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ABSTRACT
Core/shell QDs are a special class of nanoparticles with unique opti-

cal properties such as narrow emission, wide absorption and photo-
stability as found in quantum dots, but the specific structure of core/
shell QDs promotes their optical properties over simple QDs. This pa-
per details structure, synthesis, properties, classifications and applica-
tions of core/shell QDs.
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1. INTRODUCTION

Core/Shell quantum dots are products of further engi-
neering in the structures of quantum dots (QDs).
They exhibit improved optical properties over simple
QDs due to the shell surrounding the QD core, which
improves stability and photoluminescence efficiency
[1]. A QD has a high surface area to volume ratio
with unsaturated bonds, or dangling bonds, existing
on the surface. These under-coordinated atoms make
them more active than those in the bulk of the QD
materials. Coating of QDs with appropriate materials
to form core/shell QDs [2-4] leads them to exhibit
higher quantum yields and greater stability than core
QDs; the shell growth both confines the excitation to
the core and protects the core against oxidation and
chemical degradation [5-7].

2. Classification of Core/Shell QDs

Core/shell QDs can be categorized according to the
band gap and energy levels of their components into
three broad groups: type L, reverse type I and type 11

[8].

2.1- Typel

In this type of nanoparticle, either the conduction or
the valance bands of the core align within the band
gap of the shell, such that both the electrons and holes
are localized in the core. For example in CdSe/CdS
type-I core/shell QDs, the band gap of the CdSe core
is 1.74 eV and the band gap of the CdS shell is 2.42
eV. Therefore, both the holes and electrons are con-
fined to the CdSe core [18, 19]. CdSe/ZnS, and InAs/
CdSe core/shell QDs are other examples for type-I
core/shell nanocrystal systems [9, 10].

2.2. Inverse type I

In inverse type-I materials the band gap of the core is
wider than the band gap of the shell and both the con-
duction and valence bands of the shell are therefore
localized within the band gap of core. Consequently,
the holes and electrons are confined in the shell [11].
Examples include CdS/HgS, CdS/CdSe and ZnSe/
CdSe core/shell QDs [12-14].

2.3. Type 11
In type-II systems both the valence and conduction
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band edges of the core are lower or higher than those
in the shell and both the hole and the electron are
confined to the core [15-17]. CdSe/ZnSe, CdTe/CdSe
and CdS/ZnSe core/shell QDs are some examples of
type-II core/shell QDs [15, 18].

3. Synthesis of Core/shell QDs

Core/shell QDs are mostly synthesized in two steps:
first, the synthesis of the core QDs and then over-
coating of these QDs through shell growth reactions
[19].

3.1 Synthesis of Core QDs

QDs can be synthesized using different synthetic
methods including physical methods, gas phase syn-
theses and the liquid phase colloidal synthesis [20-
28]. In physical methods, QDs are produced by
breaking down bulk semiconductors [20, 21]. Gas
phase syntheses are mainly based upon producing
QDs by epitaxial growth of thin-films on crystal sur-
faces to form three dimensional nanoparticles, includ-
ing QDs. However, the liquid phase colloidal synthe-
sis is a widely used chemical approach to produce
various QDs including CdSe, CdSe, ZnSe, ZnS,
CdTe, InP and ZnS QDs [22-26]. In the colloidal syn-
thesis approach, uniform QDs can be produced using
organometallic synthesis, solvothermal methods, mi-
crowave assisted methods, hydrothermal approaches

and direct aqueous synthetic methods [27-30]. Fig 1
shows UV emission of CdSe(S) and ZnSe(S) QDs
synthesized using an aqueous hydrothermal synthetic
method [29, 31].

Fig 1. QDs glowing under UV light: ZnSe(S) QDs
(blue) and CdSe(S) QDs (yellow, red and Orange)
[29, 31].
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3.2 Epitaxial Shell growth

The second step in the formation of core/shell QDs is
the coating of QDs with appropriate materials to form
the core/shell QDs.

Epitaxial shell growth processes, necessitate the se-
lection of suitable shell materials to allow the for-
mation of core/shell QDs with improved optical prop-
erties. For example, ZnS is a suitable shell material
for over coating of CdSe core QDs because the small
lattice mismatch between ZnS and CdSe prevents a
change of crystal structure, minimizes surface-defects
and leads to increased quantum yields in CdSe/ZnS
core/shell QDs. [32, 33].

In an epitaxial growth process, control of the thick-
ness of the shell over the nanoparticle core is another
important parameter as thick shells induce surface
defects that result in reduced photoluminescence [34].
Shell growth process can occur in organic or aqueous
synthetic methods [35-45].

3.2.1 Organic synthetic approach

Organic shell growth is based upon the addition of
organic shell precursors to a solution of colloidal QDs
using organic solvents to produce core/shell QDs
such as CdSe/CdS, CdSe/ZnS, CdS/ZnS and CdTeSe/
CdZnS QDs [35-39]. For instance, Bawendi and co-
workers reported the formation of CdSe/ZnS QDs
after injection of diethylzinc (ZnEt,;) and hexamethyl-
disilathiane ((TMS),) as zinc and sulfur precursors in
a solution of tricyclophosphine oxide (TOPO), tricy-
clophosphine (TOP) and CdSe QDs at high tempera-
ture. The overcoated QDs showed an improved quan-
tum yield of 50% at room temperature [35]. However,
the core/shell QDs synthesized in the organic synthet-
ic route are soluble only in nonpolar solvents such as
hexane and they are not soluble in water.

3.2.2. Aqueous Synthesis of core/shell QDs

In addition to producing core/shell QDs via organic
routes, core/shell QDs can be formed via aqueous
synthetic methods. The process of shell growth in an
aqueous route occurs by adjusting experimental pa-
rameters such as temperature, pH and reaction time in
the presence of QDs by heating, hydrothermal pro-
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cesses or microwave assisted methods, to produce
core/shell QDs [40-46]. Fig 2 shows the formation of
CdSe(S)/ Fe,0; QDs via an aqueous synthetic route
[47].

Chemical synthesis of CdSe(S)/Fe,0; core/shell QDs

FeCl; pH>10
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CdSe(S)/Fe,0; core/shell QDs

Fig 2. Formation of CdSe(S)/Fe,O; QDs using an
aqueous synthetic approach [47].

As shown in Fig 2, the formation of core/shell
QDs in an aqueous media, often consists of over-
coating QD cores with metal sulfides, metal ox-
ides or other semiconductors as the shell material
[47]. The overgrowth of the shell occurs in an
analogous manner to the initial QD growth reac-
tions using the appropriate precursors, adjusting
the experimental parameters and using simple
thermally-assisted reactions, hydrothermal meth-
ods and microwave assisted approaches [48-52].
In all of the QD coating methods, the selection of
a shell having an appropriate band gap is very
important to form the desired type of QD. Mean-
while, when metal oxides or sulfides are used as
the shell material, the resultant shells are amor-
phous, which prohibits perturbation of the crys-
talline structure of the cores [48, 52-54].

The products of aqueous synthetic approaches
are water soluble core/shell QDs and can be po-
tentially used for bioapplications due to the fact
that water solubility is an important parameter in
applications of nanoparticles in biological envi-
ronment [31, 55].
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4. Applications of Core/Shell QDs

There are a various applications for core/shell
QDs in various industrial fields including lasers,
light emitting diodes and photovoltaic devices
[1, 56-58]. Core/shell QDs can also be used for
bioapplications due to exhibiting lower toxicity
than uncoated QDs [59, 60]. As the toxicity of
QDs critically depends on free heavy metal ion
formation and the oxidation of components in-
volved in the structure of QDs, the presence of
the shell around the core QDs protects the core
against oxidation, preventing the possible for-
mation of free heavy metal ions particularly
when the core contains transition metals such as
cadmium [61, 62]. Therefore, core/shell QDs can
be used for biological applications.

5. Conclusions

Core/shell QDs can be produced via epitaxial
shell growth on single QDs. The improved opti-
cal properties of core/shell QDs including in-
creasing quantum yield and photostability of
core QDs highlights the necessity of synthesis of
core/shell QDs. Cytotoxicity of QDs can be con-
trolled via further engineering in the structure of
nanoparticles such as production of high quality
core/shell QDs. The properties of core/shell
nanocrystals depend on the individual properties
of both the cores and shells; high quality core/
shell QDs are naturally obtained by coating high-
ly crystalline and photo stable QDs cores with
appropriate shell materials.
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