dots-metal oxides attachment.

Most of the studies on electron injection focus on situations
where excited electron relaxes into the lowest excited levels
in quantum dots and are consequently injected into the metal
oxide, however, the electrons can also be injected before the
complete relaxation. This process is known as hot electron
injection. The hot electron injection enables harvesting of a
partof electron’s excess energy, which can potentially increase
efficiency of a solar cell via the hot carrier extraction through
a narrow energy band above the lowest energy levels [2] and
utilization of different metal oxides materials in a system
similar to multi-junction solar cells [4]. Despite the competing
cases of fast electron injection and carrier relaxation, the most
effective way to ensure efficient hot carrier harvesting is by
careful selection of quantum dots-metal oxide linker since
electron relaxation rate in quantum dots-metal oxides can be
quite different from the quantum dots itself.

Charge Trapping in Quantum Dots

One of the factors limiting the efficiency of solution-
processed colloidal Quantum dot solar cells is the inefficient
charge extraction from the active layer of the device. It
was shown that the poor charge transport properties of
Quantum dot films originates from the high concentration
of defect states provided by the Quantum dot surface states
[5,6] Such defect states act as trapping centers for the photo
generated charges, decrease their charge mobility, enhance
recombination, and thereby set a limit to the cell thickness and
light-absorption efficiency [7]. Majority of the trapped charge
carriers mentioned were reported to be holes. For this reason,
the control over the concentration and depth of surface traps
has become a major tool for improving the photo conversion
efficiency of Quantum dot devices. Such control is usually
achieved by the management of ligands surrounding the
Quantum dots and atomic-level passivation of their surfaces
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via the use of core-shell structures, and by directed Exciton
energy transfer between quantum dots [5,7-10].

The dynamics of charge generation, trapping and
recombination in Quantum dot thin films occurs on multiple
timescales, being particularly rich in the first few nanoseconds
after the excitation, as demonstrated by a large number of
time-resolved spectroscopic studies that probed the carrier
dynamics with near- and mid-IR light pulses. These studies
make use of the fact that the electronic excitation of Quantum
dots leads to the appearance of new absorption bands in the
near and mid-IR spectral regions [6,7,11]. The origin of this
excitation-induced absorption is still debated, as it can be
associated with mobile as well as trapped charge carriers or,
most likely, represents a combination of responses from both
sub-ensembles showing slightly different spectral characters
and oscillator strengths.

Exciton Vs Energy Transfer

Photo-generated electron-hole pairs behaves as excitons in
colloidal Quantum dots when there exist alarge binding energy
[12], the motion of such excitons between Quantum dots occurs
via Forster Resonant Energy Transfer (FRET) is essential for
the function of optical devices with densely packed Quantum
dot films such as solar cells and light emitters [13-15]. In
such quantum dot films, low exaction energy enables a rapid
dissociation of excitons. As a result, charge transfer between
Quantum dots is more efficient than energy transfer. Energy
transfer only occurs in case of relatively large Quantum
spacing.

Conclusion

Quantum dots offer a great platform for improved solar
energy harvesting achievable through photo induced electron
injection which is very fast and efficient, while hole injection
are hampered by charge trapping which limits the efficiency
of the cell. However, this limiting efficiency can be improved
by passivation of the whole traps via the use of core-shell
structures. But this is still subject to further studies as future
research may seek to go beyond our current knowledge of
passivation as a way forward.
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