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Influence of matrix absorbance on the near-field and spectral
characteristics of plasmon spherical nanoparticles scattering
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Regularities of a size dependence of extinction and absorption efficiency factors as well as of near-zone and far-
zone scattering efficiency factors are studied in the spectral range of the surface plasmon resonance of absorption
(SPRA) for silver spherical nanoparticles placed into absorbing matrixes with complex refraction index Nm + ixm.
Numerical simulation was made with the use of the Mie theory for absorbing matrixes. Approximation of the
electron mean free path limitation was used in order to take into account the intrinsic size effects into a metal
nanoparticle which consist in a size dependence of its dielectric characteristics. We shown that a growth of matrix
absorbency leads to a strong suppression of resonances of extinction Q. and near-zone scattering Qnr efficiency
factors without any essential changing of their spectral position. We established that for any fixed wavelength in
the spectral range of the SPRA the values of Qcq and Qnr depend on metal nanoparticle sizes nonmonotonically
at km = 0—0.1. The Rnp optimal value, which corresponds to the maximal values of efficiency factors for the
given material of plasmonic nanoparticles, increases at the matrix absorbency growth. The intrinsic size effects
contribution to the efficiency factors resonance suppression decreases at the enhancement of nanoparticle sizes
and/or matrix absorption. As an example of a real absorbing matrix with a dispersion of relraction index we
considered the nickel phtalocyanine matrix (NiPc), which is interesting from the point of view of photovoltaic

applications.

Keywords: Plasmonic naniparticles, absorbing matrixes, characteristics of near-zone and far-zone scattering.

DOIL 10.21883/E0S.2022.11.55100.3864-22
Introduction

At present, it is well known that noble metal nanoparticles
are characterized by the presence of plasmon surface
resonance of absorption and scattering in the optical
region of the spectrum. In this spectral region, local
electromagnetic fields near the surface of nanoparticles are
significantly enhanced [1-3]. The physical cause of resonant
attenuation of light by noble metal nanoparticles is coherent
oscillations of conduction electrons stimulated by incident
optical radiation and extremely sensitive to the shape, size
of nanoparticles and properties of the environment [4].

The sensitivity of the surface plasmonic resonance (SPR)
bands of plasmonic metal nanoparticles to the dielectric
properties of the environment is being actively studied and
is already being used in nanophotonics and optoelectron-
ics, for example, for sensorics in chemistry, biology and
medicine [5]. Plasmonic nanostructures are successfully
used as substrates for giant Raman scattering (GRS) and
light-emitting devices [6]. The possibility of amplifying
the local field near metal nanoparticles also turned out to
be attractive for use in photovoltaic solar cells, since the
amplified field increases the absorption in the semiconductor
matrix. This is one of the intensively developed concepts for
increasing the efficiency gains of solar energy conversion
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both based on traditional semiconductors and in thin-film
cells based on organic semiconductors [7-9].

Experimentally, the change in the absorption and conduc-
tivity of thin films of organic semiconductors when they are
doped with plasmonic nanoparticles was studied in [10-13].
It was found that the presence of plasmonic nanoparticles in
the composite significantly affects the spectral characteristic,
resulting in the long-wavelength relative to the SPR spectral
region to a significant absorbance increase compared to the
simple additive summation of the intensities of the SPR
band of Ag nanoparticles and the absorption bands of the
organic component. Such an increase in the absorbance
of the hybrid composite is associated with the near-field
effect, which consists in an increase in absorption by the
organic film due to an increase in the local field near the
surface of plasmonic nanoparticles, which stimulates the
processes of energy and charge carrier transfer in such
structures.

At the same time, the theoretical aspects of the effect
of absorption in a matrix on the characteristics of the
SPR bands and the near-field characteristics are only just
beginning to be studied. It has been defended in the
works [14-18] that in the case of absorbing matrices, the
availability of additional dependence of the field on spatial
coordinates complicates the procedure for calculating the
characteristics of scattering and absorption of light. It
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has been shown in works [19-24] that the presence of
absorption in a matrix medium affects the efficiency of
attenuation and scattering of radiation by particles in the far-
field region. In absorbing matrices one should also expect a
variations in the intensity and parameters of localization ,,of
hot spots” in the near-field region. Theoretical study of the
topology of the distribution of the near field in dielectric and
absorbing matrices for spherical nanoparticles of silver, gold,
copper with different sizes was carried out in the works [23—
25]. Tt was demonstrated that the maximum attainable
values of the local field amplification factors depend both
on the material and size of plasmonic nanoparticles and on
the dielectric characterizations of the absorbing matrix.

However, the influence of matrix absorption on the spec-
tral dependence of the integrated scattering and absorption
characterizations, such as the efficiency factors of Qext
attenuation, Qsc,, and Qs absorption and scattering in the
near field region Qnr have not been studied enough. A
system analysis of this problem requires performing of a
cycle of theoretical studies for nanoparticles with different
structural and morphological characteristics in a wide range
of dielectric characteristic variations of these nanoparticles
and their environment. In this case (due to the undoubted
practical importance of near-field effects in metal-containing
nanocomposites), close attention should be paid to studying
the scattering characteristics in the near-field region of a
metal nanoparticle, in particular, the near-field scattering
efficiency factor Qng. For spherical plasmonic nanoparticles,
such calculations can be performed using formulas for the
efficiency factors of attenuation and scattering by spherical
particles in an absorbing matrix, proposed in the works [15—
24] and based on a rigorous Mie theory.

In addition, it is now well known that in the visible region
of the spectrum, the scattering and absorption character-
istics of metal nanoparticles are quantitatively significantly
affected by the so-called internal-size effects consisting in
the dependence of complex permittivity of the nanoparticle
on its size. Sufficiently correct consideration of internal-size
effects for spherical nanoparticles of noble metals with sizes
smaller than the free path of electrons in a massive metal
sample can be performed using the Kreibig model [1,26].
This model has been successfully used to calculate the spec-
tra Qext, Qscas Qavs for spherical Ag, Au, Cu nanoparticles
surrounded by a non-absorbing medium [27-29]. Similar
approach was also used for hybrid nanoparticles placed in
a non-absorbing medium, which represented the two-layer
nanospheres with a concentric metal core and an absorbing
organic shell consisting of molecular aggregates of dyes
(see [30] and references therein). A modification of the
Kreibig model for metal nano-shells deposited on a spherical
core made of another material was proposed in [31] and
used in a number of works [32,33] to calculate the scattering
and absorption characteristics of metal-containing nano-
shells located in non-absorbent matrices. Together with, for
the case of absorbing matrices, the theoretical analysis of the
contribution of the internal-size effect in metal nanoparticles
has practically not been carried out and merits special
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attention. At the moment, the number of publications with
calculations of the scattering and absorption characteristics
of metal nanospheres in absorbing matrices is very small,
and, as far as we know, these don’t consider the scattering
efficiency factor in the near field region Qnr and don’t take
into account the internal dimensional Kreibig effects. The
exceptions are the works [23,24], in which the calculations
of the characteristics Qext, Qscas Qabs, Qnr, taking into
account internal-size effects, were performed for the specific
case of placing Ag, Au, Cu nanospheres in an absorbing
copper phthalocyanine matrix.

The study of the modification for the spectral and near-
field characteristics of plasmonic nanoparticles placed in an
absorbing matrix is necessary in the search for effective
methods for controlling the stationary and dynamic spectral
characteristics of plasmonic nanostructures for the purposes
of nanophotonics and nanoelectronics. In the present work,
such studies were carried out drawing on the example
of silver nanoparticles, since it is silver nanoparticles that
are characterized by the most intense resonance of surface
plasmon absorption in the visible region of the spectrum. By
way of example of real absorbing matrix with a dispersion
of the refractive index, a matrix of nickel phthalocyanine is
considered.

Calculation method

To estimate the effect of absorption of a matrix on
the near-field characteristics of plasmonic nanoparticles
embedded in it, let’s use the scattering efficiency factor of
a plasmonic nanoparticle in the near-field region Qnr. The
term Qnr, which is representing the near-field form of Qgca,
was first introduced in the work [2], where the formula
for calculating Qnr for Rs = Rnp for a transparent matrix,
was obtained. The factor Qnr characterizes the increase
in the field intensity on the surface of a sphere of radius
Rs when a nanoparticle is introduced into the center of
this sphere. In the case of a spherical plasmonic particle
located in absorbing medium, the formula for calculating
the scattering efficiency factor in the near field region at a
distance Rs from the center of the spherical particle has the
form [23]
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where 4 is wavelength of the incident radiation, a,, b, are
Mie coefficients depending on the optical constants of
the particle and matrix, as well as on the diffraction
parameter p = 2aRnp/A9, Rnp is the particle radius,
B = 4nRnpkm/Ao, Kkm is imaginary part of the complex
refractive index of the matrix, h, is spherical Hankel
function of the first kind of order n. Expression (1),
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first given in [23], is obtained on the basis of clas-
sical formulas for the characteristics of the scattered
field in the near field region, contained, for example,
in [4].

The efficiency factors for Qq, scattering, Qans absorption,
and Q. attenuation of plasmonic spherical nanoparticles
in an absorbing matrix can be calculated using the Mie
theory [15-24]. As in [23,24], we used the formulas
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where np, is the real part of the complex refractive index of
the matrix, ¥n, &n, ¥}, &, are Riccati—Bessel functions and
their derivatives, index * means complex conjugation.

In the case of metallic nanoparticles whose dimensions
are comparable to the free path of electrons in the particle
material, the optical constants included in formulas (1)
and (2) are size-dependent. The effects associated with
this circumstance are often called internal-size effects [1,4].
Since the optical constants of massive silver, gold, and
copper in the visible region of the spectrum are fairly well
described by the Drude model, the internal size effects for
nanoparticles of these metals can be taken into account in
the approximation of the Free Path Limitation of Conduction
Electrons (FPLCE) [26].

The essence of the approximation is the assumption
that the collision of free electrons with the surface of a
nanoparticle becomes an additional source of their energy
loss. As a result, the size-dependent damping constant is
given by the expression

v
VNP = Yo + TF, (3)

where po is the damping constant for a massive sample,
vr is the Fermi velocity, L is the average path length
of an electron in a particle, determined by collisions
with the border. During diffuse scattering of electrons

on the surface L = Ryp. The value of additional energy
losses of free electrons is the greater, the smaller the size
of nanoparticles compared to the free path of electrons.
The permittivity associated with the contribution of free
electrons is determined by the expression

2

@p
exp(@,Ryp) = 1 — ————,
w* + 1YNnpO
2 N062 . .
where w; = ey Here wp is plasma frequency of massive
metal, No is density of free electrons, € and me are

charge and the electron mass, respectively. The general
scheme for calculating the size-dependent permittivity in the
framework of ballistic theory in the FPLCE approximation
is described in [29]. The results of applying this approach
to silver nanoparticles are shown in Fig. 1. The optical
constants of the massive silver are taken from [34]. To
calculate the size-dependent permittivity of silver nanopar-
ticles, we used the values of the parameters taken from
the works [1,4,29]: plasma frequency w, = 1.38 - 1016571,
damping constant for massive metal py = 2.73-103s _1
Fermi velocity v = 1.4 - 10 m-s~ 1.

As can be seen from Fig. 1, in the investigated range of
nanoparticle sizes, the consideration of internal size effects
most strongly affects the values of the real part of the
complex refractive index nnp. The imaginary part of the
complex refraction index knp depends only insignificant on
the particle size.

Results of calculations and their
discussion

Fig. 2 shows the spectral dependences of the factors
Qexts Qavs, Qnr silver nanoparticles with different sizes
(Rnp = 10, 20 and 30 nm), which are placed in transparent
(km = 0) and absorbing (km = 0.1) matrices with refraction
index Ny = 1.5. The calculations were performed out both
taking into account internal size effects and without taking
them into account.

As can be seen from Fig. 2,a,d, g, the spectra of the
factors Qext, Qabs, Qnr nanoparticles with Ryp = 10 nm
are characterized by the presence of a surface plasmon
resonance absorption band in the Ap ~ 405nm region,
which has a dipole nature. With an increase in the
size of nanoparticles, the dipole mode shifts to the long
wavelength region of the spectrum. The intensity of the
dipole mode depends non-monotonically on the size of the
nanoparticles, reaches a maximum (for a chosen ny = 1.5)
for Ryp =~ 10nm, and decreases with a further increase in
Rnp from 10 to 30 nm. In the spectra Qext, Qaps, Qnr for
Rnp > 10nm, the appearance of quadrupole modes located
in the short-wavelength region relative to the dipole mode is
noted. The intensity of the quadrupole mode increases with
increasing nanoparticle size. It is interesting to note that in
the spectra of Qs for nanoparticles with Ryp = 30 nm, the
intensity of the quadrupole mode even exceeds the intensity
of the dipole mode.

Optics and Spectroscopy, 2022, Vol. 130, No. 11
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Figure 1. Spectral dependences of refraction (a) and absorption (b) indices of massive silver (/) and size-dependent refraction nnp (a)
and absorption knp (b) indices of spherical silver particles with radii 10 (2), 20 (3) and 30 nm (4).
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Figure 2. Spectral dependences of the attenuation efficiency factors Qex (@, b, ¢), absorption Qavs (d, ¢, f) and scattering in the near field
region Qnr (g A, i) for silver nanoparticles with radii Rxp = 10 (a,d, g), 20 (b, e k), 30 nm (¢, fi) located in a matrix with refraction
indices Nm = 1.5 and absorption indices km = 0 (/,2), 0.1 (3,4) without taking into account (7, 3) and taking into account (2, 4) size

effects.
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Figure 3. Dependences of the attenuation efficiency factors Qcx (7, 4), scattering Qsa (2,5) and absorption Quvs (3,06) of silver
nanoparticles from their radius without taking into account (a,c) and with taking into account (b,d) internal size effects. Wavelengths
410 (1,2, 3) and 500nm (4, 5, 6), km = 0.01 (@, b) and 1 (¢, d), Nm = 1.5.

An analysis of the data shown in Fig. 2 shows that the
absorption of the matrix has almost no effect on the spectral
position of the maxima Qe, Qaps, Qnp. However, an
increase in absorption by the matrix (a change in km from
0 to 0.1) leads to a strong damping of the resonances Qext,
Qabs, Qnr due to the dipole mode and results to almost
complete suppression of resonances due to the quadrupole
mode.

It is important to note that taking into account the
internal size effects leads to the suppression of the Qext
and Qnr resonances, which becomes especially noticeable
with decreasing nanoparticle sizes (for Ryp < 20nm) and
decrease in absorption by the matrix. At the same time, as
can be seen from Figures 2, e, f, taking into account internal
size effects can lead to both a decrease and an increase in
the values of the absorption efficiency factor Qgps. Thus, in
the spectral region of the dipole mode for particles with a
radius of 20 (Fig. 2, ¢) and 30 nm (Fig. 2,f), a consideration
of internal size effects leads to an increase in Q,us both for
transparent matrice and absorbing one. For a particle with
a radius of 10nm (Fig. 2,d), the effect of enhancement of
plasmon absorption when internal size effects are taken into
account appears only for kym = 0.1.

It should be clarified that the form of presentation of
the results in Fig. 2 does not imply that materials with

refractive and absorption indices constant in the spectral
region under consideration are having in view. The choice of
the form for presenting the results of numerical calculations
is caused by the multiparameter nature of the problem under
consideration and seems to be the most convenient for a
qualitative assessment of the influence of each of the input
parameters separately. Similar representation of the results is
preferable, in particular, for problems in which it is required
to determine the optimal values for a certain wavelength
of the optical constants of the matrix and/or the sizes of
plasmonic (silver) particles. Problems of this kind arise, for
example, upon laser excitation of active centers located near
the surface of plasmonic nanoparticles.

Fig. 3 shows the dependences of the scattering efficiency
factors Qgca, absorption Qups and attenuation Qe silver
nanoparticles of their sizes, calculated for wavelengths of
410 and 500 nm. The imaginary part of the refraction index
of the matrices during the calculations varied in the range
0—1. The analysis was carried out for silver nanoparticles
with radii of 2.5—50nm. The calculations were performed
out both taking into account internal size effects and without
taking them into account. Note that matrices based on alkali-
halide crystals and glasses with different concentrations of
F-centers [35] can be cited as an example of materials that

Optics and Spectroscopy, 2022, Vol. 130, No. 11
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Figure 4. Dependences of the scattering efficiency factor in the near field Qnr of silver nanoparticles on their radius without taking into
account (g, ¢) and taking into account (b, d) internal size effects. Wavelengths 410 (@, b) and 500 nm (¢, d), nm = 1.5, Rs = Rxp.

have a fairly wide range of changes in the absorption index
at a low refractive index in a certain spectral region.

As can be seen from Fig. 3, at the chosen wavelength,
the dependence of the efficiency factors of absorption,
scattering, and attenuation on the size of nanoparticles
is non-monotonic. The position of the maxima depends
both on the considered wavelength and on the absorption
coefficient of the matrix. For example, at ky = 0.01 for a
wavelength of 410 nm, the maximum values of the factors
are realized near the region of sizes 12—15nm, and for a
wavelength of 500nm they are realized near the region of
sizes 35—40nm. For km = 1, both for the wavelength of 410
nm and for the wavelength of 500 nm, the maximal values
of the factors are realized near the size range 20—25nm. It
should also be noted that an increase in absorption in the
matrix leads to a decrease in the maximum attainable values
of the factors Qext, Qsca, and Qqps. This effect is especially
noticeable near the maximum of the SPR for a wavelength
of 410 nm.

Fig. 4 shows the dependences of the scattering efficiency
factor of silver nanoparticles in the near zone on their
sizes, calculated for wavelengths of 410 and 500nm. The
calculation was performed for Rs = Rnp, ie. the field
enhancement was estimated directly on the surface of silver
nanoparticles. As can be seen from Fig. 4, for any given
particle size, an increase in the absorption of the matrix is

89" Optics and Spectroscopy, 2022, Vol. 130, No. 11

accompanied by a decrease in Qyp. This means that, in the
matrix transparency regions, the field amplification effects
near the surface of the plasmonic nanoparticle are more
pronounced than in the region of the absorption bands of
the matrix.

It is also seen from Fig. 4 that for small xm = 0-0.1
the dependence Qnr(Ryp) is non-monotonic. The optimal
values of Ryp, at which the maximal value of Qg for
the selected xm is realized, decrease with an increase
in kn. In this case, the value of Qnr also decreases
at the considered wavelength. As the absorption of the
matrix increases above kym = 0.1, the Qnr(Rnp) dependence
becomes monotonically decreasing.

It should be noted that for ky, = const, the optimal value
of Rnp essentially depends on the wavelength. Thus, at
km =0 for a wavelength of 410nm the optimal value is
Rnp = 10—12nm, and for a wavelength of 500nm the
optimal value is Ryp = 33—35nm.

Fig. 5 shows the dependences of the scattering efficiency
factor of silver nanoparticles in the near field region on
the sphere radius Rg calculated for wavelengths of 410 and
500 nm and particle radii of 13 and 34 nm, respectively. The
selected values of Ryp are optimal for the corresponding
wavelengths at «m = 0, i.e., under the specified conditions
for such Ryp, the value of the scattering efficiency factor in
the near field region on the nanoparticle surface Qnr(Rnp)
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Figure 5. Dependences of the scattering efficiency factor in the near field Qnr of silver nanoparticles with radii 13 (a, ) and 34nm (c, d)
on the distance Rs from the center of the nanoparticle without taking into account (a, ¢) and taking into account (b, d) internal size effects.

Wavelengths are 410 (a, b) and 500 nm (c, d), nm = 1.5.

is maximum compared to other particle sizes (Fig. 4). As
can be seen from the comparison of Fig. 5, a and 5, b, taking
into account internal size effects leads to a decrease in the
values of Qnr over the entire range Rs. The influence
of internal size effects on the scattering efficiency factor in
the near field region is especially strong for transparent and
weakly absorbing matrices. It should also be noted that for
any values of km, a monotonically decreasing dependence
Qnr(Rs) is observed in the studied spatial region.

In most applied problems of nanophotonics and nanoplas-
monics, absorbing materials used as matrices for metal
nanoparticles are characterized by a dispersion of the
complex refraction index. For such matrices in the visible
region of the spectrum, there are both absorption bands
and regions of high transparency. This complicates the
analysis of the features for attenuation and scattering of
light by plasmonic nanoparticles in a wide range of the
spectrum and requires a separate consideration for each
specific material used as a matrix.

As an example, let’s consider the situation when Ag
nanoparticles are placed in films of nickel phthalocyanine
(NiPc).  This situation is of interest for photovoltaic
applications, since organic semiconductors, including NiPc,
are widely used in this branch. The optical constants of

nickel phthalocyanine in the visible and near-IR spectral
regions are taken from [36] and are shown in Fig. 6.

As can be seen from Fig. 6, NiPc is characterized by
the presence of absorption and dispersion of the refraction
index both in the UV region (near the absorption band of
NiPc with a maximum in the region of 340 nm), and in the
visible region of the spectrum, where two absorption bands
of NiPc with maxima in the region of 615 and 680nm. It
should be noted that the features of the spectral dependence
of the refraction index of nickel phthalocyanine in the
region of 400—500nm, where knijpc = 0—0.1, suggest the

2.5
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0.5F PR
Ob gt
40 600 80
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Figure 6. Spectral dependences of the refraction (/) and
absorption (2) indices of nickel phthalocyanine.
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possibility of implementing the Frohlich condition for silver
nanoparticles for two frequencies in this spectral range. This
can lead to the formation of a two-peak structure of the SPR
band of silver nanoparticles embedded in the NiPc matrix.

On checking purposes for this assumption, Fig. 7 shows
the spectral dependences of the scattering factor in the near
field region Qnr and the attenuation efficiency factor Qex:
of silver nanoparticles in a NiPc matrix. The nanoparticle
radius varied over a wide range from 5 to 40 nm.

As can be seen from Fig. 7,a, for small silver nanopar-
ticles with a radius of 5nm, the SPR band has a single-
peak structure with a maximum in the region of 410 nm,
while the one shown in Fig. 7,b spectrum of Qnr for
the same sizes of silver nanoparticles is characterized by
a doublet structure with maxima near 405 and 480 nm.
This indicates a higher sensitivity of the Qnr spectra to
the matrix refractive index dispersion. Note that taking
into account the size dependence of the optical constants
of silver nanoparticles leads to a significant decrease in the
maximum achievable values Qg and Qnr.

As the size of silver nanoparticles increases, the structure
of the Q. and Qnr spectra becomes more complicated.
For Rnyp =20nm in the spectral region 400—500nm, a
doublet structure is observed as Qnr bands (maxima at
416 and 485nm ) and the Qe bands (maxima at 415
and 485nm). These bands with a doublet structure are
of a dipole nature, which is confirmed by calculations
performed without taking into account the contribution of
higher-order multipoles. With a further increase in the size
of nanoparticles up to Ryp = 40nm, the maxima of the
doublet structure, determined by the peculiarities of the dis-
persion of the refraction index of nickel phthalocyanine, shift
by 435 and 518 nm. Concurrently, in the long-wavelength
region 700—860nm, a band of strong attenuation by the
nanoparticle of the incident radiation appears, which comes
to the spectral transparency band of nickel phthalocyanine.
The maximum of this band is located near 770 nm. This
attenuation of radiation in the region of a high refraction

Optics and Spectroscopy, 2022, Vol. 130, No. 11

index of a nanoparticle is mainly associated with intense
dipole scattering, which rapidly increases with an increase
in the size of nanoparticles and monotonically weakens with
a transition to a longer wavelength region of the spectrum.
In addition, mode structures of the SPR band are formed,
which is associated with an increase in the contribution of
high-order multipoles. This leads to the appearance in the
Qext and Qnr spectra of a low-intensity quadrupole band
with a maximum near 407nm. When the wavelength is
fixed in the spectral region near the maxima of the doublet
structure, which have a dipole nature, the dependence of
the efficiency factors of attenuation Qe and scattering in
the near zone Qnr on the size of nanoparticles, calculated
taking into account internal size effects, is non-monotonic.

Conclusion

The promise of plasmonic nanocomposites for the de-
velopment of new components of nanoplasmonics and
nanophotonics is determined by the unique possibility
of controlling their spectral-selective and spectral-kinetic
characteristics by modification the nanoparticle & matrix
material which forming the nanocomposite, as well as the
modification the concentration, size, shape, or internal struc-
ture of metal-containing nanoparticles. When plasmonic
nanoparticles are close packed, interparticle electrodynamic
interactions associated with near-field scattering and coher-
ent re-irradiation by particles of each other have the most
important effect on the optical and electrophysical properties
of the nanocomposite. ~Matrix absorption can have a
significant effect on the severity of near-field interparticle
interactions and on their dependence on the morphological
characteristics of the composite.

In the present work, using formulas based on the rigorous
Mie theory, the efficiency factors for attenuation, absorption,
and scattering in the far and near field regions in the
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spectral region of the surface plasmonic absorption reso-
nance of silver nanoparticles placed in absorbing matrices,
are calculated. When performing calculations, proprietary
version of the program was used [37]. It is shown that an
increase in the absorption of the matrix leads to a significant
suppression of the Qg and Qnr resonances without a
significant change in their spectral position. For xm = 0—1
it was found that at a fixed wavelength the dependence
of Qe on the size of nanoparticles is non-monotonic,
and the optimal value of Rynp, at which the maximum
possible intensity value of the maximum of the SPR band
is realized for a given plasmonic material, increases with
increasing absorption of the matrix. Moreover, the non-
monotonic dependence of the near-field scattering efficiency
factor Qnr on the size of nanoparticles is observed only
at low matrix absorption (km = 0-0.1), and for xm > 0.1
in the studied range of sizes of silver nanoparticles, the
dependence Qnr(Rnp) is monotonically decreasing.

The dependence of the optical constants of silver nanopar-
ticles on their sizes, caused by a decrease in the mean
free electron path in nanoparticles and the associated
increase in the damping constant due to the collision of
electrons with the boundaries of nanoparticles, leads to an
additional suppression of spectral resonances Qe and Qng.
Comparison of calculations,carried out taking into account
and without taking into account the size dependence of
the optical constants of silver nanoparticles, shows that
the relative contribution of internal size effects to the
suppression of the Q. and Qnr resonances decreases with
increasing nanoparticle size and/or absorption matrices.

The results obtained can be used in evaluating the
efficiency of using plasmonic nanostructures for the devel-
opment of the hardware components of photovoltaics, in
particular, active components of solar cells.
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