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SPECTRAL CHARACTERISTICS
OF PASSIVATED CdTe QUANTUM DOTS
WITH COORDINATE-DEPENDENT PARAMETERS

Theoretical studies of the energy spectrum of quantum dots are often carried out using the
effective mass approximation with the parameters of the calculation set by the corresponding
values of the bulk material of both the dot itself and its surroundings. In this study, the effective
mass is a coordinate-dependent function, and its dependence on the coordinate is determined by
the atomic structure of the quantum dot, which, in turn, is calculated by the density functional
method. Both an unpassivated quantum dot and one passivated with thiol-glycolic acid are
considered.
K e yw o r d s: quantum dots, coordinate-dependent effective mass, cadmium telluride.

1. Introduction
Quantum dots (QDs) of A2B6 semiconductors are an
important material for the use in light-emitting de-
vices, in the magnetic resonance imaging as a “con-
trasting” material for a medical purpose, and for the
targeted drugs delivery to diseased cells [1]. Another
important field of applications of quantum dots is
photovoltaics, where they are used as a material for
solar cells – QDSCs [2], as well as for solar light con-
centrators (LSCs) [3]. Such advantages are provided
by the spatial confinement effect, which is most sig-
nificant in zero-dimensional semiconductor QDs and
provides a unique possibility to change the band gap
and, accordingly, to obtain a wide range of lumines-
cence spectra (from blue to red) with a high quantum
yield. Due to these circumstances, in general, there is
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a tendency to increase the efficiency of the application
of such QDs in various photovoltaic systems [4].

Usually, QDs A2B6 are manufactured by meth-
ods of colloidal chemistry, the so-called “wet tech-
nologies”. The nanocrystals obtained by such meth-
ods have dangling bonds, because the crystal order
is broken on the surface, and the external atoms
do not have the correct surround. As a result, the
colloidal solution quickly coagulates, precipitates,
and no longer exhibits the typical characteristic of
nanocrystals. To avoid this, nanocrystals are passi-
vated with certain stabilizers that saturate the QD
surface, and thus prevents the formation of chemi-
cal bonds between nanocrystals. Thereby, in addition
to the problem of studying the characteristics of the
nanocrystals themselves, there is another problem of
studying the influence of a passivator on the proper-
ties of the nanocrystal. At the same time, there is an
uncertainty arising in comparisons of the results of
theoretical calculations with experimental data: it is
unclear how to define the size of a nanocrystal and
how to match a theoretical model (cluster) to a real
quantum dot. Therefore, many works are devoted to
the study of both the QDs themselves and the fea-
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tures of the use of passivators (see the review [5] and
the list of references therein).

In recent years, an interest in ultrasmall (less than
2 nm) quantum dots has increased [6–12]. This sub-
set of QDs includes magic-size clusters, containing
a certain, well-defined number of atoms. Ultrasmall
QDs are characterized by unique properties – sharp
absorption of light and almost completely surface lu-
minescence. They are promising for a variety of appli-
cations ranging from dye-sensitized solar cells, white
light LEDs, and biological sensing due to their con-
trollable electronic structure and band gap, as well
as their large specific surface area. Thus, ZnSe QD
structures have great potential for providing new op-
toelectrical properties due to the energy transfer from
small QDs to large ones [7]. The high quantum yield
of ultrasmall CdS QDs makes them attractive for the
fabrication of highly sensitive biosensors [8]. The de-
tailed study and prospects of practical applications of
ultrasmall QDs require a continuous improvement of
the technology of their synthesis [9–11].

From the point of view of theoretical research,
there are two approaches that are most often ap-
plied to quantum dots: these are atomistic methods,
such as the density functional theory, and a pheno-
menological model – the 𝑘 · 𝑝 or effective mass me-
thod. The former allow one to study the energy spec-
tra and structural characteristics. However, they are
limited only to small systems of up to several hun-
dred atoms. Since the total system may include also
atoms of a passivator, the calculations of even rela-
tively small clusters with the effects of their real com-
pletely disregarded surroundings become too cum-
bersome. Nevertheless, such models are adequate and
are able to describe real quantum dots of ultrasmall
sizes [8, 13]. The latter introduces the concept of a
quasiparticle and allows one to describe not only the
quantum-dimensional effect, but also the effect of di-
electric enhancement [14,15], interaction between dif-
ferent nanocrystals [16] etc.

The effective mass method exploits the solid-state
approach for describing the nanocrystals and reduces
to solving the problem of a particle in the poten-
tial well formed by the energy bands offset of the
nanocrystal materials and the environment. Obvious-
ly, this approach is more suitable for describing the
relatively large-sized QDs with well defined crystal
structure. Effective masses and dielectric constants
are step functions of coordinates and take fixed values

in each material of the system. At the same time, it
is believed that these materials retain “bulk” values
for their characteristic parameters such as the effec-
tive electron and hole masses. However, there are no
guarantees regarding this statement, since the crys-
tal structure of nanocrystals is not always known and
still is the subject of many experimental and theo-
retical studies. In addition, the bulk parameters are
not always known in advance, so they have to be
determined theoretically by other available methods
based on the structural characteristics of the material
[17], which, in turn, could be determined by atomistic
approaches.

In particular, the structural characteristics of non-
stoichiometric CdTe QDs were investigated in work
[18], where the atomic structure of small clusters of
∼25 atoms was simulated. A considerable attention
was paid to establish the influence of the interac-
tion of individual atomic orbitals on it: due to the
repulsion between 𝑝-orbitals of tellurium, the cad-
mium core firstly and then the tellurium surround
are formed. A wider range of sizes (up to 120 atoms),
both stoichiometric and nonstoichiometric, was stud-
ied in [19], where it was shown that nonstoichio-
metric clusters have a lower HOMO-LUMO transi-
tion energy than stoichiometric ones. In all cases, the
atomic structure differed from that of the bulk ma-
terial. For some sizes, calculations of several isomers
were performed, which showed that the binding en-
ergy per atom for all isomers is practically the same,
but the energies of the HOMO-LUMO transition are
different. Obviously, this is due to a small number of
atoms; so, the geometric position of each atom sig-
nificantly affects the formation of the wave function
(molecular orbital) and, therefore, the energy of the
corresponding energy level, while the interatomic in-
teraction (bond energy) is relatively short-range, is
limited to the atoms of the immediate local environ-
ment, and, therefore, is less sensitive to the geomet-
ric structure as a whole (of course, provided that the
atoms are in equilibrium positions).

Therefore, the purpose of this work is to investigate
the influence of the atomic structure on the spectral
characteristics of quasiparticles (electrons and holes)
in quantum dots. To do this, we will a) consider the
quantum dot model and study its atomic structure in
details taking a cadmium telluride atomic cluster as
an example, b) establish the dependence of the effec-
tive mass on the coordinate, and c) investigate the
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influence of the coordinate-dependent effective mass
on the energy spectrum. For the sake of simplicity,
we will limit ourselves to the study of the influence
of only the effective mass, although other important
parameters – such as potential barriers and dielectric
constants may also appear to be dependent on the
local structure of the material and have a non-trivial
dependence on the coordinates.

2. Computational Details

Calculations of the atomic and electronic structures
of clusters were carried out by the density functional
method using the hybrid exchange-correlation func-
tional B3LYP [20] and the basis of localized orbitals
LANL2DZ [21] as realized in the GAMESS-US soft-
ware package [22]. The geometry optimization was
carried out over all internal variables without sym-
metry constraints, checking the vibrational spectrum:
the system was optimized, when there were no imag-
inary frequencies. Characteristics of bulk cadmium
telluride were calculated in the local density approx-
imation (LDA) using the QUANTUM-ESPRESSO
software package [23]. Ultrasoft pseudopotentials cor-
responding to the configuration of valence electrons
4d9.55s25p0.5 for cadmium and 5s25p4 for tellurium
were used. The Brillouin zone integration was per-
formed using a 12× 12× 12 grid of 𝑘-points generated
by the Monkhorst–Pack [24] scheme. The expansion
of the wave function was limited to the terms corre-
sponding to the kinetic energy of 60 Ry and 1200 Ry
in the region of the pseudopotential.

3. Cd9Te9 and Cd33Te33 Clusters
Passivated by Thiol-Glycolic Acid
Molecules and -SCH3 Fragments

The initial Cd9Te9 cluster is chosen in the form of
three hexagonal rings, as shown in Fig. 1, a. Such a
system has Cℎ3 symmetry, and all cadmium atoms
belong to the surface and contain broken bonds.
These broken bonds were passivated by molecules
of thiol-glycolic acid (TGA) SCH2CO2H, the atomic
structure of which is shown in Fig. 1, b, as well as by
fragments of SCH3 in such a way that the S–Cd bonds
are formed instead of the S–H bonds. The geometric
optimization of the clusters was carried out without
symmetry constraints, and the final atomic structure
appeared to be significantly deformed in both cases:
as can be seen from Fig. 1, c, a significant rearrange-

ment of chemical bonds took place during the opti-
mization process. The length of the Cd–Te chemical
bonds is in the interval 2.87– 3.15 Å, while the Cd–S
bonds are somewhat shorter: 2.65–2.76 Å. The elec-
tronic charge is localized mostly on metal atoms, car-
bon, and lesser on sulfur atoms. The Mulliken pop-
ulation analysis indicates that the HOMO level is
formed mainly by states of surface tellurium atoms
and partially by sulfur atoms. The LUMO level is
formed mainly by states of sulfur and, to a lesser
degree, tellurium. Other passivator atoms (hydrogen,
oxygen, carbon) practically do not contribute to the
formation of HOMO-LUMO levels. This is clearly
seen from the calculated partial density of electronic
states, depicted in Fig. 1, e: HOMO-LUMO levels
are formed by states of tellurium and sulfur atoms, al-
though the LUMO level also includes states of carbon
atoms. Oxygen and hydrogen form states far from
these levels; so, in the further calculations, it is advis-
able to use fragments of the TGA SCH3 molecule as a
passivator model. This will reduce the total number
of atoms to precisely those atoms whose states are
“important” for the optical transition.

It is worth to note that the energy distance between
the HOMO-LUMO levels, which is analogous to the
band gap in bulk semiconductors, is 2.52 eV. In the
non-passivated optimized cluster (not shown), a clear
band gap of 2.76 eV is also observed. This result is
typical of stoichiometric systems [19], when, in the
process of geometric optimization, surface bonds are
rearranged to minimize the number of broken bonds
(i.e., “self-healing”). That is why the passivation does
not necessarily lead to an improvement in the energy
structure of a cluster, but is important for preventing
the coagulation and for stabilizing the entire colloidal
solution.

The Cd33Te33 cluster is obtained by “cutting out”
an approximately spherical region of a bulk cad-
mium telluride with the wurtzite crystal structure,
keeping only those atoms with at least two chemi-
cal bonds. The center of the cluster is chosen at the
middle of the Cd–Te chemical bond to ensure the
stoichiometry of the system. Surface cadmium atoms
with broken bonds were passivated by fragments of
the SCH3 in the same way as during the passiva-
tion of the Cd9Te9 cluster by original TGA molecules.
The atomic structures of the optimized Cd33Te33 and
Cd33Te33 : (SCH3)21 clusters are shown in Fig. 1, d
and f, respectively.
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Fig. 1. (Color online) Schematic representation of the optimized atomic structure of the Cd9Te9 cluster (a), the thiol-glycolic
acid molecule (b), the Cd9Te9 : (SCH2CO2H)9 cluster (c), cluster Cd33Te33 (d), cluster Cd33Te33 : (SCH3)21 (f) and the partial
density of electronic states of individual sorts of atoms (e). Sulfur is marked in yellow, cadmium in light yellow, tellurium in
brown, oxygen in red, carbon in gray, and hydrogen in light gray

As is seen from the figure, both optimized clusters
have a crystal structure close to the structure of zinc
blende. In an unpassivated cluster, certain faces are
formed at the surface, marked with red dashes, on
which the atoms align and form a quasi-two-dimen-
sional layer: the chemical bonds in the direction to-
ward the center of the cluster are elongated to values
of ∼3.6 Å and more, exceeding significantly the aver-
age bond length ∼2.8 Å in the inner part. Such faces
are not observed in the passivated cluster. For an un-
passivated Cd33Te33 cluster, the radius (the largest
distance from the geometric center of the cluster to
its outer atom) is 8.128 Å, and, for a passivated one
(without accounting for the molecules of a passiva-
tor) – 8.643 Å. Such a difference in size is due to
the shortening of the length of chemical bonds at
the surface of the unpassivated cluster, while, for
the passivated cluster at the surface, additional Cd–S
bonds prevent a strong reconstruction of the geomet-
ric structure.

Figure 2 shows the dependence of the length of
Cd–Te chemical bonds on the relative position of the
center of this bond in the cluster. As we can see,
the bond length can both increase and decrease. Red
lines show the average of positive deviations, and
blue lines – negative ones. For an unpassivated clus-
ter (Fig. 2, a), the length of chemical bonds varies
unevenly: it firstly increases with the distance from
the center and rapidly decreases on the surface. This
is clearly followed by positive deviations: the red line
firstly goes up, and, in the near-surface region, it re-
turns back to the region of shorter lengths. At the
same time, the blue line changes more slightly, since
the geometric centers of most bonds are on the sur-
face of the cluster. As a result, the overall averaging
of bond lengths (black line) practically reproduces the
behavior of the red line. This corresponds to the pic-
ture of the formation of faces: one part of the chemi-
cal bonds breaks down, and other part is rebuilt from
𝑠𝑝3 to two-dimensional 𝑠𝑝2 hybrids. In the passivated
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Fig. 3. (Color online) Dependence of the effective mass of the
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constant value of bulk cadmium telluride

cluster (Fig. 2, b), the bond length is distributed
much more uniformly, although it also decreases by
approaching the surface. The red line grows slightly
in this case, while the blue one falls somewhat more
strongly. As a result, the overall average (black line) is
very close to the blue one. This distribution could be
properly described by a linear approximation, while,
in an unpassivated cluster, the polynomial of at least
the 3rd order or even more complex function is needed
for such a description. Although the maximum neg-
ative deviation is greater than that in the unpassi-
vated cluster, the deviation does not exceed, in gen-

eral, 5% of the central bond length. Some authors
[26] showed that, for CdSe NPs, the value of a re-
laxation/reconstruction on the surface can reach 25%
for the bond length and 25∘ for the angle value. In
our opinion, such deviations are possible, if we are
talking about the interatomic distance. However, the
question arises: whether the chemical bond is pre-
served in this case? The answer to such a question is
not clear, since the estimation of the “strength” of a
chemical bond is not defined well from the point of
view of quantum chemistry.

4. Spectra of Quasiparticles
in Quantum Dots

For quantum dots, which are assumed to be homoge-
nious and have a constant effective mass, the math-
ematical apparatus is well developed and, in most
cases, allows one to obtain analytic solutions of the
corresponding Schrödinger equation. In addition, the
analytic solutions can be obtained for systems in
which the effective mass accepts the fixed values in
different regions, for instance, in multilayer quantum
dots (core-shell systems). This, in turn, allows one to
describe qualitatively a large number of effects occur-
ring in quantum-dimensional systems. However, if the
quasiparticle has a coordinate-dependent mass, the
problem becomes much more complicated, although,
in some cases, it can be solved [27, 28], and analytic
solutions can be obtained.

In the absence of the spin-orbit interaction, elec-
tron and hole bands of cadmium telluride in a vicin-
ity of Γ-point have a quadratic dependence on the
quasivector k. We calculated the effective mass via
approximating the dispersion 𝐸(k) = ~2k2/2𝑚* of
the corresponding bands of electrons and heavy and
light holes by a quadratic law at 21 k points in the
interval of the wave vector modulus values (–0.005–
0.005)(2𝜋/𝑎), calculated for the set of values of the
lattice constant 𝑎. Band structure calculations were
performed within the LDA approximation in the
plane wave basis, as described in Section 2. For calcu-
lations, we used a cubic unit cell containing 4 atoms of
cadmium and 4 atoms of tellurium. For each value of
the lattice constant, the geometric optimization of the
atomic structure was carried out until the Hellmann–
Feynman forces became less than 10−4 a.o. The result
is presented in Fig. 3 for the interval of lattice con-
stant values within ±5% of the experimental value
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𝑎 = 6.48 Å. Hole masses are shown with a negative
sign, what reflects the negative energies with respect
to the valence band top. But, in the following, their
absolute values are used. As can be seen from the fig-
ure, the effective masses of the electron 𝑚*

𝑒 and the
light hole 𝑚*

𝑙ℎ are monotonically decreasing functions
of the lattice constant, while the effective mass of
the heavy hole 𝑚*

ℎℎ – monotonically increasing. For
the experimental value of the lattice constant, the
values of the effective masses 𝑚*

𝑒 = 0.099𝑚0 and
𝑚*

ℎℎ = 0.455𝑚0 for the electron and the heavy hole,
respectively, were obtained.

The Schrödinger equation for the motion of a parti-
cle with a mass that depends on its position in space,
in a potential well, can be written in the form [29]:{︂
−~2

2

[︂
∇ 1

𝑚*(r)
∇
]︂
+ 𝑉 (r)

}︂
Ψ(r) = 𝐸Ψ(r). (1)

Here, the effective mass 𝑚*(r) and the external
potential 𝑉 (r) are functions of the spatial coordi-
nates. In the case of spherical symmetry, they depend
on the radial variable. Then, writing equation (1) in
the spherical coordinate system, we can separate the
radial and angular coordinates and find a solution in
the form Ψ(r) = 𝜓(𝑟)𝑌𝑙𝑚(Θ, 𝜑). Introducing the no-
tations 𝜓(𝑟) = 𝜑(𝑟)/𝑟, 𝑚*′(𝑟) = 𝑑𝑚*(𝑟)/𝑑𝑟 and per-
forming simple mathematical transformations (multi-
ply by 𝑟2 and divide by𝑚*(𝑟)), the radial Schrödinger
equation could be obtained in the following form:{︂
𝑑2

𝑑𝑟2
− 𝑙(𝑙 + 1)

𝑟2
+
𝑚*′(𝑟)

𝑚*(𝑟)

(︂
1

𝑟
− 𝑑

𝑑𝑟

)︂
−

−2𝑚*(𝑟)

~2
[𝑉 (𝑟)− 𝐸]

}︂
𝜑(𝑟) = 0. (2)

For the given cluster material, the dependence of
the electron 𝑚*

𝑒(𝑟) and heavy hole 𝑚*
ℎℎ(𝑟) effective

masses on the radial variable in the spherical coordi-
nate system can be obtained using the data presented
in Figs. 2 and 3: by expressing the Cd-Te chemi-
cal bond length as a function of the radial coordi-
nate 𝑎b𝑜𝑛𝑑(𝑟), it is possible to associate each value
of the bond length with a specific lattice constant. In
such a way, we obtain the dependence 𝑎(𝑟). In turn,
each value of the lattice constant corresponds to a
certain value of the effective mass 𝑚*(𝑎). If to ap-
proximate accurately enough both dependencies with
analytic functions (we used polynomials of the first,

second, and third orders), then, by substituting one
function into another one, we can get an analytic ex-
pression for the dependence 𝑚*(𝑟). We determined
the lattice constant using the fact that the opti-
mized clusters have the zinc blende crystal structure:
𝑎(𝑟) = 4𝑎bond(𝑟)/

√
3. Such obtained dependencies of

the effective masses of the electron and the heavy hole
are shown in Figs. 4, a and 4, d, respectively. Black
lines correspond to the unpassivated Cd33Te33 clus-
ter, red lines to the Cd33Te33 : (SCH3)21 cluster. As is
seen, for a passivated cluster, the dependences of the
electron and hole effective masses are close to linear
ones, while, for an unpassivated one, these dependen-
cies are much more complicated.

Equation (2) can be solved analytically only in cer-
tain cases, for example, for a specific analytic form
of 𝑚*(𝑟) [27, 28, 30]. In view of the complexity of the
dependence of the effective mass and its derivative on
the radial coordinate, it is rational to solve Eq. (2) nu-
merically. In the simplest approximation of infinitely
high potential barriers, the boundary conditions for
the reduced wave function 𝜑(𝑟) are trivial: 𝜑(0) = 0,
𝜑(𝑅) = 0, where 𝑅 is the radius of the quantum
dot. This makes it possible to use various numerical
methods, in particular, the “shooting method”, and,
in such a way, to find the unknown energies 𝐸 and
reduced wave functions 𝜑(𝑟), and therefore 𝜓(𝑟), in a
tabulated form.

Figure 4 shows the squares of the normalized ra-
dial wave functions 𝜓(𝑟) of an electron and a hole
in the ground states (𝑛 = 0, 𝑙 = 0) calculated for
Cd33Te33 clusters, which are unpassivated or passi-
vated by fragments of thiol-glycolic acid SCH3. The
black lines correspond to the normalized functions
𝜓const(𝑟) = 𝐽0(

√︀
2𝑚*/~2𝐸𝑟), where 𝐽0(𝑟) – spher-

ical Bessel function, which is an analytic solution of
Eq. (2) for the case of constant effective mass and
infinitely high potential barriers:{︂
𝑑2

𝑑𝑟2
− 𝑙(𝑙 + 1)

𝑟2
+

2𝑚*

~2
𝐸

}︂
𝑅(𝑟) = 0. (3)

The effective mass of an electron or hole is defined
as the effective mass corresponding to the average
length of chemical bonds (lattice constant). For an
unpassivated cluster, the average length of a chemi-
cal bond is 𝑎 = 2.885 Å, which gives the values of the
effective masses 𝑚*

𝑒 = 0.083𝑚0 and 𝑚*
ℎℎ = 0.523𝑚0.

For the passivated cluster, the values 𝑎 = 2.91 Å,
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Fig. 4. (Color online) Dependence of the value of the effective mass of an electron (a) and a heavy hole (d) of the cluster area
material on the relative position of this area in the cluster. (b, c, e, f) – the squared normalized radial wave function of the
ground state of an electron and a heavy hole in the cluster (see text for details)

𝑚*
𝑒 = 0.078𝑚0 and 𝑚*

ℎℎ = 0.546𝑚0, respectively,
are obtained. Since both clusters have different radii,
even under the condition of the same value of the
effective mass (say, its bulk experimental value), dif-
ferent energy values are obtained as the solutions of
Eq. (3): 𝐸const

𝑒,ℎℎ = ~2𝜋2/(2𝑅2𝑚*
𝑒,ℎℎ).

The calculated energies of the electron and hole
in the ground states are shown in Table. Indeed, the
energies of both the electron and the hole with a con-
stant effective mass differ somewhat for different clus-
ters, although this difference is small because of a
small difference in the radii of the clusters ∼0.5 Å.
The values of the average effective masses for both
clusters are also quite similar. Therefore, as can be
seen from Fig. 4, b and 4, c, the wave function of an
electron with a constant mass has a very similar shape

Ground state energies
of the electron and hole (eV)

Energy
Cd33Te33 Cd33Te33 : (SCH3)21

𝑚* = const 𝑚* = 𝑚*(𝑟) 𝑚* = const 𝑚* = 𝑚*(𝑟)

𝐸𝑒 6.870 1.814 6.488 2.134
𝐸ℎℎ 1.089 1.231 0.923 1.948

in both clusters. The effective mass of the electron is
small in this case. Therefore, it has a high energy and
is weakly localized in the region of the cluster (po-
tential well). With regard for the dependence of the
effective mass on the position in the cluster, the en-
ergy of the electron decreases by three times for pas-
sivated and four times for unpassivated clusters. Ho-
wever, the wave function, instead of becoming more
localized, on the contrary, becomes more smooth in
the region of the potential well. This is even more
pronounced for the unpassivated cluster. Obviously,
the effective mass of the electron decreases with a de-
crease in the radial coordinate (Fig. 3, a). Therefore,
the energy of the electron increases, leading to a de-
crease in the localization of the wave function. For
the hole states, the situation is the opposite: the ef-
fective mass of the hole increases when approaching
the center of the cluster (Fig. 3, d), which leads to a
decrease in the energy and, accordingly, an increase
in the localization of the wave function. Indeed, as is
seen from Figs. 4, e and 4, f, the wave function of
a hole with a position-dependent effective mass (red
line) for both clusters is more localized than the wave
function of a hole with constant effective mass (black
line). Herewith, the energy of the hole increases, but
changes much weaker than for electrons: as is seen
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from Table, for a passivated cluster, the energy dif-
fers twice, while, for an unpassivated one, the changes
are much smaller.

5. Conclusions

The calculations within the density functional me-
thod demonstrate the dependence of the length of
chemical bonds on their position in the cluster. For
passivated clusters, the faces are formed on the sur-
face, which is reflected in the calculated bond dis-
tribution. For passivated clusters, such faces are ab-
sent. Phenomenological models (the effective mass
method) are applied with the assumption that the
material of the cluster (quantum dot) retains its bulk
characteristics. Taking the distribution of chemical
bonds into account allows us to establish the cor-
responding distribution of the lattice constant and,
therefore, of the effective mass in the cluster, and to
perform calculations of the electronic and hole states
with effective masses that depend on the position in
the cluster. It is shown that the consideration of the
dependence of the effective mass on the position in the
cluster leads to a significant decrease in the energy of
the electron (by several times) with respect to that
with a fixed effective mass, as well as to a decrease in
the localization of its wave function. For hole states
with regard for the dependence of the effective mass
on the position, we have shown that the energies in-
crease slightly, and their wave functions become more
localized.
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СПЕКТРАЛЬНI ХАРАКТЕРИСТИКИ
ПАСИВОВАНИХ КВАНТОВИХ ТОЧОК CdTe
З КООРДИНАТНО-ЗАЛЕЖНИМИ ПАРАМЕТРАМИ

Теоретичнi дослiдження енергетичного спектра квантових
точок часто проводяться методом ефективної маси, у якому
вiдповiднi параметри розрахунку задаються об’ємними зна-
ченнями матерiалу як самої точки, так i її оточення. В данiй
роботi ефективна маса є координатно-залежною функцiєю,
а її залежнiсть вiд координати визначено виходячи з атом-
ної структури квантової точки, яка, у свою чергу, розра-
хована методом функцiонала густини. Розглянуто як непа-
сивованi, так i квантовi точки, пасивованi тiол-глiколевою
кислотою.
Ключ о в i с л о в а: квантовi точки, координатно-залежна
ефективна маса, телурид кадмiю.
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