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Abstract: The theory of superatom (or artificial atom) fornfeain spatially separated electrons and holes (imaleing
in the volume of a semiconductor (dielectric) quamtdot and an electron localized on the outer sphlemterface
between the quantum dot and a dielectric matrixeieloped. Predicted a new hydrogen - artificiairg which is similar
to the new alkali - metal atom.
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containing in its volume semiconductors and ingukat
lonization energy superatoms take large valueth@brder

For the development of mesoscopic physics anfl 2-5 €V ), which is almost three orders of magpet

chemistry was essential idea superatoms (or aafifitcoms) Nigher than the binding energy of the excitons in
[1-4]. Superatom are nanosized quasi-atomic namgsie  Semiconductors [1,2,4]. _ _ _
formed from spatially separated electrons and hétles We brlefly discuss the possible physical and chamic
hole in the volume of the quantum dot (QD) and ih&ffects , which are relevant for the results. Im p_mposed
electron is localized on the outer spherical quantiot [1:2/4] model of a hydrogen superatom localized tioa

matrix dielectric interface) [1-4]. This terminolpgnay be Surface of the QD is a valence electron. In a gatsnic
correct, given the similarity of the spectra of cdége structures of the outer valence electron can pjdtie in a

electronic states of atoms and superatomic and tiY&@riety of physical and chemical processes, sinigathe
similarity of their chemical activity [1-4]. atomic valence electrons in atomic structures. fiidil

In [1,2], in the framework of the modified effeatimass atoms have the ability to connect to their electoobitals

method [3], developed the theory of artificial agformed of electronaN (whereN can vary from one to several tens).

from spatially separated electrons and holes (hweing At the same time, the number of electrddscan take
in the volume of a semiconductor (dielectric) QDd am values of the order of a few tens or even surpasserial
electron localized on the outer spherical interfacaween Numbers of all the known elements of Mendeleewseta

the QD and a dielectric matrix) is developed. Thergy [1:24]- This new effect that allows to attach toet
spectrum of superatom (exciton of spatially searat e!ectronlc _0_rb|tals of artificial atomN ele_ct_r_o_ns causes a
electrons and holes) from QD radiai ac (about 4 nm) is Nigh reactivity, and opens up new possibilitiesesapoms
fully discrete [1,2,4]. This is called a hydrogemperatom. 'elated to their strong oxidizing properties, ir=@g the

It is localized on the surface of a valence elec®D. The POssibility of substantial intensity in photocheatic
energy spectrum of the superatom consists of atgman rea_u_:tlons during catalysis and adsorption, as_wlthe_w
dimension of discrete energy levels in the band gfaipe  2Pility o form many new compounds with unique
dielectric matrix. Electrons in superatom localizedthe ~Properties (in particular, the —quasi-molecule ~and
vicinity of the nucleus (QD). The electrons movingvell-  duasicrystals) [4,5,6]. Therefore, studies aimed aat
defined atomic orbitals. Serve as the nucleus of Qﬂweorencal prediction of the possible existenceuificial

1. Introduction
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new atoms (not listed in the table Mendeleev) and,arge shift of the valence band (about 700 meVjhis
apparently, in their study of the experimental gbods are localization of holes in the volume QD. Large shuftthe
very relevant. conduction band (about 400 meV) is a potentialibafor
Quantum discrete states of the individual atomalkdli  electrons (electrons move in the matrix and do not
metals are determined by the movement of only ¢ime, penetrate into the volume QD). Coulomb interacgaergy
outermost valence electron around a symmetric atcotie  of an electron and a hole, and the energy of thetrn
(containing the nucleus and the remaining elecjrpfisin  polarization interaction with the surface sectid@D( -
the hydrogen superatom formed quantum-energy spe€tr matrix) (since the permittivity, is far superior to QD
discrete energy levels of the valence electron4].,Zhus, permittivity e; matrix) cause localization of the electron in
the observed similarity of the spectra of disceltztronic the potential well above the surface of QD [1,2].

states and individual superatoms alkali metal atoamsi With increasing radiua QD, so that >> a,.”, (where
also the similarity of their chemical activity [1427]. ,
In the present communication, on the basis of ayalo o _ 26& N
x L— (1)

spectroscopy of electronic states of artificial nasoand
individual alkali metal atoms theoretically predidta new
artificial atom, which is similar to the new alkaiietal two-dimensional Bohr radius of the electran-(electron
atom. charge, o= m,.Pm, /(m®+m,) — reduced mass of the
electron-hole pair (of spatially separated electind hole)),
. spherical surface section (QD- matrix) transfornis & flat
2.The NGW M_Odel of an Superatom In surface section. In this artificial atom electroedlized on
Quasiatomic Nanoheterostructures the surface (QD - matrix) becomes two-dimensiotmathis
case, the potential energy in the Hamiltonian desy the

21
+E €

P s motion of an electron in superatom, the main cbaotron
A e to the energy of the Coulomb interaction between an
P RN electron and a hole [1,2]:
AN
7 \\ 5
/ 1(1 1 \e
\ Veh(”*z(sl*ez}r- @

4 | (wherer - distance of the electron from the center QD).
| | Polarization interaction energy of the electron drale
| i with a spherical surface section (QD - matrix) gieemuch
¥ / smaller contribution to the potential energy of the
Y / Hamiltonian. Thus contribute to a first approxinatican
< / be neglected [1,2]. In this regard, the two-dimenal
“ g s electron energy spectrum in the artificial atometakhe
~ e form [1,2]:

0 2

Fig 1. New model of an superatom, which is quasi — zesimensional (n + (]/2))2 ' Agle? m,
nanosystem consisting of a spherical QD (nucleyeom ) radius a
gpd thgt includes within its scope se'mlcon'ductadl'e{lec'trlc) W.Ith.a wheren = 0,12 - the principal quantum number of the
ielectric constant;,, surrounded by a dielectric matrix with a dieléctr o
constantzs. A hole h with the effective mass moves in the QD center, ©l€ctron,Ry, = 13.606 eV - Rydberg constant. The binding
while an electron e with the effective mas@ties in the dielectric matrix. energy of the ground state of the two-dimensiofedtson,
according to (3), is given by:
In [1,2,4] proposed a new model of an superatonichvh

is quasi — zero -dimensionalnanosystem consisting of a ng = —4R)£X . 4)
spherical QD (nucleus superatom ) radiasand that
includes within its scope semiconductor ( dielegtvith a Under the binding energy (4) refers to the electron

dielectric constant,, surrounded by a dielectric matrix ground state energy required for the decay of thend
with a dielectric constant;. A hole h with the effective state of an electron and a hole (in the state mitiD).

massm, moves in the QD volume, while an elect®with Dependence of the binding enemy(a,c) of an electron
the effective mase,Plies in the dielectric matrix. In such in the ground state superatom (QD containing zalersde
nanostructure lowest electronic level is situatedthe radiusa and surrounded by a matrix of borosilicate glass
matrix and humble hole level is the volume QD. Hue [8]), obtained in [1,2] by the variational methatfollows
sake of simplicity, while not losing generality, wean that the bound state of an electron occur nearrighe
assume that the hole occurs at the QD center (geelr interface (QD-matrix), starting with the value bétcritical
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radius QDa > aY = 3.84 nm. When this hole moves in a

volume QD, and the electron is localized on thdasar of
the spherical section (QD - matrix). In this caske

Coulomb interaction energ¥e(r) (2) between the electron

and the hole, and the energy of the polarizatideratction
of electrons and holes with a spherical surfacé@e¢QD-
matrix) prevail over the size quantization of theergy of
electrons and holes in the artificial atom. Thus,[1,2]
found that the occurrence of superatom has a tbieisand
is only possible since the radius of Q¥ a > ¢,V = 3.84
nm.

With increasing radius of QD scan, an increase in the
binding energy of the electron in the ground stat
superatom. In the range of radii £& <29.8 nm and the
binding energy of the electron in the ground stat

superatom significantly exceeds (in (4,1-76,2) sjnthe

value of the exciton binding enerd@fe,~ 21.07 meV in a

single crystal of zinc selenide [1,2]. Beginningttwia

radius QDa > ¢.? = 29.8 nm, the energy of the ground

state of an electron in superatom asymptoticallp¥othe

value E%, = -1.5296 eV, which characterizes the energy
in an

the ground state of two-dimensional electrons
artificial atom (4) [1,2].

Effect of significantly increasing the energy ofeth

ground state of an electron in superatom mainlgrigined
by two factors [1,2]: 1) a significant increase the

Coulomb interaction energper(r)| (2) electron-hole (the

"dielectric enhancement” [9]); 2) the spatial liation on
the quantization volume QD, while with increasiraglius
of a QD, since the radius of QB> a.® = 523%, = 29.8 nm

superatomic becomes two-dimensional with a bindin
energy of the ground stai,, (4), the value of which is

almost two order exceeds the exciton binding enémgy
single crystal of zinc selenide. Effect of "dielict

enhancement"” due to the fact that when the diétectr
constantg; of the matrix is much less than the dielectric
constant of QDsg,, an essential role in the interaction

between the electron and the hole in the superataging
field produced by these quasi-particles in a maffilus,
the interaction between the electron and the hol¢hée
superatom is significantly larger than in a semégior
permittivity €, [9].

3. New Model Artificial Atom, which is
Similar to a New Single Alkali Metal
Atom

Quantum discrete states of the individual atomallcdli
metals are determined by the movement of only tme,
outermost valence electron around a symmetric atcone
(containing the nucleus and the remaining elecjrf#is At
large distances electron from the nucleus (so thiat> ao,

V(r) = — (Ze?/r), (5)

determining the interaction of the valence electndi the
atomic core (Z - serial number of the atom in tleeigdic
table Mendeleev). The energy spectrum of a singlm af
an alkali metal hydrogen-described spectrum [7]:

- _Ry
Fn = =

Ry * = Z? Ry,, (6)
wheren * = (n +y) - effective quantum numben € 1, 2,
3, .... - the principal quantum number), the amesulry
depends on the orbital quantum numbekmendmenty in
ue to the fact that the valence electron moveshan
oulomb field of the atomic core, where the nuclgzarge

és screened by core electrons. Amendmebrrection is

determined by comparing the spectrum of (6) with
experimental values. The valueyo& 0, and numerically in
the more closer to the atomic core suitable valeheetron
orbit. The number of possible orbits of the valeataztron

in a single alkali metal atom such as a hydrogematand

o1

The similarity of the individual series of neutrakali
metal atoms with hydrogen Balmer series suggeststiie
energy spectra of neutral alkali metal atoms aeda
valence electron radiation in transitions from legkevels
to the level of principal quantum numbes 2 [7]

In a single atom of an alkali metal valence elettro
moving in the Coulomb field of the atomic core (Bving
the same functional dependenceroas the Coulomb field
(2), in which the valence electron in hydrogen-likedel

@f artificial atom. This leads to the fact that theergy

pectra of the valence electron in a single atomnodlkali
metal (6) and in the artificial atom (3) describtd®
spectrum of hydrogen-type. At the same time, theber
of possible quantum states of valence electroryérdgen-
like artificial atom model is the same as the numbk
quantum states of discrete valence electron inglesatom
of an alkali metal [1,2,4,7].

The Table 1 shows the position of the valence elact
energy levels in individual atoms of alkali meté§ Rb,
Sc) [7] and the new artificial atom X, as well &g tlevel
shifts of the valence electrod Ky, , AER?, AEE€) relative
to the adjacent level. Assume that the shift of ¢nergy
level E, artificial atom X (relative to the energy levgl. of
the atom Sc) will be the same as the shift of thergy
level Eg, of the atom Rb (relative energy levgl, of the
atom Sc), (i.ES¢ = AEEP). Then the level of the valence
electron artificial atom will béex = - 593 meV. Using the
dependence of the binding enerfy(a,e) of the ground
state of an electron in an artificial atom [1,2] OQ
containing zinc selenide radius and surrounded by a
matrix of borosilicate glass [8]), we find the rasliQD zinc
selenideal = 5,4 nm, which corresponds to tBe = - 593
meV. It should be noted that the energy levels vélence

whereao = 0.053 nm - the Bohr radius of the electron in alectron in the individual atoms of alkali metats Rb, Sc)

hydrogen atom), the field of the atomic core isctiégd by
the Coulomb field [7]:

[7] and the new artificial atom X are located ie finfrared
spectrum.
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Table 1. Position of energy levels of the valence electrorsame alkali

metal atoms (K, Rb, Sc) and a new artificial atomL&vel shifts of the

valence electronAEy,, AER?, AES°) relative adjacent level.

alkali metal valence electron level shifts of the valence
atoms selected energy levels (meV) electron (meV)

K -721.1

Rb -711.2 10

Sc - 652 59

X -593 59

4. Conclusions

Thus, we proposed a new model of an artificial aton{Z]

which is a quasi-atomic heterostructure consistioig
spherical QD (nucleus superatom) radiasand 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
in the matrix), allowed to find a new artificial cath X
(absent in the Mendeleev periodic system), whicinslar
to a new single alkali metal atom. This new aiiifi@tom
of valence electron can participate in various patd1-6,

8, 10] and chemicals [4,6] processes analogous iatom

valence electrons in atomic systems (in particuddkali
metal atoms selected [7]) . Such processes arai@rdge
to the new properties of artificial atoms: strongdiing
properties, increasing the possibility of substlrititensity
in photochemical reactions during catalysis andgat®n,
as well as their ability to form a plurality of theovel
compounds with unique properties (in particulag, tjuasi-
molecule and the quasicrystals [4-6] ).

Application of semiconductor nanoheterostructurss

the active region nanolasers prevents small exditoding
energy in QD [1-3]. Therefore, studies aimed atifig
nanoheterostructures,
significant increase in the binding energy of ttual
electronic states in QDs are relevant [1-3]. Effedt
significantly increasing the energy of the electriona
hydrogen superatom [1,2,4] allows to detect expenitally
the existence of such superatoms at room tempesaaund

48]

which would be observed

will stimulate experimental studies nanoheterostngs
containing superatoms that can be used as thesaetion
nanolasers working on optical transitions.
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