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Abstract: The theory of an exciton formed from spatially seped electron and hole (the hole is in the quantain
volume, and the electron is localized at the ospdrerical quantum dot—dielectric matrix interfaisefieveloped within the
modified effective mass method. The effect of digantly increasing the exciton binding energy imagtum dots of zinc
selenide, synthesized in a borosilicate glass matrative to that in a zinc selenide single cays revealed. It was shown
that the short-wavelength shift of the peak of lin-temperature luminescence spectrum of samplesagong zinc-
selenide quantum dots, observed under the expetaaonditions, is caused by quantum confinemerhefground-state
energy of the exciton with a spatially separateectebn and hole. A review devoted to the theoryeatitonic
guasimolecules (biexcitons) (formed of spatiallpa®@ted electrons and holes) in a nanosystem thaists of ZnSe
guantum dots synthesized in a borosilicate glassixmia developed within the context of the modifieffective mass
approximation. It is shown that biexciton (excitgnasimolecule) formation is of the threshold chemaand possible in
nanosystem, in with the spacing between the quadttsisurfaces is larger than a certain criticacspy. On the basis of
analogy spectroscopy of electronic states of stipers (or artificial atoms) and individual alkali takatoms theoretically
predicted a new artificial atom, which is similarthe new alkali metal atom.

Keywor ds. Excitons, Modified Effective Mass Method, ExcitoiBing Energy, Quantum Dots,
Excitonic Quasimolecules, Biexcitons, Spatially &gped Electrons and Holes, Superatoms

1 Introducti In most theoretical models for calculating the gger
- Introauction spectra of quasiparticles in quantum dots (QDsg th

At present, quasi-zero-dimensional semiconductoffféctive mass approximation is used, which was

nanosystems consisting of spherical semiconductdionSidered to be applicable to QDs by analogy Witk
nanocrystals, i.e., quantum dots with radiiacf1-10 nm, Single crystals [11-13]. However, the problem o th

containing cadmium sulfide and selenide, galliuseaide, aPplicability of the effective mass approximation the
germanium, silicon, and zinc selenide in their vody description of semiconductor QDs is still unsoly4€18].

synthesized in a borosilicate glass matrix, attpasticular In [14], a new modified effective mass method was

attention due to their unique photoluminescenceenies, ProPosed to describe the exciton energy spectrum in
i.e., the ability to efficiently emit light in theisible or near ~Semiconductor QDs with radii @~ 2e(aexis the exciton
infrared ranges at room temperature [1-10]. Thécabt Bohr radius in the semiconductor material contaimethe

and electro-optical properties of such quasi-zer(QD volume). It was shown that, within a model inigth

dimensional nanosystems are controlled to a laxgeneby e QD is represented as an infinitely deep paiemtell,

the energy spectrum of the spatially confined eteethole e effective mass approximation can be appliedht
pair (exciton) [4—16]. description of an exciton in QDs with radicomparable to

the exciton Bohr radius.,, assuming that the reduced
effective exciton mass is a function of the radiyg = u(a).
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In the adiabatic approximation and within the miesdif
effective mass method [14], an expression for tinelibg
energy of an exciton whose electron and hole movie
semiconductor QD volume was derived in [15]. In][XBe
effect of significantly increasing the exciton-bing
energy in cadmium selenide and sulfide QDs withi rad
comparable to the exciton Bohr radiex relative to the
exciton- binding energy in cadmium selenide andidwmil
single crystals (by factors of 7.4 and 4.5, redpelf) was
also detected.

In the experimental study [7], it was found thatess
electrons produced during interband excitation bé t
cadmium sulfide QD have a finite probability of
overcoming the potential barrier and penetrating ithe
borosilicate glass matrix into which the QD is imsed. In
experimental studies [10, 19] (as well as in [7i)gtass
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spectrum of samples containing zinc-selenide QDs,
observed under the experimental conditions of [1§],
caused by quantum confinement of the ground staegg

of the exciton with a spatially separated elect@od hole.
The effect of significantly increasing the bindiegergy of

an exciton (with a spatially separated electron lapié) in

a nanosystem containing zinc-selenide QDs in coispar
with the binding energy of an exciton in a zincesidle
single crystal (by a factor of 4.1-72.6) was detéd20 —
22].

In [10,19], a shift of the spectral peak of the {ow
temperature luminescence wasobserved also for sampl
with a QD concentrations from = 0.003 to 1%. It was
noted [10, 19] that, at such a QD content in theas,
one must take into account the interaction betweerge
carriers localized above the QD surfaces. Thereforg23,

samples with cadmium-sulfide and zinc-selenide QIDs, 24] we develop the theory of a excitonic quasimoles
was found that the electron can be localized in thébiexcitons) (formed from spatially separated etats and
polarization well near the outer QD surface, wliile hole holes) in a nanosystem that consists of ZnSe QDs
moves within the QD volume. synthesized in a borosilicate glass matrix.

In [10, 19], the optical properties of borosilicajlass
samples containing QD zinc selenide are experinignta
studied. The average radii of such QDs are indngea ~
2.0-4.8 nm. In this case, the valuesaafre comparable to
the exciton Bohr radiuge, = 3.7 nm in a ZnSe single
crystal. At low QD concentrations, when the optical
properties of the samples are mainly controlledhmse of
individual QDs in the borosilicate glass matrixshift of
the peak of the low temperature luminescence gpecto ; - TV A .
the short wavelength region (with respect to thedbgap dielectric matrix with the permittivitg;. A holeh with the

E, of the zinc selenide - single crystal) was obserdgse ~ Effective massm, moves in the (SD volume, while an
authors of [10] assumed that this shift is caused pelectrone with the effective mass, ™ lies in the matrix 1

quantum confinement of the energy spectra of theten andry, are the distances from the QD center to the electrol
and hole localized near the spherical surface @fap. In  @nd hole). Let us assume that the QD valence band i
this case, the following problem remained open: th@arab(_)hc. Let.us also assume _that there is gnmely hlgh
quantum confinement of which electron and holeestgihe ~ POtential barrier at the spherical QD — dielecimatrix
hole moving in the QD volume and the electron lzeal at interface; therefore, the holtecannot leave the QD volume
the outer spherical QD—dielectric matrix interfamethe ~2nd the electroe cannot penetrate into the QD volume in

electron and hole localized in the QD volume) caumech e model under study [20 — 22].
a shift of the luminescence spectrum peak? Thg .characterlstlc dimensions of the problem ae th
The use of semiconductor nanosystems as the actif&antities
region of nanolasers is prevented by the low bigdinergy
of the QD exciton [8, 9, 13]. Therefore, studiesedied
toward the search for nanostructures in which aifsognt
increase in the binding energy of QD excitons wolid
observed are of importance.
Currently, the theory of exciton states in quas+oz
dimensional semiconductor nanosystems has not b

2d§'?§r?telyth8t;dlsedét';}| pasrgcglrirtégoeltggﬁg e;(r‘:z';?h; a is the e_Ie_ct_ron Bohr radius in the dielectric mam'ith _
XCl wi patially sep the permittivity €1. The fact that all characteristic

quasi- zero- dimensional nanosystems. Thereforéhi&1  gimensions of the problem are significantly largfen the
study, we developed the theory of an exciton forieth  jnteratomic distances,

spatially separated electron and hole (the hol@ ishe

semiconductor QD volume, and the electron is laealiat a, a,, a,, agy >>q,
the outer spherical surface of the QD-dielectrictrina

interface) [20 — 22]. It was shown that the shaavelength

shift of the peak of the low temperature lumineseen

2. Exciton Ground - State Energy in the
Nanosystem

Let us consider the simple model of a quasi - zero
dimensional system, i.e., a neutral spherical sendaactor
QD of the radius, which contains semiconductor material
with the permittivity €2 in its volume, surrounded by a

ap=g,h% mye?, a, =e,h% pe?, a=gh¥ mPe?, (1)

wherea, and a., are the hole and exciton Bohr radii in the
semiconductor with the permittivity2, e is the elementary
charge,u= m® m, /(m®+ m, ) is the reduced effective
mass of the excitonm,® is the effective mass of an
€&fectron in the semiconductor with the permittivity and

(1a)
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allows us to consider the electron and hole motiothe
quasi - zero - dimensional nanosystem in the effechass
approximation [11-13].

We analyzed the conditions of carrier localizatiorthe
vicinity of a spherical dielectric particle of thadiusa with
the permittivity €2 in [25-27]. There the problem of the
field induced by the carrier near a dielectric jotat
immersed in a dielectric medium with the permitiivi,
was solved in a final analytical form, and analgtic
expressions for the potential energy of the intiwacf the
carrier with the spherical interface of two mediee a
presented.

Solving the Poisson equation with usual electrastat
boundary conditions

1a |r,i)|r,:a=¢(f'1 J')|r,:a

L0l og(r,
1 arl r,:a 2 arl

) @)

r'=a

the potentiakp(r’, j|r,i)| at the observation point in a
medium with the permittivity;, induced by the chargeat
the pointr in a medium with the permittivity;, can be
presented as a sum of the potentials induced byntage
point chargee'(r; |r) at the pointr :(a/r)zréij +r(1 —dij)
and the linear distribution with the densjiy(y, r) of the
image charge along a straight line passing throtigh
center of the dielectric particle with the radimsand the
charge at the poimt[25-27]:

PO I = i |+:|(f,"_'rri)j |+£1j:|:jlyf)”y§ry',rr))| )
where
=@/r?)r, €N =-B@ne, (@
pu(y.r) = Ba(@®/y) " (gay(@’/r) - y);
rp = (@%/r2)r, €(rplr)=B(a/ne,  (3b)
Poaly.1) = BL-a)@/ry)* (§a6(y - (@2/r)):;
no=r, € |r)=/pe, ®
Pra(y.1) = BA-a)(r/y)" /)8y ~1)
=1, €, |r)=-pe, (3d)
Pax(y.1) = Ba(r/y) e/r)6(r - y),
wheref(x) is the Heaviside unit-step function,
P =l = @

Using expressions (3)—(3d), the enetgy,,r,,a) of the

polarization interaction of the electron and holghwthe
spherical QD—matrix interface at the relative petimty &

energies of the interaction of the hole and electnth
self-V,,,(r.,a), Ve(re, @) and “foreign”Ven(re, rn, @), Vne(re,

rn, @) images, respectively [15,16,26- 28],

U (f,5,a€) :Vm(rh,a,£)+vsé(re,a,£)

+Vm’(r81rh!a'£)+Vhe’(revrh'a'£), )
where
e? a®
th'(rh'a'E)ZZEf'sl[az—r 2 +EJ1 (6)
h
e?p
Vee(re, ag):_Zfla 122 —a?) (7)
2 2
eB
Vis (1 .20 €) =5 R 8)
e’p a®
Vg (r.,n,a¢e)=- B!
eh(e h ) 2513. rh re_(a/rh)zrh‘ . (9)

In the studied simple model of a quasi zero dinearedi
nanostructure within the above approximations anthe

effective mass approximation using the triangular
coordinate system [14-16f¢ = |re|, rn = Irul, ¥ = [Fe — 1l
with the origin at the center of the QD, the exgito

Hamiltonian (with a spatially separated hole mowwithin
the QD volume and an electron in the dielectric ript
takes the form [20 — 22, 29 - 32]:

2 2 2_ .2, .2 2
e =y +r
H(r‘e’rh,r’a):—i(iT LZ £D67+¥EL —
2mg’ \ arg T Ore ref Or or
2 2 _y24p2 2 2 2
T L 20  morgAr? (9% ) h L 2.0,
2my, arh r, or, rLr ory,or 2,uO ar? r or

+Veh(r)+u (rev h.a, 5) +Ve(re) +Vh(rh)+ Eg ) (10)
where the first three terms are the operatorsefthctron,
hole, and exciton kinetic energlg is the band gap in the

semiconductor with the permittivity &, po

(1)mh/(m + m,) is the reduced effective mass of the
exciton (with a spatially separated hole and etegtrin the
Hamiltonian (10), the polarization interaction emetJ(re,

r, a ¢) (5) is defined by formulas (6)-(9), and the

electron—hole Coulomb interaction energyehr) is
described by the formula
1(1 1) e?
Ven(r) = =3 (; + ;) - (11)
In the exciton Hamiltonian (10), the potentials
0, m,<a
) = o 3% (12)

Ve(re) =00, L<a

= (edle1) » 1 can be presented as an algebraic sum of the
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describe the quasiparticle motion using the modélan and the binding energy of the ground state of sautvo-

infinitely deep potential well. dimensional exciton, according to (13), is writen
As the QD radiusa increases (so tha > a2, ), the o o
spherical interface of the two media (QD-matrix3gEs to Eey = —4RYex (15)

the plane(semiconductor material with the permittivity
g)—matrix interface. In this case, the exciton witke t
spatially separated electron and hole (the hole emov
within the semiconductor material and the electies in
the borosilicate glass matrix) becomes two-dimeradif20
-22].

The main contribution to the potential energy of th
Hamiltonian (10) describing exciton motion in a
nanosystem containing a large-radius QD» a2, , is
made by the electron—hole Coulomb interaction gnerg
Ver(r) (11). The energy of the hole and electron intiéoac
with self-Viw(rn, @, €) (6), Vee(rn, @) (7) and “foreign™Ven (re,

The binding energy (15) of the exciton ground siate
understood as the energy required for bound eledral
hole state decay (in the state withk 0).

To determine the ground-state energy of an exditgtmn
a spatially separated electron and hole) in a neates
containing QDs of the radiua, we use the variational
method. When choosing the variational exciton wave
function, we use an approach similar to that deyedoin
[14]. Let us write the variational radial wave ftioa of the
exciton ground - state ¢Electron state andshole state) in
the nanosystem under study in the form [20 — 22]:

rh, @) (9), Vhe(fe rn, @ (8) images make a significantly @) r \(a® -1
smaller contribution to the potential energy of the Yo (1e, 1,7, @) = Aexp (— aT) e
Hamiltonian (10). In the first approximation, this Ho Gex

contribution can be disregarded. In this case, dhly o (8=02) 1 [re=(a/rn)rulrn |rn=(a/re)?relre (16)

electron—hole Coulomb interaction energy (11) rean a2 a a? a?
the potential energy of the Hamiltonian (10) [2@2}. The
Schrodinger equation with such a Hamiltonian déssria
two-dimensional exciton with a spatially separagéettron
and hole (the electron moves within the matrix, dnel
hole lies in the semiconductor material with the
permittivity &,), whose energy spectrum takes the form [33
34]:

Here the coefficienA is determined from the condition of
normalization of the exciton wave function (16),

o] a Te+T
S, redr, [y mdry, [T Yi (e, T @)rdr = 1,

and the effective reduced exciton mag&) is the
variational parameter.

RyOy As the QD radius increases (so that>> al,), a two-
n+1/2)? (13) dimensional exciton is formed in the nanosystemis Th
) factor leads to the fact that the variational excitvave
Ry, = (&1 + &) (”O)Ry function (16) contains the Wannier—Mott two-dimemsil

e 4ele? 0 exciton wave eigenfunction [33, 34]. Furthermorge t
polynomials fromr, and ry, enter the exciton variational
wheren=0, 1, 2... is the principal quantum number of thefynction (16), which make it possible to eliminate
exciton and Ry= 13.606 eV is the Rydberg constant. Thesingularities in the functionaEs(ax(a)) in the final

E,=—

my

Bohr radius of such a two- dimensional analytical form.
exciton is described by the formula To determine the exciton ground-state ende@{a, <)
) in the nanosystem under study by the variationahotk
ald, = :}rz u:ez' (14) we write the average value of the exciton Hamikon{10)

in wave functions (16) in the form
EO (a! ”(a)) = (l/JO (rel T T, a) |H(re: T T, Cl) |lp0(re' TwT, a))
© a TetTp
= f dr, f dry, f drr v, 1y Yo(re, 1,1, @) H(ty, 1, 7, @) Yo (1, 13, 1, @)
a 0 r

(17)

The dependence of the ener@y(a) of the exciton we present the numerical solution to the equdfi@uta), a)
ground staterc=1,le=m.=0; n, = 1, Iy = mp= 0), (2, I, =0 (18) in tabulated form.
m, and ny, l,, m, are the principal, orbital, and magreti It follows from the table that the solution to tleiguation
guantum numbers of the electron and hole, resgdglion is the functionu(a) which monotonically weakly varies
the QD radiusa is calculated by minimizing the functional within the limits [20 — 22]:

Eo(a, u(®)) (17),

0.304& u(a)/m, <0.359 (19)
dEo(a.u(a)) _
o = Fw@.a) (18) 45 the QD radiua varies within the range
Without writing cumbersome expressions for thetfirs 2.0<a <29.8nm (20)

derivative of the functionadEy(a, u(a))/ou(a) =F(u(a), a),
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(mg is the electron mass in vacuum). In this case, thicalized in the QD volume) caused such a shiftthef
reduced exciton effective mag&) (19) in the nanosystem luminescence-spectrum peak remained open.
slightly differs from the effective mass of an dmai (with Comparing the exciton ground-state eneifgyd.e) — Ey)

a spatially separated hole and electrorm 0.304n,by the  (17) with the energy of the shift in the luminesoen
value f(a) — uo)luo < 0.18 when the QD radii vary within spectrum peakEl~ —-165 meV, we obtain the average zinc-
the range (20). selenide QD radiual = 4.22 nm (see the figure) [20 — 22].

Substituting the values of the variational paramete) @ The QD radiusal may be slightly overestimated, since
(19) from the table simultaneously with the coregting variational calculation of the exciton ground-statergy can
QD radii from the range (20) into the functiofig(a, u(a)) give slightly overestimated energies [33, 34]. The
(17), we obtain the exciton ground-state endtgg, ¢) (17) determined average QD radias lies within the range of the
as a function of the QD radias [20 — 22]. average radii of zinc-selenide QDs ¥ 2.0-4.8 nm), studied

The results of variational calculation of the eryeofithe  under the experimental conditions of [10, 19].
ground state of an excitdfy(a, ¢) (17) in the nanosystem
under study containing zinc-selenide QDs of théusd V8 145 645 42238 25 3¢ < aim
(20) are shown in the figure [20 — 22]. Here, tladues of 051
functionu(a) (19) and the results of variational calculation
of the exciton ground-state enerdy(a, ¢) (17) are
obtained for a nanosystem containing zinc-sele@ds,
synthesized in a borosilicate glass matrix, studiedhe
experimental works [10, 19].

In the experimental work [10], borosilicate glaasnples
doped with zinc selenide with concentrations frame=
0.003 to 1%, obtained by the sol-gel method wardiest.
According to X-ray diffraction measurements, therage
radii a of ZnSe QDs formed in the samples are within
2.0-4.8 nm.. In this case, the valuesi@fre comparable to
the exciton Bohr radius. = 3.7 nm in a zinc-selenide : . i : i :
single crystal. At low QD concentrations £ 0.003 and v o L o
0.06%), their interaction can be disregarded. Th&cal  Figure 1. Dependences of the exciton ground state-energfa(E—E, )
properties of such nanosystems are mainly conttdig  (17) (solid curve) and the binding energy of theitem ground state
the energy spectra of electrons and holes localieed the ( Ee(a, &) - E;) (21) (dashed curve) on the zinc-selenide QDusdi in
spherical surface of individual QDs synthesized tle the model of an exciton with a spatially separagésttron and hole. The
borosicate gass matix e S e o o e g

. . ,€) — - ,

In [10' 19]’ a peak in the Iow-temperature lumiregse \(/vhich the E;Iectron and hole move within the zirersde QD volume
spectrum at an energy _Eﬂ- ~2.66 eV Was observed at. the [16]. Eg = 2.823 eV is the band gap in a zinc-s&ersingle crystalE2,
temperatureT = 4.5 K in samples withx = 0.06%; this = 15296 eV (15) ancl,, = 0.573 nm (14) are, respectively, the binding
energy is lower than the band gap of a zinc-seéesidgle  energy of the ground state and the Bohr radius dfva-dimensional
crystal Eg = 2.823 eV). The shift of the peak of the low- exciton with a spatially separated electron andehol
temperature luminescence spectrum with respecthéo t o
band gap of the ZnSe single crystal to the shoxtelemgth It should be noted that the average Coulomb intierac
region isAE1 = E1 - E4) = —165 meV. The authors of [10] €NergyVen (&, €) =(o (e, 7,7, @) [Ver (1) [0 (e, 11, 7, @),
assumed that the shifAEl is caused by quantum between the electron and hole ma_unly _contnbutetrte
confinement of the energy spectra of electrons lasigs ~ ground-state energy (17) of the exciton in the sgstem
localized near the spherical surface of individQ@d@s and ~containing zinc-selenide QDs with radil comparable to
is associated with a decrease in the averageaadizinc-  the exciton Bohr radius in a zinc- selenide sirwlestal @,
selenide QDs at low concentrations £ 0.06%). In this ~ 3.7 nm). In this case, the average energy ofrttegaction
case, the problem of the quantum confinement ofchwhi of the electron and hole with self- and “foreigniages,
electron and hole states (the hole moving withiea @D
volume and the electron localized at the outer Sphle
QD-dielectric matrix interface or the electron ahdle

(Vi(ae)+Vi(ae)+V,(ag)+Vy(ag) )=

Ef(a&-E)E

Ol
faa,)—

:<l//0(re i ’r:a) |Ve‘3(I:3’a’£) +th(rh’a’£) +Vd‘l(re’ rh’a’g) +Vré(refrh ,a,g) |l//0(re7rh’ r, a)>

makes a significantly smaller contribution to thxeiton Thus, the short-wavelength shiAE1 of the low
ground-state energy (17), 0.84[V.d«(a, €) + Vin(a, €) + temperature luminescence spectrum peak is caused by
Ven(a, €) + Vie(a,8))/ (a, €)] < 0.12 [20 — 22]. renormalization of the electron—hole Coulomb int&cm

energyVer(r) (11) and also renormalization of the energy
U(re, 'n, T, &, €) (5) of the polarization interaction of the
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electron and hole with the spherical QD—-dielecinatrix
interface, which is associated with spatial confieat of
the quantization region by the QD volume. In thase; the

15

(with a spatially separated electron and hégfa, ¢) in a
nanosystem containing zinc-selenide QDs of theusalis
the solution to the radial Schrodinger equationhwat

hole moves within the QD volume, and the electrsn iHamiltonian containing, in contrast to Hamiltoni&h0),

localized at the outer spherical QD-dielectric iwatr
interface.

2.1. Binding Energy of the Exciton Ground State in the
Nanosystem

The binding energy of the ground state of an ercito

Efa.e)=E(a )= Wulrenr.a)l (Vi (ra.e)+Velr.ae)lg(r. r.r.a),

Where the term

<l//o(re’rh’ r’a)‘(VH'f(rh’aig) +Vcé(re’a’ E))‘l//o(re’rh ’ r’a)>

only the termsvpg(rern, a, €) (8) andVeu(re, fn, @, €) (9) in
the polarization interaction ener@(re, 1, a, ¢) (5), which
describe the energies of the hole and electronaictien
with “foreign” images, respectively [15, 27, 28hé8refore,
the exciton ground-state binding energyEexa, ¢) is
defined by the expression [20 — 22]:

(21)

exciton binding energy in a zinc-selenide singlgstal,
EQ, =~ -21.07 meV Starting from the QD radias aEZ) =

describes the average energy of hole and electrat.8 nm, the total energies (17) and binding eeer¢21)

interaction with self-images.

Since the average energies of the interaction ehttie
with its image and the average energies of thedat®n of
the electron with its image make contri-butions hwit
opposite signs to expression (21), they signifigant
compensate each other. Therefore, the binding iErseaf
the exciton ground statg.(a, ) (21) slightly differ from
the corresponding total energies of the excitorugdostate
Eo(a, €) (17). This difference

4= E (as)-Efas) JIE (ae)

varies withinA < 4% as QD radia vary within the range
3.84<a< 8.2 nm (see the figure) [20 — 22].

of the exciton ground state asymptotically tendh value
E2. = —1.5296 eV which characterizes the binding energ
of the ground state of a two-dimensional excitorthvwa
spatially separated electron and hole (see thedjd@0 —
22,29 -32].

The obtained values of the total enefgya, ¢) (17) of
the exciton ground state in the nanosystem satiséy
inequality

EO(a,e) - Eg«K AV (a) (23)

whereAV(a) is the potential-well depth for the QD electron.
For a large class of 1I-VI semiconductors in thgioa of
QD sizesa >al, , AV(a) = 2.3-2.5 eV [7]. Satisfaction of
condition (23), probably, makes it possible to eggrd the

The figure shows the dependences of the total gnergtect of the complex structure of the QD valeneadon

Eo(a, €) (17) and the binding enerdy.(a, ¢) (21) of the
ground state of the exciton with a spatially sefwata

the total energy (17) and the binding energy (2fl}he
exciton ground state in the nanosystem under sivign

electron and hole on the QD size for a nanosyste@eriving these quantities.

containing zinc-selenide QDs of the radaisWe can see
that bound states of electron—hole pairs arise near
spherical surface of the QD starting from the QRiaal

The effect of a significant increase in the bindergrgy
[Eex(® €)| (21) of the exciton ground state in the nanasyst
under study, according to formulas (5)—(9), (11B)£(15),

radiusazagl) ~ 3.84 nm. In this case, the hole is localized(17), (21) is controlled by two factors [20- 22, 282]: (i)

near the QD inner surface, and the electron islifmzh at
the outer spherical QD—dielectric matrix interfaS¢arting

a significant increase in the energy of the electimle
Coulomb interaction\M(r)] (11) and an increase in the

from the QD radius > a'", the electron—hole pair states energy of the interaction of the electron and hwiéh

are in the region of negative energies (counteach fitee top

“foreign” images Yer(e, i I, &, €)| (9), Vhe(fe, I, T, @, &)

of the band gaf, for a zinc-selenide single crystal), which (8) (the “dielectric enhancement” effect [34]);) (8patial

corresponds to the electron—hole bound state [20292 —
23]. In this case, the electron—hole Coulomb irdtoa
energyVey(r) (11) and the energy(re, I'n, I, &, €) (5) of the
polarization interaction of the electron and holghvthe
spherical QD—dielectric matrix interface dominateerothe
energy of quantum confinement of the electron avlé m
the nanosystem under study.
The total energyEy(a, ¢)| (17) and the binding energy

confinement of the quantization region by the QDuwte;
in this case, as the QD radiasncreases, starting from
Zagz)z 52ad, = 29.8 nm, the exciton becomes two-
dimensional with a ground- state energ§, (15) that
exceeds the exciton binding enefgy, in the zincselenide
single crystal by almost two orders of magnitude
(|E%/EY| = 72.6).

The “dielectric enhancement” effect is caused bg th

[Ee(@, )| (21) of the ground state of the exciton with & owing factor. When the matrix permittivity, is

spatially separated electron and hole increase Wit
radiusa. In the range of radii

4.0<a<29.8nm

the binding energyEl(a, ¢)| (21) of the exciton ground
state significantly (by a factor of 4.1-76.2) exdedhe

significantly smaller than the QD permittivity, the most
important role in the electron—hole interaction tine

(22) nanosystem under study is played by the field irduisy

these quasiparticles in the matrix. In this cadecteon—
hole interaction in the nanosystem appears to
significantly stronger than in an infinite semicaostbr

be
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with the permittivitye, [34]. loss of generality, we assume that the hblé&) andh (B)

In [16], in the nanosystem experimentally studiedili0], with the effective masses,, are in the QD (A) and QD (B)
an exciton model in which the electron and hole enovcenters and the electroeél) and e(2) with the effective
within the zinc-selenide QD volume is studied. @Usthe  massesn'" are localized near thepherical QD(A)and
variational method, within the modified effectiveass Qp (B) surfaces, respectively. The above assumption is
method, the dependence of the exciton ground-steegy  reasonable, since the ratio betweendffective masses of
Eo(a, ¢) on the QD radius in the range (20) was obtained the electron and hole in the nanosystem is mucHlama

in [16] (see the figure). It was shown that, as@i# radius - 16 .
increases, starting from> a, = 3.90a¥. = 1.45 nm, a bulk that unity: ((me /my) K 1). Let us assume that there is

exciton appears in the QD; its binding energy an infinitely high potential barrier at thgpherical QD —
matrix interface. Therefore, in the nanosystemesalo not
D, = — 72 _ (24) leave the QD bulk, where@tectrons do not penetrate into
2u(aly) the QDs.

L In the context of the adiabatic approximation and
is 21.07 meV g4 = 0.132n, anda, = 3.7 nm are the effective mass approximation, using the variationathod,
reduced effective mass and Bohr radius of the emcit  we obtain the total enerds (D, @) and the binding energy
the zinc selenide forming the QD volume). The bulkg (D, a) of the biexciton singlet ground state (the spins of
exciton in the QD is understood as an exciton whosge electrong(1) ande(2) are antiparallel) in such system
structure (reduced mass, Bohr radius, and bindieggy)  as functions of the spacing between the QD surfaeds
in the QD does not differ from the structure ofeasiton in  and the QD radiua [23, 24]:
an infinite semiconductor material. As the QD radau

increases g > a,), the exciton ground-state energy(a) Eo(D,a) = 2E,.(a) + E,(D, @), (25)
asymptotically follows the binding energy of thellbu o N
exciton (24) (see the figure) [20 — 22, 29 — 32]. Here,the binding energy,, (@) (17) of the ground state

Thus, using the exciton model in which an electaod  Of the exciton (formed from an electron and a fspiatially
hole move in the QD volume, it is impossible toeimpiret separated from.the electr_on) IocaI_|zed above théAQor
the mechanism of the appearance of the nanosystegP(B)) surfaceis determined by in [23, 24parameters
luminescence - spectrum peak with the shifil ~ —165 @ = (a/agy) (agx = 3,7 nm- the exciton Bohr radius in a
meV, obtained in [10, 19]. single crystal ZnSeD = (D/al,)). For the nanosystem

A comparison of the dependences of the excitonrgtou under study, the values of the binding energig¢a) are
state energ¥Eq(a) in the nanosystem [10], obtained usingca|Cu|ated in [23, 24for the experimental conditions of [10,
two - exciton models (see the figure) (the elecaod hole 19].
move within the zinc-selenide QD volume [16] (modtlel The results of variational calculation of the bimgli
the hole moves within the zinc-selenide QD volumegd energyE, (D, @) of the biexciton singlet ground state in the
the electron is localized in the boron silicatesglanatrix nanosystem of ZnSe QDs with average radiiapf=
near the QD spherical surface (model Il) allows the3,88 nm , synthesized in a borosilicate glass matrix are
following conclusion. In model I, as the QD radias shown in [23, 24]Such a nanosystem was experimentally
increases, starting fromm > a. = 14.5 nm, the exciton studied in [10, 19].In [10, 19], the borosilicate glassy
ground- state energ¥qy(a) asymptotically follows the samples doped with ZnSe to the contefrom x = 0.003 to
binding energy of the bulk excitdff, ~ —21.07 meV (24); 1% were produced by the sol-gel technique. At a QD
in model Il, as the QD radius increases, startimgnfa  content ofx = 0.06 %, one must take into account the
2aEZ) ~ 29.8 nm, the exciton ground- state energy (175nteract|0n of charge carriers localized above QP
asymptotically follows E2, = -1.5296 eV (15) surfaces.. , ~ L )
(characterizing the binding energy of the grouratesbf a The binding energy,(D,a) of the biexciton singlet
two- dimensional exciton with a spatially sep adate 970und state in the nanosystem of ZnSe ?DDS witheges
electron and hole), which is significantly loweathEg,~ —  radii ofa, = 3,88 nm has a minimum of;™(Dy,a,) ~
21.07 meV [20- 22, 29 — 32]. —4,2meV (at the spacingD; = 3,2 nm) [23, 24].

The value of Eél) corresponds to the temperatufe=
49 K). In [23, 24], it followsthat a biexciton (excitonic

3. Excitonic _QuaSmOI ecules Formed guasimolecule) is formed in the nanosystem, starftiom
from Spatially Separated Electrons a spacing between the QD surfaces bt DV =
and Holes 2,4 nm. The formation of such a excitonic quasimolecule

(biexciton) is of the threshold character and gmesonly
We consider a model nanosyst¢®8, 24 that consists in a nanosystem with QDs with average ragisuch that
of two spherical semiconductor QDsandB , synthesized the spacing between the QD surfaBegxceeds a certain
in a borosilicate glass matrix with the permitiyvi. Let  critical spacingd(™ . Moreover, the exciton quasimolecule
the QD radii bea , the spacing between tispherical QD (pjexciton) can exist only at temperatures belogegtain
surfaces be. Each QD is formed from a semiconductorcyitical temperaturel, ~ 49 K [23, 24].

material withthe permittivitye,. For simplicity, without  Ag follows from the results of variational calcitat [23,
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24], the binding energy of an exciton (formed from anThe energy spectrum of superatom (exciton of afhati
electron and a hole spatially separated from teeten) separated electrons and holes) from QD radius ac
localized above the surfaaef the QD(A) (or a QD(B)) (about 4 nm) is fully discrete [20-22,29,30]. Thicalled a
with an average radius df; = 3,88nm is E.(a;) = hydrogen- superatom. It is localized on the surfate
—54 meV . In this case the energy of the biexciton singlevalence electron QD. The energy spectrum of the
ground statef,(D,d) (25) takes the valug,(D,a) = - superatom consists of a quantum-dimension of discre
112meV. energy levels in the band gap of the dielectric rixat
From the results of variational calculation [23],2% the  Electrons in superatom localized in the vicinity tfe
biexciton (exciton quasimolecule) binding eneiyyD,a), hucleus (QD). The electrons moving in well-defirzedmic
it follows that the major contribution to the bindienergy orbitals. Serve as the nucleus of QD containingitsn
(25) is made by the average energy of the exchang@lume semiconductors and insulators. lonizatioergy
interaction of the electrong1) ande(2) with the holes (A)  superatoms take large values (of the order ofed/s),
and h (B). At the same time, the energy of CoulombWhich is almost three orders of magnitude highantthe
interaction makes a much smaller contribution oé thbinding energy of the excitons in semiconductor§-[2
biexciton binding energg, (D, @) (25). 22,29.30. _ . _
The major contribution to the exchange — interactio We brlefly discuss the possible physical and chamic
energy is made by the energy of the exchange &tteraof effects , which are relevant for the results. Im pwpo_sed
the electrone(1) with the holesh (B), as well as of the [20-22,29,30] model of a hydrogen superatom loealizn
electrone(2) with the holesh (B), as well as of the electron the surface of the QD is a valence electron. Inuasg
(2) with the holesh (A). The major contribution to the atomic structures of the outer valence _electron can
Coulomb — interaction energy is made by the enafyy Participate in a variety of physical and chemicaiqesses,
Coulomb interaction of the electrafl) with the holesh S|m_|!a_r to the atomic valenc_e_ electrons in atoniocures.
(B), as well as of the electrai(2) with the holes (A) [23, Artificial atoms have the ability to connect to ithelectron
24]. orbitals of electronsN (where N can vary from one to
As the spacingD between the QD(A) and QD(B) Several tens). At the same time, the number oftrelesN
surfaces is increased, starting fréne Dc(z) ~ 16,4 nm , can takg values of the order of a few tens or estepass
the average Coulomb - interaction energy substhntia :\t/}gn dseei(ralle/'smtjgg)tl):rsfzoc-)fzzazllsa ;g]e 'ngcs)wzevsleeszgi thOf
desreases. In addition, because of the decreashein A L
overlapping of the electron wavefunction, the agera allows to attach to the elt_actromc o_rl:_ntals offanil atoms
exchange interaction energy substantially decreasegll. N el_ec_t_r(_)ns causes a high reactivity, ‘de OPENs &ip n
As a consequence, the average Coulomb — interactigr?ss'bll.'t'es. superatoms relate_d__to their strongphm_g
energy and the average energy of the exchangedtiten properties, increasing t_he pOSS!bI|Ity of subsﬂinnter!sny
of the electrons(1) ande(2) with the holes (A) andh (8) " Photochemical reactions during catalysis andeuton,
sharply desrease in comparison with the excitordibm as_well as thelr_ ab|I|_ty to fo_rmlman?]/ hew co_mpolumdmd
energyE,, (@) (17) [23, 24], resulting in decomposition of unique proiaertles (in partlc;: ar,ft N qua;rmo (_acag
the biexciton in the nanosystem into two excitoiesnjed quasicrystals) [24,29,30]. Therefore, studies ainagda

of spatially separated electrons and holes) loedliabove theoretical prediction of the possible existenceuificial
the QD(A) and QD(B) surfaces. new atoms (not listed in the table Mendeleev) and,

apparently, in their study of the experimental dtbods are
very relevant.
4. New Super atom in theAlkali - Metal Quantum discrete states of the individual atomallcli
Atoms metals are determined by the movement of only tme,
outermost valence electron around a symmetric atonore

For the development of mesoscopic physics anffontaining the nucleus and the remaining elecjrgBs].
chemistry was essential idea superatoms (or aafiicoms) 1 the hydrogen superatom formed quantum-energgtspe
[20-22,29,30]. Superatom are nanosized quasi-atomfd discrete energy levels of the valence electrad- [
nanostructure formed from spatially separated miast <22:29:30]. Thus, the observed similarity of the csfe of
and holes (the hole in the volume of the QD and thdiscrete electronic states and |_nd_|V|<jUaI supe(atethall_
electron is localized on the outer spherical quangpt Met@l atoms, and also the similarity of their cheahi
matrix dielectric interface) [20-22,29,30]. Thisrtenology ~ activity [20-22,29,30,35].
may be correct, given the similarity of the specala M Section 4, on the basis of analogy spectrosamipy

discrete electronic states of atoms and superatandcthe electronic states of _artificial atoms and indivi_tj_laa_dkali

similarity of their chemical activity [20-22,29,30] me_tal atoms theoretically predl_cted a new artificieom,
In [20-22], in the framework of the modified effact which is similar to the new alkali metal atom.

mass method [14], developed the theory of artifiat@ams 4 1 The new Model of an Artificial Atom

formed from spatially separated electrons and h¢iete

moving in the volume of a semiconductor (diele¢t@D In [20-22,29,30] proposed a new model of an superat

and an electron localized on the outer spheric@rfiice  which is quasi — zero dimensionalnanosystem consisting

between the QD and a dielectric matrix) is depetl. of a spherical QD (nucleus superatom ) radiusnd that
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includes within its scope semiconductor ( dielejtrith a

the ground state of two-dimensional electrons in an

dielectric constant,, surrounded by a dielectric matrix artificial atom (15) [20-22].

with a dielectric constart;. A hole h with the effective
massm, moves in the QD volume, while an elect®with
the effective mass,!lies in the dielectric matrix. In such
nanostructure lowest electronic level is situatedthe
matrix and humble hole level is the volume QD. leasift
of the valence band (about 700 meV) is the loctitinaof
holes in the volume QD. Large shift of the conductband

Effect of significantly increasing the energy ofeth
ground state of an electron in superatom mainlgrdened
by two factors [20-22]: 1) a significant increase the
Coulomb interaction energy¥.1r)| (2) electron-hole (the
"dielectric enhancement” [34]); 2) the spatial Liaion on
the quantization volume QD, while with increasireglius
of a QD, since the radius of Qma > a® = 52°%, = 29.8

(about 400 meV) is a potential barrier for elecron nm superatomic becomes two-dimensional with dibin

(electrons move in the matrix and do not penetratethe
volume QD) . Coulomb interaction energy of an ettt
and a hole, and the energy of the electron polé@riza
interaction with the surface section (QD - mat(since the
permittivity €, is far superior to QD permittivity; matrix)
cause localization of the electron in the potentiall
above the surface of QD [20-22,29,30 ].

With increasing radiua QD, so that: >> 4,.° (Wherea,,’
(14 ) two-dimensional
spherical surface section (QD- matrix) transform ia
flat surface section. In this artificial atom elect localized
on the surface (QD - matrix) becomes two-dimendidna

energy of the ground state%, (15), the value of which is
almost two order exceeds the exciton binding enémgy
single crystal of zinc selenide. Effect of "dieléct
enhancement" due to the fact that when the diéectr
constante; of the matrix is much less than the dielectric
constant of QDs,, an essential role in the interaction
between the electron and the hole in the superataying
field produced by these quasi-particles in a maffitus,

Bohr radius of the electron)the interaction between the electron and the hol¢hée

superatom is significantly larger than in a semiaror
permittivity e, [34].

describing the motion of an electron in superatia,main
contribution to the energy of the Coulomb inter@ec.(r)
(11) between an electron and a hole [20-22]. Pzd#idn
interaction energy of the electron and hole witkpherical

surface section (QD - matrix) gives a much smalle

contribution to the potential energy of the Hanmilam.
Thus contribute to a first approximation can belecgd
[20-22]. In this regard, the two-dimensional elentenergy
spectruen in the artificial atom takes the form (13).
Dependence of the binding energyE.(ae) of an
electron in the ground state superatom (QD comtgiginc

selenide radiua and surrounded by a matrix of borosilicate

glass [10]), obtained in [20-22] by the variatibn@ethod,
it follows that the bound state of an electron @coaar
spherical interface (QD-matrix), starting with thalue of
the critical radius QD a > a"= 3.84 nm. When this hole
moves in a volume QD, and the electron is localiedhe
surface of the spherical section (QD - matrix)tHis case,
the Coulomb interaction energVe(r) (11) between the
electron and the hole, and the energy of the paltion
interaction of electrons and holes with a spherszaface
section (QD-matrix) prevail over the size quanitatof
the energy of electrons and holes in the artificitdm.
Thus, in [20-22] found that the occurrence of sapEn
has a threshold, and is only possible since thieisaaf QD
KT a>aY =3.84 nm.

Alkali Metal Atom

Quantum discrete states of the individual atomalldili
metals are determined by the movement of only tme,
outermost valence electron around a symmetric atonre
IEcontaining the nucleus and the remaining elecjr¢ds].

At large distances electron from the nucleus (so that>

ao, whereao = 0.053 nm - the Bohr radius of the electron in
a hydrogen atom), the field of the atomic coredsalibed
by the Coulomb field [35]:

V() = - (Ze*/n), (26)

determining the interaction of the valence electndth the
atomic core (Z - serial number of the atom in tleeigrlic
table Mendeleev). The energy spectrum of a sinigle af
an alkali metal hydrogen-described spectrum [35]:

Ry*
(n"?’

E, = Ry = = Z?% Ry,, 27
wheren * = (n +y) - effective quantum numben E 1, 2,
3, .... - the principal quantum number), the ameswy

depends on the orbital quantum numbekmendmenty in

due to the fact that the valence electron movegha
Coulomb field of the atomic core, where the nuclgzrge
is screened by core electrons. Amendmegbrrection is

determined by comparing the spectrum of (6) with it

With increasing radius od QD scan, an increase in the experimental values. The valueyo& 0, and numerically in
binding energy of the electron in the ground statéhe more closer to the atomic core suitable valeheetron

superatom. In the range of radii 4@ < 29.8 nm and
the binding energy of the electron in the groundtest
superatom significantly exceeds (in (4,1-76,2) &nte
value of the exciton binding energy’e,~ 21.07 meV in a
single crystal of zinc selenide [20-22]. Beginninith a

orbit. The number of possible orbits of the valeataetron
in a single alkali metal atom such as a hydrogematnd
[35].

The similarity of the individual series of neutrkali
metal atoms with hydrogen Balmer series suggeststlie

radius QD a >4, ? =29.8 nm, the energy of the groundenergy spectra of neutral alkali metal atoms aréeda

state of an electron in superatom asymptoticallpothe

valence electron radiation in transitions from kigkevels

valueE’%, = -1.5296 eV, which characterizes the energy ofo the level of principal quantum numbrer 2 [35].

In a single atom of an alkali metal valence elattro



Optics 2014; 3(6-1): 10-21

19

moving in the Coulomb field of the atomic core (26)quasicrystals [23,24]).

having the same functional dependence roras the
Coulomb field (11), in which the valence electrom i
hydrogen-like model of artificial atom. This leatts the
fact that the energy spectra of the valence elecinoa
single atom of an alkali metal (27) and in thefizitil atom
(13) describes the spectrum of hydrogen-type. Atdsame
time, the number of possible quantum states ofneale
electron in hydrogen-like artificial atom modeltiee same

Application of semiconductor nanoheterostructures a
the active region nanolasers prevents small exditoding
energy in QD. Therefore, studies aimed at finding
nanoheterostructures, which would be observed a
significant increase in the binding energy of tloeal
electronic states in QDs are relevant [20-22]. d&ffef
significantly increasing the energy of the electriona
hydrogen superatom [20-22,29,30] allows to detect

as the number of quantum states of discrete valenexperimentally the existence of such superatomsa@m

electron in a single atom of an alkali metal [2022230].

temperatures and will stimulate experimental stidie

The Table shows the position of the valence elactronanoheterostructures containing superatoms that bean

energy levels in individual atoms of alkali metéi§ Rb,
Sc) [35] and the new artificial atom X, as welltas level
shifts of the valence electrodK%,, AER?, AEZ) relative
to the adjacent level. Assume that the shift of ehergy
level E, artificial atom X (relative to the energy levél,
of the atom Sc) will be the same as the shift efehergy
level Er, of the atom Rb (relative energy le&). of the
atom Sc), (i.eAE:¢ = AEEP). Then the level of the valence
electron artificial atom will béex = - 593 meV. Using the
dependence of the binding enemy(a,c) of the ground
state of an electron in an artificial atom [20-2@)D
containing zinc selenide radius and surrounded by a
matrix of borosilicate glass [10]), we find thedius QD
zinc selenidea1 = 5,4 nm, which corresponds to the= -
593 meV. It should be noted that the energy lewéls
valence electron in the individual atoms of alkaéitals (K,
Rb, Sc) [35] and the new atrtificial atom X are lachin the
infrared spectrum.

Table. Position of energy levels of the valence electrosome alkali
metal atoms (K, Rb, Sc) and a new atrtificial atonh.edzel shifts of the
valence electronAEy,, AER?, AE5) relative adjacent level.

alkali metal valence electron level shiftsof the
atoms selected energy levels (meV) valence electron (meV)
K -7211

Rb -711.2 10

Sc - 652 59

X -593 59

used as the active region nanolasers working oircapt
transitions.

5. Conclusions

The theory of an exciton with a spatially separated
electron and hole is developed within the modified
effective mass method [14] in which the reduce@aife
exciton mass is a function of the semiconductor r@fius
a. The average zinc- selenide QD radius was deteahiy
comparing the dependence of the exciton grouné-stat
energy (17) on the QD radius, obtained by the tianal
method within the modified effective mass method]]1
with the experimental peak of the low-temperature
luminescence spectrum [10, 19]. It was shown that t
short-wavelength shift of the peak of the low-tenapere
luminescence spectrum of the samples containing- zin
selenide QDs, which was observed under the expatahe
conditions of [10, 19], is caused by renormalizataf the
electron—hole Coulomb interaction energy (11) asd the
energy of the polarization interaction (5) of tiectron and
hole with the spherical QD—dielectric matrix interé,
related to spatial confinement of the quantizatiegion by
the QD volume. In this case, the hole moves in @2
volume, and the electron is localized at the osférerical
QD—dielectric matrix interface [20 -.22, 29 — 32].

To apply semiconductor nanosystems containing zinc-

Thus, we proposed a new model of an artificial atomselenide QDs as the active region of lasers, reggired

which is a quasi-atomic heterostructure consistiofg
spherical QD (nucleus superatom) radiwsand which
contains in its scope, zinc selenide, surrounded atrix
of borosilicate glass (in volume QD movesole effective
mass m,, , e and the electron effective mass,? s
located in the matrix), allowed to find a new actdl atom
X (absent in the Mendeleev periodic system), whigh

that the exciton binding energ¥el(a, ¢)| (21) in the
nanosystem be on the order of sevekd at room
temperature T, (k is the Boltzmann constant) [13].
Nanosystems consisting of zinc- selenide QDs growa
borosilicate glass matrix can be used as the arggien of
semiconductor QD lasers. In the range of zinc-seée@D
radii a (22), the parameteiEd(a, ¢)/kTy| take significant

similar to a new single alkali metal atom. This newvaluesin the range from 3.1 to 56 [20 — 22, 2@}- 3

artificial atom of valence electron can participetearious
physical [20-22,29,30] and chemicals [30,35] prsess
analogous atomic valence electrons in atomic systém
particular, alkali metal atoms selected [35])
processes are unique due to the new propertiegifidial
atoms: strong oxidizing properties, increasing
possibility of substantial intensity in photocheslic
reactions during catalysis and adsorption, as agltheir
ability to form a plurality of the novel compoundgth

unique properties (in particular, the quasi-molecahd the

The effect of significantly increasing the bindiagergy
(21) of the exciton ground state in a nanosystentaining
zinc-selenide QDs with radia (22) was detected; in

_ ISuc comparison with the exciton binding energy in aczin

selenide single crystal, the increase factor is7216. [20 —

the22, 29 — 32]. It was shown that the effect of digantly

increasing the binding energy (21) of the excitoougd
state in the nanosystem under study is controliedwo
factors [20 — 22, 29 — 32]: (i) a substantial imse in the
electron—hole Coulomb interaction energy (11) amd a
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increase in the energy of the interaction of tleetedbn and  [3]
hole with “foreign” images (8), (9) (the “dieledtri
enhancement” effect [34]); (i) spatial confinemaritthe

guantization region by the QD volume; in this caa the

QD radiusa increases, starting from> agz)z 29.8 nm, the
exciton becomes two-dimensional with a ground—stat?:-,]
energy (15) that exceeds the exciton binding enéngs
zinc-selenide single crystal by almost two ordefs o
magnitude. (6]
A review devoted to the theory of excitonic quadieuale
(biexciton)(formed of spatially separated electrons and holes)
in a nanosystem that consists of ZnSe QDs synttgiva
borosilicate glass matrix is developed within tloatext of [7]
the modified effective mass approximation. Using th
variational method, we obtain the total energy dhd
binding energy of the biexciton singlet ground estisit such
system as functions of the spacing between the @laces
and the QD radius. It is established that, in aosgstem
composed of ZnSe QDs with the average radii, the
formation of a biexciton (exciton quasimolecule)oisthe
threshold character and possible in a nanosystewith the
spacing D between the QD surfaces is defined by th

conditionDc(l) <D< DC(Z) [23, 24]. Moreover, the exciton
guasimolecule (biexciton) can exist only at tempees
below a certain critical temperatufé:~ 49 K [23, 24]. It is
established that the spectral shift of the low- derature
luminescence peak [10, 19] in such a nanosystetnasto
guantum confinement of the energy of the biexcimglet
ground state.

Thus, we proposed a new model of an artificial atom
which is a quasi-atomic heterostructure consistiofg
spherical QD (nucleus superatom) radiwsand which
contains in its scope, zinc selenide, surrounded atrix
of borosilicate glass (in volume QD movesole effective
massm, , e and the electron effective masg® is located

[4]

(8]

[l
J10]

[11]

[12]

[13]

[14]

in the matrix), allowed to find a new artificial cah X [15]
(absent in the Mendeleev periodic system), whiddirslar
to a new single alkali metal atom. This new arifi@tom  [16]

of valence electron can participate in various patg20-
22,29,30] and chemicals [30,35] processes analogomﬂﬁ]
atomic valence electrons in atomic systems (iniqaer,
alkali metal atoms selected [35]) . Such processes
unique due to the new properties of artificial asostrong
oxidizing properties, increasing the possibility of
substantial intensity in photochemical reactionsirdy
catalysis and adsorption, as well as their abtlityform a
plurality of the novel compounds with unique prdjesr (in [19]

[18]

particular, the quasi-molecule and the quasicrystal
[23,24]). [20]
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