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Abstract—The optical properties of silicon dioxide and gallium arsenide nanoparticles and the four-component
particles based on them were calculated by the molecular dynamics method. The complex dielectric permittiv-
ity, infrared and Raman spectra, refractive index, and absorption coefficient of these nano particles were deter-
mined. The temperature dependences of the infrared and Raman spectra and the number of the optically active
electrons in the nanoparticles composed of a semiconductor and/or a dielectric were investigated.
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INTRODUCTION

Nanoparticles have typical colloidal properties.
The most characteristic one is the high percentage of
atoms occupying the nanoparticle surface. The surface
atoms have unsaturated bonds and, hence, can bind to
the other atoms; i.e., they have high chemical activity.
The particle size, surface condition, and interatomic
interaction specify the unique properties of nanoparti-
cles and make potential application of them in many
fields possible [1, 2].

Silicon dioxide is an essential material for technical
application. It is used in optical and fiber devices and
in microelectronics (e.g., metal-oxide semiconductor
transistors). Silicon dioxide has many crystal forms:
quartz, cristobalite, tridymite, and stishovite. But the
best-known form is amorphous silicon dioxide. This
form can be produced in the purest state. These forms
of SiO, have SiO, as a base unit, where every Si atom
is coordinated with four O atoms forming a tetrahe-
dron, and every atom of oxygen serves as a bridge
bonding two tetrahedrons. In various forms of SiO,,
the tetrahedrons are bonded in a variety of ways. This
bonds in a.-quartz and silicon dioxide are almost iden-
tical. In a-quartz the length of the bond Si—O is esti-
mated at 1.61 A and the angle Si—O—Si is estimated at
144°. In amorphous SiO, these two parameters have a
random distribution but their average values are iden-
tical to that for a-quartz. In a.-quartz, an almost per-
fect tetrahedron SiO, is stable and has only a small
deviation of the angle from 109°. In amorphous SiO,,
the Si—O—Si-bonds range from 1.55 to 1.65 A as the
angle varies from 136° to 180°.

The amorphous GaAs has good optical and elec-
tronic properties. Considerable efforts go into produc-
ing the crystal GaAs. Nano-GaAs acquires new prop-
erties, opening up fresh opportunities for technical
applications and widespread use of these materials.
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The GaAs films are deposited on various substrates,
e.g., on Si. But for practical application, in many cases
Si0, is more preferable as a substrate. For nanoparti-
cles, the SiO, coating is more commonly deposited
outside the particle. This considerably increases the
thermal stability of the nanoparticle, due to the fact
that the melting temperature of SiO, ranges from 1873
to 1998 K. The energy structure of the system InAs/
InGaAs/GaAs is considered in [3]. The process of
generating point and cluster defects both in the vol-
ume system of GaAs and in the thin films of GaAs was
investigated in [4] by the molecular dynamics method.
While irradiating GaAs with high-speed ions, most of
the defects were shown to be generated near the ions,
but the biggest cluster defects can be generated along
the route of the bombarding ions. In [5], the hetero-
structure, obtained by depositing Ge on the substrate
of GaAs, is considered as a precision material for man-
ufacturing various detectors. The optical and dielec-
tric properties of the nanoparticles of GaAs covered
with SiO, have not been investigated to date, and the

nanoparticles (Si0,), and (GaAs), with inverted
placement of components (GaAs is outside) were not
produced. The molecular dynamic calculations [6—9]
suggest that the Tersoff potential can adequately
reproduce the physical properties of a multicompo-
nent system.

Our main concern is investigating the infrared and
Raman spectra of the nanoparticles (SiO,), and
(GaAs),,, the SiO,-base being both inside and outside
the nanoparticle, and specifying the frequency depen-
dence of the refraction index n and the absorption

coefficient k of such nanoparticles in the temperature
range of 300 < 77< 1500 K.
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Tersoff potential parameters
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Parameter Silicon [8] Oxygen [8] Gallium [9] Arsenic [9]
A, eV 1803.79 1882.55 2543.2972 1571.86084
B,eV 471.195 218.787 314.45966 546.4316579
A, Al 2.4799 4.17108 2.50842747 2.384132239
Ao, A1 1.7322 2.35692 1.490824 1.7287263
R(l), A 2.5 2.7 3.4 34
R A 2.8 3.0 3.6 3.6
B 1.1 x10°° 1.1632 x 1077 0.23586237 0.00748809
n 0.78734 1.04968 3.4729041 0.60879133
h —0.59825 —0.845922 7.1459174 0.15292354
c 1.0039 x 10° 6.46921 x 10* 0.07629773 5.273131
d 16.217 4.11127 19.796474 0.75102662
% 1 1 1 1
COMPUTER MODEL x(k) (x(k) +}L(k) /2 (A~A-)l/2, B, (BB )1/2
The potential of the Tersoff type has limited abilit
b b Y R"=R-D, R®=R+D,

to reveal the differences in chemical interaction, but it
defines the chemical differences of the valency s and p
electron properties. This potential is an effective
instrument for modeling new materials. The Tersoff
potential is based on the concept of bond order. The
interatomic potential energy of two neighboring atoms
iand is written as [6]

Vy = fe (ry)| Aay exp(-2"r, ) =y Bby exp(-27r; ) |, (1)

fc(”fj)
I, r<R-D,
2
- % % [(r—R)/D] R-D<r<R+D, 2
0, r>R+ D,

where b is the many-particle parameter of bond order
(3), specifying the creation of bonding energy (the
attractive part of V) in the case of local atom distribu-
tion in the presence of other neighboring atoms
(k-atoms). The potential energy is a many-particle
function of positions of the atoms 7, j, and &, and it is

influenced by the parameters

by =(1+2)) ", 3)
ch ,, ﬁg( qk)exp|:7“3(u 1k)3:| 4)
ki,

ay=(1+amy) "™, ©6)
Ny = Z fc( )eXP[M( 1k)3:|a 7
ki,

R = (R(”R(”)l/z RY = (R<2>R(2))‘/2
where & is the effective coordination number; g(0) is
the function of the angle between r; and r;,, that stabi-

lizes the tetrahedral structure; A4 and o are set equal to
Zero.

The potential defined by Egs. (1)—(7) is differenti-
ated from the corresponding potential of the single-
component system [7] by introducing one additional
parameter x. This parameter amplifies or attenuates
the heteropolar bonds with respect to the value
obtained by simple interpolation. Thus, the “chemis-
try” is involved in this parameter or it is taken into
account on choosing the interpolation formula. Here,
xi = 1 and y; = ;;, so only one independent parame-
ter is required for a pair of two atom types. The param-
eter B in Eq. (4) is involved for getting additional
flexibility, which is typical for the pair made up of the
atoms of essentially different types.

The parameters of the Tersoff potentials for silicon,
oxygen, gallium, and arsenic are tabulated in the table
[8, 9]. Here, the deficiently physically justified param-
eter y; is assumed equal to one. The procedure of
adjusting parameters with using the original Tersoff
potential is presented in [10]. The Tersoff potential is
well transferable for the bond orbitals; the parameters
fitted for sp*-hybridization can be used for the descrip-
tion of interaction in the materials with sp>-hybridiza-
tion [11].

The initial configurations of nanoparticles were
made by cutting the spheres and spherical layers out of
the crystal of GaAs with the structure of zinc blende
and the crystal of a.-quartz. The previously built crys-

HIGH TEMPERATURE Vol. 51  No.

1 2013



TEMPERATURE CHANGES OF THE OPTICAL PROPERTIES 99

tal of GaAs was specified by the parameter of the cubic
lattice: @ = 0.5653 nm [12]. The packing of SiO,-tetra-
hedrons for obtaining the crystal of a-quartz with the
parameters a, b = 0.5082 nm, ¢ = 0.55278 nm [7] was
generated by the program-generator of mineral crystal
structures GRINSP [13]. The four-component parti-
cle was built by surrounding a sphere consisting of one
type of base units by a layer of the other atomic units.
In order to obtain the nanoparticles of the first type, a
sphere of SiO, was inserted into the spherical layer of
GaA:s, aligning their centers. Producing the nanopar-
ticle of the second type included analogous attach-
ment of the sphere of GaAs to the spherical layer of
SiO,. In both cases, in the region of interfacing the
sphere and the layer surrounding it, the base units of
the spherical layer, the atoms of which were closer to
any atom of the sphere than a certain selected value r,,,,
were removed. As a result, after assembling the nano-
particles, the minimal spacing between the atoms of
different types ranged between 0.33 and 0.36 nm. The
required quantity of base units of each type remained
outside in the vicinity, while the atoms located farther
than the others from the center of mass of the created
nanoparticle were removed. Finally, depending on its
composition, the nanoparticle contained 86 base units
of Si0,, or 129 base units of GaAs, or 50 base units of
SiO, and 54 base units of GaAs. In other words, in
every case the nanoparticle was generated from
258 atoms. The calculation of physical properties was
performed by the classical molecular-dynamic ensem-
ble representing the special case of a microcanonical
ensemble. Integration of the equations of motion was
performed by the Runge—Kutta method of the 4th
order with the time step Ar=10~'¢s. In the preliminary
stage of calculation with duration of 100000A¢, the
correction of the velocities of atoms was performed in
order to balance the systems at a given temperature.
The major calculation was made without any correc-
tion and lasted for 10° time steps. The molecular-
dynamic (MD) calculations for every nanoparticle,
I1(Si0,)g6, II (GaAs),y9, (Si0;)50(GaAs)s, with inte-
rior (III) and surface (IV) placement of SiO,, were
performed for three temperature values (300, 900, and
1500 K). The configurations of the nanoparticles, pro-
duced at low temperatures, were used in the calcula-
tions at higher temperatures.

DIELECTRIC PROPERTIES

The calculation of the dielectric properties of the
nanoparticles of silicon dioxide and gallium arsenide
and the four-component particles based on them dif-
fers from the calculation of the corresponding charac-
teristics of oxygen- and ozone-containing water clus-

ters in the presence of the ions (Brf and NO;) [14—

17]. The water or ozone (oxygen) molecule invariant
in composition acts as a base unit for the water sys-
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tems. Each molecule has its own electrical character-

istics: permanent dipole moment d”"

a ), and calculated induced dipole moment d™. The

compositionally stable molecules can be found neither
in silicon dioxide nor in gallium arsenide nor in the
nanoparticle based on them. Consequently, in this

case the exact characteristics of molecules (4™, a.'”,

, polarizability

and di"d) cannot be used for calculating the dielectric
properties of nanoparticles. But the presence of cova-
lent bonds in SiO, and GaAs or their combination

(S5i0,),(GaAs),, makes it possible to isolate the local
units from some atom, surrounded by any other atoms
of a nanoparticle, at each instant of time. The number
of neighbors of every atom is chosen according to the
assumed parameters of the interaction potential and
does not exceed four, as a rule. The experimental val-
ues of polarizability were taken as 3.75, 0.793, 8.1, and
4.3 A3 [18] for the atoms of Si, O, Ga, and As, respec-
tively. The permanent dipole moments of these atoms
were assumed equal to zero. Considering the individual

characteristics of atoms d°;,, and o?)  one can deter-

mine the effective values of these quantities and d™ for
the local groups of atoms. Precisely these effective char-
acteristics of the local groups of atoms were used for cal-
culating the dielectric properties of the nanoparticles
(Si03)g6, (GaAs) 9, and (Si0;)5o(GaAs)s,.

The dielectric permittivity &(w) as a frequency ®
function was presented by the complex value () =
€'(w) — ie"(»), For determining this value, the follow-
ing equation was used [14, 15]:

Ew -1 = —Iexp(—i(ot)ﬁdt =1l-im Jexp(—icot)F(t)dt,
gy —1 ; dt :

where g is the static dielectric permittivity, F(?) is the
normalized autocorrelation function of the total
dipole moment of a nanoparticle:

(M) - M(0))

()

F@) =
where

N
M) = d, )
Jj=1
is the sum of the total dipole moments of the atoms.

Calculating the values d; = d%" + dij"d, for each atom,
only those neighbors that interacted with this atom
according to the potentials in use were taken into

account.

The Raman and infrared (IR) spectra of nanopar-
ticles were calculated by the autocorrelation functions
of fluctuations of the polarizability and dipole

moment, respectively. The dipole moment d, and
polarizability a; of i-th atom are formed due to the
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interaction with the surrounding atoms, and as a
result, we get [16, 17]

d,=dy+0,) T,
J#i
(8)
o; =0+ a,»,OZTUaj,
J#i
where d,, and @, are the dipole moment and polariz-
ability gained by an atom i before interaction with the

renewed (as a result of temperature motion) surround-
ings.

Here, T is the tensor of dipole—dipole interaction
T, = (3, -1
y = (38 - 1),
3]
where r; is the unit vector having the directionr, —r;, 1,

and r; are the positions of the centers of atoms / and /,
and 1 is the unit tensor of rank 3 x 3. The system of
equations (8) was solved by the iteration method.

The scattering cross section of infrared emission
was defined by the equation [19]

2 ho T o
o(w) = ( Jmth Re| |dte™" (M(1) - M(0)) |,
(2k T) (;[

€,chm

where n is the refractive index independent of fre-
quency, €, is the dielectric permittivity of a vacuum,
and c is the speed of light.

The scattered light frequencies are combinations of
the exciting light frequency and the vibrational and
rotational frequencies of molecules. The Raman scat-
tering spectrum consists of the system of satellites,
symmetrical with frequency ® with respect to the
exciting line. The satellite with frequency ® — o, (red,
or Stokes, satellite) corresponds to the satellite with
frequency o + ; (violet, or anti-Stokes, satellite).
The Raman spectra arise in the transition of a mole-
cule from the unexited vibrational state, specified by
the vibrational quantum number v = 0, into the exited
vibrational state with v = 1, 2, etc. Thus, measuring
the frequencies of Raman scattering lines, one can
determine the frequencies of natural (or normal)
oscillations of a molecule, which appear in the Raman
spectrum. At ordinary temperatures, the Stokes lines
are much more intensive than the anti-Stokes lines
because most of the molecules are in an unexcited
state; as the temperature increases, the intensity of
anti-Stokes lines rises due to partial thermal filling of
excited vibrational states. The intensity of the Stokes
satellites almost does not depend on temperature. The
frequencies o' = ® — o, and o' = ® + ®,;, which do
not depend on the incident light frequency, character-
ize the matter composition and structure. The number
of satellites also depends on the scattering material. In
the case of Stokes Raman scattering, the relationship
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between the energies of the incident and scattered
photons takes the form

o' =ho - ho,,
and in the case of anti-Stokes Raman scattering
o' =ho+ ho,,

the term 71w, is the energy of an excited vibrational (or
rotational) state of a molecule. In the Raman spectra,
there are the overtones defined by the condition Av > 1.
Disregarding anharmonicity, these overtones are com-
binations of the exciting frequency and the frequencies
multiple of o, (2o, 3wy, etc.).

The light being depolarized, the Raman spectrum
is defined by the following equation [19]:

J(w)

= i M Re Jae™ (1. 011..0) |
L~ 0
where

N

o = [o,0~(a,)}
Jj=1

oy is the exciting laser frequency, I'l,, is the xz-compo-
nent of I'l(7), and the axis x is directed along the dipole
of the group of directly interacting atoms (atom j and
the neighbors interacting with it).

The refraction index n and the absorption coeffi-
cient § are defined by the equations [20]

N 12 "2 ' 12 "2
g +Ve' +¢ £ = —<€'"+Ve' +¢
2 ’ \ 2

The coefficient & determines the rate of wave
attenuation as it propagates in the medium.

The total number of electrons #,, interacting with the
external electromagnetic field in a unit volume of the
nanoparticle is defined by the following equation [20]:

ny = % Ima"(oo)dw,

2ne
0

where e and m are the electron charge and mass.

RESULTS

The configurations of four nanoparticles obtained
at 7= 1500 K after 10° time steps are presented in Fig. 1.
The island of oxygen atoms appeared in the top piece
of nanoparticle (Si0,)g at the surface. The surface of
nanoparticle (GaAs),,, is slightly disordered. The
four-component nanoparticle with the core of SiO,
still remains sufficiently compact, but the delamina-
tion of atoms Ga and As is observed at the surface. The
nanoparticle with inverted arrangement of the SiO,-
component at the surface is characterized by the most
loose, heterogeneous structure. In the dense central
part of this nanoparticle, the bigger atoms of As dom-
inate at the surface. The partially delaminated shell of

HIGH TEMPERATURE Vol. 51 No. 1 2013
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Fig. 1. Configurations of nanoparticles. (a) (SiO,)gs; (b) (GaAs)|,g; (€), (d) (Si0;)50(GaAs)sy: (c) SiO, inside, (d) SiO, outside

the nanoparticle. The coordinates of atoms are given in A.

Si0O, is unequal in thickness and does not cover the
GaAs core completely. The base units of SiO, do not
all persist. In the surface region there are single atoms
of Si and O and the base units, which are not con-
nected to the frame: SiO, SiO,, and SiO,.

Let us consider the general properties of the nano-
particles at the temperature of 300 K, at which the
spectral characteristics of GaAs and SiO, films and
crystals are usually obtained. In most of the frequency
range, the functions €'(®) and €''(®) are increasing; i.e.,
the dielectric response is enhanced with the increase
in the outer radiation frequency (Fig. 2). For the nano-
particles (SiO,)s,(GaAs)s, of like composition but
with different component placement (/, I1I; 2, IV), the
behavior of the frequency dependence of the real €'
and imaginary €" components of the dielectric permit-
tivity at 7' = 300 K is rather identical. The values of
function €'(w) for nanoparticles I1I and IV are enclosed
by the experimentally obtained values of the corre-
sponding functions for amorphous SiO, (curve 3) [21]
and the crystal of GaAs with the structure of zinc

HIGH TEMPERATURE Vol. 51 No. 1 2013

blende (curve 4) [22]. At high frequencies the smooth-
ing of oscillations of function €"(®) for particle 1II is
observed.

The infrared absorption spectra of nanoparticles
IIT and IV essentially differ in their intensity (/, I11, 2,
IV, Fig. 3). The intensity of the infrared spectra of the
nanoparticles under consideration is mostly caused by
oscillations of atoms along the ion-covalent Si—O
bonds. The locations of the peaks, which can be recog-
nized for particle IV in the second, more high-fre-
quency half of the spectrum o(w), coincide with the
ones for particle III. The experimental infrared spec-
trum of the GaAs film [23] has fundamental peaks in
the low-frequency half of the range under consider-
ation (0 <® < 1600 cm™"), and the major peak of the
infrared spectrum of o-quartz [24] is located in the
second (more high-frequency) half of this band.

In Fig. 4 are shown the infrared absorption spectra
of nanoparticles I1I and IV, smoothed by the polyno-
mial of the ninth degree and calculated for three tem-
peratures. For nanoparticle I11 with the SiO,-core, the
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Fig. 2. The frequency dependence of real (a) and imagi-
nary (b) components of dielectric permittivity for nano-
particles (SiO;)s50(GaAs)sy: 1, 111; 2, IV; 3, amorphous
Si0O,, experiment [21]; 4, crystal GaAs, experiment [22].

intensity of o(w)-spectra [, decreases as the temper-
ature rises (Fig. 4a). The relationship between the val-

c(m), a.u.

ues of /,,, for temperatures 300, 900, and 1500 K is
1:0.85:0.49. Temperature variation does not lead to
shifting of the fundamental peak (on 1380 cm™') of the
o(m)-spectra. The decrease in the infrared spectrum
intensity with increasing temperature is caused by
intensification of attenuation of the autocorrelation
function of the total dipole moment. The faster atten-
uation of this function at high temperature is provided
both by decreasing the value of M| and faster change
of the vector M direction. But the continuity of
decreasing the o(w)-spectrum intensity with increas-
ing temperature is broken in the case of nanoparticle
IV with external placement of the SiO, component.
This is due to the weak impact of the GaAs-core on the
outer shell of SiO, at 7= 300 K. At 900 K the loose
structure of SiO, consolidates because the atoms of Si
and O approach the GaAs core consisting of heavier
atoms. As this takes place, the distance between Si and
O atoms reduces. This amplifies the Si- and O-atom
oscillations. As a result, the o(m)-spectrum intensity
significantly increases. As temperature further rises
(up to 1500 K), the nanoparticle with a more homog-
enous structure behaves naturally: the infrared spec-
trum intensity decreases due to reducing the correla-
tion time of the total dipole moment. The relationship

between the /,,, values for nanoparticle IV when pass-
ing from 300 K to 900 and 1500 K'is 1 : 1.80 : 0.76.

The anti-Stokes Raman spectra J(w) for nanopar-
ticles 111 and IV essentially differ from each other not
in intensity but in the number and location of peaks. In
the frequency range being studied, there are observed
five Raman shifts (peaks at o > 0) for nanoparticle IV
and four distinguished frequency shifts for particle I11
(Fig. 5). The experimental Raman spectrum of GaAs

BTSN SVRN M

1000

Fig. 3. The infrared absorption spectra for various systems: /, nanoparticle I1I; 2, nanoparticle IV, 3, amorphous gallium, exper-

iment [23]; 4, a-quartz, experiment [24].
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film at 7= 300 K (curve 3) was obtained up to o <
700 cm~! and had two fundamental bands on the fre-
quencies of ~60 and 230 cm~! [23]. These bands char-
acterize the acoustic and optical vibrational modes of
amorphous GaAs,respectively. One should note that
the band 245 cm™!, which is likely to be caused by the
optical mode of crystal GaAs, is present in the Raman
spectrum of nanoparticle IV. The Raman spectrum of
nanoparticle IV differs significantly from the corre-
sponding spectrum of nanoparticle II1. Recall that in
this case GaAs in the nanoparticle is a compact nanoc-
rystal. The peak with weak intensity on o = 1450 cm™! in
the J(w)-spectrum of nanoparticle III can be consid-
ered as an overtone of the second mode (422 cm™') to
a precision of 13%. The fundamental peaks of the
Raman spectrum of a.-quartz (curve 4) [24] and molten
quartz (curve 5) [25] are located at the frequencies of 437
and 463 cm™!, respectively, which is in good agreement
with the location of the Raman shift on 422 cm™' for
nanoparticle III with the center of the monolithic
nanoparticle of SiO,.

The temperature distinctions of the anti-Stokes
Raman spectra of nanoparticles III and I'V are obvious
from Fig. 6. For both nanoparticles, the Raman spec-
trum intensity considerably increases as the tempera-
ture rises. This is due to retarding the attenuation of
the autocorrelation function of fluctuations of atomic
polarizability. As the temperature rises, the polariz-
ability deviation from the mean and the correlation
time of these functions increase. The first peak of the
J(w)-spectrum of nanoparticles IIT and IV at 7= 300 K
is located in the range of 30 < ® <600 cm™'. At 7' =
1500 K the first peak of nanoparticle IV keeps its loca-
tion, while for nanoparticle III this peak has a blue
shift by ~60 cm~'. In [26] the Raman peak at the fre-
quency of 47 cm~! was generated due to the buffer
layer of GaAs, obtained by the low-temperature
molecular beam epitaxy. Such a low oscillation fre-
quency was assigned to the presence of point defects
(vacancies and interstitial atoms). Such defects can be
generated, for example, as a result of excess of arsenic
atoms and deficiency of gallium atoms. The intensity
ratio (J @k / J 3%)0,() of the second peaks of J(w)-spec-
trum is 134.78 for nanoparticle 1II and 11.44 for nano-
particle IV. The location of the second peak (422 cm™!) of
J(w)-spectrum of nanoparticle I1I does not change as
the temperature rises (Fig. 6a). However, the third
peak has a red shift by 18 cm~' at 1500 K. Peaks 2—5 of
the J(w)-spectrum of particle IV do not shift under
heating from 300 to 1500 K (Fig. 6b). The more dense
SiO,-structure of nanoparticle II1 as compared with
the structure of nanoparticle IV leads to shifting of the
Raman spectrum peaks towards higher frequencies.
Not all the distinct peaks in the J(w)-spectra, obtained
at 1500 K for nanoparticles I1I and IV, can reflect the
fundamental frequencies of normal oscillations of
atoms. For example, in the Raman spectrum of nano-
particle I1I, the third and fourth peaks can reflect the
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Fig. 4. The smoothed infrared absorption spectra for nano-
particles (Si0,)5y(GaAs)s4 with SiO,-core (a) and GaAs-
core (b) at temperatures of 7, 300 K; 2, 900 K; 3, 1500 K.

J(w), a.u.

Fig. 5. The Raman spectra for various systems: /, nanopar-
ticle I1I; 2, nanoparticle 1V, 3, amorphous gallium, exper-
iment [23]; 4, a-quartz, experiment [24]; 5, molten
quartz, experiment [25].

overtones of the representative frequency, defined by
the second peak, to a locating accuracy of 4.3 and
0.3%, respectively. In the J(w)-spectrum of nanopar-
ticle IV, the fifth peak can be determined accurate to
6.9% as an overtone of the third peak frequency.

The frequency dependences of the refraction index
1 and the absorption coefficient k of nanoparticles 111
and IV are of the same type (Fig. 7). But the oscilla-
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Fig. 6. The anti-Stokes spectra of Raman scattering for
nanoparticles (SiO,)5o(GaAs)s4 with SiO,-core (a) and
GaAs-core (b) at temperatures of 7, 300 K; 2, 1500 K.

tions of the n(w) and k(w) functions are usually phase-
shifted. The experimental values of the refraction
index n of crystal GaAs [27] (line 3) and amorphous
silicon dioxide SiO, [28] (line 4) in the frequency
range of 700 to 1500 cm~' form a band where the index
n values for nanoparticles I1I and IV lie. The high-fre-
quency oscillation of the k() function for nanoparti-

10 3 4 L B T

ny, 1017 1/cm?
()]

Fig. 8. The number of optically active electrons in nano-
particles: 7, I11; 2, IV; 3, 1; 4, 11.
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Fig. 7. The frequency dependence of refraction index
(a) and absorption coefficient (b) for various systems:
1, nanoparticle III; 2, nanoparticle IV, 3, crystal GaAs,
experiment [27]; 4, amorphous SiO,, experiment [28].

cle III has a lower amplitude but longer duration than
the analogous feature for nanoparticle IV.

The number of electrons 7, involved in creating opti-
cal effects decreases as the nanoparticles heat (Fig. 8).

Nanoparticle III (curve /) has higher values of n,, than
nanoparticle IV. This is due to the location of Ga
atoms near the nanoparticle surface. However, as the
temperature rises, the difference in #,, values for nano-
particles III and IV smoothes and at 7' = 1500 K it
almost disappears. The number of optically active
electrons is distinctly higher for the GaAs nanoparticle
and lower for SiO, particle than for four-component
nanoparticles. Nanoparticle I1 has a descending con-
vex plot n,(T) and nanoparticle I has a concave plot
like four-component nanoparticles.

CONCLUSIONS

Progress in the synthesis of high-quality nanomate-
rials makes it possible to investigate one of the most
fundamental issues concerning the influence of the
size, structure, and surface of nanoparticles on their
dynamic properties including the infrared and Raman
spectra. Such investigations are necessary to gain bet-
ter understanding of the basic physics of controlling
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the parameters of nanoparticles in order to get the
required dynamic properties, including the cases of
thermal and mechanical load of nanoobjects.

In this paper the basic optical properties of two-
and four-component nanoparticles of silicon dioxide
and gallium arsenide at temperatures of 300 to 1500 K
were studied. The integral intensity of the infrared
absorption spectra of four-component nanoparticles
decreases as temperature rises. But the structural
relaxation of the SiO,-coating of the GaAs-core can
result in increasing the intensity of this part of the
infrared spectrum despite the temperature rise. The
shape of Raman spectra for these particles also
depends strongly on the way the GaAs- and SiO,-
components are located in the nanoparticle. Increas-
ing the temperature of (SiO,);,(GaAs)s,-nanoparti-
cles causes a significant rise in the intensity of the anti-
Stokes part of the Raman spectrum. Heating the
nanoparticles to 1500 K does not lead to the shift of
J(w)-spectrum peaks for the nanoparticle with SiO,-
coating, while the odd J(w)-spectrum peaks for the
nanoparticle with the SiO,-core shift in opposite
directions. The refractive index and absorption coeffi-
cient depend weakly on the arrangement of the con-
ductor (GaAs) and isolator (SiO,) in the nanoparticle.
The number of optically active electrons is also barely
sensitive to the spatial inversion of a semiconductor
and isolator in the nanoparticle formed from gallium
arsenide and silicon dioxide.

Thus, using molecular-dynamic modeling, one can
predict the significant optical properties of semicon-
ductor particles having widespread application.
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