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RESONANT OPTICAL PHENOMENA
IN METALLIC DUMBBELL-SHAPED NANOPARTICLES.
EQUIVALENT-SPHEROID APPROACH

Ezpressions for the diagonal components of the Q-factor, local electric field enhancement, and
polarizability tensors, as well as the absorption, scattering, and extinction cross-sections have
been obtained for metallic dumbbell-shaped nanoparticles in the classical approximation. The
equivalent-spheroid approach is used to develop an analytic theory. The calculation results for
the indicated optical characteristics are obtained for dumbbell-shaped nanoparticles of vari-
ous sizes and materials. The influence of the particle’s effective aspect ratio on the frequency
dependences of the studied optical characteristics has been analyzed. The feasibility of using
dumbbell-shaped nanoparticles with small aspect ratios in nanomedicine and as optical high-Q
resonators has been shown.
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1. Introduction

Metallic nanoparticles, especially those made of noble
metals, are important due to their extraordinary ef-
ficiency as light absorbers and scatterers. These phe-
nomena are explained as a result of collective oscilla-
tions of conduction electrons excited near the metal
surface by light with a certain frequency [1]. The op-
tical properties of metallic nanoparticles, in particu-
lar axisymmetric ones, find applications in micro- and
optoelectronics [2,3], biomedical imaging [2,4-6], sur-
face plasmon resonance sensors [7, 8], and catalysis.
It is known that the size and shape of nanostruc-
tures significantly affect their optical properties [9-
11]. In particular, in works [12-21] it was found that
the nanoparticle shape substantially influences the
frequency dependences of the absorption and scat-
tering cross-sections of light by non-spherical metallic
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nanoparticles, and such characteristics as optical con-
ductivity, polarizability, and relaxation rate are diag-
onal tensors of the second rank. Due to the morpholo-
gical dependence of the optical properties of nanopar-
ticles, the control over their shape and size is the focus
of many studies. Various methods are used to obtain
axisymmetric metallic nanoparticles, including elec-
trochemical deposition on solid templates [22], elec-
trochemical synthesis in solutions [9, 23|, photochem-
ical synthesis [23], and wet chemical synthesis [24].
The interest in the practical use of rod-shaped na-
nostructures of plasmonic metals is based on the fact
that their optoelectronic properties can be comtrolled
within a wide range — from the visible region to the
near infrared one — by varying the aspect ratio of
the particles [17-21], their crystallinity, and their en-
vironment in the colloidal solution. For example, a
modification of the end part of nanorods can lead to
a shift of the longitudinal surface plasmon resonance
by up to 100 nm [25]. In addition, chemicals adsorbed
on the nanorod surface exhibit surface-enhanced Ra-
man scattering (SERS) owing to the interaction of
surface plasmons with the molecular electronic states
via photoexcitation [24, 26]. Axisymmetric particles
of noble metals, which are shaped like dumbbells,
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Fig. 1. Geometry of the problem

bones, and “phi” figure, constitute an important class
of nanostructures, because they are candidates for ap-
plication in nanomedicine; in particular, for the pho-
tothermal therapy of malignant neoplasms [27].

Dumbbell-shaped nanoparticles of plasmonic met-
als can be synthesized making use of several methods
[25,28-30]. Some of them are almost identical to the
methods for synthesizing nanorods. As a result, the fi-
nal size and shape of the particles depend on the time
intervals of the key synthesis steps [25,30]. The struc-
ture of axisymmetric particles was studied in works
[31,32]. Interestingly, the side faces were found to dif-
fer from the faces near the nanorod tips: the latter
have a higher refractive index (i.e., they have a higher
energy and form a more open structure) than the for-
mer [25, 30-32]. Regions with a higher refractive in-
dex can grow faster than the nanorod side surfaces so
that dumbbell-shaped particles can be formed with a
high probability under proper synthesis conditions. In
those works, it was also shown that the overall ap-
pearance of the spectral profiles of colloidal dumbbell-
shaped particles is quite similar to that of colloidal
nanorods; however, the formation of spherical ends
induces a red shift of the transverse and longitudinal
localized surface plasmon resonances [25].

In works [33-35], optical effects in gold dumbbell-
shaped nanoparticles coated with silver were studied,
and it was shown that gold dumbbells can assem-
ble into multi-particle structures due to steric hin-
drance effects. In the cited works, it was also found
that dumbbell-shaped nanoparticles tend to couple
with one another, in contrast to their arrangement
in nanorods. Such configurations of dumbbell-shaped
nanoparticles should demonstrate interesting optical
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properties, such as the mode hybridization and the
emergence of hot spots and high-mobility plasmon
peaks.

However, before studying the optical properties of
assemblies of dumbbell-shaped nanoparticles, it is
necessary to analyze the properties of individual par-
ticles. Therefore, the study of the optical properties
of single dumbbell-shaped nanoparticles is a challeng-
ing task.

2. Basic Relationships
2.1. Formulation of the problem

Let a metallic nanoscale dumbbell-shaped particle be
located in a dielectric medium with the permeability
ém (Fig. 1). The optical properties of such a nanopar-
ticle can be described using the equivalent-spheroid
approach [18,19, 21, 36]; for the objects under study,
a prolate spheroid is relevant. Therefore, the relation-
ship for the diagonal components of the polarizability
tensor has the same form as for a spheroidal nanopar-
ticle,

LD (W) — €m

em + L) [V (@) = €]

; (1)

o) (w) =

where V' is the particle volume, £ (| are the spheroid
depolarization factors, and the diagonal components
of the permittivity tensor of the nanoparticle material
are

OJ2

0 @) = e - ®)
w (w + iVeg )>

Here, ¢>* is the summand describing the contribu-
tion of the ionic core, w, = +/e*n./ (eem*) is the
plasma frequency, n. is the concentration of conduc-
tion electrons, m* is the effective electron mass, ¢j is
the electric constant, and diagonal components of the
effective relaxation rate tensor are

ijf(u) = vpune + 75D + ’leafil‘); (3)

where vk = const is the bulk relaxation rate, and
the diagonal components of the surface relaxation, s,
and radiative damping, V4, rate tensors are
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In formulas (4)—(7), ¢ is the speed of light, vp is
the Fermi velocity of electrons, £, () are the effective
lengths of the transverse (1) and longitudinal (]|) fre
e paths of electrons, and F | () (¢er) are the following
size-dependent functions for a prolate spheroid [18]:
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where 0. is the effective aspect ratio; its relationship
with the sizes of dumbbell-shaped nanoparticle will
be obtained below.

The dependences of the depolarization factors on
the effective aspect ratio are as follows [18,19]:
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2.2. Effective aspect ratio

Before proceeding to derive the expressions for the
effective aspect ratio and the effective electron mean
free paths, let us make an important remark. Unlike
other axisymmetric nanoparticles (cylinders, sphero-
cylinders, disks), dumbbell-shaped particles are char-
acterized by three geometric parameters: the radius
R of the spherical part, as well as the length [ and the
base radius 7 of the cylindrical part. In addition, the
masses of the parts of the dumbbell-shaped nanopar-
ticle can be different. All those circumstances make it
impossible to directly apply the equivalent-spheroid
approach.

Therefore, let us consider such dumbbell-shaped
nanoparticles, where the masses of the spherical and
cylindrical parts are identical. Consequently, the vo-
lumes of the indicated parts are also the same.
Whence the radius of the spherical part of a dum-
bbell-shaped nanoparticle is

R=7{ §7“21.

- (12)

According to the ideology of the equivalent-
spheroid approach, the effective aspect ratio is de-
termined from the equality condition for the ratios
between the axial moments of inertia of a dumbbell-
shaped particle and a prolate spheroid. Therefore, let
us find the corresponding moments of inertia for the
dumbbell-shaped (db) nanoparticle with respect to
the axis coinciding with the axis of the cylindrical
part and the axis perpendicular to it and passing
through the center of mass of the particle,

2 4
7db — ™ %50
: m<2+5R’
3r2 412 2, [l >
RASELELESRY) s - .
124—@R+Q+@

For an equivalent prolate spheroid (ps
sponding quantities look like

(13)

= (14)

), the corre-

2
= gme, (15)
S 1 2 2
I = Fm (a® 4+ b%). (16)

Hence, the ratio between the axial moments of inertia
is as follows:
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e for an equivalent prolate spheroid,

Ips 1 1
o 4= 17
I 202 + 2’ (17)
where g = b/a is the effective aspect ratio;

e for a dumbbell-shaped nanoparticle with regard
for Eq. (12)],

Ids
-1 (18)
where
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£+ 100
and o =r/l.
Equating expressions (17) and (18), we obtain
1
= 20
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2.3. Effective electron mean free paths

The transverse (L) and longitudinal (||) effective elec-
tron mean free paths are as follows:
e for a prolate spheroid,

EH = 2a, fj_ = Qb; (21)
e for a dumbbell-shaped nanoparticle,
L =1+4R,
2R, £ € (0, 2R)U (2R +1, 4R +1);
| 2n ¢ € (2R, 1 +2R),
or taking relationship (12) into account,
EH =[4+4 ¥ %T%,
3 3 3 3 2
2 4lf|€<,\/4'r‘l'u
313 3/3
£, =qU (2 Er2l—|—l,4 -r2l+1); (22)
3
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2.4. Extinction cross-section,
Q-factor tensors, and field enhancement

As is known, the measured optical characteristic of
metallic nanoparticles of various shapes is the extinc-
tion cross-section [37]
CYext = Cabs + Csca7 (23)

where the absorption cross-section Cl,p,s and the scat-
tering cross-section Cy., are determined by the for-

mulas
Wy/€m 2
Cabs = Im(-a; + o ), (24)
3 3
wte2 (2 5 1 2
Coca = 6rch <3|O‘L + §|Oé”’ ) (25)

Important for practical applications of metallic
nanoparticles are such optical characteristics as the
field enhancement G and the @Q-factor. Due to the
absence of spherical symmetry and the presence of
axial symmetry in dumbbell-shaped particles, the in-
dicated characteristics are diagonal tensors of the sec-
ond rank,

G, 0 0 Q. 0 0
G = (0 g1 0) Q:(O QL 0). (26)
0 0 Q” 0 0 QH

It is well known that effects associated with the di-
rection along the larger nanoparticle size (for exam-
ple, the widespread use of the longitudinal surface
plasmon resonance in axisymmetric nanoparticles of
various shapes) are of dominant (prevailing) impor-
tance. Therefore, it is interesting, first of all, to study
the frequency dependences of the longitudinal com-
ponents of the field enhancement and Q-factor ten-
sors. So, let us write down the relationships for those
components,

B el (w)
i P (1 = L)) ém 27
Q=35 Im(:n( J dw - [Red @) (28)

Using expression (2), formula (28) can be rewritten
in the form

w2

P
e (2 +202)
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where
e 2K
Lo T (30)
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In what follows, we will use relationships (1), (23),
(27), and (29) in view of expressions (2)—(11), (20)—
(22). (24), (25), (30), and (31).

3. Calculation Results and Their Discussion

The calculations are performed for dumbbell-shaped
nanoparticles made of various metals and having var-
ious sizes, which were located in Teflon (e, = 2.3).
The metal parameters required for calculations are
quoted in Table 1.

In Figs. 2 and 3, the frequency dependences of
the real and imaginary parts, as well as the abso-
lute values, of the diagonal components of the po-
larizability tensor of dumbbell-shaped Ag particles
are plotted. As in the case of nanoparticles with
other shapes, the functions Rea () (w) are sign-
changing (Figs. 2, a and 3, a), whereas Ima | () (w)
are always positive (Figs. 2, b and 3, b). Note
that since Re oy () ~ Im | (||, the both components
make approximately identical contributions to |a 4D |
(Figs. 2, ¢ and 3, ¢). In addition, the calculations
showed that Reay > Reay, Ima) > Imay, so,

Table 1. Parameters of metals
(see, e.g., works [19, 21])

Parameter
Metal
z | rs/ag | m*/me €>® Youlk, 1013 571
Pd 2 4.00 0.37 2.52 13.9
Pt 2 3.27 0.54 4.42 10.52
Ag 1 3.02 0.96 3.70 2.50
Au 1 3.01 0.99 9.84 3.45
Cu 1 2.11 1.49 12.03 3.70
ISSN 2071-0186. Ukr. J. Phys. 2025. Vol. 70, No. 10
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Fig. 2. Frequency dependences of the real (a) and imaginary
(b) parts, as well as the absolute value (c) of the transverse
component of the polarization tensor of a dumbbell-shaped Ag
nanoparticle in Teflon for various particle sizes: r = 10 nm,
Il =60 nm ({); » = 10 nm, I = 80 nm (2); r = 10 nm,
I =150 nm; (8) r = 20 nm, | = 80 nm (4); r = 50 nm,
1 =280 nm (5)

accordingly, |o ’ > || In this regard, the main
contribution to the absorption, scattering, and ex-
tinction cross-sections is given by the real and imagi-
nary parts, and the absolute value of the longitudinal
polarization component. Note that the maxima of the
imaginary parts, which correspond to the longitudi-
nal and transverse surface plasmon resonances, are lo-
cated in different spectral intervals. In particular, the
frequencies of transverse resonances are in the near-
ultraviolet part of the spectrum, while the frequencies
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Fig. 3. Frequency dependences of the real (a) and imaginary
(b) parts, as well as the absolute value (¢) of the longitudinal
component of the polarization tensor of a dumbbell-shaped Ag
nanoparticle in Teflon for various particle sizes: r = 10 nm,
l =60 nm (1); » = 10 nm, ! = 80 nm (2); r = 10 nm,
l 150 nm (8); » = 20 nm, = 80 nm (4); » = 50 nm,
{1 =80 nm (5)

of longitudinal resonances are in the visible (optical)
and near-infrared regions (Figs. 2, b and 3, b). As
concerning the shifts of max {Im () }, when chang-
ing the aspect ratio (the variation of the nanoparticle
length and the cross-section radius of the cylindrical
particle), we note that the growth of the aspect ratio
along the curve sequences 3 -2 —land 2 -4 —5
results in a slight “red” shift of max{Ima, } and a
more substantial “blue” shift of max {Im ot }, ie., in
the “attraction” of those maxima.

732

C,nm
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Cext’ nm

1 2
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Fig. 4. Frequency dependences of absorption, scattering, and
extinction cross-sections for dumbbell-shaped metal nanopar-
ticles in Teflon: comparison of their contributions (Ag parti-
cles with = 10 nm and [ = 80 nm) (a); extinction cross-
sections for various sizes of dumbbell-shaped Ag nanoparticles
(): » = 10 nm, I = 60 nm (1); » = 10 nm, { = 80 nm
(2); » = 10 nm, | = 150 nm (8); » = 20 nm, ! = 80 nm
(4); » = 50 nm, ! = 80 nm (5); extinction cross-sections of
dumbbell-shaped nanoparticles (r = 10 nm, ! = 80 nm) of var-
ious metals (c)

The frequency dependences of the absorption, scat-
tering, and extinction cross-sections are shown in
Fig. 4. The calculation results demonstrate that, un-
like nanoparticles with other geometries, the scatter-
ing cross-section for dumbbell-shaped nanoparticles
is an order of magnitude larger than the absorption
cross-section in the optical spectral interval. The-

ISSN 2071-0186. Ukr. J. Phys. 2025. Vol. 70, No. 10
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refore, the scattering losses are also an order of mag-
nitude higher than the heating losses (Fig. 4, a). In
turn, an increase in the effective aspect ratio re-
sults in a decrease of the distance between the ex-
tinction cross-section maxima (the “attraction” of the
maxima); see Fig. 4, b. Since those maxima corre-

Table 2. Frequences of transverse, wj;,,
and longitudinal, wlslp, surface plasmon resonances
and their splitting Awsp for dumbbell-shaped
nanoparticles of various metals in Teflon

at various aspect ratio values

spond to the frequences of the transverse and longi-
tudinal surface plasmon resonances, then the differ-
ence between the resonance frequences decreases as
the effective aspect ratio increases. This fact is con-
firmed by numerical calculations of the resonance fre-

quences wslp(u) for various metals and various geg val-
ues (Table 2).

Table 3. Calculated values of the transverse,

Yeff, and longitudinal, Llﬁ., effective relaxation rates
for dumbbell-shaped nanoparticles of various metals
in Teflon at various aspect ratio values

Metal Qeff w;, eV wﬂp, eV Awsp, eV Metal Ooff ’y:;f, eV ’y“elff, eV
Au 0.1 2.593 0.825 1.769 Au 0.1 1.315 0.030
0.2 2.575 1.299 1.276 0.2 0.152 0.028

0.3 2.553 1.612 0.941 0.3 0.103 0.030

0.4 2.529 1.830 0.699 0.4 0.096 0.036

0.5 2.505 1.989 0.516 0.5 0.114 0.052

0.6 2.481 2.109 0.372 0.6 0.158 0.086

0.7 2.457 2.202 0.255 0.7 0.233 0.150

0.8 2.433 2.277 0.157 0.8 0.346 0.264

0.9 2.410 2.337 0.073 0.9 0.507 0.452

Ag 0.1 3.712 0.855 2.857 Ag 0.1 0.679 0.024
0.2 3.660 1.404 2.256 0.2 0.085 0.022

0.3 3.599 1.814 1.758 0.3 0.062 0.023

0.4 3.536 2.136 1.400 0.4 0.063 0.028

0.5 3.473 2.394 1.078 0.5 0.081 0.042

0.6 3.410 2.608 0.803 0.6 0.118 0.071

0.7 3.350 2.786 0.564 0.7 0.179 0.124

0.8 3.292 2.938 0.354 0.8 0.270 0.216

0.9 3.235 3.068 0.167 0.9 0.401 0.367

Cu 0.1 3.317 1.135 2.182 Cu 0.1 1.476 0.032
0.2 3.297 1.765 1.532 0.2 0.178 0.031

0.3 3.273 2.165 1.108 0.3 0.138 0.036

0.4 3.247 2.436 0.812 0.4 0.159 0.054

0.5 3.221 2.628 0.593 0.5 0.232 0.098

0.6 3.194 2.770 0.424 0.6 0.364 0.190

0.7 3.168 2.879 0.289 0.7 0.576 0.365

0.8 3.141 2.640 0.177 0.8 0.889 0.675

0.9 3.115 3.033 0.082 0.9 1.332 1.188

Pt 0.1 5.833 1.415 4.418 Pt 0.1 1.622 0.084
0.2 5.759 2.313 3.446 0.2 0.258 0.085

0.3 5.673 2.979 2.701 0.3 0.260 0.103

0.4 5.583 3.480 2.013 0.4 0.369 0.162

0.5 5.492 3.884 1.609 0.5 0.598 0.300

0.6 5.403 4.211 1.192 0.6 0.992 0.583

0.7 5.316 4.482 0.834 0.7 1.609 1.108

0.8 5.231 4.709 0.521 0.8 2.523 2.016

0.9 5.149 4.903 0.246 0.9 3.823 3.497

ISSN 2071-0186. Ukr. J. Phys. 2025. Vol. 70, No. 10 733
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hw, eV

Fig. 5. Frequency dependences of the longitudinal compo-
nent of the field enhancement tensor in the vicinity of pro-
late Ag nanoparticles: (a) comparison of the results obtained
for dumbbell-shaped and spheroidal nanoparticles of the same
volume in Teflon; (b) dumbbell-shaped nanoparticles of vari-
ous sizes in Teflon: » = 10 nm, ! = 60 nm (1); » = 10 nm,
l =80 nm (2); » = 10 nm, { = 150 nm (3); » = 20 nm,
1 =80 nm (4); » = 50 nm, I = 80 nm (5); dumbbell-shaped
nanoparticles (r = 10 nm, [ = 80 nm) in various media (c)

Note the following circumstance concerning the
widths of the resonance peaks of the extinction cross-
section, which are determined by the corresponding

effective relaxation rates. If the effective aspect ratio

is small, then v > fy“slff, v and fy”

g increase as the

effective aspect ratio increases, and the values of ,YL\H

approach 7. (Table 3). This occurs due to the fact
that if geg is small, the ratio r/l is also small, and,

734
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1 2 3 4 5

ho, eV
Fig. 6. Frequency dependences of the longitudinal component
of the Q-factor tensor for prolate Ag nanoparticles: compari-
son of the results obtained for dumbbell-shaped and spheroidal
nanoparticles of the same volume in Teflon (a); dumbbell-
shaped nanoparticles of various sizes in Teflon (b): r = 10 nm,
I =60 nm (1); » = 10 nm, I = 80 nm (2); r = 10 nm,
I =150 nm (3); r = 20 nm, | = 80 nm (4); r = 50 nm,
1 =280 nm (5)

consequently, electrons moving in the radial direction
collide more often with the surface, and the transverse
component of the surface relaxation rate tensor is
large. Hence, the width of the maximum correspond-
ing to the transverse surface plasmon resonance is
also large. Furthermore, the indicated quantities have
a minimum in the interval 0.1 < geg < 0.2. However,
min {7!3} is barely noticeable (being absent at all for
Pt nanoparticles), but min {'yjff} is deep.

The frequency dependences of the extinction cross-
sections for dumbbell-shaped nanoparticles of the
same size, but of different metals, are qualitatively
similar (the corresponding curves have two max-
ima). The positions of the maxima (the frequences of
the longitudinal and transverse surface plasmon res-
onances) and the distance between them are deter-
mined by the optical properties of a particular metal
(Fig. 4, ¢).

In Fig. 5, the frequency dependences of the lon-
gitudinal component of the field enhancement ten-

ISSN 2071-0186. Ukr. J. Phys. 2025. Vol. 70, No. 10
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sor are depicted. A comparison of the dependences
for spheroidal and dumbbell-shaped particles of the
same volume (Fig. 5, a) demonstrates a qualitative
similarity of the obtained results, but quantitatively
they differ considerably in the near-infrared spectral
region (in particular, this concerns the spectral po-
sition of max {G)}). Thus, the identification of the
optical properties of dumbbell-shaped and spheroidal
nanoparticles of the same volume is possible only
in the frequency ls, where the optical characteristics
have no maxima. Note that this is not a specific fea-
ture of dumbbell-shaped nanoparticles because it was
found in work [18] that the position of the longitudi-
nal surface plasmon resonance for cylinders, sphero-
cylinders, and prolate spheroids with the same vol-
ume depends on the nanoparticle geometry. The be-
havior and sequence of the frequency dependence
curves for the longitudinal component of the elec-
tric field enhancement tensor for dumbbell-shaped
nanoparticles with different effective aspect ratios
(Fig. 5, b) are the same as those of the frequency
dependence curves for the imaginary part of the lon-
gitudinal component of the polarizability tensor, and
the maximum enhancement values (corresponding to
the frequencies of longitudinal surface plasmon res-
onances) are quite substantial (10% = 107). In turn,
in the case of a dumbbell-shaped Ag nanoparticle in
various insulators, the “blue” shift of max {G’ ||} takes
place as the permeability of the surrounding medium
increases along the series CaFy — Teflon — Al,O3 —
— TiOy — Cgg (Fig. 9, C).

The frequency dependences of the longitudi-
nal component the @-factor tensor are shown in
Fig. 6. The calculation results demonstrate that the
longitudinal component of the Q-factor tensor of the
dumbbell-shaped nanoparticle is larger than that of
the prolate spheroidal particle within the entire exam-
ined spectral interval so that dumbbell-shaped parti-
cles have more prospects for their application as op-
tical resonators (Fig. 6, a). Among dumbbell-shaped
nanoparticles with various effective aspect ratios, the
longitudinal component of the Q-factor tensor is the
largest for particles with the smallest effective aspect
ratio (Fig. 6, b).

4. Conclusions

In the framework of the equivalent-spheroid ap-
proach, the relationships for the diagonal components

ISSN 2071-0186. Ukr. J. Phys. 2025. Vol. 70, No. 10

of the polarization, field enhancement, and Q-factor
tensors, as well as the absorption, scattering, and ex-
tinction cross-sections for metallic dumbbell-shaped
nanoparticles have been obtained. It is shown that
the maxima in the optical characteristics of dumb-
bell nanoparticles, which correspond to the longitu-
dinal and transverse surface plasmon resonances, are
strongly different by frequency, which greatly facili-
tates the use of longitudinal resonance, in particular,
in nanomedicine, because this resonance falls into one
of the biological transparency windows.

It has been demonstrated that a decrease in the
effective aspect ratio of a dumbbell-shaped nanopar-
ticle results in a “repulsion” of resonances. The-
refore, for practical applications, in particular, in
nanomedicine, it is advisable to use nanoparticles
with small effective aspect ratios.

The calculation results testify that, unlike nanopar-
ticles with other shapes, the scattering cross-section
of dumbbell-shaped particles is an order of magni-
tude larger than their absorption cross-section, which
points to the dominance of radiation processes in
nanoparticles with the examined shape.

It has been shown that the resonance peaks cor-
responding to the longitudinal resonance are always
narrower than the peaks corresponding to the trans-
verse resonance, and the width difference of the spec-
tral peak (the effective relaxation rates) increases as
the aspect ratio decreases.

It has been proved that the identification of the
optical properties of dumbbell-shaped and spheroidal
particles of the same volume at frequencies close to
the resonant one is impossible because of a substan-
tial discrepancy among the values of the longitudi-
nal component of the field enhancement tensor. The
expediency of using dumbbell-shaped nanoparticles
rather than spheroidal ones as optical resonators has
been established, because the longitudinal compo-
nent of the Q-factor for the former is greater than
that for the latter within the whole studied frequency
interval.

A considerable dependence of the positions of the
maxima of the optical characteristics — first of all,
the extinction cross-section and the longitudinal com-
ponent of the field enhancement tensor — on the
nanoparticle material and the surrounding environ-
ment has been demonstrated, which is associated
with a substantial difference of their optical and elec-
trophysical parameters.
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A.B. Kopomymn

PE3OHAHCHI OIITUYHI SIBUIIA B METAJIEBUX
TAHTEJIEIIOJIBHIX HAHOYACTUHKAX.
[IJIXI]I EKBIBAJIEHTHOI'O COEPOIIA

B knacuyHoMy HaOIMKEHHI OJIep?KAHO BUPA3U JJIsl JiaroHajIb-
HHUX KOMIIOHEHT T€H30pa JOOPOTHOCTI, MMiICHIJIEHHS JIOKAJIBHUX
€JICKTPUYHUX IIOJIiB Ta IOJIAPU30BHOCTI, a TAKOXK Iepepi3iB 1mo-
IJINHAHHS, PO3CIIOBaHHSI Ta €KCTHUHKIN I MeTaJleBUX T'aH-
TenenonibHux HaHOYACTHUHOK. [yt mobymoBu aHaaiTHIHOI Te-
Opil BUKOpHMCTaAHO MiiXij ekBiBaJsieHTHOTO cdepoina. Haseme-
HO Pe3yJIbTaTU PO3PAXYHKIB BKA3aHUX ONTUYHUX XapPaKTepH-
CTUK IS TaHTEJIENoNiOHNX HAHOYACTUHOK PIi3HUX PO3MIpiB i
pizaux MarepiaJdiB. IlpoanasizoBaHo BILUIUB 3MiHU edEeKTUB-
HOT'O aCIEKTHOI'O BiJHOIIEHHSI Ha €BOJIIOLII0 YACTOTHHUX 3aJjle-
KHOCTEN JIOCJIIPKYyBaHUX OINTHYHUX XapakTepucTuk. Ilokasza-
HO JIOIJIBHICTh BUKOPHUCTAHHSI TAHTEJIENOMIOHUX HAHOYACTH-
HOK i3 MaJIUM AacCIeKTHUM BIiJHOIIEHHSM B HAHOMEIUIIMHI Ta
B ONTUYHHUX BHCOKOJOOPOTHHUX PE30HATOPAX i3 MaJIMM aclie-
KTHUM BiJIHOIIIEHHSIM.

Katowoei caoea: ranTesenonibia HAHOYACTUHKA, TEH30pU
[IOJISIPU30BHOCTI, HiACUICHHS OB, JOOGPOTHOCTI, mepepi3u mo-
IJIMHAHHSI, PO3CIIOBAaHHS Ta €KCTUHKII, IiJIXi/] eKBiBaJIeHTHO-
ro cdepoina, edpeKTUBHE acCIIEeKTHE BiJHOIIEHHS], IOBEPXHEBUN
IJIA3MOHHUI pe30HaHC.
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