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Abstract- Semiconductor nanoparticles are presently of great

interest for their practical applications such as zero-dimensional A Molecule Semiconductor Bulk
quantum confined materials and for their applications in Nanocrystal  Semiconductor
optoelectronics and photonics. The optical properties get wmo

modified dramatically due to the confinement of charge carriers TE ChnelicHa
within the nanoparticles. Similar to the effects of charge carriers

on optical properties, confinement of optical and acoustic Bdng

phonons leads to interesting changes in the phonon spectra. In
the present work, we have synthesized nanoparticles of CdSe
using thermal decomposition technique. Transmission electron
Microscopy (TEM), Absorption spectroscopy and fluorescence
spectroscopy have been used for characterization. Under room
temperature condition highly luminescent particles emit in visible HOMO
region, can be synthesized.  Broadening of this
photoluminescence spectra is due to the defects such as
vacancies, which are probably located close to the surfacein case  Figure 1.1 Electronic ener gy states of a semiconductor in
of nanoparticles. the transition from discr ete molecules to the nanosized
crystal and bulk crystals. Blue shading denotes gr ound
state electron occupation

| INTRODUCTION Sem_|cor_1ductor nano_crystals are commercially madkéde
. . . application as luminescent bio-labels and have been

1.1 _ Semiconductor Nanocrystals and the|.r proper.tlgs demonstrated in regenerative solar cells, optiaal devices
Semiconductor nanocrystals are the subject of &itlar and electroluminescent devices [2, 3]. Semiconducto

area of physical and synthetic inorganic chemistryanocrystals are novel materials with interestinmical,
motivated by both fundamental science and the kemm electrical and magnetic properties.

technological potential of these materials. Sendcmtor
nanoparticles are tiny light emitting particle omet
nanoscale (1-100nm). Researchers have studied th
particles intensely and have developed them foradbro
application in solar energy conversion, optoeledtro
device, cellular imaging and ultra sensitive détect NS
Nanocrystals bridge the gap between small molecates
large crystals, displaying discrete electronic s$ions
reminiscent of isolated atom and molecules, as \asll
enabling the exploitation of the useful propertie$
crystalline materials. Bulk semiconductors are abtarized E¥*&
by composition-dependent band gap energy (Eg), tra
minimum energy required to excite an electron faaience
band to the vacant conduction band (fig.1). Witlke thE.®
absorption of a photon of energy greater than bg, t
excitation of an electron leaves an orbital holéhimvalance = - : <
band. The negatively charged electron and posyuvelFlgUfelZSphe“Cal semmonductor nanocrystals (TEWI

Eg
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1.2 Quantum Dotsor Semiconductor Nanocrystals

ntum dots can be considered as zero dimensional
objects. Confinement is exerted in all three dinems For
this the density of states is discontinuous. [4]

charged hole may be mobilized in the presence efestric micrograph of CdSe quantum dots)

field to yield a current. Relaxation of the exitetectron Quantum dots are a class of semiconductors, whieh a
back to the valance band annihilates the excitehraay be composed of periodic groups of 1I-VI, [lI-V, oViVI
accompanied by the emission of a photon, a prdaea®an materials (like ZnO, CdSe, CdS, PbSe, InP) withe siz
as radiative recombination. [1] ranging from 1.5 to 20 nanometers (10-50 atoms)

diameter. At this small size the movement of etawdris
restricted in all directions due to which quantum

M@USCSGPQ Rece|i_|ved on DZEC_%mbes 2014. ¢ chemi schoal of confinement effect is observed [4]. This quantum
r. am azoor alai, epartment o emistry, chool o : H :

Science, College of Engineering Science and TeogyolFiji National Confme_"mem effect leads to atom like quantizedrgne
University, Samabula-3722, Fiji. levels in quantum dots. Hence, quantum dots arecaled
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as artificial atoms. The usefulness of quantum dotses
from the fact that their peak emission frequency te&
tuned by varying their size and composition [5w8hjle the
bulk semiconductors have fixed energy transitions.

1.3  Quantum Confinement effect and Size dependent

control of Band gap in Quantum dots
In bulk semiconductor material, energy levels agy\close
and can be described as continuous. There exisigi@an of
forbidden electron energies called the band gapchwis
characteristic of a semiconductor. Electrons ocoupy
energy levels below the band gap are describeciag lin

the valence band (VB) and those above are in Rl

conduction band (CB). The majority of electrons iar&/B.
For the electrons to excite to conduction bandas to
acquire energy enough to cross the band gap. Td¢i@gan
of an electron from the valence band to the condudiand
leaves behind a hole in the VB. This excited etecinole
pair is called an exiction. The excited electronewtfalls
back across the band gap to valence energy levsils e
electromagnetic radiation with wavelength corresiog to
band gap energy. The movement of the electrorois tthe
edge of one band to another. Since the band gget$ in
bulk material due to continuous energy levels amdyd
number of atoms, the transition results in fixedission
frequencies. This is what we call as bulk band egagrgy.
Excitons have an average physical separation batwes
electron and hole, referred to as the Exciton BRhdius
(a) which is different for each material. In bulk, eth
dimensions of the semiconductor crystal are mucheta

than (@). When the size of a semiconductor crystal becom
small enough that it approaches the size of mdieria

Exciton Bohr Radius electron energy levels becoiserete
[8-9], a situation called “Quantum Confinement”. dén
these conditions the semiconductor material cedses
resemble bulk, and instead can be called a quadtinDue
to discrete energy levels quantum dots don't havedf
energy transitions.
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Figurel.3 Band structure of nanocrystal compared with
that of bulk semiconductor

Since the energy levels are discrete, the additwn

subtraction of just a few atoms has the effectligfriag the
boundaries of the bandgap. One can apply the ghaiit a

box” model to energies of quantum dots. According t

“particle in a box” model, the energy differencetvoeen
two levels is inversely proportional to the dimems of the
box. Hence, the band gap in quantum dot will alwbgs

20

energetically larger; therefore, we refer to radiatfrom to
quantum dots to be blue shifted. Because the eomnissi
frequency of a quantum dot is dependent on the bapdit
is therefore possible to control the output wavglerof a
dot with extreme precision by varying the size afa@tum
dot. For example, the band gap of CdSe can bedvénden
1.9eV to 2.7eV by changing the size of the particden 5.5
nm to 2.3 nm. Quantitatively, the size dependeriagptical
and electronic properties of nanocrystals are éxgdaby
effective mass approximations (EMA) based on tlecéfe
masses of electron (M and hole (m). For nanocrystals in
rong confinement regime (where the radius, R of
nanocrystal is much smaller thang)athe following
expression for the band gap has been proposedusy[B}.
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Where Eis the bulk band gap. The second term is the
kinetic energy term. The third term arises due he t
Columbic attraction between the electron and tHe.ho

1.4 Synthesis of semiconductor nanocrystals

Nanocrystals can be synthesized from a variety atenals
and in several different media. Quantum dot can be
synthesized by chemical and physical method. Therma
decomposition of the precursor leads to nucleatoml
growth. Over the year various approaches have bsed to
prepare colloidal semiconductor nanocrystals. Gadlo
SQuantum dots can be prepared by thermal hydrolysis
condensation.

1.5  Characterization of nanocrystals

Nanocrystals can be characterized by absorption and
photoluminescence spectroscopic method.

1.5.1 Absorption spectra

Absorption of a photon by nanocrystals occurssifahergy
exceeds the band gap. Due to quantum confinement,
decreasing the particle size results in hypsochrqiviue-)
shift of the absorption onset[10]. A relatively gha
absorption feature near the absorption onset quoreis to

the exciton peak i.e. the lowest exited state etthihlarge
oscillator strength. While its position dependstba band
gap and consequently, on the particle size, itsnfand
width is strongly influenced by the distributionsize. [1]
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Figurel.4 Absorption spectra of CdSe semiconductor
nanocrystals showing size tunability
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1.6 Photoluminescence

Photoluminescence is the process in which the anbst
absorbs the photon and reradiates the photonseifiitted
photon have an energy corresponding to the bandofap
nanocrystals and for this reason the emission calan be
tuned by changing the particle size. Efficient room
temperature band edge emission are only observed fo
nanocrystals with proper surface passivation andegie
crystal structure, because otherwise charge caarewery
likely to be trapped in surface states, defecestanhancing
the non-radiative recombination.
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Figure .5 Fluorescence in bulk semiconductor
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Figure 1.6 Fluorescence spectra of CdSe semiconductor
nanocrystals showing quantum confinement and size
tunability. [1]
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