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Quantum Confinement Effects on Physical Properties
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Using a pseudopotential approach, the present study focuses on the effects of quantum confinement on physical
properties of zinc-blende ZnTe spherical quantum dots. The size dependence of all features being considered here
has been analyzed and discussed. Our results show that the effects of quantum confinement change the physical
properties of nanostructured ZnTe dramatically relative to the bulk values. This provided with the possibility for
obtaining new physical properties that was not provided by the bulk material.
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1. Introduction

In the last decades, chalcogenide semiconducting ma-
terials have attracted much attention [1–5]. This is essen-
tially due to their enhanced material hardness. Among
these materials, ZnTe is a semiconductor with a direct
band-gap of 2.23–2.25 eV [6]. Typically, it has a cubic
crystal structure. This material of interest found sev-
eral applications which include solid state laser devices,
photovoltaic devices, thin films, detectors, and so on.
This material can also be used as a component of ternary
alloys [7–10].

The new class of materials formed by semiconductor
nanostructures has found a wide ensemble of possible
applications. As a matter of fact, the electronic and
optical properties of nanostructured materials such as
semiconductor quantum dots are intermediate between
those of discrete molecules, and those of bulk semicon-
ductors. This makes them very important in the techno-
logical applications such as light emitting diodes, quan-
tum computing, diode lasers, solar cells, and medical
imaging [11–13].

In this work, the electronic energy levels and optical
properties of ZnTe spherical quantum dots are studied.
Features such as energy band-gap and refractive index
have been reported and their dependence on the quantum
dot size has been examined and discussed.

2. Computational method

The computations are carried out using the empiri-
cal pseudo-potential method (EPM) [14–16]. The ap-
proach even at the nanoscale has proven to yield good re-
sults [17–20]. The pseudopotential form factors (PPFFs)
are determined by fitting the atomic form factors to
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experiment. The optimization of the PPFFs is done
using a non-linear least-squares method as described
in Refs. [21–23].

For studying quantum dots, we have reduced the di-
mensionality of the environment of electrons to a zero
dimension. A proper boundary conditions have been im-
posed on the wave functions, which depend on both the
size and shape of the quantum dots. The quantum con-
finement effect on the fundamental band-gap of ZnTe
quantum dots is determined using the same approach
as that used in Refs. [24, 25]. The electron and heavy
hole effective masses of bulk ZnTe are obtained using
a methodology similar to that used by Bouarissa [26].

3. Results and discussion

Figure 1 displays the variation of the direct Γ–Γ en-
ergy band-gap as a function of the size for zinc-blende
ZnTe quantum dots with a spherical shape. The radius
of the quantum dot is taken to be in the range 1–5 nm.
Note that as the quantum dot radius is reduced, the Γ–Γ
band-gap increases. The increase becomes more impor-
tant as the size is further reduced. The same qualita-
tive behavior has been reported for other nanostructured
binary semiconductors spherical quantum dots [20, 27].
The trend in Γ–Γ energy band-gap versus the quantum
dot radius is attributed to the quantum confinement ef-
fect which becomes more important as the size of the
quantum dots is reduced. When the quantum dot size
is much higher than the exciton Bohr radius (which is
6.7 nm for ZnTe compound), the effect of the dielec-
tric confinement becomes weak. In that case the Γ–Γ
band-gap tends towards retrieving the value of 2.27 eV,
which is the value of the bulk. This is in accord with
our findings.

The refractive index n of semiconductors is a funda-
mental parameter which characterizes their optical prop-
erties [28–31]. In the current contribution n has been
calculated for ZnTe spherical quantum dots using differ-
ent models, namely the Hervé and Vandamme model [32],
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Fig. 1. Direct band gap Γ–Γ in nanosized ZnTe versus
quantum dot radius.

Fig. 2. Refractive index in nanosized ZnTe versus
quantum dot radius using different models.

the Moss model [33] as revised by Ravindra and Srivas-
tava [34], the Reddy and Ahammed model [35], and the
Reddy and Anjaneyulu model [36]. Our results are illus-
trated in Fig. 2. We observe that by reducing the size
of the quantum dot, n for ZnTe quantum dots decreases.
The ratio of the decrease becomes more important when
approaching 1 nm. Qualitatively, the same behaviour
has been shown for all used models of interest. From the
quantitative point of view, and due to the lack of data
in the literature to compare with in the nanoscale n has
been compared with that of 2.72 reported in Ref. [37] for
bulk ZnTe. Based on our results obtained from the dif-
ferent used models for bulk ZnTe, the best agreement is
reached when the model of Gupta and Ravindra is used
where n is found to be 2.68.

4. Conclusion

We have studied the size dependence of the direct Γ–Γ
energy band-gap and refractive index of zinc-blende ZnTe
quantum dots with a spherical shape. The quantum dot
radius was considered to be in the range 1–5 nm. The
computations were carried out using essentially a pseu-
dopotential approach. The features of interest were found
to be highly modified relative to the bulk values. This is
attributed to the confinement effect.
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