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PROPERTIES OF PERIODIC
STRUCTURES FORMED BY ORDERING SILVER
NANOPARTICLES IN A POLYMER MATRIX
USING THE HOLOGRAPHIC LITHOGRAPHY METHOD

The properties of one- and two-dimensional periodic structures formed by silver nanoparti-
cles in polymer matrices have been studied. The thermo- or photostimulated synthesis of silver
nanoparticles using the holographic lithography method occurs from a metal precursor pre-
viously distributed in the polymer matrix. The scheme of multibeam holographic recording is
improved with the help of a liquid-crystal spatial light modulator. The mechanisms of periodic
structure formation in the interference field, as well as the synthesis of silver nanoparticles,
are considered. The relation between the parameters of nanoparticles and their spatial distribu-
tion, on the one hand, and the spectral properties of structures obtained in the polymer matrix,
on the other hand, is studied.
K e yw o r d s: metal-polymer nanocomposites, silver clusters, silver nanoparticles, holographic
lithography.

1. Introduction

Owing to the development of new materials for pho-
tonics, nanocomposites created on the basis of op-
tically transparent matrices containing nanoparticles
(NPs) of noble metals compose an important research
field, since these materials demonstrate unique opti-
cal and electronic properties. Their specific proper-
ties mainly reveal themselves as the quantum and di-
electric confinement effects, as well as the excitation
of local surface plasmons in metal NPs [1–5]. Nano-
composites based on doped glass and polymers are
most widely used in linear and nonlinear optics, laser
physics, and optoelectronics [2–4].

Being compared with glass, polymers, besides a
high variability of their structure and properties, are
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relatively cheap and quite easy to be manufactu-
red. Polymer matrices can provide various modifica-
tions of their properties, such as the hydrophilicity
or hydrophobicity, electrical insulating or conducting
properties, as well as their mechanical rigidity or plas-
ticity. Polymers are also effective stabilizers of metal
NPs by preventing their aggregation [2]. Finally, the
application of photopolymer compositions opens a
possibility of producing submicronic periodic distri-
butions of NPs in matrices using the simple one-stage
holographic photopolymerization method [6, 7]. No-
wadays, such nanocomposites are widely researched,
and they are already used in various domains, e.g., as
sensors [8–10], optical limiters [11] and filters [12,13],
for the optical encoding and storage of data [14, 15],
for the amplification of spontaneous fluorescence and
stimulated radiation emission in chaotic lasers by ex-
citing plasmons [16, 17], and so forth.
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The spectral position and the intensity of a plas-
mon resonance depend on the properties of sepa-
rate metal NPs and their spatial arrangement, as
well as on the properties of a dielectric matrix [11–
14]. This dependence makes it possible to control
the plasmonic properties of nanocomposites, which
is implemented the most easily, if polymer matrices
are applied. Despite that the researches in this di-
rection have been carried out for a long time, the
search for technologically simple and economically
feasible methods aimed at creating structures with
given properties still remains a challenging task.

One of the methods to control the plasmonic prop-
erties of nanocomposites is the structuring of such
materials at the micronic and submicronic levels
[15, 16]. Ordered structures with a submicronic pe-
riod can be used as sensors [8], for the creation of op-
tical memory and neural networks [17], as diffraction
elements of a new type with an ultrahigh spectral dis-
persion [18,19], and as resonators of waveguide lasers
with a distributed feedback [20].

Two main procedures are applied to fabricate peri-
odic structures “polymer-metal NPs” with the use of
the holographic method. In the first case, NPs syn-
thesized ex situ are introduced into a monomer mix-
ture. Then the photopolymerization in the interfer-
ence field is performed. A bulk structure is formed
during the polymerization process as a result of the
interdiffusion of the monomer and NPs. The emerged
structure becomes stabilized due to the complete
polymerization of the layer. This approach has a few
shortcomings. First of all, metal NPs easily aggregate
with one another in monomers. To obtain a homoge-
neous mixture, every NP has to be covered with a
shell that should prevent it from the adhesion with
other NPs, which makes the technology of element
fabrication more complicated. Moreover, for record-
ing the short-periodic structures, the radiation with
a wavelength of 350–500 nm has to be used. But this
is an interval, where the plasmon absorption bands of
metals most widely used for producing NPs (Ag, Au,
Cu) are located. As a result, the radiation record-
ing a structure is absorbed that causes the struc-
ture nonuniformity in depth and correspondingly re-
stricts the allowable NP concentration in the initial
monomer mixture.

Earlier, we proposed an in situ method for the fab-
rication of periodic structures on the basis of silver
NPs [21]. A solution of the metal precursor, from

which the Ag nanoparticles are formed after the
holographic recording, is introduced into the initial
monomer mixture. Since the solutions, e.g., of gold
or silver precursors absorb in the wavelength range
𝜆 < 350 nm, the holographic recording can be done
in the whole visible range. A higher concentration of
metal NPs can also be provided in comparison with
the case where they are introduced into the prepoly-
mer mixture.

In this work, we study the specific features in the
formation, structure, and optical properties of one-
(1D) and two-dimensional (2D) photonic crystals fab-
ricated in situ and with the use of an original pho-
topolymer composite. The mechanism of NP synthe-
sis in the polymer matrix and the effect of nanocom-
posite structuring on the NP properties are also dis-
cussed.

2. Fabrication of One-
and Two-Dimensional Periodic Structures

The fabrication stages of bulk periodic structures
with the use of the holographic lithography method
are illustrated in Fig. 1.

The initial composition was a mixture of bifunc-
tional monomers: triethylene glycol dimethacry-
late (TGM-3, 70 wt.%) and acryl-bis(propylene gly-
col)2,4-tolylene-diurethane (APGT, 30 wt.%). As a
precursor of Ag nanoparticles, the solution of AgNO3

in acetonitrile was used. The precursor was prepared
by dissolving 0.1 g of an AgNO3 powder in 1 ml of
acetonitrile at room temperature. The obtained solu-
tion was introduced into the monomer mixture in an
amount of 30 vol.% with respect to the monomer.

The “photoinitiator-sensitizer” system – a combi-
nation of Michler’s ketone (MK, 1 wt.%) and cam-
phorquinone (CQ, 5 wt.%) – provided the photosen-
sitivity of composition in a spectral range of 440–
500 nm. Polymer layers were formed as a result of

Fig. 1. Fabrication of bulk periodic structures
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Fig. 2. Absorption spectra of the composition layer with
acetonitrile before (open symbols) and after (solid symbols)
the homogeneous photopolymerization at the irradiation with
𝜆 > 400 nm. The circles and the left ordinate axis correspond
to the general spectrum, whereas the squares and the right
ordinate axis to the absorption spectrum of camphorquinone

the radical photopolymerization of the composition
under the action of radiation with a wavelength from
the indicated spectral interval. The preparation of a
composition is described in work [21] in detail. The
reactivity of the composition held at a temperature
of 10 ∘C for a month did not change.

Figure 2 demonstrate the absorption spectra of a
composition layer with acetonitrile before and after
the homogeneous photopolymerization by the irra-
diation with 𝜆 > 400 nm. The short-wave absorp-
tion band with a maximum at 𝜆 ≈ 358 nm be-
longs to MK. The weak long-wave absorption band
at 𝜆max ≈ 450 nm corresponds to the 𝑛 → 𝜋 tran-
sition in a CQ molecule. At the optimal CQ concen-
tration, the absorption coefficient 𝐾 ≤ 5 cm−1 at the
recording wavelength. Therefore, if the thickness of
a recording layer 𝑑 ≤ 100 𝜇m, the record practically
takes place in the given field, which provides the grat-
ing uniformity over the layer thickness. In addition,
as one can see from Fig. 2, in the course of the record-
ing process, the sensitizer and the initiator undergo
an irreversible phototransformation, which leads to
the degradation of their absorption bands.

Layers for the holographic recording were fabri-
cated by sandwiching a drop of initial liquid compo-
sition between two glass substrates, which were sep-
arated by calibrated spacers with a required thick-
ness of 10–50 𝜇m. Then the photosensitive layer
was exposed to an interference pattern for record-
ing a “polymer–metal precursor” holographic grat-
ing. After the holographic recording, the specimen

surface was irradiated with uniform UV radiation in
order to polymerize residual monomers in the region
beyond the grating.

Silver NPs were mainly formed during an addi-
tional treatment of the polymer–precursor grating.
For this purpose, after the recording, the substrate,
which had been previously covered with an antiadhe-
sive coating, was removed, and the grating was heated
up at the temperature 𝑇 = 75 ∘C for 1 h. The ther-
mal treatment was repeated until the diffraction effi-
ciency 𝜂 reached a maximum value and saturated. At
each stage, the grating parameters were monitored. A
typical total time of the thermal treatment did not
exceed 5 h. Silver could also be reduced by irradiat-
ing the gratings with UV radiation, but the reduction
process was much slower in this case than at the ther-
mal treatment.

3. Holographic Recording
of 1D and 2D Structures

One-dimensional gratings were fabricated using the
standard holographic recording scheme with two
beams, which gives rise to the formation of trans-
mission Bragg gratings. The spatial period of grat-
ings depended on the convergence angle of the beams
emitted by either an Ar+ laser with the wavelength
𝜆 = 488 nm or a solid-state one MBL-III-473 with
𝜆 = 471 nm. The Ar+ laser was used to record
gratings with the spatial period in the range from
0.45 to 1 𝜇m. Using the solid-state laser MBL-III-
473, gratings with a maximum period of 3.5 𝜇m were
recorded. A He–Ne laser (𝜆𝑡 = 632.8 nm) was used to
monitor the process of grating formation. The inten-
sities of laser beams transmitted through the grat-
ing, 𝐼tr, and diffracted on its structure, 𝐼dif , were
monitored in the real-time mode with the help of
a registration system. The diffraction efficiency 𝜂 of
the gratings was determined by the formula 𝜂 =
= 𝐼dif/(𝐼tr + 𝐼dif). In this case, the reflected or scat-
tered radiation, as well as the absorption by the
medium, was not taken into account.

For the gratings with the spatial periods in an in-
terval of 0.4–1.0 𝜇m, thicknesses of 10 𝜇m or more
were chosen, which, in accordance with the Cook–
Klein parameter [22], allowed gratings of the Bragg
type to be obtained. In this case, only the 0-th and
1-st diffraction orders were observed. The amplitude
of the refractive index modulation, 𝑛1, can be deter-

890 ISSN 2071-0186. Ukr. J. Phys. 2018. Vol. 63, No. 10



Properties of Periodic Structures

Fig. 3. Schematic diagram of the experimental installation for the six-beam recording of
2D structures: Laser – Ar+ laser, 𝑘1, 𝑘2 – collimators, SLM – spatial light modulator with
a given spatial phase distribution Im, SF – spatial filter, BS – prism system for the laser
beam splitting, Mr1−6 – mirrors, 𝜃 – angle, and Ph – photosensitive medium

mined using the Kogelnik’s formula [23]:

𝑛1 =
𝜆𝑡 cos 𝜃B arcsin

√
𝜂

𝜋𝑑
,

where 𝜃B is the Bragg angle in the medium, and 𝑑
the grating thickness. To provide the Bragg diffrac-
tion for gratings with a period of 3.5 𝜇m, their mini-
mum thickness should be 50 𝜇m.

When producing the 2D periodic structures with
the help of the holographic lithography method [24],
multibeam schemes are applied, as a rule. In order
to obtain a required number of beams, prisms [25]
or diffraction elements of various types are used, in-
cluding spatial light modulators [26]. The types of
elements and their arrangement were so selected to
provide the required geometry of an interference pat-
tern and, accordingly, the symmetry and size of the
elementary cell in a photonic crystal [26–28].

Together with the variation in the number of beams
and the angles between them, it is also of interest
to control the phase relationships between the inter-
fering beams [29], which provides an additional ca-
pability to affect the resulting intensity distribution
in the recording plane. In work [30], we proposed a
modification to the recording scheme, in which a spa-
tial light modulator is applied to form the interfer-
ence pattern. In Fig. 3, a schematic diagram of the
six-beam recording scheme is shown, which enables
hexagonal structures to be formed. Let us consider
the work of this scheme.

A collimated beam of laser radiation passes
through a spatial light modulator (SLM) of the trans-

mission type. The SLM changes the phase distribu-
tion in such a way that there arise six beams with
identical intensities 𝐼1−6 and given phases Φ1−6. The
notation Im in Fig. 3 marks an SLM plane, in which
the beam geometry is shown. The areas of the com-
mon beam that are not involved are marked by the
dark color. A spatial filter (SF) extracts the main
SLM order and blocks the higher-order beams, start-
ing from the ±1-th orders. A system of prisms (BS)
directs the beams to mirrors Mr1−6 (only mirrors
Mr1−4 are shown), which form an interference pattern
with a required period. The wave vector 𝑘𝑗 of each 𝑗-
th light wave (only 𝐼1−4 are shown) lies on the surface
of cone with opening angle 𝜃. It has the components
𝑘𝑗,𝑋 , 𝑘𝑗,𝑌 , and 𝑘𝑗,𝑍 , where the 𝑍-axis coincides with
the cone axis. The interference field is formed in the
3D zone of the photosensitive medium (Ph) where the
indicated waves mutually intersect. By varying the
phase difference and the number of recording beams
with the help of SLM and BS, we can form crystals
with various symmetry types. It should be noted that,
for some fixed phase differences between the interfer-
ing beams, there is no diffraction divergence along the
𝑍-axis in the zone of their overlapping [29].

4. Properties of 1D Bulk
Structures Polymer–Ag Nanoparticles
4.1. Formation mechanism of periodic
structures polymer–Ag nanoparticles

The mechanism of grating formation is shown in
Fig. 4. It was found that, in the course of photopoly-
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Fig. 4. Mechanism of grating formation

merization in a periodic light field, the main com-
ponents – such as the monomer mixture and the
metal precursor solution – participate in the irre-
versible photoinduced mass transfer between the il-
luminated and unilluminated regions of the inter-
ference pattern, which ensures the stability of the
resulting structure. The precursor solution is dis-
placed from the polymer network, which is formed
and predominantly arranged in the grating grooves
corresponding to high-intensity zones in the inter-
ference pattern. The precursor solution diffuses
to the unilluminated zones. The complete compos-
ite polymerization provides the formation of a bulk
structure including the periodically arranged re-
gions consisting of the polymer and the polymer en-
riched with the metal precursor. The further ther-
mal treatment of the specimen gives rise to the sol-
vent evaporation and the formation of Ag nanopar-
ticles predominately in the regions with the metal
precursor.

Let us consider the mechanism of synthesis of Ag
nanoparticles in more details. According to modern
ideas [31], the process of silver NP synthesis in a
monomer solution with a silver salt and a regenera-
tor has the stage of Ag+ reduction [Ag+ + 𝑒− → Ag0
(atom)], stage of Ag𝑥 cluster formation [𝑥Ag0 → Ag𝑥
(NP)], and stage of cluster aggregation and NP size
growth.

The mechanisms of Ag+ photo- and thermal reduc-
tion and the influence of various composition com-
ponents on them should be analyzed in a separate
research. Now, we can propose a number of consider-
ations that are consistent with the known data con-

cerning the Ag+ photoreduction. The photopolymer-
ization of acrylic monomers using the MK photoini-
tiator is known for a long time [32]:

MK+MK
ℎ𝜈−→ MK*

(+H) +MK*
(−H). (1)

The photochemical MK transformation leads to
the formation of ketyl, MK*

(+H), and aminoalkyl,
MK*

(−H), radicals. The latter is an active radical,
which initiates the chain reaction of radical poly-
merization. In order to increase the aminoalkyl radi-
cal yield, benzophenone is traditionally used together
with MK [33]. In our initiating system, CQ rather
than benzophenone was applied as a polymerization
sensitizer. The former not only absorbs at the record-
ing wavelength, but, unlike the latter, has two, rather
than one, carbonyl groups. This favors a larger yield
of aminoalkyl radicals:

MK+CQ
ℎ𝜈−→ MK*

(−H) +CQ*
(+H). (2)

As was noted above, the formed aminoalkyl radi-
cal MK*

(−H) initiates the polymerization reaction. In
turn, the ketyl radical CQ*

(+H) can reduce Ag+ ac-
cording to the scheme:

Ag+ +H− +O− ℎ𝜈−→ Ag0 +H+ +O−.

At the acetonitrile evaporation, the condensation
and crystallization of residual AgNO3 take place, fol-
lowed by the formation of a suspension of AgNO3

nanoparticles in the matrix, as was in the case of
silver halides in the gelatin matrix [34]. The further
heating leads to the thermally stimulated reduction of
monovalent silver, Ag(I), and the formation of silver
nanoparticles. The analysis of the absorption spec-
tra of the composite and the polymer layer obtained
from it, which were registered before and after the
heating, showed that the heating of specimens was
accompanied by a decrease in the MK absorption
band intensity, i.e. by the lowering of the MK con-
centration. This behavior gave us ground to assume
that the MK*

(+H) and/or CQ*
(+H) radicals created in

the thermally stimulated reactions (1) and (2) play a
substantial role in the thermally stimulated silver re-
duction. In addition, the heating stimulates diffusion
processes, which can also favor the reduction process
activation.
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4.2. Structure and spectral properties
of polymer–Ag nanoparticle gratings

The spatial periodicity of the NP distribution in the
polymer matrix was confirmed by analyzing a 1D
grating with the help of a transmission electron mi-
croscope. The experimental technique was described
in work [21] in detail. In a micrograph (Fig. 5), one
can see that spherical NPs with an average diame-
ter of about 5.25 nm (𝜎 = 1.37 nm, panel 𝑏) form
diffraction grating grooves.

The formation of NPs is also confirmed by changes
in the extinction spectra of the gratings. In Fig. 6,
the extinction spectra of 1D and 2D structures are
shown. The bands with a maximum near 450 nm
are characteristic of the excitation of local surface
plasmons in the Ag nanoparticles. The band with
a maximum at 360 nm belongs to the MK photo-
initiator.

In Table, the values of the parameter 𝑛1 obtained
for gratings with various periods at a wavelength
of 632.8 nm are quoted. A decrease of 𝑛1 with the
growth of the grating period is typical of media with
the polymerization–diffusion mechanism of structure
formation. In the case concerned, such a behavior is
explained by a decrease in the modulation amplitude
of the precursor solution concentration owing to an
increase in the diffusion pathlength with the grating
period. Note that the values obtained for 𝑛1 are typ-
ical of holographic polymer nanocomposites. Hence,
the formation of Ag nanoparticles gives rise to the
spatial modulation of the dielectric constant of the
nanocomposite and provides the formation of highly
effective 1D structures.

The application of confocal scanning microscopy
allowed us to study the mechanisms of formation
and transformation of bulk holograms by visualiz-
ing the distribution profiles of the formation centers
and measuring their local optical characteristics. A
non-sinusoidal distribution of Ag nanoparticles that
are formed at the heterogeneous polymerization in
the interference field is depicted in Fig. 7 in the
form of a local optical density profile measured for
the light transmission through the grating. We also
found grating components that luminesced at their
excitation in various spectral intervals. The spatial
distribution of the normalized photoluminescence in-
tensity (PL/PLmax) was found to be in antiphase
with respect to the absorption distribution of excit-

a b
Fig. 5. TEM micrography of the structure (𝑎) and a histogram
of the nanoparticle size distribution (𝑏)

Fig. 6. Extinction spectra of 1D (1 ) and 2D (2 ) structures

Fig. 7. Optical density (dashed curve) and normalized lumi-
nescence intensity (solid curve) profiles along the grating vector

Parameters of 1D structure

Λ, 𝜇m 𝑑, 𝜇m 𝜂, % 𝑛1

0.40 20 0.75 0.0135
0.95 20 0.87 0.0142
3.5 50 0.97 0.0056

ing light. In other words, the luminescence intensity
of areas with low absorption (they corresponded to
the intensity maxima of the interference field) ex-
ceeded that of the areas located at the interference
field minima.
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Fig. 8. Evolution of the integral grating luminescence spec-
trum under UV irradiation for 15 min (1 ), 1 h (2 ), 4 h (3 ),
and 7 h (4 )

Fig. 9. Local grating luminescence spectra in illuminated (tri-
angles) and unilluminated (circles) areas

a b
Fig. 10. Crystal micrographs (Λ1 = 3.5 𝜇m) for ΔΦ = 0

(𝑎) and 6𝜋 (𝑏). The calculated intensity distributions in the
interference patterns are shown in the insets

The examinations of the integral grating lumi-
nescence showed that the corresponding lumines-
cence spectra are transformed in the course of post-
processing (Fig. 8). After the recording, a broad band
with a maximum at about 450 nm and most likely be-
longing to the MK is observed in the spectrum. The
same band is observed in the spectrum of the polymer

layer that contains MK and CQ, but does not contain
Ag nanoparticles, because no metal precursor was
added to the mixture. Under the influence of UV irra-
diation, the intensity of the MK band decreases, and
there appears a new band with a maximum at about
500 nm. This band is absent from the luminescence
spectrum of the polymer layer without NPs. There-
fore, we may assume that it is emitted either by stable
products that arise at the synthesis of Ag NPs or by
silver clusters. It should be noted that there appear
bands (not shown in the figure) in the spectrum in the
course of post-processing, which correspond to inter-
mediate products of the photo-induced NP synthesis
and disappear after the processing is terminated.

The study of the spatial distribution of the grat-
ing luminescence spectrum showed that the spectral
structure does not change at the grating areas corre-
sponding to the maxima and minima of interference
field. At the same time, the luminescence intensity
in the illuminated areas substantially exceeds the in-
tensity in the unilluminated areas (Fig. 9). Unlike the
spectra shown in Fig. 8, in the case concerned, we ob-
served a structured radiation band. In our opinion, in
the spectra shown in Fig. 8, this structure can be hid-
den by the residual radiation emission of the products
as a result of the synthesis process incompleteness.

The obtained results indicate to a higher quantum
efficiency of luminescence in the hologram areas with
low absorption and, accordingly, a low silver concen-
tration. This fact proves that the indicated radiation
cannot be emitted by Ag nanoparticles. It is known
that silver clusters less than 1 nm in size and con-
sisting of a few silver atoms, which we cannot ob-
serve in electron microscopic images, are able to lu-
minesce. In work [21], it was shown that, unlike the
relative NP concentration in the grating areas illumi-
nated and unilluminated by the interference field (it
is equal to unity), the relative modulation of the pre-
cursor concentration is equal to about 0.75. In other
words, despite the presence of a metal precursor in
both areas, NPs with sizes exceeding 1 nm are formed
only in unilluminated areas. This may result from the
rapid formation of a cross-linked polymer network in
the illuminated areas, which prevents the formation
of particles, whose sizes exceed 1 nm. The process is
slowed down after the formation of small silver clus-
ters, which may be responsible for the luminescence in
the indicated areas. This assumption requires a fur-
ther verification.
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5. Properties of 2D Bulk
Structures Polymer–Ag Nanoparticles

We also calculated the intensity distribution for an
interference pattern formed by six beams. In the in-
sets in Fig. 10, the intensity distributions for vari-
ous hexagonal structures are shown. In the case cor-
responding to panel 𝑎, the total phase retradation
between the beams (between the first and last ones)
is equal to ΔΦ = 0. In the case corresponding to
panel 𝑏, ΔΦ = 6𝜋. The results correspond to struc-
tures described in work [29].

By applying the six-beam scheme, we obtained
2D photonic crystals, whose structures correspond to
the calculated structures and are shown in the in-
sets. The micrographs of the crystals are shown in
Fig. 10. The images were obtained by focusing on the
crystal surface.

A redistribution of zones corresponding to the dom-
inant concentration of polymer and NPs was de-
tected, when the phase shift between the record-
ing beams was changed. As was indicated above, Ag
nanoparticles are formed in the zones correspond-
ing to the interference field minima, to which the
AgNO3 solution diffuses in the course of composition
polymerization.

Having compared the field distributions and the
structure pattern, we found that the light areas in
the image correspond to the field maxima, i.e. areas,
where the polymer concentration dominates, whereas
the Ag nanoparticles become arranged in the dark
areas. Thus, at the zero phase shift (ΔΦ = 0), the
polymer zones form hexagons, being located at the
corners and centers of hexagons. In the case of a non-
zero phase shift between the recording beams (the
case ΔΦ = 6𝜋), the hexagons form areas that are
enriched with Ag nanoparticles.

As one can see from the inset in Fig. 10, 𝑏, the poly-
mer phase corresponding to the illuminated areas is
also structured and forms hexagons around the areas,
where Ag nanoparticles dominate (dark zones). Since
Ag nanoparticles are formed immediately in the crys-
tal, the size variation of the zones, in which they
are formed, can affect the size and concentration of
NPs. In works [35, 36], we showed that the structur-
ing in the examined nanocomposite affects the dy-
namics of electron excitations in Ag nanoparticles and
enhances the nonlinear nanocomposite response. The
formulated issues are interesting from both scientific

and practical viewpoints, and they will be a subject
of our further research.

6. Conclusions

By studying the properties of bulk periodic structures
composed of silver NPs in a polymer matrix, we ob-
tained the following results.

Electron microscopy images and the profile of the
local optical density of 1D structure indicate to a non-
sinusoidal distribution of Ag nanoparticles formed at
the inhomogeneous polymerization in the interference
field. The periodic structure is formed by alternating
a mere polymer phase and a polymer phase enriched
with Ag NPs.

The spatial distribution of the luminescence inten-
sity is in antiphase with respect to the local light ab-
sorption distribution in the structure, which indicates
to a higher quantum luminescence efficiency in the
areas with a low absorption and, accordingly, a low
concentration of Ag nanoparticles. The most proba-
ble explanation for the spatial luminescence distri-
bution is the formation of silver clusters with sizes
smaller than 1 nm and possessing luminescence prop-
erties in the polymer areas corresponding to the in-
terference maxima. The formation of Ag nanoparti-
cles with sizes exceeding 1 nm may be hampered by
the rapid formation of a dense cross-linked polymer
network at the interference maxima, which restricts
the diffusion-controlled reactions of NP synthesis.

The polymer nanocomposite provides a high con-
trast of 2D structures and unequivocally reflects a
change in the intensity distribution of the interference
pattern used for the holographic recording. The influ-
ence of symmetry and parameters of periodic struc-
ture, as well as the specific features of the polymer
netwolrk formation, on the NP properties that are
formed immediately in the structured composite, is a
subject of our further research.
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ВЛАСТИВОСТI ПЕРIОДИЧНИХ
СТРУКТУР, УТВОРЕНИХ ВПОРЯДКУВАННЯМ
НАНОЧАСТИНОК СРIБЛА В ПОЛIМЕРНIЙ МАТРИЦI
МЕТОДОМ ГОЛОГРАФIЧНОЇ ЛIТОГРАФIЇ

Р е з ю м е

Дослiджено властивостi об’ємних одно- та двовимiрних пе-
рiодичних структур, утворених наночастинками срiбла в
полiмернiй матрицi. Особливiстю структур є те, що термо-
або фотостимульований синтез наночастинок срiбла вiд-
бувається в полiмернiй матрицi з попередньо розподiле-
ного методом голографiчної лiтографiї прекурсору мета-
лу. На основi просторового рiдкокристалiчного модулятора
свiтла оптимiзовано схему багатопучкового голографiчного
запису. Розглядаються механiзми формування перiодичних
структур пiд дiєю iнтерференцiйного поля i синтезу нано-
частинок срiбла. Вивчається зв’язок спектральних власти-
востей отриманих структур з характеристиками наночасти-
нок та їх просторовим розподiлом в полiмернiй матрицi.
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