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Abstract

orders of magnitude.

A review devoted to the theory of excitonic quasimolecules (Biexcitons) (formed of spatially separated electrons
and holes) in a nanosystems that consists of semiconductor and dielectric quantum dots synthesized in a dielectric
matrix. It is shown that exciton quasimolecules formation is of the threshold character and possible in nanosystems,
in with the spacing between the quantum dots surfaces is larger than a certain critical spacing. It was found that the
binding energy of singlet ground state of exciton quasimolecules, consisting of two semiconductor quantum dots is a
significant large values, larger than the binding energy of the biexciton in a semiconductor single crystal almost two
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Introduction

The idea of superatom was fruitful for the development of
nanophysics [1-3] Superatom (quasiatomic nanoheterostructures)
consists ofaspherical quantum dot (QD) with radius g, the volume of that
contains the semiconductor (or dielectric) material. QD is surrounded
by dielectric (semiconductor) matrix [2,3]. A hole is localized in the
volume of QD, and the electron is localized over a spherical interface
(QD-matrix). In this nanosystem the lowest electronic level is in
matrix, and the lowest hole level is within volume of QD. A large shift
of the valence band (700 meV) generates the localization of holes in the
volume of QD. A significant shift of the conduction band (about 400
meV) is a potential barrier for electrons [4] (Figure 1). The electrons
moving in the matrix and do not penetrate in the volume of QD [2-4].
The energy of the Coulomb interaction of electron with hole and the
energy of the polarization interaction of electron with interface (QD-
matrix) form a potential well, in which the electron is localized over
the surface of quantum dot. The certain orbitals, localized surrounding
quantum dot correspond to electrons in superatom [2,3]. During
investigation of the optical characteristics of nanosystems with CdS,
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Figure 1: Band diagram of the QD - matrix nano hetero structure. In the nano
hetero structure, the QD is a potential well for a hole and a barrier for an electron.
The energies Ecm, Evm, EC(Z) and Ev(z), correspond to the positions of the bottom
of the conduction band and the top of the valence band of the matrix and QD,

respectively.

ZnSe, ALO, and Ge quantum dots in experimental papers [4-8] it
was found that the electron can be localized above the surface of the
QD while the hole here moves in the volume of the QD. In Ref. [4-8]
the appearance of super atoms located in dielectric matrices as cores
containing CdS, ZnSe, Al,O, and Ge quantum dots was apparently
established experimentally for the first time. A substantial increase in
the bond energy of the ground state of an electron in a super atom in
comparison with the bond energy of an exciton in CdS, ZnSe and AL,O,
and single crystals was detected in Ref. [2-10].

In Ref. [5-8] the optical characteristics of samples of borosilicate
glasses doped with CdS, ZnSe and Al O, at concentrations between
x = 0.003% to 1% were investigated. The average radii 4 of CdS and
ZnSe QDs were in the range of a = 2.0 - 20 nm. When there were large
concentrations of CdS quantum dots in the samples (from x = 0.6% to x
= 1%) a maximum, interpreted by the appearance of bonded QD states,
was detected in the low-temperature absorption spectra. In order to
explain the optical characteristics of such nanosystems we proposed a
model of a quasimolecules representing two ZnSe and CdS QDs that
form an exciton quasimolecule as a result of the interaction of electrons
and holes [3,11-14].

It was noted Ref. [4-6] that, at such a QD content in the samples,
one must take into account the interaction between charge carriers
localized above the QD surfaces. Therefore, in Ref. [11-14], we develop
the theory of a exciton quasimolecule (or biexciton) (formed from
spatially separated electrons and holes) in a nanosystems that consists
of ZnSe and CdS QDs synthesized in a borosilicate glassy matrix. Using
the variational method, we obtain the total energy and the binding
energy of the exciton quasimolecule (or biexciton) singlet ground state
in such system as functions of the spacing between the QD surfaces
and of the QD radius. We show that the biexciton formation is of
the threshold character and possible in a nanosystems, in which the
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spacing between the QD surfaces exceeds a certain critical spacing. It is
established that the spectral shift of the low-temperature luminescence
peak [6] in such a nanosystem is due to quantum confinement of the
energy of the biexciton ground state.

The convergence of two (or more) QDs up to a certain critical value
Dc between surfaces of QD lead to overlapping of electron orbitals of
superatoms and the emergence of exchange interactions [3,11-14]. In
this case the overlap integral of the electron wave functions takes a
significant value. As a result, the conditions for the formation of quasi-
molecules from QDs can be created [3,11-14]. One can also assume that
the above conditions of formation of quasimolecules can be provided
by external physical fields. This assumption is evidenced by results of
Ref. [15,16] in which the occurrence of the effective interaction between
QDs at considerable distances under conditions of electromagnetic
field was observed experimentally. In Ref. [17] energies of the ground
state of “vertical” and “horizontal” located pair of interacting QDs
(“molecules” from two QDs) were determined as a function of the
steepness of the confining potential and the magnetic field strength.
The quantum part of nanocomputer, which was implemented on a pair
of QDs (“molecules” from two QDs) with charge states is n qubits [18].
The first smoothly working quantum computer has been on QDs with
two electron orbital states as qubits, described by a pseudospin 1/2. As
a single cell was taken a couple of asymmetric pair QDs with different
sizes and significantly different own energy. The electron, injected into
the heterostructure from the channel occupied the lower level. That is,
it was located in a QD with larger size. The review deals with the theory
of excitonic quasimolecules (biexcitons) (formed of spatially separated
electrons and holes) in a nanosystems that consists of semiconductor
quantum dots synthesized in a borosilicate glass matrix. It is shown
that exciton quasimolecule formation is of the threshold character
and possible in nanosystem, in with the spacing between the quantum
dots surfaces is larger than a certain critical spacing. It was found that
the binding energy of singlet ground state of exciton quasimolecule,
consisting of two semiconductor quantum dots is a significant
large values, larger than the binding energy of the biexciton in a
semiconductor single crystal almost two orders of magnitude.

Binding Energy of Singlet Ground State of Excitonic
Quasimolecule

Consider the model of nanosystems [3,11-14], containing of
two superatom. In this model superatoms consist from spherical
semiconductor QDs, A and B, synthesized in a matrix of borosilicate
glass with dielectric constant ¢ . Let the QD radii be a, the spacing
between the spherical QD centers be L, and the spacing between the
spherical QD surfaces be D. Each QD is formed from a semiconductor
material with dielectric constant €, For simplicity and without loss of
generality, we assume that holes h(A) and h(B) with effective masses
m, are localized in centers of QD (A) and QD(B) and electrons e(1)
and e(2) with effective masses m(l) are localized near the spherical
surfaces of QD(A) and QD(B), res(f)ectively (rAm is the distance of the
electron e(1) from the QD(A) center; (r, 1S the distance of the electron
e(2) from the QD(B) center; (r, o8 the distance of the electron e(2)
from the QD(A) center; (rB(l) is the distance of the electron e(1) from
the QD(B) center; r,, is the distance between the electron e(1) and e(2)
(Figure 2). The above assumption is reasonable, since the ratio between
the effective masses of electron and hole in the nanosystem is much
smaller than unity ((m ")/m,)<<1). Let us assume that there is an
infinitely high potential barrier on the spherical QD - matrix interface.
In the nanosystem the holes do not therefore escape from the volume
of the QD while the electrons do not enter the QD.

L

Figure 2: Schematic representation of a nano system consisting of two
spherical QDs, QD(A) and QD(B) of radii a. The holes h(A) and h(B) are located
in the QD(A) and QD(B) centers, and the electrons e(1) and e(2) are localized
near the QD(A) and QD(B) surfaces r,, is the distance of the electron e(1)
from the QD(A) center; ry, is the distance of the electron e(2) from the QD(B)
center; r,, is the distance of the electron e(2) from the QD(A) center; r, is the
distance of the electron e(1) from the QD(B) center; r,, is the spacing between
the electrons e(1) and e(2); L is the spacing between the QD centers; D is the
spacing between the QD surfaces; e’(1), e'(2) and h’(A), h’(B) are the image
charges of the electrons and holes.

In such a model of the nanosystem we will study the possible
formation of an exciton quasimolecule from spatially confined
electrons and holes. The holes are located at the centers of QD(A) and
QD(B), while the electrons are localized close to the spherical surfaces
of QD(A) and QD(B). In terms of the adiabatic approximation and also
in the effective mass approximation we write the Hamiltonian of such
a quasimolecule in the following form [3-11].

H=H,,t Hy,+ H,, (1)

Here I:IA(U and HB(Z) are the Hamiltonians of the superatoms. The
hole h(A) is at the center of QD(A) while the electron e(1) is localized
above the surface of QD(A); the hole h(B) is located at the center of
QD(B) while the electron e(2) is localized above the surface of QD(B)
respectively. The Hamiltonian of the superatom H,  will therefore take

A(1)
the following form [3-11]

2
~

P
Ha= 75%) + Ve(l)lz(.ﬁ(rA(l)’rh(A)) + U(rA(I)?rh(Awa) +V,(1(r, (1) + Vh( 4,(’3:(4))+ Eg, 2)

In (2), the first term is the kinetic energy operator of the exciton;
the energy of Coulomb interaction Vi between the electron e(1)
and the hole h(A) is described by the formula [2]:

2

1{1 1 e
Vemea = ) -+ ®)
& & )ng —rh(A)|
the potentials
_ O,r,,(A)S a
Vh(A)(rh(A)) _{oo,rhu)> a )
Ve(l)(”A(l)) =0, I, S da ®)

describe the motion of quasiparticles in the nanosystem in the
model of an infinitely deep potential well; and E is the band gap in
the semiconductor with the permittivity €,. In [2] in the context of the
modified effective mass method [19] the theory of an exciton formed
from an electron and a hole spatially separated from the electron was
developed (the hole was in motion within the QD and the electron was
localized on the outer side of the spherical QD-matrix interface). In
[2], the energy of the polarization interaction of the electron and hole
with the spherical interface with the relative permittivity (e=(e/e,)<<1),

U(rA(l),rh(A), a), is represented as the algebraic sum of the energies of
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interaction of the hole h(A) and the electron e(1) with their own (V.
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Herer,, is the distance of the hole from the QD(A) center.

In the quasimolecule Hamiltonian (1), I:IE(Z) is the Hamiltonian of
an exciton formed from an electron and a hole spaced from the electron

(the hole h(B) is located in the QD (B) center and the electron e(2) is

localized above the QD(B) surface). The Hamiltonian I:IB(Z) has a form
similar to that of the Hamiltonian H A 1D (2):

. B’

Hy, E A 1+ h(B/((rBZ Tym) )+U(, Tp)sTymyo @ ))+V ( )+Vh/B)(r/t(B )+E an

The terms entering into the Hamiltonian (11) are expressed by
formulas similar to the corresponding formulas in the Hamiltonian (2).
Let us write the expression for the Hamiltonian HW [3-11]

Hmt—VAB(D a)+ Ve(l)h(B) (rB(I), rh(B) )+ Ve(Z)h(A)) (TA(Z)’rh(A)+ Ve(l)e(z)( r12) (12)

Here, V,,,,, is the energy of the interaction of charge carries (the
electrons e(1) and e(2) and the holes h(A) and h(B)) with polarization

fields induced by these charge carries at the QD(A) and QD(B) surfaces:

(D, (D.a)
VAB(D a)= (V h(B) Y + (V + (V
(ryop@)+ V. (3)( B(l)’a + + Vi
comw@ a2

(rAm,a)+

b @) sed( s 03 Ve Ty

(D,a,
L Bem syt Ve o Veep
(13)

% is the energy of interaction of the electron e(1) with the

e(1)h(B)
hole h(B); and V is the energy of inter- action of the electron e(2)

e(h(4)
with the hole h(A) The last- mentioned energies are described by the
expressions: )
e
Ve(l)h(B)(rB(l)) == (14)
"By
2
e
LQ h(A)( Fiay) =— (15)
a2

The energy of Coulomb interaction between the electrons e (1) and

e(2), V, ;). (r,,) is determined by the formula:
&2
Ve(l)e(z)(’ﬁz) == (16)
(&1712)

and the energy of interaction between the holes h(A) and h(B) is
described by the expression:

2
e

Vi (Dsa) = —m (17)

According to Ref. [2], the major contribution to the energy
of the ground state of the exciton (formed by an electron and
a hole spatially separated from the electron) is made by the
average energy of the Coulomb interaction between the electron

and hole <R ey OV ey (VA(U)| R, ( A(])’a)> (or)
<R0 (rg(z)a&) V;(Q)],(B)(rg(g)) RO (I”B(2),a)> on the basis of the
Coulomb - shaped variational wave functions
R, (r, )
y = 0
Ry(ryy,a ) = Aexp(—,u(a)(rA(l) /(aex)) (18)

Here, n(a )= (/7(& ) / m, ) is the variational parameter
/_j(a) is the reduced exciton effective mass, m, is the electron mass in
vacuum) and the normalization constant is

A= 27(a2) O 5 Dexp(Ea)[2(ma)’ +2(Ea) +117 (19)

where g = (a / agx) is the dimensionless QD radius,

2
o 2&¢&, R
ex — _2
(81 + 82) luoe
is the Bohr radius of a two-dimensional (2D) exciton localized above
the planar interface between a semiconductor with the permittivity ¢,
and a matrix with the permittivity € (the hole is in motion within the

semiconductor, whereas the electron is in the matrix), e is the electron
charge y=m Vm,)/m V+m,) is the reduced 2D- exciton effective mass.

The above-mentioned feature allows us to retain only the energies
of the Coulomb interaction between the electron and hole V

e(1)h(A)
(rAw, (3) and Vemh(m (B(Z) determined by a formula similar to (3),
correspondingly, in the Hamiltonians H " (2) and H 50) [14] and to

retain only the energy of the interaction between the holes h(A) and
h(B) Vonm (D,a) [17] in the interaction energy V, (D,a) [13]. At the
same time, the energy V, , (D,a) is determined by the formula (17):

2
e

v, D,a)=———— (20)
h(A)h(B)( ) - (D+2a

Ham11t021ans H A (2)

Vs (D,a)z

With the above assumptions, the superato

and Hs(z) (11) take the form:
~ #2
HA(I) 2,uA +V(])h(A)(rA(1))+E (21)
~ #?
HB(Z) = _EA(z) + Ve(z)h(B) (rB(Z)) +Eg- (22)

involves the

In this case, the quasimolecule Hamiltonian H A

superatom Hamiltonians HA(1 (21) and Hm) (22) as well as the
Hamiltonian H . (15), in which H . (12), in which the interaction
energy V AB(D,a) 1s determined by formula (20).

On the assumption that the spins of electrons e (1) and e (2) are
antiparallel we write the normalized wave function of the singlet ground
state of the exciton quasimolecule in the form of a linear combination
of wave functions and y, ( Taay T (2)) and y,r7, @ Ts . [11-14]

(23)

2 12
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Considering that electrons e(1) and e(2) move independently of
each other we represent wave functions y, (r, ., 7)) and y, 7, o, 7, )
(23) as the product of one-electron variational wave functions y, , 7,
and Vi (r, (2)) and also Yo (r, (2)) and Yy (rB(l)) respectively [3,11-14]

V(T To ) =Va Tae) Yoy (T30) (24)

\IJA(Z) Ty (1)=WA(2) (rA (2)) lVB(I) (rB(D) (25)

We represent the one-electron wave functions v, (r, and ¥,
( 1y, that describe, correspondingly, the electron e(1) localized above
the QD(A) surface and the electron e(2) localized above the QD(B)
surface and the wave functions ‘VA(2>( rA(Z)) and Vio ( rB(l)) that describe,
correspondingly, the electron e(2) localized above the QD(A) surface
and the electron e(1) localized above the QD(B) surface as variational
Coulomb-shaped wave functions [11]

@0y ary) = Aexp (= 11(@) (7, / (al))) (26)
Dp2 (VB(z) )= 4 exp (_ﬁ(d)(rg(z) / (agx )) (27)
D) (rA(Z)): A4 exp (_ﬁ(&)(rA(Z) / (agx)) (28)

§03(1)(r3(1)): ’ZlexP (_ﬁ(d)(rz;(l) / (agx)) (29)

Because of the identity of the electrons, the wave function 1//2( Taoy
L (25) is equivalent to the wave function v, ( Taay T (24).1In (23), the
overlapping integral S (D,a) is determined by the formula

S(D.a)=[d T Wa Tay Yoy (Taay) (30)
where €T, is the volume element of the electron e(1).

In the first approximation, the energy of the exciton quasimolecule
singlet ground state is defined by the average value of the Hamiltonian
H(1) on the basis of states described by the zero-approximation wave
functions vy, (23) [11]

ED, pi(a,D) a)=<ws(rA(l)’rA(2)’rB(l)’rB(z))‘H‘\US(rA(l)7rA(2)’rB(l)>rB(2))> (31)

With the explicit form of the wave functions (23) - (29), the energy
functional of the exciton quasimolecule singlet ground state takes the
form y 3 B 5

5 B - v J(D, 1@, D) a)tK(D, ii(a, D) a)

E{)(DJ /u(aiD)a)zzEex(ailu(a))-l— 2 =/~ |~

1+5°(D, j(a, D) a)

Here, F (d, ﬁ(fl) is the energy functional of the exciton

ex
ground state (for the exciton formed from an electron and a hole
spatially separated from the electron):

E, (da /7(&)) :<¢A(1) (rA(l))| I:IA(I) | Dy (rA(l))> (33)

The second term in (32) is a functional E (D,a) the binding energy
of singlet ground state of excitonic quasimolecule. In the functional
determined by formula (32), J (D, ,L_[(ﬁ, D ) d) is determined by the
expression (here )= (D a’

(32)

ex

J(D, ﬁ(d,f)) a)= <¢A(])(FA(1))¢B(2)(FB(2))‘I:[mt

The functional J (ﬁ, u(a, D) @) (34) can be represented as the
algebraic sum of the functionals of the average energies of Coulomb
interaction [11].

@A(l)(rA(]))q)B(Z)(rB(Z))> (34)

In the functional described by (32), K (D u(a, D ) @) is determined
by the formula

K([)’ /7(5’[)) d):<¢B(l)(rB(l))(oA(Z)(rA(Z))‘I:[im (DA(U(VA(1>)¢B(2)(rB(2))> (35)

The functional K([) Ha, [)) a) (35) can be represented as the
algebraic sum of the functionals of the average energies of the exchange
interaction [11].

In the case it spins of e(1) and e(2) electrons are parallel than
similarly to the theory of the chemical bond of hydrogen molecule [20]
the excitonic quasimolecule, consisting of two QDs is not formed [14].
Therefore, we did not consider this case.

Within the framework of the variational method at a first
approximation the total energy of ground singlet state of excitonic
quasimolecule is determined by average value of the Hamiltonian
H(1) for states, which are described by wave functions of the zero

approximation ys r, . 7, 0 Ty ) (23) [14]:

E,(D,a)=2E_(a)+E,(D,a) (36)

Where E (D,a) is the binding energy of singlet ground state of
excitonic quasimolecule and the binding energy of E_(a) of ground
state of electron in superatom, found in Ref. [2-9]. The wave function
YS L0 Ta o, T, Ta ) [21] contains wave functions. The results of a
numerical variational calculation of the binding energy E (D, a) of
ground singlet state of excitonic quasimolecule, containing two CdS
QDs with average radii of a, = 4nm and a, = 44nm g, =9.3, effective
hole mass in QD (m,/m, is 5)), grown in a matrix of borosilicate glass
g,=2 the electron effective mass in the matrix (m “/m ) is 0.537)),
which was investigated in experimental work [5,6] are shown in Tables
1and 2 [14].

In Ref. [5,6], we studied the optical properties of the samples of
borosilicate glass, doped with CdS with concentrations from x=0,003%
to 1%. The average radius a of CdS QDs was ranged 4 = 2.0 -20 nm.

(an @) mey | Dnm E(D,3) meV EO(D’a‘) meV
4 -320 1.8 0 -640
4 -320 2.2 -27 -667
4 -320 2.6 -28.1 -668.1
4 -320 3 -27.8 -667.8
4 -320 4 -23.2 -663.2
4 -320 6 9.5 -649.5
4 -320 8.4 0 -640

Tablej: Dependence of the binding energy (D,E) and also the total energy
EO(D,al)of the singlet ground state of the excifonic huasimolecule, consisting of
two CdS QDs with average radii El =4nmon the distance D between the surfaces
of the QD. In this case the binding energies of an electron in a superatoms are

E(@)=-320meV -

ﬁz nm E, (a@,) mev D nm E,(D,a,) meV E,(D,a,) meV

4.4 -344 1.6 0 -688

4.4 -344 2.2 -29.4 -717.4
4.4 -344 2.48 -32.8 -720.8
4.4 -344 2.6 -31.9 -719.9
4.4 -344 3 -28.9 -716.9
4.4 -344 4 -24.4 -712.4
4.4 -344 6 -13.2 -701.2
4.4 -344 8 -34 -691.4
4.4 -344 9.8 0 -688

Table 2: Dependence of the binding energy E,(D,,)and also the total energy
E,(D,a,)of the singlet ground state of the excitonic quasimolecule, consisting of
two CdS QDs with average radii @, =4.4nmon the distance D between the surfaces
of the QD. In this case the binding energies of an electron in a superatoms are
E, (a,) =-344meV .
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At concentrations CdS QD in the order of x=0,6% to x=1% the peak,
which is (E-E)) ~ -712meV was found in the absorption spectra of the
samples at a temperature of 4 K (where E_is width band gap of CdS QD)
[6]. The variational method, used for estimation of the binding energy
E,(D,a) of ground singlet state of excitonic quasimolecule will be valid
if the binding energy E,(D,a) of quasimolecule is small, compared with
the binding energy E, (a) of the ground state of superatom [11-14].

E,(D,a)/E_ (a) <<1 (37)

Binding energies E,(D,a) of ground singlet state of excitonic
quasimolecule, containing two CdS QDs with average radii of 4 =
4nm and 4, = 4.4nm have a minimum E,¥ (D ,d,) = ~ -28.1meV for
a distance D, = 2.6nmand E,? (D,,a,) = ~ -32.8 meV for a distance
D, =2.48 E,) and E,® correspond to critical temperatures

Tc(l) ~326Kand Tc,,~380 K) (Tables 1 and2) [14]. Binding energies

of the ground state of electron of superatoms are Eex(E, ) =-320meV
and EBX( a, ) = —-344meV [9].Inthiscaseenergiesof singletground state

—668.1meV
—720.8meV (Tables 1 and 2). From a comparison of

(4) of the excitonic quasimolecule are EO EO(D1 ,51) =
E(D,.a,)=
the total energy E (D, a,) of quasimolecule with a maximum (E-E g)
= -712 meV we get the value of the distance D,~4.0nm between QDs
[14]. Criterion [11] of the applicability of used variational estimation
of the binding energy E, (D, a) of the quasi- molecule is implemented
EY(D.a)/E,(a,).ES (D,.a,)/E,(a,) =0.09:

W1th increasing of QDs radius a the bmdlng energy E_(a) of the
ground state of electron in a superatom increases [2-9]. The average
size of the state of electron in the superatom decreases. Therefore the
distance, for which the square of the overlapping integral S(D, a) of
the one-electron wave functions takes on a maximum value. Also it
decreases with increasing of QD radius a, and so the distance between
surfaces of QD D, isless than D,. Asaresult, with increasing of QD radius
a also the maximum value of the binding energy of singlet ground state
of excitonic quasimolecule E,(D,a) increases (i.e .E,® more E,". In this
case, criterion [11] of the applicability of used variational estimation of
the binding energy E, (D,a) of the quasimolecule is implemented [14].

Thus, proposed model of excitonic quasimolecule [14] let us to
explain the optical properties of nanosystems, consisting of CdS QDs,
grown in a borosilicate glass matrix [5,6] in particular, the appearance
ofa peak (E-E ) ~-712meV in the absorption spectra of the samples at 4
K. It should be noted that the binding energy E, (a) of the ground state
of an electron in superatom [2,9] can be apphcable only for values of
binding energy E_ (a) for which the inequality

((E(a)-E) <<V (38)

is correctly, where y7J/ is the depth of the potential well for
electron and hole in a QD. In the experimental work [5] it found that
for CdS QDs with radii of a <20 nm VY J/ = 2.5 eV. This condition
(38) makes it possible to consider the motion of electron and hole in
the superatom, using QD model as an infinitely deep potential well
[2-9] (Figure 1). In the Hamiltonian (1) of quasimolecule members,
causing fluctuations of QD in quasimolecule were not considered.
The obtained quasimolecule binding energies (Tables 1 and 2) are
significantly higher than typical energy of QD fluctuations. Therefore,
it is not adjusting for QD in this quasimolecule model is warranted.

From Tables 1 and 2, it is following that the excitonic quasimolecule,
consisting of two QD occurs, starting from the distance between
surfaces of QDs D > D(” =~1.8 for QD with a radius of @,=4nm and
D>DY =1.6nm for QD with a radius of 4,=4.4nm [14]. The formation
of such quasimolecule is threshold character It is possible only for

nanosystems, containing QD with average radii of @, and 4, in which
the distance D between surfaces of QDs exceeds some critical distance
D _®. The existence of such critical distance D ). is associated with
dimensional quantum effect, for which a decreasing of distance D
between surfaces of QDs led to decrease in the interaction energies
of electrons and holes in the Hamiltonian (1) of quasimolecule can
not compensate the increase in the kinetic energy of electrons. With
the increase in the distance D between surfaces of QDs, starting
from values D >Dm =8.4nm for QD with a radius of d,=4.4nm
and D =9.8nmfor QD with a radius of 4,=4.4nm the exc1ton1c
quasimolecule splits into two superatoms.

Thus, the excitonic quasimolecule of nanosystem may occur when
the condition DV < D < D @ is realized (Tables 1 and 2) [14]. In
addition, quasimolecule can exist only at temperatures below a certain
critical temperature Tc ) = 326 K and Tc ,, =~ 380 K) Biexcitons arose in
CdS single-crystal with a binding energy E , = 0.59 mev [11].

The binding energies E, "V and E,® of excitonic quasimolecule are
significant exceeding E, almost two orders of magnitude. Apparently
the latter fact opens the possibility of observing such excitonic
quasimolecules at room temperature. The energy of the exchange
interaction between electrons and holes main contributes to the binding
energy of excitonic quasi-molecule, which is significantly greater than
that for energy of the Coulomb interaction between electrons and holes
(i.e., their ratio < 0,11). The estimations of the binding energy E (D,a)
of the singlet ground state of quasi-molecule are variational and may
give low values of the binding energy E,(D,a) and E,".

Conclusion

The binding energies of the exciton quasimolecule consisting
of two CdS QDs acquires an anomalously high value that exceeds
the bond energy E, of the biexciton in CdS by almost two orders of
magnitude. Such an effect opens up the possibility of using the exciton
quasimolecules as active medium in nanolasers emitting in the infrared
region and operating on exciton transitions at room temperatures
in the elementary base of quantum nanocomputers [17,18,21]. The
presented results demonstrate the fundamental possibility of creating
novel quasi atomic nanosystems in the form of exciton quasimolecules,
including natural systems with new physical characteristics [3,11-
14]. On their basis it is possible to construct new nanosystems or
quasicrystals in which control of the symmetry and lattice constant will
make it possible to realize unique physical effects and phenomena and
to create new principles in materials behavior.
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