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Abstract. We implemented and compared two methods for fabricating plasmonic silver nanoparticle (AgNP) layers
on ITO/Cul substrates to determine how the fabrication process affects the layer’s morphology and optical properties.
First, a colloidal AgNP dispersion is photochemically modified under LED illumination at selected wavelengths. The
modified particles are then transferred onto the substrate by drop-depositing. The second method uses laser-assisted
photoreduction of silver ions to enable the direct, in situ growth of Ag NPs on the substrate surface. Irradiating a
citrate-stabilized colloid of spherical AgNPs with green and red LEDs produces additional plasmon bands at 584 and
975 nm, as well as at 710 and 1050 nm. Depositing drop-modified colloids onto ITO/Cul substrates results in coatings
with different morphologies. Coatings with large particles organized into chain-like and network-like aggregates and
coatings of small, triangular particles were created. Using laser-induced synthesis to create AgNPs directly on the
ITO/Cul surface yields a continuous, uniform layer of anisotropic, platelet-like nanostructures. Rather than colloid
pretreatment alone, the deposition route was found to determine the layer architecture, with in situ laser-induced
synthesis producing the densest and most uniform layers. The ability to shift the plasmon resonance into the near-
infrared range and form dense, uniform plasmonic layers on transparent conductive substrates makes the laser-
induced synthesis method promising for enhancing the local electromagnetic field.
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1. Introduction

The silver nanoparticles (AgNPs) are among the most efficient plasmonic materials for
optoelectronics. They are distinguished by several beneficial characteristics, including
enhanced electrical [1-3], thermal [4-6], and optical conductivity [7-10]. These properties
make them valuable in fields such as catalysis [11, 12], imaging [13-15], electronics [16-18],
and optoelectronics [19-21]. Compared to bulk silver, AgNPs have significantly superior
physicochemical properties due to changes in their shape and crystallite size. Their
increased surface area improves their physical, chemical, and electromagnetic properties,
making them ideal for use in micro- and optoelectronic nanodevices [22-24]. The
effectiveness of AgNP-based elements depends on their size, shape [25, 26], aggregation
state [27,28], surface density, crystallinity, and the distance between the nanoparticles (NPs)

04178 UKkr. ]. Phys. Opt. 2026, Volume 27, Issue 4



Plasmonic Silver Nanoparticle Layers

[29-31]. Minor changes in NP morphology can shift plasmonic resonance [32, 33], modify
electromagnetic coupling, and significantly affect resonance-spectrum intensity [34, 35]. The
shape of NPs is particularly important because anisotropic particles concentrate
electromagnetic fields more effectively than spherical particles do [36-38]. Triangular
nanoprisms, nanoplates, nanostars, and other polyhedral structures have sharp edges and
corners that can act as field-concentrating points [39, 40]. While such features may increase
local enhancement, they do not automatically guarantee better analytical performance. The
stability and long-term performance of AgNPs in electrical and optoelectronic systems are
limited by their unique properties [41]. Research should be focused on increasing the
stability and reliability of AgNPs in optoelectronic devices.

Therefore, researchers are paying close attention to various methods for synthesizing silver
nanoparticles and their wide range of applications. In particular, AgNPs of various sizes and
shapes have been obtained by reducing silver nitrate with sodium borohydride in the presence of
polyvinylpyrrolidone and sodium citrate [42, 43]. It has been demonstrated that the morphology
and size of the particles can be controlled by adjusting the type and concentration of the reagents,
as well as the reaction conditions [44]. Furthermore, it has been demonstrated that colloidal
methods produce stable particles that are ideal for surface-enhanced Raman spectroscopy
(SERS), optoelectronics, catalysis, and biological imaging [45, 46].

Methods for depositing nanoparticles onto solid substrates are key to transitioning
from colloidal systems to functional optical and optoelectronic elements [47]. The choice of
deposition method directly affects nanoparticle size, shape, and surface distribution.
Consequently, it also affects the position and intensity of the localized surface plasmon
resonance. For example, a comparison of the electroless deposition, electrodeposition, and
spray pyrolysis of silver on silicon substrates revealed that these methods produce particles
with different morphologies and optical responses [48]. Meanwhile, nanoparticles formed by
annealing ultrathin silver films can significantly reduce silicon reflectance across a broad
spectral range, which is important for photovoltaics [49, 50]. Controlled deposition of silver
nanoparticles can also enhance the optical and electrical properties of transparent,
conductive substrates such as indium-tin oxide (ITO) [51]. Unconventional approaches, such
as visible-light-induced liquid-phase deposition, can enable particles to self-assemble into
structures with optimized light-interaction characteristics. This eliminates the need for
costly electron-beam lithography [52]. Methods for depositing plasmonic particles onto
porous and biological substrates to create colorimetric sensors and SERS-active surfaces are
equally promising [53, 54]. Although drop-deposition of colloidal AgNPs is simple and
accessible, it often yields non-uniform NP distribution and limited substrate adhesion [55].
In situ growth or laser-assisted formation of NPs directly on a solid substrate can improve
contact between the nanoparticles and the substrate, increase surface coverage, and more
reproducibly form networks of “hot spots” [56, 57]. Recent studies of photochemical, laser-
induced, lithographic, and self-assembled substrates demonstrate that achieving high
sensitivity and reproducibility requires controlled nanostructural organization [58, 59].
Thus, depositing nanoparticles onto different substrates is not only a technological step, but
also an effective tool for controlling the optical properties of future devices. Despite growing
attention to the substrate's role, the deposition step is often treated as routine. Systematic
comparative studies relating the deposition route to the resulting coating morphology,
uniformity, and optical response remain scarce. This gap is especially important for
applications that depend on dense, uniform plasmonic layers on transparent, conductive
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substrates. In these applications, the spectral position of the plasmon resonance and the
surface density of electromagnetic hot spots both determine device performance.

This work aims to establish how the fabrication process influences the morphology and
optical properties of AgNP layers on ITO/Cul substrates. To this end, we adopted two
fundamentally different methods for this substrate and compared them using identical
characterization methods. In the first method, colloidal AgNPs undergo photochemical
transformation by LED irradiation at specific wavelengths, shifting their plasmon resonance
into the NIR range. We then drop-deposit the AgNPs onto the substrate. The second method
grows AgNPs directly on the substrate surface using laser-induced photoreduction. We
demonstrate that the deposition method largely determines the final layer architecture,
rather than colloidal pretreatment alone. We also propose a mechanism linking the observed
morphologies to plasmon-induced coalescence within the colloid and capillary assembly
during droplet drying. By correlating morphology with optical transmission, we established
that in situ laser-induced synthesis is the most effective method of producing dense, uniform
plasmonic layers. Finally, we consider the relevance of these structures for SERS sensing and
NIR photodetectors.

2. Materials and Methods

2.1. Synthesis of AGNPs

The synthesis of triangular AgNPs occurred in two stages. First, silver ions were reduced
from a 4 mM aqueous solution of silver nitrate (AgNOs, SferaSim, 99.8%) using continuous
laser radiation at a wavelength of 445 nm (power: 380 mW) in the presence of a 4 mM
aqueous solution of trisodium citrate (NazCsHs0;, SferaSim, 99.5%) as a stabilizing agent. All
materials were used as received, without further purification. The Ag, synthesis was carried
out at room temperature (20°C) with constant stirring, according to the following scheme:

AgNO; - Ag*™ + NO3
NasCoHs 0, — 3Na* + CoHs 03

At 20°C, trisodium citrate does not split into separate reducing agents. After light excitation, it
directly donates electrons and simultaneously stabilizes the AgNPs. At room temperature, the
reaction is slower but more controllable, leading to uniform, stable nanoparticles. Therefore, it
follows that:

A=445nm

Agt + CeHs 03~ ———— Ag® + C,H; 09

The next stage involves photon-controlled growth of NPs with shape formation. The
resulting colloid of spherical AgNPs was divided into two separate portions. Each portion
was then irradiated for 36 hours using LED radiation at a single wavelength: red at 633 nm
with a total power of 170 mW or green at 532 nm with a total power of 150 mW. Uniform
irradiation was ensured from all sides and along the entire height of the 1 cm diameter vial
containing the colloidal solution. To achieve this, the LEDs were mounted inside a 5cm
diameter cylinder, facing towards the center, where the vial was positioned. Additionally, the
heat generated by the LEDs was dissipated to ensure that any observed modifications were
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specifically caused by the light. Prolonged LED irradiation causes intense electron
oscillations on specific crystallographic faces. Trisodium citrate is partially removed from
these faces, revealing active growth sites. Anisotropic growth occurs slowly in the {111}
planes [60]. These faces are more stable and form flat prisms. The {100} and {110} planes
are less stable. Growth under the influence of light occurs more rapidly here [61].
Consequently, different LED wavelengths produce different growth rates, leading to silver
triangle NPs of varying thickness and size.

2.2. Formation of AgNPs-based substrates

The synthesized AgNP colloidal solution was deposited on the substrates by drop deposition.
To improve nanoparticle adhesion to the substrate, a thin (~5 nm) Cul film was deposited on
ITO glass by thermal vacuum deposition. Then, the surface was treated with UV-ozone for
30 min using a UV-Ozone Cleaner (Ossila, UK). The AgNP dispersion (30 pl) was drop-
deposited onto a preheated ITO/Cul substrate (25x15 mm). It was then dried for 10 minutes
on a hot plate at 40°C.

2.3. Synthesis of AgNPs directly on the substrate

An alternative approach based on laser-induced in situ growth of AgNPs directly on the
substrate surface [62] was employed to promote nanoparticle deposition and surface
attachment. In this case, the AgNPs were synthesized directly on the ITO/Cul substrate. To
achieve this, the ITO/Cul substrate was immersed in an aqueous solution containing 10 mL
of 4mM AgNO3 and 40 mL of 4 mM NazCgHs0,, for a 1:4 ratio. A 380 mW, 445 nm
continuous laser beam was focused onto a 5x3 mm area of the substrate surface. The
synthesis was carried out at room temperature (approximately 20°C) with continuous
magnetic stirring at 600 rpm.

2.4. Characterization

We examined the morphology of the synthesized silver nanostructures using microscopic
techniques. The formation of the nanostructures and the surface morphology of the samples
were observed and analyzed using a FEI Quanta FEG 250 scanning electron microscope
(SEM) operating at 20 kV. Additionally, an energy-dispersive X-ray spectrometer (EDS) was
used to analyze the elemental composition of the nanostructures. The average size of the NPs
was estimated from SEM images by measuring a statistically representative number of NPs
in different regions of the surface. We analyzed the absorption spectra of the obtained silver
colloids using a UV-Vis Evolution 220 spectrophotometer. Raman spectra were acquired
using a confocal Raman spectrometer (XploR PLUS, Horiba Jobin Yvon), which was equipped
with a 532-nm excitation laser and a grating monochromator with 1,200 grooves per
millimeter. Measurements were performed using a 10x objective. Before measurements, the
instrument was calibrated using the characteristic silicon band at 520.7 cm™. The optical
properties of AgNPs were calculated using the discrete dipole approximation (DDA) [63, 64].
This computational technique can model metal nanoparticles of any non-spherical shape
with high numerical accuracy. The target particle is represented by an array of many small,
polarizable, cubic elements that are solely coupled to one another through dipole-dipole
interactions. Each element responds to the local electric field acting on it by developing an
induced dipole moment. The resulting polarizations of all the elements are then used to
calculate the particle's extinction cross-section. The nanoprism discretization satisfied the
DDA validity criterion for total cross sections across the entire studied spectral range. The
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measuring 150x10 nm (with a quadrupole band near 620 nm and a dipole band near
970 nm) is similar to that of the green-modified colloid (with peaks at 584 and 975 nm). For
larger prisms (230x13 nm), the quadrupole modes shift to 650-800 nm, and the dipole
resonance moves beyond 1000 nm. This is consistent with the red-modified colloid spectrum
(710 and 1050 nm). Thus, the red shift of the plasmon bands when moving from green to red
light reflects an increase in the edge length (and aspect ratio) of the nanoprisms. The
experimental bands are broader than the calculated ones. This can be attributed to the size
and shape distribution of the colloidal particles, including those with truncated prism
corners.

SEM images of coatings obtained by drop-depositing AgNP colloids that were pre-
modified by irradiation in the red (Substrate A) and green (Substrate B) spectral ranges onto
ITO/Cul substrates are shown in Fig. 2. The different coating morphologies indicate
significant differences in the composition and state of the particles in the initial colloids.

Relatively large particles with distinct faceting formed on Substrate A. These particles
tend to aggregate into chain-like and network-like structures that extend up to several
micrometers. This aggregation pattern results in significant coating non-uniformity.
Alongside agglomerates, large areas of the substrate are virtually free of particles. The mean
maximum lateral dimension of the particles and their aggregates identified in the SEM
images is 225 * 172 nm, with a median of approximately 175 nm. In contrast, Substrate B's
surface is predominantly covered with small, densely and uniformly distributed triangular
particles, with occasional compact submicron-sized aggregates. The mean equivalent particle
diameter is 53 + 42 nm, and the mean maximum lateral dimension is 68 + 62 nm. The
median is approximately 45 nm. The mean being significantly higher than the median
indicates positive skew in the distribution, driven by a few large aggregates. Substrate A also
exhibits a similar, albeit less pronounced, asymmetry.

Fig. 2. SEM images of coatings obtained by drop-depositing AgNP colloids that were pre-modified by
irradiation in the red (Substrate A) and green (Substrate B) spectral ranges onto ITO/Cul substrates.

The differences in coating morphology are consistent with the spectral data for the
modified colloids (Fig. 1b). The larger wavelength shift of the plasmon bands for the colloid
irradiated with red light corresponds to the formation of larger, more anisotropic particles.
This aligns with the known dependence of nanoprism size on excitation wavelength.
Meanwhile, the dimensions of the faceted particles on Substrate A far exceed the
characteristic sizes of the nanoprisms that formed during the photoinduced growth process.
This suggests that particle coalescence occurred alongside anisotropic growth as early as the
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colloid irradiation stage. Plasmon-induced fusion of nanoprisms has been observed for silver
[66]. For gold nanoparticles, morphological transformation has been shown to occur via a
hot-hole-driven mechanism dominated by coalescence [67, 68]. The plasmonic properties of
noble metals are similar, which suggests that this mechanism may also operate in the Ag
system. Plasmonically coupled aggregates may also partially account for the high intensity of
the absorption band around 1050 nm.

How the droplet dries is another factor that determines the nature of aggregation.
During solvent evaporation, capillary flows arise and transport particles toward the droplet
periphery, promoting their local concentration. In the final stage of drying, when the liquid
film thickness falls below the particle size, lateral capillary forces emerge between them. The
intensity of these forces increases with particle size. Consequently, the large particles of
colloid modified by red LED radiation (A) experience stronger capillary and van der Waals
attractions. These particles organize into chain-like and network structures. In contrast, the
small particles of colloid modified by green LED radiation (B) remain mobile for a longer
period of time. They deposit onto the substrate much more uniformly.

Fig. 3 shows the transmission spectra of substrates A and B over 350-1100 nm. The
ITO/Cul substrates have AgNPs deposited from colloids A and B, which emit red and green
light, respectively. The spectral profile of the bare ITO/Cul substrate matches that of the
coated samples, confirming that the substrate governs the overall spectral shape. The AgNP
layers further reduce transmittance. In the NIR range, transmittance decreases
monotonically for both samples. Because the bare substrate already shows a significant
decrease in this range due to free-carrier absorption in ITO, the further reduction in the
coated samples is due to the long-wavelength plasmon modes of the anisotropic
nanoparticles and their aggregates. Both samples show maximum transmission near 430 nm.
The short-wavelength drop-off likely results from interband absorption in Cul, whose
absorption edge is around 410 nm. Further along the spectrum, a minimum appears in the
range of 540-580 nm, followed by a broad maximum in the range of 640-660 nm. This
oscillatory structure likely arises from interference within the ITO layer because the Cul film
thickness (5 nm) is insufficient to produce interference fringes in the visible spectrum.

Superimposed on this interference pattern is the plasmon absorption of the silver
nanoparticles. This absorption is shifted toward longer wavelengths due to the substrate's
high refractive index and the electromagnetic interactions between the particles within the
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Fig. 3. Experimentally measured optical transmittance spectra of AgNPs-based Substrates A (a) and B (b).
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aggregates. In the near-infrared range (700-1,100nm), transmittance decreases
monotonically to 53-55%. This decrease can be attributed to free-carrier absorption in the
ITO and the contribution of long-wavelength plasmon modes from anisotropic nanoparticles
and their aggregates. A feature appears at the same position in both spectra in the 820-
850 nm region and is likely an instrumental artifact associated with switching the
spectrophotometer's detector or light source.

Despite their similar shapes, the samples’ spectra differ in absolute transmittance. In
the visible region, Substrate A has a higher transmittance: approximately 79% at the
maximum wavelength of 430 nm and 73-75% in the 550-650 nm range. For Substrate B,
these values are approximately 75.6% and 71.5-72.5%, respectively. These results are
consistent with those of the SEM analysis. The dense, uniform coverage of Substrate B's
surface with small nanoparticles, whose dipole and quadrupole plasmon modes lie within
the visible spectrum, results in higher extinction in this region. By contrast, large portions of
the substrate surface are free of particles. This reduces the effective surface coverage and,
consequently, the transmittance losses in the visible range.

In the NIR, however, the relationship is reversed. At 1100 nm, Substrate A has a
transmittance of about 53%, slightly lower than Substrate B at about 55%. This is likely due
to large, faceted particles and chain-like aggregates on Substrate A. The plasmon resonance
of these particles is shifted toward longer wavelengths due to their increased size and
interparticle plasmon coupling. The reduced transmittance may also result from light
scattering by large aggregates, whose efficiency increases with aggregate size. Thus,
differences in the morphology of nanoparticles obtained from colloids modified by radiation
of different wavelengths are evident in their transmission spectra. This is primarily due to a
redistribution of extinction between the visible and NIR regions rather than a shift in the
position of the main spectral features. The latter is predominantly determined by the
substrate.

To enable comparison with coatings obtained by drop-depositing pre-synthesized
colloids, we synthesized the AgNPs directly on an ITO/Cul substrate. The sample obtained in
this manner is called Substrate C (Fig. 4).

0 1

2 3 4 5
Energy, keV

Fig. 4. SEM images of coating obtained by the laser-induced AgNPs formation on the ITO/Cul substrate
(a,b) and Energy-dispersive X-ray spectroscopy (EDX) spectra (c) of the AgNPs-modified surface of
Substrate C.

An SEM image (Fig. 4a) shows that laser-induced synthesis forms a continuous, dense,
uniform layer of silver nanostructures over areas spanning tens of micrometers. The surface
has virtually no particle-free regions, and agglomerates 1-2pm in size occur only
sporadically. Fig. 4b reveals that the layer consists of densely packed faceted particles, many
of which exhibit a lamellar morphology with distinct edges. Some of the plates are oriented
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perpendicular to or at an angle to the substrate surface. In the image, they appear as narrow,
elongated strips, which is a characteristic feature of thin nanoplates.

A quantitative analysis of scanning electron microscope (SEM) images revealed that the
mean equivalent diameter of the nanostructures on Substrate C is 101 + 82 nm. The mean
maximum lateral dimension is 168 + 134 nm, with a median of approximately 121 nm. The
mean being greater than the median indicates positive skew in the distribution, resulting
from the presence of both individual nanoparticles and small aggregates.

In terms of morphology, Substrate C differs significantly from samples that were
prepared using the drop-deposition method. Unlike Substrate A, which has a pronounced,
chain-like aggregation of large, anisotropic particles and a substantial open surface area,
Substrate C has a denser population of smaller, more closely spaced nanostructures that are
uniformly distributed across its surface. The particles on Substrate C are larger and more
anisotropic than those on Substrate B, and the surface coverage is higher. Thus, in situ
particle growth directly on the substrate surface yields significantly higher surface coverage
and more uniform coatings than colloid drop deposition.

Energy-dispersive X-ray microanalysis results confirm the formation of AgNPs on the
ITO/Cul surface (Fig. 4c). The EDS spectrum shows strong Ag L-series lines between 2.9 and
3.4 keV, which confirms the presence of metallic silver on the surface. The In and Sn signals
correspond to the ITO layer. The intense Si line, along with the O and Na signals, originates
from the glass substrate because the X-ray generation depth exceeds the coating's total
thickness. Residual sodium citrate may also contribute to the Na signal. The spectrum shows
no Cu or | lines because the Cul layer is very thin (5 nm). This results in a signal that falls
below the method's detection limit against the background of the intense substrate lines.

The transmission spectrum of Substrate C in the range of 350 to 1100 nm is shown in
Fig. 5. The overall shape of the spectrum is similar to Substrates A and B, which confirms that
the ITO/Cul substrate's optical properties are the dominant contributor to the overall
transmission profile. The maximum transmission lies near 425 - 430 nm at approximately
83%. As with Substrates A and B, the short-wavelength drop likely results from interband
absorption in Cul. Further along, a minimum is observed in the 520-540 nm region
(approximately 77.5%), as well as a broad maximum at 650- 670 nm (approximately
80.5%). These correspond to the ITO interference structure and the plasmonic absorption of
the silver nanostructures superimposed on it. Transmission decreases monotonically in the
NIR range, reaching approximately 61 - 62% at 1100 nm. As with Substrates A and B, the
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Fig. 5. Experimentally measured optical transmittance spectra of AgNPs-based Substrate C.
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feature in the 840 - 850 nm region likely arises from instrumental factors. However, the
increased noise level above 900 nm is associated with the spectrophotometer's declining
detector sensitivity.

Substrate C exhibits higher transmittance across the entire investigated range than
Substrates A and B. The difference is 4 - 7% at the 430 nm peak and 6 - 8% at 1100 nm.

This result is somewhat unexpected, considering the significantly higher surface
coverage of nanostructures on Substrate C. One possible explanation is the absence of large
aggregates, which characterize Substrate A. This reduces light scattering and yields a smaller
average particle size than on Substrate A. At the same time, these differences may partly
reflect changes in the substrate itself during laser-induced synthesis in an AgNO3 solution, or
variations in the residual organic layer in samples prepared by droplet deposition of colloids.
A comparison with the spectrum of the pristine ITO/Cul substrate is necessary to distinguish
between these factors.

The performance of the obtained substrates as SERS-active platforms was evaluated by
comparing the signal intensity of the model analyte, methylene blue (MB) (Fig. 6). Raman
spectra were recorded using a Horiba Aramis UV Raman microscope with 532-nm laser
excitation. To compare the signal enhancement provided by different substrates using SERS,
we used the same MB solution for all samples and applied it to their surfaces by drop-
depositing. This ensured identical conditions for analyte deposition and spectral acquisition.
commercially available Ag-based SERS substrate was used as a reference.
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Fig. 6. SERS spectra of methylene blue on Substrates A, B, and C and on a commercial SERS substrate
under identical measurement conditions (Aexc = 532 nm; Aramis UV; Horiba). The spectra are vertically
offset for clarity.

MS bands [69] were observed on all substrates. The bands appear at the same positions
on all substrates. This indicates no significant changes in the analyte's molecular structure
during adsorption onto the nanostructure surface. At the same time, the SERS signal
intensity varies greatly depending on the substrate type. The intensity of the band at
1624 cm™ for Substrates A and B is about 2-3 and 5-6 times higher than the corresponding
value for the commercial substrate, respectively. For Substrate C, the excess is about 15
times higher. The SEM results are consistent with Substrate C's highest efficiency. Dense,
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uniform coverage of anisotropic silver nanostructures with clear edges and small
interparticle gaps provides a high surface density of hot spots, or regions of local
electromagnetic field enhancement. In contrast, Substrate A has a significant amount of
particle-free surface area, despite the presence of large anisotropic particles. This reduces
the effective number of hot spots in the excitation spot. The intermediate position of
Substrate B corresponds to a dense coating formed mainly of small particles.

Significantly, the 532 nm excitation wavelength falls within the spectral region of
minimum transmission for all substrates studied (520-580 nm; see Figs. 3 and 5), where
plasmonic absorption by silver nanostructures contributes substantially. Thus, these
measurement conditions efficiently excite localized surface plasmons, a prerequisite for the
electromagnetic mechanism of SERS enhancement.

Notably, red-light photo-induced modification of the colloid forms anisotropic AgNPs
that exhibit intense plasmonic bands at 975 and 1050 nm, within the NIR range. These
approaches are promising for fabricating plasmonic layers in NIR graphene photodetectors
with photogating-based gain and integrated dielectric metasurfaces [70, 71]. Such devices
are intended for security and border monitoring systems, where local electromagnetic field
enhancement within the detector's operating spectral range increases sensitivity.

4. Conclusions

This work demonstrates that irradiating a citrate colloid of spherical silver nanoparticles
with green and red LEDs transforms them into anisotropic triangular nanoprisms. This
transformation is evidenced by the appearance of additional plasmon bands, which are
attributed to quadrupole and dipole resonances within the prism plane. Exposure to red light
shifts the wavelength of these bands to 710 and 1050 nm. Thus, the irradiation wavelength
can be used to control the plasmon resonance position, specifically by shifting it into the
near-infrared range.

The morphology of the coatings formed by drop-depositing modified colloids onto
ITO/Cul substrates depends significantly on the modification conditions. A colloid irradiated
with red light forms a heterogeneous coating of large, faceted particles and chain-like or
network-like aggregates. In contrast, a colloid irradiated with green light yields a dense,
uniform coating of small, triangular particles. The transmission spectra of the coatings are
primarily determined by interference within the ITO layer. Differences in particle
morphology, by contrast, manifest as a redistribution of extinction between the visible and
near-infrared regions. The laser-induced synthesis of AgNPs on the ITO/Cul surface creates a
continuous, uniform layer of anisotropic lamellar nanostructures while maintaining the
substrate's high optical transmission. The controllable shift of plasmon resonance into the
NIR, the formation of dense, uniform plasmonic layers on transparent and conductive
substrates, and the effective enhancement of the local electromagnetic field define the
application areas for the proposed approaches.
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AHomayis. PeanizosaHo ma nopieHsHO dea memodu HOPMYS8AHHS NJAAZMOHHUX WaApie
HaHouacmuHok cpibaa (AgNP) Ha nidkaadkax ITO/Cul 3 Memoro 8CMAaHOB/1eHHS 8nauU8y cnoco6y
¢opmysamHs Ha Mopgos02ito ma onmuvHi 8aacmusocmi wapy. Y nepuiomy memodi kon0id AgGNP
domoximiuno Mmodugpikyroms nid diero c8im100i00HO20 BUNPOMIHIOBAHHS BUOPAHUX O0B8MCUH
X8U/1b, NiCAS1 4020 MOOUPIKOBAHI YACMUHKU NepeHOCsiMmb HA hi0kaadky Memodom KpanesibHo2o0
ocadceHHs. [lpyautl Memod TpyHMyeMbCs Ha AA3epPHO-CMUMY/IbOBAHOMY (homosidHo8/1eHH] ioHI8
cpibaa, ujo 3a6esneuye 6e3nocepedHili picm AgNP in situ Ha nosepxHi nidkaadku. OnpomiHeHHs
cmabinizoearozo yumpamonm kos10idy cpepuuHux AgNP 3esneHumMu ma yepgoHuUMu cgimsodiodamu
CNPU4UHSIE N0sIBY 000aMKOBUX NIA3MOHHUX cmye hpu 584 i 975 Hm, a makoxc npu 710 i 1050 Hm
gidnosidHo. KpanesavHe ocadyceHHs: modugikoeaHux kos0idie Ha nidkaadku ITO/Cul dae 3mozy
ompumamu nokpummsi 3 pi3HOW MOp@o02i€l0: 3 BeAUKUX UYACMUHOK, OpP2aHi308AHUX Y
JIGHYI0JCKoB8I ma cimkonodi6HI azpezamu, a makoxc i3 OpiGHUX MPUKYMHUX YACMUHOK.
3acmocysaHHsl sa3epHo-iHdykosaHozo cuHme3dy AgNP 6esnocepednbo Ha nosepxui ITO/Cul
3a6e3nevye (HOpMY8AHHS CYYiNbHO20 OOHOPIOHO20 wWApy AHI30MPONHUX NAACMUHYACMUX
HaHocmpykmyp. BcmanosseHo, wo apximekmypy wapy susHa4ae Hacamneped cnocié 0cadxHceHHs,
a He Jjuwe nonepedHsi 06pob6Ka Ko.10idy, npu4oMy HalwiabHiwi ma HatioOHopioHiwi wapu
ymeopromucsl 3d 1a3epHo-iHAyKosaHo20 cuHmesy in situ. Moxcaugicms 3mileHHsl NJIa3MOHHO20
PEe30HaHCy 8 bAuXCHI iHPpauepeoHy obaacmb i pOpMy8aAHHS WiNbHUX OOHOPIOHUX NAA3MOHHUX
wapie Ha npo3opux cmpymonposioHux nidkaadkax pobums Memod J1a3epHO-IHAYKo8aAHO20
CUHMe3y nepcneKmMuHUM 0151 NidCUNEHHS I0KANbHO20 eAeKMPOMAZHIMHO20 NOS.

Kawuoei caoea: HaHouacmuHku cpibaa, ¢omomodudikosari ko.10i0u, noz2AUHAHHS,
niokaaodka.
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