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SURFACE PLASMON RESONANCE
IN “MONOLAYER OF Ni NANOPARTICLES/DIELECTRIC
SPACER/Au (Ni) FILM” NANOSTRUCTURE: TUNING
BY VARIATION OF SPACER THICKNESS 1

The dual surface plasmon resonance in Ni nanoparticles in “monolayer of Ni nanopartic-
les/shellac film/Au (Ni) film” planar nanostructures has been observed in UV-vis absorption
spectra. The dependences of the intensity, wavelength, and width of the dual SPR absorption
peaks of Ni nanoparticles coupled with an Au (Ni) film on the spacer thickness have been studied
in the range of spacer thicknesses of 12–43 nm. The main features of these dependences are
an increase of the intensity, the blue shift, and the monotonic behavior of the widths of SPR
absorption peaks at a decrease of the spacer thickness. The observed dependences have been
rationalized as a result of the plasmonic coupling of the monolayer of Ni nanoparticles with
the metal film and the variation of the dielectric permittivity of the environment of Ni na-
noparticles caused by the metal film presence. The stronger dependences of the SPR spectral
characteristics of Ni nanoparticles have been observed in the nanostructure containing the gold
film comparing to that with a nickel one. Such effect is due to the stronger coupling of Ni na-
noparticles with an Au film, and the stronger influence of an Au film on the permittivity of
the environment of Ni nanoparticles.
K e yw o r d s: nickel nanoparticles, gold and nickel films, surface plasmons, plasmonic cavity,
near-field coupling.

1. Introduction
The unique optical properties of metal nanoparticles
(NPs) are well known, the source of which is due to
the collective coherent excitations of free electrons in
a nano-sized metal, also known as Surface Plasmon
Resonance (SPR). Such properties are widely used
in the applications of metal-based plasmonic nanos-
tructures in biosensing, nanophotonics, and enhanced
light emission [1–3]. Efficient and tunable absorption
and scattering are essential for a variety of appli-
cations, such as designing the controlled-emissivity
surfaces for thermophotovoltaic devices [4], tailor-
ing an infrared spectrum for controlled thermal dis-
sipation [5], producing detector elements for imag-
ing [6], and AFM-IR nanospectroscopy [7]. Metama-
terials based on metallic elements are particularly ef-
ficient at absorbing media, because both the electri-
cal and the magnetic properties of a metamaterial
can be tuned through a structured design [8]. Meta-
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material absorbers and scatterers in the infrared and
visible ranges have been fabricated, by using lithogra-
phically-patterned metallic structures [5, 9–13], ren-
dering them inherently difficult to produce over large
areas and hence reducing their applicability. The fur-
ther enhancement of the performance of plasmonic
devices requires new nanostructures with more easily
tunable optical properties. Such structures are those
with strong light-matter coupling, which leads to the
hybridization of plasmonic modes therein. This goal
is realized in metal NP – metal NP [14–18] and metal
NP – metal film [19–31] configurations.

A particularly interesting plasmonic system under
recent study is one consisting of a monolayer of metal
NPs and a metal film, each separated by a dielec-
tric film spacer of nanoscale thickness. This system
has been predicted to display a wealth of interesting
optical phenomena caused by the coupling of local-

1 The paper was presented at the XXIII Galyna Puchkovska
International School-Seminar “Spectroscopy of Molecules
and Crystals”.
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ized surface plasmons of a nanoparticle with the de-
localized thin film surface plasmon polariton, which
is especially strong, when the nanoparticle is within a
distance of approximately 50 nm from film’s surface
[19–31]. As has been reported in the literature, the
absorption and scattering spectra of such systems are
highly tunable with no effort to control the spatial ar-
rangement of the metal NPs within their layer. The
strong SPR-mediated coupling between the metal
NPs and the metal film occurs in such a system. The
coupling and the corresponding optical spectra of a
metal NPs/film nanosystem can be tailored by vary-
ing the geometry (the size of NPs, the thickness of a
spacer, and/or the thickness of a metal film). In this
nanosystem, each metal NP is the optical analog of
a grounded patch antenna, each with a nearly iden-
tical local field structure modified by the plasmonic
response of metal’s dielectric function, and each with
an anomalously large absorption and scattering effi-
ciency that can be partly attributed to the interfer-
ometric effect [30]. The absorptivity of a large sur-
face area can easily be controlled in such system on
scales out of reach of lithographic approaches (such
as electron-beam lithography), which are otherwise
required to manipulate the matter on the nanoscale.

In our present work, we studied the three-layer
nanosystem arranged as described herein; the mono-
layer of nickel NPs was deposited on a glass sub-
strate, and the Ni NPs’ monolayer was covered by a
nanoscale-thick dielectric shellac film. The nanoscale-
thick metal film was then deposited on the external
surface of a shellac film. We studied the samples with
nickel and gold films covering the shellac one.

With respect to magneto-optical applications of
metal-based nanostructures, magnetic metal NPs, Ni
in particular, are attractive. Due to their interest-
ing physical properties, nanostructures consisting of
nickel and nickel oxide NPs have been widely stud-
ied, by using diverse methods [31–37]. The prepara-
tion and magnetic properties of nickel nanopartic-
les have been reported numerously, e.g. in Refs. [38–
41]. However, the optical properties of Ni nanopar-
ticles are studied rather poorly. We have found a few
works reporting the results of optical studies of nickel
nanoparticles in a sol-gel fabricated silica matrix [32,
37], in aqueous solutions [42], and fabricated by the
Ni ion implantation in silica glass [43–45]. The most
“famous” plasmonic nanoparticles are ones of noble
metals: gold, silver, and copper. The nanoparticles

of transition metals (Ni in particular) are character-
ized by a sufficiently slight manifestation of surface
plasmons in optical spectra. That is due to the suf-
ficiently higher damping of free electron oscillations
in these metals. To our knowledge, our present work
is the first one, where SPR in Ni NPs is studied not
for isolated NPs, but for Ni NPs included in a near-
field coupled plasmonic cavity of the type “mono-
layer of metal NPs/dielectric spacer/metal film”. In
our recent work [23], we studied the optical proper-
ties of a similar plasmonic cavity “monolayer of Au
NPs/dielectric (shellac) spacer/Al film”, where the
strong plasmonic near-field coupling of gold NPs with
an aluminum film was observed. We revealed the high
ability of tuning absorption spectra of such nanos-
tructure by the variation of the dielectric spacer thick-
ness. Therefore, it is interesting to study the coupling
effect in the plasmonic cavity containing NPs, where
the SPR is considerably weaker than in noble metal
NPs. Meanwhile, we studied the nanostructures con-
taining a gold film with strong plasmonic optical re-
sponse and a nickel film with weak plasmonic re-
sponse to realize the stronger and weaker couplings
of the monolayer of Ni NPs with a metal film in the
plasmonic cavity.

Herein, we report the observation of two Ni NPs
SPR peaks in the absorption spectra of the studied
nanostructures and the influence of the dielectric shel-
lac spacer thickness on the spectral characteristics
(total intensity, spectral position, and width) of the
Ni NPs SPR absorption peaks. The studies were per-
formed in a spacer thickness interval of 12–43 nm. We
revealed that the variation of the shellac spacer thick-
ness influences the SPR in Ni NPs by two physical
mechanisms: (1) the plasmonic near-field coupling of
the Ni NPs with a metal film and (2) the variation
of the dielectric permittivity of the Ni NPs environ-
ment. We obtained that stronger plasmonic coupling
of Ni NPs with a metal film occurs in the sample con-
taining the Au film than in the sample containing the
Ni film.

2. Experimental. Sample
Preparation and Characterization

The “Ni NPs monolayer/shellac film/Au film” and “Ni
NPs monolayer/shellac film/Ni film” layered samples
were prepared as follows. The optical glass plate with
an area of 2.5× 8 cm2 was used. The nickel film was
deposited by the thermal vacuum deposition on glass
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Fig. 1. Schematics for the studied “Ni NPs monolayer/shellac
spacer/Au(Ni) film” nanostructure samples

Fig. 2. Absorption spectra of the “Ni NPs monolayer/shellac
film” nanostructure at various shellac film thicknesses in the
interval of 12 nm6 𝑙 6 43 nm The spectra were shifted ver-
tically for convenience. “H” and “L” mark the high and low
energy SPR peaks of Ni NPs, respectively

as a strip 1.7 cm in width and 7 cm in length along the
longer side of the plate, Fig. 1. The thickness of the
deposited Ni film was about 10 nm. Then the sam-
ple with the Ni film was annealed at a temperature
of 290 ∘C during 30 min. The annealing results in
the transformation of the continuous nickel film to
a monolayer of nickel NPs. The presence of Ni NPs
on the glass substrate was confirmed by absorption
spectra (Figs. 2–4).

After the annealing, the shellac film was deposited
to the entire surface of the sample. The shellac film
was deposited with monotonically variable thickness
in the interval of 12–43 nm along the longer sample
side, Fig. 1. At last, the thin metal (Au or Ni) film
with thickness of 10 or 15 nm, respectively, was de-

Fig. 3. Absorption spectra of the “Ni NPs monolayer/shellac
film/Ni film” nanostructure at various shellac film thicknesses
in the interval of 12 nm6 𝑙 6 43 nm. The spectra were shifted
vertically for convenience. “H” and “L” mark the high and low
energy SPR peaks of Ni NPs, respectively

Fig. 4. Absorption spectra of the “Ni NPs monolayer/shellac
film/Au film” nanostructure at various shellac film thicknesses
in the interval of 12 nm6 𝑙 6 43 nm. The spectra were shifted
vertically for convenience. “H” and “L” mark the high and low
energy SPR peaks of Ni NPs, respectively, “G” marks the peak
of SP polaritons in the Au film

posited on the sample area containing Ni NPs and
the shellac film as a strip of 0.8 cm in width and
7 cm in length along the longer side of the plate,
Fig. 1. Thus, the surface of the sample was divided
into three zones. The first zone is a glass substrate
covered by a shellac film, the second one is the Ni NPs
monolayer on glass covered by a shellac film, and the
third one is the Ni NPs monolayer on glass covered by

388 ISSN 2071-0194. Ukr. J. Phys. 2018. Vol. 63, No. 5



Surface Plasmon Resonance

the shellac and metal (Au or Ni) films. The structure
of the fabricated sample is shown in Fig. 1.

The films were deposited as follows. The metals
(nickel and gold) and shellac were vacuum-evaporated
from simple sources consisting of tungsten crucibles
with shutters heated by an electric current. The cru-
cibles were filled with a 99.99 purity metal and com-
mercial grade purity shellac. The temperature in the
crucible with a shellac powder was 250 ∘C, while
the substrate was kept at 20 ∘C. During the shellac
film deposition, the sample was installed at an an-
gle to the molecular beam from the point evaporator
to deposit the shellac film of variable thickness. The
pressure in a vacuum chamber was about 10−5 Torr.
The distance between substrates and filaments was
about 15 cm. This large distance between substrates
and filaments allowed us to produce quite uniform
films. The thickness of films was controlled in-situ via
deposition monitors, by using the quartz microbal-
ance and ex-situ by multiangle incident ellipsometry.

The spectra of the optical density (absorption) of
Ni NPs were measured. At the calculation of the op-
tical density 𝐷 = log (𝐼0/𝐼): (1) for the sample area
uncovered by a metal (Au or Ni) film, 𝐼0 is the in-
tensity of light passed through the glass and shellac
film, and 𝐼 is the intensity passed through the glass,
Ni NPs layer, and shellac film; (2) for the sample
area covered by a metal (Au or Ni) film, 𝐼0 is the in-
tensity of light passed through the glass, shellac and
metal films, and 𝐼 is the intensity passed through the
glass, Ni NPs layer, shellac and metal films. Thus, the
measured absorption spectra have no contribution of
the absorption of a metal film. The UV–vis absorp-
tion spectra were measured using a Cary 60 UV-VIS
spectrophotometer (Agilent Technologies, Inc.). The
spectra were obtained at the normal incidence geom-
etry, where the light beam was normal to the sample
plane. The size of a light spot on the sample surface
was 0.5 × 0.5 mm2, so the shellac film thickness can
be considered as constant within the area of a light
spot. The absorption spectra were measured at room
temperature.

3. Results and Discussion

We studied the UV–vis absorption spectra of the “Ni
NPs/shellac film” (Fig. 2), “Ni NPs/shellac film/Ni
film” (Fig. 3), and “Ni NPs/shellac film/Au film”
(Fig. 4) nanostructures in the wide spectral range
190–1050 nm in dependence on the thickness of the

dielectric shellac spacer in the interval of 12–43 nm. It
is seen from the figures that two peaks with maxima
in the interval 230–300 nm are in the spectra. We
marked these peaks as H (high-energy) peak and L
(low-energy) peak. Based on the data of Refs. [32,
37, 42–45], one can assume these peaks to originate
from SPR in Ni NPs. However, why two peaks are
observed? It is a common phenomenon, when the
spherical metal particle has a single SPR. However,
the NPs of metals with specific frequency-dependent
dielectric permittivity 𝜀(𝜔) with high contribution of
the interband transitions into 𝜀 are characterized by
two SPR modes, see, e.g., Ref. [46], where the ob-
servation of dual SPR in Zn NPs was reported. Due
to the specific non-monotonic dependence 𝜀(𝜔), the
dipolar SPR condition

min
[︀
(𝜀1(𝜔) + 2𝜀𝑚)2 + 𝜀22(𝜔)

]︀
(1)

can be fulfilled at two different frequencies. Here,
𝜀1(𝜔) and 𝜀2(𝜔) are the real and imaginary parts
of the metal dielectric permittivity, and 𝜀𝑚 is the
permittivity of the host matrix. To check our above
assumption of SPR nature of two observed peaks
in absorption spectra of Ni NPs, we calculated the
absorption spectra of isolated Ni NPs in depen-
dence on the dielectric permittivity of the surround-
ing medium. According to the Mie theory of the light
absorption by a spherical particle that is substantially
smaller than the light wavelength, the absorption co-
efficient of the nanocomposite containing small iso-
lated NPs is

𝜅 (𝜔) =
9𝑓𝜀

3/2
𝑚 𝜔

𝑐

𝜀2 (𝜔)

(𝜀1 (𝜔) + 2𝜀𝑚)
2
+ 𝜀22 (𝜔)

, (2)

where 𝑓 is the filling factor of the nanocomposite,
and 𝑐 is the light velocity. In the calculations, we took
the frequency dependence of the nickel permittivity
from Ref. [47]. The calculation results are presented
in Fig. 5. One can see that, similarly to experimen-
tal absorption spectra, the calculated ones contain
two SPR peaks. It is seen from Fig. 5 that the wave-
lengths of both H and L peaks depend on the permit-
tivity of the surrounding medium, i.e. the peaks are
red-shifted at the increase of 𝜀𝑚, which is the well-
known phenomena for SPR in metal NPs. Since the
permittivity of the surrounding medium influences
only the surface electronic excitations of the NP and
does not influence the bulk excitations, the depen-
dence of the wavelengths of H and L peaks on 𝜀𝑚
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Fig. 5. Calculated absorption spectra of Ni NPs in depen-
dence on the dielectric permittivity of the host matrix. The
spectra were shifted vertically for convenience. “H” and “L”
mark the high- and low-energy SPR peaks of Ni NPs, respec-
tively

allows us to attribute both H and L peaks to SPR in
Ni NPs. The similar behavior of the wavelengths of
absorption peaks for Ni NPs is observed experimen-
tally. The wavelengths of both peaks are red-shifted
with increasing the shellac thickness. Indeed, an in-
crease of the shellac film thickness would cause an
increase of the permittivity of the Ni NPs environ-
ment that would lead to the red shift of SPR. Thus,
Figs. 2–4 prove the presence of Ni NPs in the studied
nanostructures and the existence of the dual dipolar
SPR in Ni NPs.

Let us analyze the behavior of the experimental
absorption spectra of the nanostructures containing
the metal Au (Ni) film and without it, Figs. 2–4. It
is apparent that the spectra depend on the shel-
lac film thickness for all the samples. To quantita-
tively analyze the effects of the spacer thickness on
SPR peaks’ spectral characteristics (intensity – to-
tal area, wavelength, and width), the spectra were
fitted with basic Gaussian peaks. The dependences
of SPR spectral characteristics on the spacer thick-
ness are caused both by a change of the influence
of a metal film and a change of the surrounding
medium permittivity occurring at the variation of
the shellac spacer thickness. To extract the contri-
bution of the metal film on SPR in Ni NPs, we
took the sample area “Ni NPs/shellac film” without a
metal film as a reference, i.e. we calculated: (1) the
ratio of the intensities of SPR peaks for the sam-

ple area containing a metal film and for the area
without metal film 𝐼Ni/shellac/metal(𝑙)/𝐼Ni/shellac(𝑙);
(2) the SPR spectral shift 𝜆Ni/shellac/metal(𝑙)−
−𝜆Ni/shellac(𝑙); (3) the ratio of the SPR peak widths
Δ𝜆Ni/shellac/metal(𝑙)/Δ𝜆Ni/shellac(𝑙). As zero points for
the dependences, we took the respective values at the
maximal shellac thickness 𝑙 = 43 nm. The respective
experimental dependences are shown in Figs. 6, a–
c. Based on the calculated absorption spectra of Ni
NPs, we also obtained the dependences of the spec-
tral characteristics of SPR absorption peaks on the
surrounding medium permittivity, Figs. 7, a–c.

The main features of the dependences of the Ni
NPs SPR spectral characteristics on the spacer thick-
ness are as follows. The first feature is an increase
of the SPR absorption peak intensity at a decrease
of the spacer thickness that is observed for both
“Ni NPs/shellac film/Ni film” and “Ni NPs/shellac
film/Au film” nanostructures, Fig. 6, a. We note that
an increase of the light absorption with decreasing
the spacer thickness is stronger for the sample with a
gold film. Indeed, upon decreasing the spacer thick-
ness from 43 nm to 12 nm, the intensity of H peak
increases by 3.4 times for the sample with the Au
film and by 2.2 times for the sample with the Ni
film, the intensity of L peak increases by 2.0 times
for the sample with the Au film and by 1.4 times for
the sample with the Ni film, see Fig. 6, a. Thus, we
can conclude that there is an appreciable enhance-
ment of the light absorption by Ni NPs in the pres-
ence of a metal film; this is in agreement with the
literature [20, 21, 23, 31]. Let us discuss the physi-
cal mechanisms of the observed effect of varying the
dielectric spacer thickness on the light absorption in-
tensity. The first possible mechanism can be a change
of the dielectric permittivity of the Ni NPs environ-
ment. Indeed, since the real part of the permittiv-
ity of a metal film is negative, the approaching of
a metal film to Ni NPs with decreasing the shellac
film thickness would lead to a decrease in the sur-
rounding medium permittivity, that, in accordance
with Fig. 7, a, would lead to a decrease of the SPR
peak intensity. However, we observed experimentally
the opposite dependence, Fig. 6, a. The second possi-
ble cause for the observed dependence of the intensity
of SPR peaks on the shellac film thickness can be the
following. The light scattered by Ni NPs consists of
electromagnetic waves with a large curvature of the
wave-front, which can excite the surface plasmon po-
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a

b

c
Fig. 6. Behavior of the spectral characteristics of SPR ab-
sorption peaks of Ni NPs in the “Ni NPs monolayer/shellac
film/Au(Ni) film” nanostructure with variation of the shellac
film thickness: the dependence of the normalized ratio of the
SPR peak intensities (𝑎), SPR peak spectral shift (b), and nor-
malized ratio of the SPR peak widths for Ni NPs in the “Ni NPs
monolayer/shellac film/Au(Ni) film” nanostructure in relation
to Ni NPs in the “Ni NPs monolayer/shellac film” one. The
lines are added to guide an eye, when analyzing the character
of dependences

a

b

c
Fig. 7. Calculated dependences of the spectral characteristics
of SPR absorption peaks of Ni NPs on the dielectric permittiv-
ity of the host matrix: peak intensities (𝑎), peak wavelength
(b), and peak widths (c)
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laritons (SPPs) in the metal film, i.e. propagating SP
modes. Therefore, aside from the light absorption by
Ni NPs themselves, the additional energy dissipation
of the incident light beam occurs due to the SPP ex-
citation in a metal film, resulting in an additional
light absorption. With a decrease in the spacer thick-
ness, the Ni NPs are approaching the metal (Au, Ni)
film, and, correspondingly, the excitation of SPPs oc-
curs more efficiently. The more efficient SPP excita-
tion leads to the increased dissipation of the incident
light energy and, correspondingly, to an increase in
the absorption intensity. The fact of a stronger in-
crease of the absorption in the sample containing the
gold film comparing to one containing the nickel film
is due to the stronger plasmonic coupling of the mono-
layer of Ni NPs with the Au film than with the Ni
film. It is due to the fact that the damping of plasma
oscillations in gold is considerably weaker than in
nickel. Thus, the excitation of SPPs in the Au film
occurs more efficiently than in the Ni film. An addi-
tional evidence of the excitation of SPPs in the gold
film is the existence of a broad G peak in the ab-
sorption spectra of the “Ni NPs/shellac film/Au film”
sample with maximum at about 700 nm (Fig. 4). The
SPPs in the Au film can be excited only by near-field
waves of light scattered by Ni NPs, since the direct
excitation of SPPs in a flat metal film by a flat wave of
the external light beam is forbidden by the momen-
tum conservation law. We note that the additional
peak caused by the excitation of SPPs in a metal film
is absent in the spectra of the sample containing the
Ni film. It is due to the sufficiently less efficient ex-
citation of SPPs in the Ni film than in the Au film,
which is a result of the sufficiently stronger damping
of plasma oscillations in nickel than in gold. Another
source of the increased plasmonic absorption peak in-
tensity may be due to the fact that light scattered by
Ni NPs is reflected from the metal film back to the
Ni NPs layer and is then reabsorbed.

A second feature is a monotonous blue shift of both
H and L peaks at a decrease of the spacer thick-
ness, Fig. 6, b. We note that, like the dependences
of the SPR peaks intensities on the spacer thickness
(Fig. 6, a), the dependences of the wavelengths of
SPR peaks on the spacer thickness are stronger for
Ni NPs in the sample with the Au film than for Ni
NPs in the sample with the Ni film. Let us discuss
the physical mechanisms of the observed effect of the
varying dielectric spacer thickness on the wavelength

of SPR peaks. The first possible mechanism can be
a change of the strength of the plasmonic coupling
of Ni NPs with a metal film. Indeed, a decrease of
the spacer thickness leads to approaching Ni NPs to
the metal film that would cause the strengthening of
the coupling. As was reported in recent works [19,
21–23], the strengthening of the coupling leads to a
red shift of the SPR peak of metal nanoparticles cou-
pled with a metal film. However, we observed the red
shift of SPR peaks with decreasing the spacer thick-
ness. Therefore, one can conclude that the coupling
of Ni NPs with an Au (Ni) film is not the dominant
mechanism of the spectral shift of SPR peaks of Ni
NPs in the samples with metal films. The second pos-
sible mechanism of the observed SPR shift can be a
change of the permittivity of the Ni NPs environ-
ment. Indeed, since the real part of the permittiv-
ity of a metal film is negative, the approaching of
the metal film to Ni NPs with decreasing the shellac
film thickness would lead to a decrease of the sur-
rounding medium permittivity 𝜀𝑚. According to the
result of calculations of the dependence of the wave-
lengths of SPR peaks in Ni NPs on the surround-
ing medium permittivity (Fig. 7, b), such decrease
of 𝜀𝑚 would lead to a blue shift of the SPR peaks
that is observed experimentally, Fig. 6, b. Thus, one
can conclude that the observed blue shift of SPR H
and L peaks of Ni NPs with decreasing the spacer
thickness originates from a decrease of the permit-
tivity of surrounding medium caused by approach-
ing the metal film to the Ni NPs monolayer. The
stronger blue shift of SPR peaks of Ni NPs in the
sample with a gold film compared to that in the sam-
ple with a nickel film is due to a smaller value of
the real part of the permittivity of gold than that
of nickel at SPR wavelengths, e.g., at 𝜆 = 300 nm:
𝜀
(Au)
1 = −1.23 and 𝜀

(Ni)
1 = −0.67. Therefore, a de-

crease of 𝜀𝑚 caused by a metal film is stronger in the
sample with the Au film than in the sample with the
Ni film.

A third feature is the monotonous change of the
widths of H and L SPR peaks of Ni NPs with the
variation of the spacer thickness, Fig. 6, c. One can
see that H peak broadens at a decrease of the spacer
thickness, while L peak narrows. Such dependences
are similar for Ni NPs in the sample with the Au
film and with the Ni film. We note that, like the de-
pendences of the intensities of SPR peaks and wave-
lengths on the spacer thickness (Fig. 6, a, b), the de-
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pendences of the widths of SPR peaks on the spacer
thickness are stronger for Ni NPs in the sample with
the Au film than for Ni NPs in the sample with the
Ni film. It is seen that the behavior of the widths of
H and L peaks at a decrease of the spacer thickness
(Fig. 6, c) is similar to the calculated behavior of the
widths of H and L peaks at a decrease of the per-
mittivity of the surrounding medium 𝜀𝑚. In view of
the above considerations of a decrease of 𝜀𝑚 with de-
creasing the spacer thickness, we can conclude that
the observed change of the widths of H and L peaks
with decreasing the spacer thickness is due to a de-
crease of 𝜀𝑚 caused by approaching the metal film
to the monolayer of Ni NPs. Like the dependences
of the intensities of SPR peaks and wavelengths, the
stronger dependences of the widths of SPR peaks for
Ni NPs observed in the sample with the gold film
than that in the sample with the nickel film are a
result of the stronger decrease of 𝜀𝑚 with decreasing
the spacer thickness in the sample with the Au film
due to the smaller real part of the permittivity of gold
comparing to that of nickel at the SPR wavelengths.

4. Conclusions

The dual SPR in Ni NPs in “monolayer of Ni na-
noparticles/shellac film/Au (Ni) film” planar nanos-
tructures is observed. The dependences of the spec-
tral characteristics (intensity, wavelength and width)
of the SPR absorption peaks of Ni NPs coupled with
an Au (Ni) film on the spacer thickness are studied
in the interval of thicknesses of 12–43 nm. The main
features of these dependences are an increase of the
intensities, the blue shift, and the monotonic behavior
of the widths of SPR absorption peaks at a decrease
of the spacer thickness. The noticeable enhancement
(by 3.4 times in the sample containing the Au film,
and by 2.1 times in the sample with the Ni film) of
light absorption by the Ni NPs monolayer in the pres-
ence of a metal film is observed, as compared to the
same monolayer without a metal film. The increase
of the light absorption in the samples containing a
metal film was rationalized as a result of the plas-
monic coupling of the monolayer of Ni NPs with a
metal film that causes the excitation of surface plas-
mon polaritons in a metal film. Meanwhile, the spec-
tral shift and a change of the widths of SPR peaks are
explained as a result of the decrease of the dielectric
permittivity of the Ni NPs environment occurring at
approaching the metal film to the Ni NPs monolayer

at a decrease of the spacer thickness. The stronger
dependences of the SPR spectral characteristics of Ni
NPs on the spacer thickness are observed in the sam-
ple containing the gold film than in the sample with
the Ni film. It is due to the stronger coupling of Ni
NPs with the Au film, as well as to the stronger in-
fluence of the Au film on the permittivity of the Ni
NPs environment comparing to the Ni film.
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О.А.Єщенко, В.В.Козаченко, А.В.Томчук

ПОВЕРХНЕВИЙ ПЛАЗМОННИЙ РЕЗОНАНС
У НАНОСТРУКТУРI “МОНОШАР НАНОЧАСТИНОК
Ni/ДIЕЛЕКТРИЧНИЙ ПРОШАРОК/ПЛIВКА
Au (Ni)”: ЗМIНА ШЛЯХОМ ВАРIАЦIЇ ТОВЩИНИ
ДIЕЛЕКТРИЧНОГО ПРОШАРКУ

Р е з ю м е

Подвiйний поверхневий плазмонний резонанс спостерiгав-
ся у спектрах поглинання наночастинок Ni у планарних

наноструктурах “моношар наночастинок Ni/плiвка шела-
ку/плiвка Au (Ni)”. Залежностi iнтенсивностi, довжини
хвилi та пiвширини плазмонних пiкiв поглинання наноча-
стинок Ni, взаємодiючих з плiвкою Au (Ni), вiд товщини
дiелектричного прошарку було дослiджено в дiапазонi тов-
щин прошарку 12–43 нм. Основними особливостями цих
залежностей є збiльшення iнтенсивностi, блакитний зсув
та монотонна поведiнка пiвширини плазмонних пiкiв по-
глинання при зменшеннi товщини дiелектричного прошар-
ку. Спостережуванi залежностi були iнтерпретованi як ре-
зультат плазмонної взаємодiї моношару наночастинок Ni
з металевою плiвкою та змiни дiелектричної проникностi
середовища, оточуючого наночастинки Ni, що спричине-
на присутнiстю плiвки металу. Для наноструктури, що мi-
стить плiвку золота, спостерiгалися сильнiшi залежностi
спектральних характеристик поверхневого плазмонного ре-
зонансу наночастинок Ni, нiж для наноструктури з плiвкою
нiкелю. Цей ефект зумовлений сильнiшою взаємодiєю на-
ночастинок Ni з плiвкою Au та сильнiшим впливом плiвки
Au на дiелектричну проникнiсть середовища, оточуючого
наночастинки Ni.
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