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Abstract: The influence of a homogeneous magnetic field s electron states localized over the surface of an
ellipsoidal semiconductor (dielectric) nanopartiblethe electrostatic image forces is studied theally. The effects of
the resonant interaction of light with such locialcgron states in presence and in absence of adgmmeous magnetic field
are investigated.
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d . dimensional nanosystem was used, in which the dondi
1. Introduction of localization of charge carriers in the suburbsgherical
and magneto-optical] [2 dielectric (se_miconductor or metal) ngnopa_rticl_e reve
analyzed. This model was a neutral dielectric dpher
nanoparticle witha radius andes, permittivity, surrounded
by a medium withe; permittivity, and quasiparticle with
charge, moving either in the medium with permittivity
and m, effective mass near the interface or withp
effective mass inside the spherical nanoparticlethia
medium withe, permittivity. In making so, in [6-13] an
electrostatic task has been solved in the finallyéinal
form about a field induced by the nanoparticleaghdius,
&nd analytical expressions have been found forrjzatézon
interaction energyW (r, @) (wherer — the distance of the
charge carrier from the center of spherical nartapeay.
Polarization interactiot) (r, @) of the charge carrier with
a spherical interface (nanoparticle - medium) ddpdnon

electron states both in absence and in presenctheof - s
homogeneous magnetic field were investigated ferfilst (e relative permittivity values(= ei/e;). For the charge
carriers moving near the dielectric nanopartichere are

time. A new optical and a magneto-optical methofls o SV - MIsIEL _
diagnostics of nanostructures, allowing determématof two possibilities: 1) polarization interactidh(r, a) leads to

dispersion degree of nanostructures were proposed. attraction of the charge carrier to the surface tioé
nanoparticle (fore < 1 - to the outer surface of the

nanoparticle, ife > 1 - to the inner surface of the

Optical [1], electro-optical
properties of nanostructures consisting of nanapest
with sizesa ~ 1-1¢ nm, synthesized in semiconductor,
dielectric and metallic matrices are currently unde
intensive investigation. Studies are caused byfahethat
such nanostructures are the new promising nanoiziatéy
create new elements of nanooptoelectronics (iniqoéet,
as an active area of semiconductor injection naeota[3],
as well as new, high absorptive nanomaterials J4,5]

In this paper one theoretically investigates thHfeuénce
of a homogeneous magnetic field on electron stat
localized by electrostatic image forces over thdase of
ellipsoidal germanium nanopatrticle placed in vacutifme
effects of resonant interaction of light with sutdtal

2. Local Electron States over nanoparticle), and respectively to formation of thater
EIIipsoidaII Interface of Didlectric surface states [6-9] and the inner surface stétes [L0]; 2)
Media when ¢ < 1, polarization interactiolJ (r, a) causes

repulsion of the charge carrier from inner surfadethe

In works [6-13] a simple model of quasi_zero_dielectric nanoparticle and rise in its volume bé tbulk
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local states [6, 7, 11-13]. different from each other (i.e; << ¢,). As shown in [6-13],
In [6-13], in particular, it was shown that withalease for free ¢; < &,, the functional form of the polarization
in a a dimensional quantum effect occurs, which preventinteraction energyU (r, a) providing attraction of the
localization of the charge carrier on the suffitiersmall  charge carrier to the outer surface of the nanmbart
dielectric nanoparticles. The least critical radiysf the depends weakly on the relative permittivitythat affects

nanoparticle to appear a local state only b ) value Q).
, o One also assumes that the surface of the dielectric
a. b =6|p|" a,”s @) nanoparticle has high potential barrier o, preventing

enetration of the charge carrier in the bulk of th
anoparticle. As shown by calculations [14], tharde in
parameters of such barrier in a wide range hate litt
@ _ e’ influence on the binding energy of the local statethe
@ = (2) charge carrier.

One is limited only the case when the electron is
is the Bohr radius of the charge carrier in the inmedwith ~ localized by electrostatic |mage forces at smadtatices

was close tad® value - the average distance of the charg%
carrier localized over the flat interface in thegnd state
[6-13] . In formula (1)

&, permittivity ( = 1, 2), and the parameter from the interface (i.eZ = b — its average distance to
the interface, which is S|gnificantly less than the
p =) (3) characteristic radiu®, of curvature of the nanoparticle
(B2 +e1) ° surface)

The ability to use the expressidnh(r, a) describing the e
polarization interaction energy of the charge earsvith §=(2/Ro) €1, Ro~Ry(15), Ry(rs), ®)
the spherical interface (nanoparticle - mediumjawied in  \whereRr,(r;) - the principal radii of curvature atsurface

[6-13] in the framework of macroscopic electrostican point of the ellipsoidal nanoparticle. When coruiti(5) is
be justified if the local electron states emergimghe field  fulfilled, the polarization interaction energy dfet electron

U (r, @) will have macroscopic character, for which moving over the outer ellipsoidal surface of the
. nanoparticle, in the basic approximation, takesfdinn [1-
a=b®»a,, (4) 5]:
(whereay distance being an order of interatomic size [7,8]) 2
Up(z) = =25 (6)
A 0y

Formula (6) describes the potential energy of
electrostatic image forces of the electron localinger the
flat interface between two dielectric media [15].

SincelU,(z) (5) does not depend on the positionr,of
point on the surface of nanoparticle, the nanoglarti
surface curvature correction (up 44 terms) toU,(z) (6)

& was obtained in [16]:

%, Uy(z,15) = (Ber)eH (1)In|z H(1y)| - )

In (7), the value

H(r) = (1/2)[Ri'(rs) + R7* ()], (®)

is the mean surface curvature of the nanopartitig; n
point. U, (z,,) correction (7) is the main part determining
the electron motion along the nanoparticle surface.

' , , o , , ) One writes the Schrddinger equation describing the
Fig 1. Schematic representation of the ellipsoidal nanaplar (with semi- o jactron motion over the outer ellipsoidal surfadethe
axes(ay, a,, az)) with &, permittivity placed in the medium with . .
permittivity. nanoparticle in such form

Consider a simple quasi-zero-dimensional nanosystem —Z—AlP(r) +[Uy(2) + Ui (2, )W (r) =E¥(r). (9)
the neutral dielectric ellipsoidal nanoparticletiwa, < a, <
a; semiaxes) withe, permittivity, surrounded by the  When condition (4) of the Schrodinger equation i)
medium with &; permittivity, and the electron (witle fulfilled, the electron motion can be divided ontbe
charge) moving in the medium with, with m. effective  motion perpendicular to the nanoparticle surfacd tre
mass, near the interface (nanoparticle - mediurig. (. motion along the surface of the nanoparticle. Thies
For simplicity one considers here, without losgieferality, Wave function of the electrdf(r) and its energy spectrum
the case where permittivities of adjacent media\amg E one writes in the following form:
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Y1) = % @D¥) (10) —%Azwm) +Um)Y (1) = EY, (14)
E=E,+E. (11) 8
— 2 >
As the wave functiony,(z) describing the electron UG = (?1)9 () Inlz H(ro)l,

motion perpendicular to the nanoparticle surface, mkes
the wave function of Coulomb type [6-8], that cliaesizes WhereA,(r;) - two-dimensional Laplace operator on the
the ground state of the electron localized over flae  surfacef, - the energy of the electron moving along the
interface between two dielectric media. At the saime  surface of the nanoparticle.
the energy spectrum of the ground state of thetreleds The Schrodinger equation (14) describes the mation
described by Coulomb spectrum [6-8]: quasi-two-dimensional electron in the field of efestatic
image forces over the outer ellipsoidal surface thod

Ey = —Ry. /16 ; Ry, = (18h% / m,(b")? . (12) nanoparticle. Its solution is the electron energgctrum

that is described by the energy spectrum of theoamipic

One assumes the curvature of the nanoparticle cgurfa . . .
P two-dimensional oscillator:

smooth enough so that

(nynz) _ 1 1
bél) & Ry ~ (ay, ay ) - (13) E; = hw, (nl + 2) + hw, (n2 + 2), (15)
Averaging the Schrodinger equation (9)Agnd taking Where the principal quantum numbeis= 0, 1, 2 ... anah,
into account the explicit form of the functigg(z), in the =0, 1, 2 ... In formula (15) the frequencies andw, are
basic approximation [16] one obtains: determined by the followmg expressions:
s (st S\ [ (L £ 1)].3-1/2. g-1. (Roe
Wi = s%s%( s§) (1 + 35%) In [2 (s§ + s%)] 3 6 ( h ) ’ (16)
— s (-5 Y[z (L +1)].3-1/2. g-1. (Roe
Wz = sgsf( sg>(1+3sg)l"[z(sg+sf>] 3720671 (B)], (17)

where s, = (al/bél)), Sy = (az/bgl)), S3 = (a3/b§1)) . oscillator in the homogeneous magnetic fieldofntensity.
(w;/w,) ratio characterizes the field anisotropy degree of? (20) the value

electrostatic image forces. 1/2
. . = 21
It should be noted that the electron is localizedrna be = (ch/eH)™, (1)

pole of the largest curvature of the ellipsoidahoarticle is the characteristic size of electron localizatimea (in the

(i.e., near 3 axis) (Fig. 1) . ground state) in the homogeneous magnetic field{of
intensity (wherec — the speed of light in vacuum).
- : Equation (20) was solved in [16] by moving to theuFer
3. L_Ocal Electron Statesin Magnetlc representation by, followed by diagonalization of the
Field dynamical matrix. The frequencies

One directs the homogeneous magnetic field Hof
intensity along the normal to the ellipsoidal suefaof the 12 = (1/2)[(w1 +@2)% + W2 £ [(0; = w2)? + WF]Y/2
nanoparticle at, point. Rotate the local coordinate system (22)
atr, point so that a vector potential chosen in usoainf

, o obtained in [16] determine the electron energy spet
A(—%,,0,0) in the area of electron localization should

satisfy the gauge conditioAn = 0 (wheren(r,) — the Emym, = h4 (m1 + l) + hQ, (mz + l), (23)
normal to the surface of the nanoparticle;gioint) with 2 2
precision up to the terms (wherem; =0, 1, 2 ... andn, = 0, 1, 2 ... - the magnetic

guantum numbers), and the cyclotron frequengyis

(Li/Ro) < 1. (18) determined by an expression
In inequality (18); (i = 1, 2) are defined by expressions: w, = (eH/m,c) (24)
c e .
Ly = (W?/meg)"*, g; = mew} . (19) Thus, the energy spectrum of transverse motiorhef t

electron (in the plane perpendicular to the magnféid
direction®), is described by the energy spectrum of the
anisotropic two-dimensional oscillator (22), (28)preover
the frequency ratiqQ,/Q,) characterizes the oscillator

h: (.8 vy 2 9% 1 2 P anisotropy degree. Anharmonic parts discarded in
2me [( ) ]q/ *3 (912" + goy*)¥ = E¥, (20) derivation of equation (20) give nonequidistantreotions

i _
ax 1% ay?
to the energy levels (22)-(hQ(1/R,)) m? [16].

In [16], with precision up to the terms of (18) erdfor
the wave functio? (r,) of the electron the equation

was obtained describing the anisotropic two-dinamesi
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4. Comparison of Theory with 20 meV(220 K)).
E . t It should be noted that the dependence of spectrum
Xperimen E™™)(q, a,a;) (15) on the nanoparticle sizes

The behavior of nanosystem was studied experimgntal(a;, a;, a;) enables to select nanoinhomogeneities in the
[17], representing an ellipsoidal CdSe nanopart{gith ~ nanosystems to be studied by laser spectroscopyontet
semi-axesy, = 1.2 nm; a, = 1.6 nm; a; = 2 nm), placed When
in vacuum, in the homogeneous magnetic field 7of o
intensity. For such nanosystem, the ground stategg, lye < be

of transverse motion of the electron, accordindotonula the magnetic field ofif intensity deforms the electron

(_12)’ (f;’:\kes the valugko| z 0.85eV, a”F’_ the value states localized over the outer surface of thepsaidal
Z = b, =~ 0.32nm. The fulfillment of conditions (4) and panoparticle (near 3 axis, Fig. 1) by the elecatisimage
(13) allows the energy spectrum of the electroralieed  forces. In [8] it was shown that the local statdstte

by the electrostatic image forces over the outefasa of electron in polarization fieldJ,(z) (5) occurred, in the
the ellipsoidal nanoparticle to be described by thgyround state, with a mean radius

anisotropic two-dimensional oscillator spectrum)(%5th

(27)

ho, = 19.7 meV (=~ 220K) and hw, = 12.67 meV (~ 7= (as +5,8,b"). (28)
141 K) frequencies respectively equal téw, =
19.7 meV (= 220 K) andhw, = 12.67 meV (= 141 K) . To estimate the intensiti(, of the strong magnetic field,

The simplest methods of detection and investigatibn in condition (27) one replacg$" by the valuer (28). As a
the local electron states considered here in na@b@s¥s result, one obtains the value of intensity of theorgy
may be studying the effects of resonant interactiblight ~ magnetic field
with such electron states. If the distance betwkeal .

Cc
levels of the electrog™™?) (q,, a,, a,) (15) He =72 (29)
MBS = BT (a4, 0, 05) — S (a3, 05,05) < KT, (25)  starting from that, whefit > 3, , the local electron states
to be studied deform (in the plane perpendiculathi
(wherek — the Boltzmann constant), then such localizednagnetic field directiorf' ). In making so, the local
states in the nanosystems will be slightly broadené electron states acquire a kind of "needle" form.the

temperature§ < 141 K [9]. nanosystem to be studied by us, the valfje=~ 1.06-
For those nanosystems in which the binding enefgy 010° Gs, and the corresponding value of cyclotron freqyenc

the local electron statesé”lr”z)(al,az,%) (15) satisfies according to  formula  (24), is equal to

the condition (24), their investigations are possin the —w? = 5.13 meV (57 K).

processes of absorption (and emission) in tramsitigith Let us investigate the peculiarities of resonatararction

frequencies of light with the local electron states in the metn field.

For this one writes the expressions, taking intooaat

formulas (22), (23), that describe the transiticegfiencies

(ayazas)-E""(ay,a,03) (26)  of local electron statefs), andhQ, in the magnetic field
h ’ of H intensity:

arranged in the infrared spectrum arga (w;, w;) =

! !
o (nl,nz)
(ny.nz) (ay,ay, az) = Eg

(n1nz2)

2 1/2 2 1/2
hQ, (7€) = %{[(hml +hoy)? + (1) :}[2] + [(hml — hwy)? + () 7{2] } (30)
2 1/2 2 1/2
hQ, (7€) = %{[(hml + hoy)? + (1) 7{2] - [(hml — hwy)? + () 5}[2] } . (31)
One studies the behavior of local electron statethé

magnetic field with its intensitg being in the range (e/m,c)3

[ heoe ]2 = «1
(hwy +hw,)] — [(hoy + hoy)
.10-2 34
5-1072H, < H < 10K, (32) hoe P [ (e/mec)it T » (34)
For the magnetic fields with intensities (hooy — hay) (hooy — hosz) '
5-1072H, < H < H,, (33) the transition frequencigs; andhQ, (as follows from
decomposition of (30) and (31) by the smallness
to fulfil the conditions parameters (33), with precision up to the secodémparts)

are weakly dependent on the magnetic field intgrigit
(Fig. 2):
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hQ, = [1+ (e/mc)H /w,] hw,,

hQ, = hw,.

For the strong magnetic fields with intensities

(35) frequencies of transitions (30) and (31) over aewidnge
(38) in the infrared spectrum area by changifigalue in

(36) the interval (32).
The observed features of local electron statescaged
with the dependence of their binding energies @) (23)

H, < H < 10H,, (37)

" . the
the transition frequencieshQ, (#¢) and AQ, (¥) ,

according to formulas (30) and (30), depend #6nin

essentially nonlinear manner (Fig. 2).

In changing the magnetic field intensitg in the interval
(32), the transition frequenci&s), () (30) andhQ, (H)

(31) vary smoothly, respectively, in the interviiigy. 2):

on the size$a,, a,, a;) of the nanoparticles, as well as on

magnetic field intensityf, may be interesting for

developing new methods of optical and magneto-aptic
control of the dispersion degree of nanostructurfgse

development of such new methods may be of particula
interest to control the nucleation of a new phase i
electromagnetic,
multicomponent materials containing metal, semicumhor

radiation or thermal effects on

and insulator [1-5].

(19.7 me\K hQ, <53.7 meV); (4.65 me¥ hQ), <12.7

meV), (38)

arranged in the infrared spectrum area. The accofint References

unharmonicity leads to split of the two resonanced
(hQq (3) and hQ, (K)) onto N~[1 + (kT/hQ; (3))]

peaks equidistant bxQ, (7) and AQ, (¥) respectively
(wherei = 1, 2) [16].
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Fig 2. Transition frequencies, () (30) andhn, (H) (31) as a [11]
function of magnetic field intensi#fy. Curves 1 and 2 correspond to the
frequencies of the transitiond, (30) and 0, (31) respectively. [12]

Magnetic field intensityi is measured in gauss (Gs), and the transition [13]
frequencies — in meV.
[14]

5. Conclusion [15]

Thus, the dependencies of the transition frequencie
hQ, (F) (30) andhQ, (H) (31) between the levels (23) of
the local electron states on the magnetic fieldrisityH [16]
in resonant absorption (and emission) of light e t [17]
nanosystem to be studied allow purposefully varg th
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