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Abstract — The aim of this work was to grow and study the
optical properties of heterostructures with ultrathin inclusions at
interfaces, which improve the quality of interfaces.
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I.  INTRODUCTION
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of different thicknesses and its temperature dependence.

6DPSOHYV shbwihé paramagnetic properties due to
a vertical diffusion of manganese atofhs2].

Comparison of the properties of samplésand 2 with the
properties of similar nanostructures shows that the formation of
additional ultrathin layers at the interfaces can improve the
quality of nanostructures.
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Abstract — Nd-doped lead oxochloride silicate glasses were
synthesized and their spectral characteristics were studied. Glass-
ceramics, including those with lead chloride phase, were obtained
using heat treatments. The influence of controlled crystallization
on the spectral-luminescent properties of glasses has been
investigated.
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I. INTRODUCTION

Silicate glasses containing PbCl, are known as solid
electrolytes [1]. However, there is no information in the
literature on the doping of such systems by RE and their study
as matrices for applications in photonics. Crystalline lead
chloride has a short phonon spectrum (phonon energy
230 cm™), an extended transparency range and the ability to
generate luminescence in spectral regions in which it is
impossible in oxide and oxofluoride systems [2-4]. The
preparation of glass-ceramics with PbCl, crystalline phase
activated by Nd*" ions is an urgent task, since such a material is
of great interest for IR device technologies.

II. EXPERIMENTAL SECTION

To synthesize oxohalide glasses, we used PbCl,, PbO, SiO,,
and NdF; commercial preparations with chemical purity not
less than 99.99 wt%. The synthesis was carried out for 15 min
at 1100 °C in closed corundum crucibles, the melt was poured
into a brass mold at room temperature and covered with a steel
plate. High-quality glasses were obtained with nominal lead
chloride content of 10 to 60 mol%. Spectral studies were
carried out at room temperature. Absorption spectra werer
measured using a UNICO 2800 instrument (UV/VIS),
photoluminescence (PL) spectra were measured by a QE65000
spectrometer (Ocean Optics). Based on the DSC data (STD
Q600, TA Instruments), the initial glasses were heat treated.
The formed crystalline phases were identified by XRD analysis
using an Equinox 2000 diffractometer (Inel).

The absorption spectra of Nd-doped glasses have all
absorption bands specific for the Nd** ion. The short-
wavelength cut lies in the 355-380 nm range. The optical band
gap decreases while SiO, content in the glass composition
reduces.

The research was financially supported by the Ministry of Science and
Higher Education of the Russian Federation within the FSSM-2020-0005
project.

There are several crystallization peaks in the glass
derivatograms. According to XRD data, PbsO,Cl, phase is
released in all cases, while in the samples with PbCl, content
more than 40 mol%, the lead chloride phase predominates. The
PL spectrum of the heat-treated sample (Fig. 1) exhibits a
significant narrowing of the spectral line and a shift of the
a2 to longer wavelengths in comparison with the original

glass.
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Fig. 1. The PL spectra Nd** on the “Fs, — “Iy, transition heat-treatment and
initial glass SOPbC1,-25PbO — 24Si0,—INdF;. A = 785 nm.

This changes indicate a change in the environment of Nd**
ions from oxide to chloride, which is promising for generating
luminescence in the mid-IR range.
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Abstract— The Kkinetics chemical and phase transformations in
the interaction of the glass-forming system BaO-B,0;-Bi,O; with
(Y14Er);Als0,, in the glass-ceramics formation process were
studied by DSC. The samples were characterized by powder X-
ray diffraction and scanning electron microscope methods. The
presence of devitrification according to DSC data proves that the
samples synthesized in the temperature range 800-1300°C are
glass-ceramic materials.

Keywords— glass-ceramics, Er:YAG, crystallization.

I. INTRODUCTION

Nonlinear-optical glass-ceramics with transition metal
ions are in demand in frequency converters of IR/UV radiation
into visible, and also find wide application in personal
dosimetry and as laser media. Note that the size of crystals and
their volume fraction affect the spectral luminescent and other
properties of glass-ceramic materials. The main attention in
this work is directed to the study of the kinetic aspects of
crystallization, which are directly related to the formed
crystalline phase size.

The purpose of the work: to study chemical and phase
transformations to detail the conditions for obtaining a new
functional glass-ceramic material based on BaO-B,0s-Bi,0O;
and (Y].XEI'X)3A15012.

II. RESULTS AND DISCUSSION

Fig.1 shows thermograms of a series of synthesized
samples (Fig. 2), on which glass transition is noted, which
clearly indicates the presence of a glass phase. According to
XPA data, the samples contain the garnet phase along with the
most thermodynamically favorable yttrium and erbium borates
phases. For the sample synthesized at a temperature of 800 °C,
the decreasing section on the thermogram after a temperature
of 700 °C indicates the “formation” of the garnet phase and its
modification with borates.

The thermogram (Fig. 3) shows the synthesis result of a
glass-ceramic sample from a dispersed mixture of glass
20Bi203—65B203-15BaO and (Y0A5Ero‘5)3A15012, which takes
place under nonisothermal conditions in DSC instrument. The
glass transition temperature (7, = 463.3 °C) practically
corresponds to the original glass. The deepest peaks at

temperatures lower than 900 °C and 1080 °C refer to the
previously studied [1,2] process of Er:YAG formation.
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Fig. 1. Thermograms of samples synthesized at temperatures of 800, 1100,
1250 °C at a heating rate of 10 °C/min.
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Fig. 2. Translucent samples of glass-ceramics after annealing at temperatures
0f 800, 1100, 1250 °C for 30 min.
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Fig.3. Thermogram of non-isothermal synthesis of glass-ceramics.

REFERENCES

[11 AM. Kutyin, E.Ye. Rostokina, E.M. Gavrishchuk, V.V. Drobotenko,
A.D. Plekhovich, P.A. Yunin Kinetics and formation mechanism of
yttrium aluminum garnet from an amorphous phase prepared by the sol—
gel method, Ceramics International, Vol. 41, Part A, pp. 10616-10623,
2015.

[2] E.Ye. Rostokina, A.D. Plekhovich, A.M. Kut'in, L.LF. Georgiu, S.S.
Balabanov, M.E. Komshina Kinetic effects of substitution Er** for Y** in

(Y14Ery)3AlsO12 garnet  Journal of the European Ceramic Society,
Volume 41, Issue 10, pp. 5324-5330, 2021.

This work was supported by the Russian Science Foundation (project No.

20-73-10110)

48



Sensitivity of random array of gold nano islands for
biosensing applications

J. P. Cuanalo-Fernandez', J.A. Urrutia-Anguiano?, S.F. Guerra-Hernandez!, N. Korneev!, M.B. De-la-Mora-Mojica’®,
A. Reyes-Coronado?, I. Cosme-Bolafios!, S. Mansurova' and R. Ramos-Garcia',

'Dep. Optica, INAOE, Puebla, México.
*Dep. Fisica, Facultad de Ciencias, UNAM, Ciudad de México, México.
3Dep. micro y nanotecnologias, Instituto de Ciencias Aplicadas y Tecnologia, UNAM, Ciudad de México, México.

Abstract This work presents the results of experimental and
theoretical study of the sensing characteristics of disordered
arrays of gold nanoisland (Au NI) on top of glass substrate. The
influence of the Au NI array parameters (average NI size and fill
factor) on bulk refractive index sensitivity was analyzed.

Keywords— Localized Surface Plasmonic Resonance; gold
nano-island, biosensor.

I. INTRODUCTION

Localized surface plasmon resonance (LSPR) is an ideal
candidate for real-time label-free sensing applications of small
biomolecules. Recently, a sensing method based on LSPR
induced in a self assembly monolayer (SAM) of Au NI by
evanescent wave in attenuated total internal reflection (ATR)
configuration has been reported showing the possibility of
highly sensitive detection of SARS-CoV-2 genetic material [1].
The method uses phase interrogation mode, where LSPR
differential phase between s and p polarization component is
measured directly using spectral interferometer (SI) based
detection scheme. Despite promising results, the properties of
such a sensor are still largely unexplored, preventing rational
design and optimization of sensor’s performance characteristics.
One of the main issues is that for LSPR (unlike SPR) both s and
p polarization components contribute to the observed
differential phase response. In addition, resonance
characteristics (e.g. resonance position or differential phase
shift) are nonlinear function of refractive index and its response
strongly depends on the characteristics of metasurface (such as
NI average radius, fill factor, etc).

This work presents the results of experimental and
theoretical study of the plasmonic response of disordered arrays
of Au NI with varying arrays characteristics (average NI size and
fill factor). The influence of the metasurface’s characteristics on
bulk refractive index sensitivity of SAM AuNI was analyzed.

II. RESULTS

SAM AuNI were fabricated by depositing a thin film of gold (5
-13 nm) on a low-cost corning glass, followed by thermal
annealing at high temperature (~ 550°C) for three hours. The
experimental set up used to study the plasmonic response of the
obtained nanostructure is based on a common path
interferometer in the ATR configuration. It has been shown, that
plasmonic response of SAM AuNI and relative contribution of
s and p polarization components critically depends on the
diameter of the nanoparticles and the fill factor. In order to
quantify the sensing characteristics of SAM AuNI the

e AL
sensitivity defined as § = o, > was measured.

It was found that, unlike SPR, the dependence of resonance
position on variations of the refractive index in the vicinity of
nanoparticles is highly nonlinear, may present the change of the
sign and its shape vary strongly with the angle of incidence
upon the substrate. In addition, it was shown, that the
characteristics of the SAM AuNI should be chosen carefully,
since for certain combination of the parameters s and p phase
contribution can cancel each other. This behavior qualitatively
agrees with the results of theoretical model describing
plasmonic response in the similar system using Coherent
Scattering Model formalism [2].

III. CONCLUSIONS

Influence of array characteristics on bulk refractive index
sensitivity of SAM AuNI has been studied both theoretically
and experimentally. The results of this study can provide
guidance in choosing right transducer characteristics for
bioanalytical tasks.
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Abstract— Studies have conducted on the stimulating effect of
laser radiation on the hybrid thin-film gold-carbon system. Gold
nanoparticles stabilized by a porous carbon matrix demonstrate a
stable response at frequencies close to plasmon resonance.

Keywords— hybrid thin-film, gold nanoparticle, carbon

We to study the electrophysical properties of the deposited
film on a substrate. In research employed a setup based on the
Ntegra Aura device operating in the tunneling mode. The
research films were obtained from the C-Au colloidal system by
spraying in atmospheric air with deposition on a substrate [1].
The experimental scheme of photostimulation of the hybrid film
has shown in Fig. 1.

Fig. 1. The experimental scheme of photostimulation of the hybrid film

The focused laser beam has been directed at a thin Au-C film
with a wavelength in the range of 500-570 nm because only at
these wavelengths possible to excite surface plasmon resonance
in Au nanoparticles. The measured current-voltage curves have
shown in Fig. 2a

The thickness of the film was enough to neglect the substrate
contribution to the collecting data of the tunneling current. It
demonstrates a nearly linear behavior in the selected voltage
range from -1 to 1 V (see the black curve in Fig.2a) The I/'V
curve for a thing hybrid C-Au film looks similar to also linear.
However, the value of the locking voltage increased
significantly and reached 0.27 V (see the red curve in Fig.2a).
We detected a significant increase in the tunneling current in the
case of the laser illumination of the tunneling probe area (see the
blue curve in Fig.2a). The observed current amplification was
caused by the increase of the free charge carrier concentration
due to the resonant absorption of the laser radiation of the 532
nm wavelength by gold nanoparticles.

The resistance of various points on the hybrid film was
estimated from a sample of measured data (fig. 3). Based on
these data, the behavior of electronic conductivity in the mode
of electronic photostimulation is analyzed. The evaluation of the
resistance of the Au-C thin film showed that with an increase in
the laser radiation power, the conductivity of the hybrid film
changes proportionally.
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Fig. 2. The tunneling current as a function of the voltage applied to the
deposited free-standing C-Au films: a) The current-voltage curves
measured at various samples: the black line corresponds to the I/U curve
of a pure aluminum substrate, the red curve corresponds to the C-Au thin
film and the blue curve shows the I/U dependence of the C-Au thin film
subjected to the excitation at the wavelength of 532 nm. b) The inset
presents the behavior of the tunneling at a low applied voltage level
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Fig. 3. A resistance diagram behavior of the Au-C thin-film on laser excitation
power
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Abstract - The process of Au+ and Au- ions formation on a
surface of nanostructured gold plate under pulsed laser
irradiation with energy density below plasma threshold is
studied. The role of nanoscale objects produced on the surface
under laser irradiation higher than the plasma threshold in the
ion formation process is discussed.

Keywords - Laser desorption, laser mass spectrometry, nanoparticles.

The main mechanism leading to the appearance of a flux of
ions of the target material when exposed to high-power laser
radiation is the formation of plasma at the target surface. At the
same time, it is known [1] that the target metal ions begin to be
registered at the laser radiation power density that is lower than
the plasma threshold value when the plasma radiation occurs and
fast increasing of fluorescence emitted from neutral atoms and
ions of the target metal is observed. It is also known that high
power pulsed laser radiation produces structures on the metal
surface of the wide range of sizes [2].

A gold plate 3x3x0.5 mm in size was installed inside the
vacuum chamber of a linear time-of-flight mass spectrometer.
The third harmonic radiation (355 nm) of a diode pumped solid
state Nd: YAG laser (pulse duration of 0.37 ns, maximum pulse
energy of 40 uJ, and repetition rate of 174 Hz) was focused on
the surface of the plate by a lens with a focal length of 30 cm. To
increase the area of the exposed surface, a two-mirror scanner
was installed in the optical path, providing scanning motion of
the focal spot over the surface within a rectangle of 0.4 x 0.45
mm. The surface was preprocessed using exposure to the same
laser radiation with energy density elevated 1.5 times higher than
plasma threshold which led to nanostructuring of the surface.
The ion yield measurements were preceded with such
preprocessing for each value of the laser energy.

It has been shown that the dependences of ion yield on the
laser energy density are the same both for Au™ and Au ions and
Au, clusters and can be approximated by the power function N
~ F?. The ion formation threshold (~1 ion per 10 laser pulses) is
at least 5 times lower than the plasma threshold. The ion
formation threshold for the gold surface region that has not been
processed before, is at least 2 times higher (see fig.). The ion

signal decreases gradually for an order of magnitude after the
same surface area is being exposed to approximately 10
successive laser pulses (see fig.).
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Fig. 1. Left - the dependence of the ion yield from the gold plate under pulsed
laser exposure at the wavelength 355 nm. Right - the dependence of the ion yield
from the processed gold plate on the number of laser pulses (positive ions, energy
density 17 mJ/cm?)

Nanostructuring of the surface changes its reflectivity, heat
conductivity, melting temperature and vapor pressure thus
governs the process of ion formation. Long term laser processing
with the energy density below the plasma threshold leads to the
change of the surface structure size distribution and decreases
the ion yield. The effect of ion formation at low power densities
can be caused by plasmon resonance, Coulomb explosion or
multiphoton excitation and ionization of quantum dots.
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The excitation modes of porous silicon microcavities
with an embedded conjugated polymer for detecting
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Abstract — Currently, fluorescent sensors for detection of
explosives are being actively developed. One of the important
issues, along with the sensitivity and speed of analysis, is the
stability of the fluorescence of a sensitive luminophore, and the
natural degradation of its fluorescence under the action of exciting
radiation. In this work, we study the fluorescence response of
MDMO-PPV embedded in a porous silicon microcavity to
trinitrotoluene vapors under the action of exciting radiation with
different intensities and wavelength of 450 nm. The conclusion is
made about the preferred mode of the luminophore excitation.

Keywords— porous silicon, microcavity, fluorescent sensors

1. INTRODUCTION

Currently, a fluorescent method for detecting explosives is
being actively developed [1]. To improve the efficiency of
fluorescence collection and increase the effective surface area of
the sensor, the sensitive luminophore can be embedded in porous
matrix with properties of photonic crystals, for example in
porous silicon (por-Si) microcavity (MC) [2]. In this work, we
investigate the fluorescence of sensitive polymer poly[2-
methoxy-5-(3',7'-dimethyloctyloxy)-1,4-phenylenevinylene]
(MDMO-PPV) into por-Si MC under different intensities of
exciting radiation. Trinitrotoluene (TNT) vapors were used as
target quenching agent.

II. EXPERIMENTAL

The standard electrochemical anodizing of monocrystalline
silicon wafer in water-alcohol solution of fluoric acid
(HF:C,HsOH — 3:7) was used to fabricate por-Si MCs. Silicon
p-type wafers doped with boron with orientation (100) and
resistivity of 0.003-0.005 ©Q-cm were used for etching. The MCs
consisted of two Bragg mirrors and a cavity layer. The Bragg
mirrors were formed by alternation of layers with high and low
porosity with typical pore size about 7 and 30 nm respectively.
After fabrication, the MCs were thermally oxidized at a
temperature of 700 °C. The embedding of MDMO-PPV into
por-Si MCs was made from a solution in toluene with
concentration of 0.5 mg/ml at an excess pressure of 3 atm [3].
The reflection and fluorescence spectra of fabricated samples
were measured by Ocean Optics USB2000+ spectrometer. The
laser diode (LD) with a wavelength of 450 nm was used for
fluorescence excitation. The concentration of TNT vapors was
in range about 0.1-0.5 of the saturated vapor pressure.

III. RESULTS

The fluorescence spectra of the fabricated samples had a
narrow peak with FWHM ~ 7 nm corresponding to the
eigenmode of por-Si MC. Their fluorescence demonstrated
natural photodegradation, which accelerated with an increase in
the intensity of the exciting radiation (I.x). The presence of
trinitrotoluene molecules in the environment led to an additional
significant fluorescence quenching of the samples. The rate of
this quenching was weakly dependent on the I.x. At a higher
value excitation intensity the signal-to-noise ratio improved and
the fluorescence response to the presence of TNT vapor
accelerated, which is associated with an increase in the average
number of the MDMO-PPV molecules in the excited state. At
the same time, at Lex higher than ~ 5 W/cm?, the rate of natural
photodegradation of MDMO-PPV into por-Si MC exceeded the
fluorescence quenching rate under the action of TNT vapors. It
is expected that at lower TNT wvapor concentrations,
proportionally lower Iex should be used. Thus, for applications
of the fabricated structures for detecting vapors of nitroaromatic
compounds at vapor concentration in range ~107"* g/cm? the
intensity of exciting radiation in continuous mode should be <5
W/cm? As an alternative, a pulsed mode of excitation and
fluorescence registration can be considered.

IV. CONCLUSION

The fluorescence structures based on por-Si MC with
embedded MDMO-PPV, which is sensitive to vapors of
nitroaromatic compounds, have been fabricated. The quenching
of'their fluorescence under the action of TNT vapors at different
intensities of exciting radiation has been investigated. The data
obtained can be used in the development of fluorescent sensors
of explosives.
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Abstract - Perovskite nanocrystals have demonstrated
an excellent possibility of tuning their optical properties in the
visible and near-infrared ranges (NIR). At present, Yb-doped
perovskites CsPbCls are popular optical nanomaterials for the
development of the next-generation electronic devices due to the
sharp electronic transition of ytterbium in the NIR. Here, we
have developed anion exchange procedures with usage of
different chemical compounds and studied optical properties
in visible and near-infrared ranges of obtained nanocrystals.

Keywords—  perovskite nanocrystals;  anion
ytterbium; lanthanide; near-infrared emission

exchange;

I. INTRODUCTION

Perovskite nanocrystals (NCs) have gained a great deal of
attention as the next-generation fluorophores for medicine,
photovoltaic devices, and optical sensors. Photoluminescence
(PL) of metal halide perovskite nanocrystals can be easily tuned
in the visible range by anion exchange. For this purpose, a wide
range of halide molecules can be applied, both organic (e.g.
OlAmX, where X = Cl, Br, I) and inorganic (e.g. lead halide
salts) [1]. However, due to the high surface activity of the
mentioned compounds, the anion exchange can lead to the better
surface passivation as well as to the degradation of the ionic
structure of perovskite nanocrystals [2]. Therefore, this work
aimed to investigate the influence of different Br sources on the
optical properties of anion-exchanged CsPb(CIl/Br); and
CsPb(CI/Br);:Yb*" perovskites.

II. RESULTS

Undoped and ytterbium-doped perovskite nanocrystals
CsPbClz were synthesized as previously reported [3]. The
obtained nanocrystals were investigated with absorption and
photoluminescence spectroscopy in the visible and near-
infrared ranges. Both samples possessed a PL signal at 407 nm
that corresponds to the transitions of perovskite structure while
CsPbCl3:Yb*" NCs have more intensive NIR luminescence at
990 nm. For further anion exchange, the nanocrystal solutions
with the absorbance of 0.1 at 375 nm were prepared.
Afterwards, a certain amount of Br source was added. As a Br
source, the following chemical compounds were used:
hydrobromic acid (HBr), tetraoctylammonium bromide
(TOAB), bromotrimethylsilane (TMS-Br) and
didodecyldimethylammonium bromide (DDAB).

As a basic experiment, an excess amount of HBr (38%
aqueous solution) was added to the CsPbCl;:Yb*" NCs in
toluene. Prepared nanocrystals showed two PL signals at 510
and 990 nm. The intensity of the PL signal in the visible range

increased, while the PL QY in NIR decreased from 52% to
14%. Moreover, the next day the photoluminescence signal in
the near-infrared range was not observed. This can be explained
by the high water-affinity of ytterbium and, hence, its diffusion
from nanocrystals. Due to this observation, other organo-
bromide molecules were investigated.

TMS-Br is a popular bromide source that is usually used in
perovskite synthesis. In contrast to HBr, anion exchange
reaction with TMS-Br proceeded overnight with continuous
stirring. Obtained nanocrystals showed the same two PL peaks
at 510 and 990 nm as in the first experiment. Nevertheless, the
PL QY in the NIR drastically reduced to 0.8%. For better
understanding of the anion exchange with TMS-Br,
photoluminescence in the visible and NIR was measured every
hour that gave evidence of the non-uniformity of the process.
Due to this, for further experiments TOAB and DDAB
molecules were chosen as it was experimentally shown that
they have a higher reactivity.

Anion exchange reaction with TOAB and DDAB occurred
immediately, so their application allows one to investigate the
optical properties of nanocrystals with different Cl:Br ratios.
The addition of TOAB leads to the red shift of the host PL up
to 425 nm. Further increase of TOAB concentration is followed
by the appearance of the side PL maximum at 560 nm, which
can be related to the formation of defect states or by-products
in the solution. At the same time, anion exchange with DDAB
solution allows PL maximum to be shifted in the visible range
up to 510 nm for both undoped and ytterbium-doped
perovskites. With increasing of DDAB concentration PL QY in
visible range for undoped and Yb-doped NCs was changing in
a similar way, while PL QY in NIR was decreased by only 12%.
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Abstract— A model of spontaneous formation of the radial
heterostructure in arsenide nanowire in single process is proposed.
Good agreement of theory and experiment was demonstrated for
(In,As)As nanowires. This could be considered as an alternative
approach to formation of core-shell heterostructure.

Keywords— ternary nanowires, radial nanowire

heterostructures, arsenide.

III-V nanowires (NWs) are promising building blocks for
scalable bottom-up nanoelectronics and nanophotonics. Among
all the nanostructures used as templates for bandgap
engineering, semiconductor nanowires are one of the most
promising. Because NW geometry offers a lot of capacity for
strain relaxation without formation of dislocations or other
defects.

In the NW growth via vapor-liquid-solid mechanism the
composition of the forming monolayer (ML) is controlled by the
kinetics of atom incorporation into the steps rather than by
nucleation[1-2]. If the growth of ternary NW proceeds at low
concentration of at least one type of the species in the liquid
phase, the catalytic droplet depletes during the ML formation
[1]. Thus, the region of forming ML near the nucleus should be
enriched by an easily crystallized (poorly soluble) element. This
allows formation of radial nanowire heterostructures in single
process [2]. Here we demonstrate and discuss this effect in the
case of (In,Ga)As NWs.

InGaAs NWs were grown on Si(111) substrates using a gold
catalyst in Riber Compact 21 MBE system in nearly self-
catalyzed regime [2]. The growth temperature was about 220°C.
Growth rate was set at 0.8 ML/s. Figure 1a show the high-angle
annular dark field transmission electron microscopy (HAADF
TEM) image of the NW cross-section with the composition-
sensitive contrast. Figure 1b illustrates the variation of the share
of In inside the NW along the dotted lines marked in the
inset.We observe In concentration to be below Y% in the core,
about % in the dark ring and stripes and % near the edge.

The formation of the observed core/shell-like structures is
explained within our growth model which assumes the NW
composition to be determined by the rates of In and Ga
incorporation into the moving steps of the forming MLs [2].
While the incorporation rates are proportional to the elements
concentrations in the catalyst. In turn, In and Ga concentration
are determined by the balance of incoming flux from the vapor
phase and their incorporation rate into the steps. Altogether these
considerations allow us to calculate In and Ga concentrations
inside the ML (shown in Figure 1c) by solving a closed-form
system of equations. In this way we model quantitively the

spontaneous formation of core/shell-like structure inside the
(In,Ga)As NWs in a single-stage process.
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Fig. 1 (a) HAADF TEM image of (In,Ga)As NW cross-section. (b) In
composition profiles along the red and green lines (c¢) The calculated In
distribution in NW cross-section.
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Abstract— We report the synthesis of fluorescent markers
based on YVO4Er*, Tm?, Nd* and the implantation of the
markers into a steel plate by laser processing. We demonstrate
that the luminescent properties of the particles can be used for
creating an ID spectral code based on the energy transfer between
different ions.

Keywords— Luminescence; Rare earth ions; Spectral coding;
Laser beam marking

I. INTRODUCTION

The fast development of the computer technologies and their
accessibility forces trademark owners to design increasingly
sophisticated anti-counterfeiting programs. Nowadays different
types of the anti-counterfeit protection, such as holograms, smart
cards, magnetic stripes, special inks, RFID tags, are used. But all
the above-mentioned protection elements require an additional
enclosure and frequently are installed using an intermediate
carrier (paper, plastic, etc.), which can be easily forged or lost
during operation. The most effective protection method is the
insertion of the marks directly in the product, when the
protective element becomes an integral part of the product. A
special class of products requiring the authenticity protection
system is the steel products. Their hard-operational conditions
need special marking techniques. The protection level of a serial
number or a bar code is not high because it does not include the
invisible protection and it can be easily repeated. We propose to
use luminophores that are characterized by unique spectra to
increase the complexity of the protection elements.

II. EXPERIMENTAL PART

The synthesis of particles was carried out using a salt melt
(KCl) for formation the complex oxide according to the
modified Pechini method [1]. Marking of steel plate with the
surface implantation of the luminescent nanomarkers has been
implemented using laser system Coherent MBD266 (266 nm, 60
mW power). The size distribution of the synthesized particles
was measured with the static light scattering method using a
particle size analyzer Marveln Mastersizer 3000. The structure
of the synthesized materials was analyzed with a powder
diffractometer Bruker "D8 DISCOVER" with CuKal line
(1.54056 A). Photoluminescence properties were studied with a
spectrofluorimeter Horiba Jobin Yvon Fluorolog-3 equipped
with a Xe-arc lamp (450 W power), a Raman spectrophotometer

Horiba Jobin-Yvon LabRam HR800 equipped with He-Cd laser
(325 nm, 20 mW power) and confocal luminescence microscope
Nikon Ti2-E.

III. RESULTS AND DISCUSSION

All diffraction lines of XRD analysis correspond to
tetragonal phase of YVO,; (JCPDS 17-0341). The distribution
curve confirms that the particle sizes in the resulting suspension
are approximately between 25 nm and 200 nm, and the average
size is found to be 50 nm. Direct excitation of rare earth ions (Aex
=595 nm for Nd, 526 nm for Er, 692 nm for Tm) produces the
emission spectra of triply doped system YVO4:Er’, Tm*, Nd**
includes all the emission peaks corresponding to the set of rare
earth ions Nd**, Er*" and Tm*". Energy transfers in triply doped
powder between Nd**, Er’* and Tm?* ions were detected upon
direct REI excitation. The digital identification spectral code
was created using non-overlapping emission bands, for which
emission intensities depend on the doping concentration. The
wide range of relative values makes it possible to obtain a high
coding capacity with this system (>10%). Laser beam marking
of'steel plate was realized with integration of oxide nanoparticles
in the melting area. Luminescence microscopy results confirms
the presence of luminescent particles in the area of laser action.
The emission spectra measured on the surface of the steel plate
allow the ID spectral code of the integrated particles to be
decoded.
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Abstract— The present work is devoted to the synthesis of the
TIBrossloss — Agl and TIClo.e7Bross — Agl systems optical
nanoceramics and the study of their optical properties. The
spectral transmission range was determined, and the refractive
indices at the wavelength of the short-wavelength absorption edge
and the carbon dioxide laser (10.6 pm) were calculated. The results
are the basis for the development of new infrared optics based on
monovalent thallium halides doped with silver iodide.

Keywords— silver halide, thallium halide, optical ceramics,
nanoceramics, refractive indices, infrared range

1. INTRODUCTION

New optical materials research for the infrared (IR) and
especially the terahertz (THz) range is one of the priority goals
in the development of materials science. Modern studies have
shown that crystals and nanoceramics based on thallium (I) and
silver halides are promising optical materials for the
manufacture of IR and THz fibers, because they are transparent
from visible and IR range without absorption windows and in
THz range with absorption windows.

II. SYNTHESIS OF OPTICAL CERAMICS AND INVESTIGATION OF
THEIR PROPERTIES

The first step in the synthesis of the TIBro4sloss — Agl and
TIClos7Bros3; — Agl systems optical nanoceramics is the raw
materials preparation with given composition and high purity.
Synthesis was carried out using a high-tech method of
thermozone crystallization-synthesis (TZKS). By TZKS was
used to synthesize a raw materials of compositions 5, 10, 15, and
20 wt. % AgI in T1Clo¢7Bro33 and 5.10 wt. % AgI in T1Bro.46l0.54.
From this raw materials using the method of directional
crystallization at the PKB installation (Bridgman Furnace)
optical nanoceramics were synthesized. Polycrystalline plane-
parallel plates with a diameter of 10—15 mm and a thickness of
295-348 nm were manufactured using the hot embossing
method. On these plates, both the spectral transmission ranges
and the refractive indices were calculated.

The refractive indices determination was carried out at the
short-wavelength absorption edge (1) and a carbon dioxide laser
(10.6 pm). In the first case transmission spectra were taken on a
Shimadzu UV-1800 UV spectrophotometer (operating range
from 190 to 1100 nm). Using the method of two tangents, the
samples' short-wavelength absorption edges were determined,
which increases from 0.398 to 0.448 pum for ceramics of the
TI1Clo.7Bro.33—Agl system and from 0.408 to 0.418 for ceramics
of the TIBro4sloss — Agl system. Further, according to the
modified Planck-Einstein equations, the refractive indices at the
short-wavelength absorption edge were calculated. The results
are presented in Table 1.

This work was supported by the Russian Science Foundation
(No. 21-73-10108), https://rscf.ru/en/project/21-73-10108/.

TABLE L PCF’S FUNDAMENTAL MODE PARAMETERS
R I I R
0 398 2.348+0.002 2.1794+0.008
5 436 2.401+0.002 2.194+0.008
10 444 2.412+0.002 2.204+0.008
15 446 2.415+0.002 2.2134+0.008
20 448 2.419+0.002 2.233+0.008

In the second case refractive indices were obtained using a
Shimadzu IRPrestige-21 IR Fourier spectrometer (operating
range 7800 — 240 cm™' or 1.28 — 41.7 um) and at the 10.6 pm
were calculated. The results are also presented in Table 1.
Detailed methods for determining the refractive indices at the
studied wavelengths are presented in [1].

Also using a spectrophotometer Shimadzu UV-1800 and a
IR-Fourier spectrometer Shimadzu IRPrestige-21, the
transmission spectra of the investigated non-ceramic samples
were obtained (Fig. 1). Fig. 1 shows that the samples are
transparent from 0.4 - 0.45 to 40.0 pm and no longer have
absorption windows. It should be noted that the transparency is
more than 60 - 75%.
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1= TICl 8%
2 5 wi. % Agl in TICL, ¢,B6 5
3 =10 wt.% Agl in TICly £;B% 33
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Fig. 1. Spectral transmission of mnanoceramics of TIBro4losi—Agl and
TIClp.67Bro35—-Agl systems
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The results show that the optical materials of the
TIBro46los4—Agl and TIClo¢7Bross — Agl systems are excellent
candidates for manufacturing of infrared photostable optical
fibers that will not be destroyed over time due to the effect of
recrystallization.
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Abstract— We experimentally demonstrate a drastic according to shear deformation potential and spin orbit splitting

photoluminescence (PL) enhancement (reduction) in WSe2
(MoSe2) monolayers under pseudomagnetic out-of-plane shear
strain. The shear strain-induced spin-state mixing at K valley is
associated with brightening of dark exciton in the WSe2 and
darkening of bright exciton in the MoSe2. Our results present an
important advance toward manipulating the luminescence
switching in nanomaterials device via strain engineering.

Keywords— Photoluminescence; spin flipping; pseudomagnetic
field

The straintrionically controllable properties of low-
dimensional nanomaterials have great potential to expand the
degrees of freedom for a wide variety of engineering
applications. [1, 2] Particularly, strain engineering in these
transition metal dichalcogenides (TMDCs) aims to manipulate
band structure related to spin and valley dynamics and therein
to modify their optoelectronic properties. Intervalley scattering
focused mainly on the application of normal strain and biaxial
strain while the intra-band mixing at K valley influenced by
shear strain have remained unclear in the TMDCs.

Here, by employing monolayered WSe2-MoSe2 lateral
heterostructures, we experimentally demonstrate a drastic
photoluminescence (PL) enhancement (reduction) in WSe2
(MoSe2) under applying simultaneously uniaxial normal strain
(up to ~1%) and out-of-plane shear strain (OSS; up to ~6%) in
terms of crystal axis. As established by previous studies, the
uniaxial normal strain can tune the band structure of the TMDC
materials to induce indirect-to-direct transition. On the other
hand, the effect of shear strain on energy and intensity changes
in PL spectra is newly related to the spin flipping coefficient

of the TMDC materials.

The change in PL peak energy and PL intensity according
to the shear deformation of the armchair axis was more
significant because, unlike the zigzag axis, the contribution
from the residual shear deformation was added directionally.
The spectra further revealed a dependency on the bending
direction that was consistent in the negative (compressive)
strain case and then striking with positive (tensile) strain. Such
strain-sign-dependent  characteristics of the PL was
accompanied by the tendency to break the optical selection
rules of the lowest-lying excitons.

From the viewpoint of correspondence between the
inversion symmetry breaking from in-plane magnetic field and
the OSS-induced spin-flipping perturbation to subbands, the
OSS can be formulatively converted into the in-plane magnetic
field. By adapting the reported material parameters [3, 4], we
estimate that the field equivalent to OSS of 6% is given as 140
T [5].
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Abstract— We compare the two approaches to the growth of
ensembles of self-catalyzed GaP nanowires, which both allow
independent control of the length and diameter

Keywords— GaP nanowires; two-stage growth

III-V nanowires (NWs) find the applications as basic
elements of photonic and optoelectronic devices, which mostly
require high uniformity within NW ensemble and sufficiently
large (~A/2n) NW diameter to obtain efficient light localization
in the NW volume [1]. The majority of the previous efforts were
focused on improving the uniformity in ensembles of GaAs
NWs, while fewer works studied GaP material system, which
shows large nonlinear coefficients and optical transparency in a
broad range. Therefore, highly controllable synthesis of GaP
NWs is of great interest for nonlinear optical and photonic
devices. Here we discuss two strategies for tailoring morphology
of GaP NWs in the two-staged self-catalyzed growth on Si(111)
substrates by molecular beam epitaxy.

We have found that the increase of vertical yield and NW
diameter cannot be achieved simultaneously within a single-
stage growth [2]. However, this restriction can be overcome in a
two-stage approach with the decrease of the V/III flux ratio at
the second growth step following the formation of NW stems at
a higher V/III ratio and growth temperature. In this case, the
subsequent expansion of the catalyst droplet results in the
increase of NW diameter, while the uniform radial growth
allows obtaining NWs with vertical sidewalls.

At the first growth stage the “Seed” arrays of NWs were
synthesized at 640 °C and fixed V/III. Next, within the first
approach (“Two-stage I”’), we decreased the growth temperature
by 20C and halved the P, flux down to V/III ratio of 12 at the
second stage, while keeping Ga flux rate constant. For
comparison, a single-stage reference sample was also grown
under growth conditions identical to the seed growth.
Corresponding scanning electron microscopy (SEM) images
together with the results of the morphological analysis can be
found in Fig.1 (a-d). The two-stage growth leads to the increase
of the NW diameter from 70 to 105 nm and length reduction
from 6 to 4 pm with respect to reference single-stage growth.

In the second two-stage approach (“Two-stage I1””) the V/III
ratio was reduced from 30 to 12 by a smooth Ga 2.5-fold flux
ramp from 180 nm/hr up to 450 nm/hr within 200 seconds while
keeping P flux and the growth temperature constant. Fig. 1 (e-
h) illustrates the results obtained in this case. In contrast to the
first approach, we observe no significant change in the NW
length while the mean diameter increases from 100 to about 150
nm in comparison with the reference single-stage growth.

{e) Seed |1 (f) Single stage I} (g Two-stage Il

i) gy

g ungie-atage |l Two-stage Il

Fig. 1. SEM images of GaP NWs obtained in Seed (a,e), Single-stage (b,f),
and Two-stage growths. (d, h) mean values of the NW diameters and lengths.
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To elucidate crystallization mechanism of CaSO42H,0 the characteristics
of a dispersed impurity in water of various degrees of purification and initial
solutions prepared on its basis were determined (Table 1).

Table 1. Characteristics of the studied samples

% Particle size, nm
Liquid pS/em | <100 [ 101-200 | 201-300 | 301-500

Suspended particle concentration in 1 ml
Distilled water 5 7600 1570 420 320
Bidistilled water 3 4550 900 250 200
Bidistylate S-A 2 3040 630 170 130
Deionized water 0,056 660 75 36 13
CaCly, 0,02 mol/l - 4150 1900 890 470
Na,;S04, 0,02 mol/l - 5170 4300 3100 2500

Analytical control of the parameters of the solid phase was carried out by
the methods of dynamic light scattering "Nanotrac ULTRA" (Fig. 1) and
optical microscopy "Levenhuk", transmission (TEM) and scanning electron
microscopy SEM "Talos L120C" "JEOL JSM-6510 LV".
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Fig. 1. Data obtained by laser particle size analyzer "Nanotrac ULTRA"

The results of processing the kinetic curves of nucleation obtained by
independent methods of analysis of the solid and liquid phases are consistent
and indicate the formation of a solid phase on a seed from a dispersed
admixture of nanoparticles.

To determine the effect of the content of the dispersed phase on the kinetics
of CaSO42H,0 crystallization, 2 groups of model solutions were prepared on
deionized water against the background of an initial ionic strength of 0.15 mol/l
NaCl: group I — initial solutions (CaCl, and Na,SO4) with a concentration of
0.0598 mol/l, double degree of supersaturation; group II — initial solutions with
a concentration of 0.1196 mol/l, a fourfold degree of supersaturation.

According to the kinetic dependences of the induction period on the
content of the dispersed phase in the volume of solutions, it was found that the
total content of the dispersed impurity is determined by the degree of
contamination of the substance and solvent. Purification of the initial solutions
of CaCl, and Na,SO, using membranes with a pore size of 200 nm provides a
decrease in the content of the dispersed phase from 10° to 10 particles/ml and
a twofold increase in the induction period.

Despite the large amount of work devoted to the theory and practice of the
crystallization process, there is no consensus among scientists on the
mechanism of solid phase formation in aqueous solutions, therefore alternative
options are considered in the scientific literature: homogeneous, heterogeneous
and mixed mechanisms [1-3]. The heterogeneous mechanism of crystallization
assumes the presence in the solution of a dispersed phase, which is a seed.

Visual determination of particle size was conducted using optical
microscope concurrently. Set of micrograph were taken within a fixed period
of time during the whole experiment. These micrographs were processed with
special software which shows the average particle size at a given time.

This slide represents the dynamics of particle growth in time, which was
obtained by combination of 2 independent methods (dynamic light scattering
and optical microscopy). Both methods show matching a result at the borders
of working ranges (Fig. 2).

Using the example of calcium sulfate nucleation, the effect of
microimpurities contained in water used to prepare initial solutions is shown:

CaCl, + Na,SO4 + 2H,0 = CaS042H,0 + 2NaCl
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Fig. 2 Kinetic dependence of the average particle size of solid phase

Analytical grade reagents were used in this study: CaCl, (GOST 4460-79),
Na,SO4 (GOST 83-79). The initiall supersaturated solutions were prepared
from ¢(CaCl,) = ¢(Na;SO4) = 1.0 mol/l against the background of electrolyte
c¢(NaCl) = 0.15 mol/l, which provided constant values of ionic strength
(I'= const) and activity coefficients of individual ions (y: = const) [1-3].

The solid phase parameters were determined by instruments implementing
optical methods of analysis, and the parameters of the liquid phase were
determined by the methods of electrochemical analysis and complexometric
titration (Mettler Tolledo) [1].

Particular attention is paid to the determination of water parameters
(Table 1) for the preparation of initial solutions of CaCl, and Na,SOy. It has
been established that the electrical conductivity of distilled water and its
resistance are, respectively: for fresh distillate 5 pS/cm and 205 kOhm-cm, for
bidistylate (Sigma-Aldrich) 2 pS/cm and 590 kOhm-cm, deionized water
0.0749 uS/cm and 15.5 MOhm-cm [2-3].

On Fig. 3 shows the results of the kinetic experiment of the CaSO42H,0
nucleation process from initial solutions prepared in water before (a, ¢) and
after its deionization (b, d). Designation of experimental points corresponds to
parallel measurements of model solutions with CaSO4-2H,O concentrations of
0.05 (left) and 0.03 (right) mol/l
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Fig. 3. Crystallization kinetics of CaSO42H,0O from initial solutions before
(a, ¢) and after filtration (b, d)

The induction time measured from the value of the electrical conductivity
of solutions of one degree of supersaturation confirms its dependence on the
content of nanoparticles: with an increase in their concentration in the bulk
solution, the induction period decreases and the rate of nucleation increases at
a constant state of saturation and temperature. Thus, the reaction of calcium
sulfate formation occurs due to the sorption of [Ca’’], [SO4* ] and [CaSO4]’
particles on the surface of nanoparticles.

[1] Pochitalkina I.A., Kekin P.A., Kovalenko A.E. Study of the crystallization
process of low-soluble compounds using laser analyzers. 2020 International
Conference Laser Optics, LO 2020, p. PD1, 2020.

[2] Oshchepkov Maxim, Popov Konstantin, Kovalenko Anna, Redchuk Anatoly,
Dikareva Julia, Pochitalkina Irina. Initial Stages of Gypsum Nucleation: The Role
of Nano/Microdust / Minerals. Scopus. 2020. vol. 10. Ne 12, pp.1083-1096.

[3] K. Popov, M. Oshchepkov, A. Kovalenko, A. Redchuk, J. Dikareva and I.
Pochitalkina. The Scale Nucleation Natural Precursors: a Case Study of
“Micro/Nanodust” Impurities Nature in Laboratory Aqueous Samples,
obtained from Moscow TAP water// International Jornal of Corrosion and
Scale Inhibition (Int. J. Corrosion Scale Inhibition). Scopus. vol. 9. Ne 3. pp.
1097-1112.
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Abstract — The production of zinc selenide nanopowder
using repetitively pulsed radiation from a ytterbium fiber laser
has been studied. With an average radiation power of 300 W and
a pulse duration of 120 ps, the productivity of nanopowder
production was =100 g/h. The nanopowder contains weakly
agglomerated particles that have a spherical shape, as well as the
shape of polyhedrons. Their arithmetic average size is 18 nm.
Nanoparticles have two crystalline phases: cubic (40 wt.%), and
hexagonal (60 wt.%).

Keywords— laser ablation, nanopowder, fiber ytterbium laser,
gas-p IPG Photonics hase method for obtaining nanoparticles

I. INTRODUCTION

Polycrystalline zinc selenide is a popular material for
optical elements for CO; lasers, active media of mid-IR lasers,
scintillators . Today, CVD technology is used to manufacture
these products . An alternative is ceramic technology using
nanopowders ZnSe . To do this, you need to use weakly
agglomerated nanoparticles with an average size of <100nm. In
addition, ZnSe is one of the quantum dot materials having the
same dimensions. Nanopowders with such properties can be
obtained using a high-power laser by evaporating a target of
the required composition and subsequent condensation of
vapors in a gas flow [1]. Previously, this method was used to
produce nanoparticles of refractory oxides, and it was
practically not used for synthesis non-oxide nanopowders. In
this work, for the first time, the production of a ZnSe
nanopowder is studied using a laser.

II. RESULTS AND DISCUSSION

To obtain a nanopowder , an experimental setup based on
an LS-07N ytterbium fiber laser (IPG Photonics ) described in
[1] was used. The synthesis of the nanopowder was carried out
in argon pumped through the setup from a gas cylinder. The
targets were fabricated from ZnSe micropowder by pressing
and subsequent sintering in an H, atmosphere. The targets had
a porosity of =70 %.

Evaporation of zinc selenide using a fiber ytterbium laser is
hampered by the high transparency of this material at the
wavelength of its radiation (1.065 nm). Ablation is possible if
the radiation intensity in the target exceeds the radiation
damage threshold of the material. In a porous target, laser

radiation is scattered, which leads to its concentration in some
local areas [2]. As our calculations have shown, with the
intensity of the incident radiation 1=0.46 MW/cm 2, grain size
0.55+4.6 pm and their packing density of in the target is
~50 %, the scattered radiation intensity in such places can
reach ~110 MW/cm?. This allows us to evaporate the target
under our conditions.

The productivity of obtaining ZnSe nanopowder using an
ytterbium fiber laser can decrease due to splashing of melt
droplets larger than 10 um [1]. Therefore, the process of target
evaporation using a single laser pulse was photographed. These
experiments have shown that droplet spraying can be
significantly reduced if the intensity of radiation focused on the
target is reduced to 0.21 MW/cm? and the pulse duration is less
than 400 ps. Taking into account these data, the ZnSe
nanopowder was obtained under the following laser operating
mode: the duration of the radiation pulses is 120 s, the follow-
up period is 240 us, the pulse power is 600 W, the radiation
intensity at the target is 0.18 MW/cm?.

The productivity of ZnSe nanopowder production and its
mass yield during the evaporation of one target were 100 g/h
and 32+34 wt.%. The nanopowder consists of weakly
agglomerated particles with an average size of 18 nm, which
have the shape of polyhedra, and sometimes spheres. The
nanoparticles had both a cubic crystal lattice (40 wt.%) and a
metastable hexagonal lattice (60 wt.%).
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Investigation of the Resistance to lonizing Radiation
of Optical Products Based on the AgBr - Agl System
Crystals

A.A . Yuzhakova', D.D.Salimgareev ', A.E.Lvov', P.V.Pestereva', I.V.Yuzhakov', A.S Korsakov!, L.V.Zhukova'
'Ural federal university named after the first President of Russia B. N. Yeltsin, Ekaterinburg, Russia

Abstract— The photo- and radiation resistance of optical
windows and fibers based on the AgBr—Agl system crystals has
been studied. The greatest optical loss during irradiation with
ultraviolet for 530 min does not exceed 40% in the entire
transmission range. The transmission spectra show the resistance
of fibers to electron irradiation with doses up to 400 kGy.

Keywords— silver halide, IR window, IR fiber, photostable,
radiation resistance

1. INTRIDUCTION

The search and creation of an element base for fiber optics
in the mid-infrared (IR) range is an urgent task, since the IR
spectral region covers many applications from molecular
fingerprint analysis to thermal imaging.

Today, as materials that provide transmission in the visible,
IR, terahertz (THz) and millimeter ranges, crystals based on
metal halide can be used [1]. In particular, crystals of the AgBr
- Agl system, due to the introduction of heavier iodine into the
crystal lattice of silver bromide, promise high resistance to
ionizing radiation, as well as high optical properties.

The study of their transmission range showed that the AgBr
- Agl system crystals with the composition from 1 to 36 mol.%
Agl in AgBr cover the region from 0.46 to more than 42
microns. Infrared fibers based on them transmit IR radiation in
the range from 3 to 25 um without absorption windows. In this
case, the optical losses in crystals are 0.1 dB/m, and in optical
fibers - 0.46 dB/m. For the application of optical products based
on the AgBr— Agl crystals system, a more comprehensive study
of'the properties is required. This paper presents the study results
of the products' resistance to ultraviolet and p-radiation.

II. PHOTO- AND RADIATION RESISTANCE STUDY

The photoresistance study of the AgBr - Agl system crystals
was carried out by stage-by-stage samples irradiation with
increasing doses for 20, 50, 170, 530 min. Before irradiation and
after each irradiation stage, transmission spectra were taken
from the samples using a IR-Fourier spectrometer IRPrestige-
21, Shimadzu. On Fig. 1 shows the relative transmission
obtained by comparing the spectra of irradiated samples with
different doses and unirradiated sample.

The investigation of resistance to -radiation was carried out
on IR fibers with a doses set of 50, 100, 200, 400 kGy.
Irradiation was carried out on the UELR-10-10S installation and
had a cumulative character. Before irradiation and after each

This work was supported by the Ministry of Science and Higher
Education of the Russian Federation, State Contract no FEUZ-2020-0058
(H687.42B.223/20).

stage (taking each dose), transmission spectra were taken. The
measurement results are shown in Fig. 2.
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Fig. 2. Transmission spectra of the waveguide based on crystalline
AgBroolo0s

All samples showed high photostable and resistance to -
irradiation, thus they can be used without additional protective
coatings, in rough environmental conditions such as hot cells
of nuclear power plants, devices operating in space, etc.

[1] L. Zhukova, D. Salimgar&l\?,F EREI(\)Ir(;gl%V, N. Yudin, G. Komandin, 1.
Spektor, A. Lvov, A. Yuzhakova, “The optical transparency investigation
of crystals based on the AgHal — TIHal solid solutions systems in the
terahertz range,” Opt. Mat. vol. 113, pp.110870, 2021.



Low-cost magnetic Fe alloy based THz polarization
filters in EVA matrix
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Abstract— We present the dependence of the concentration of
magnetic driven SBDSR alloy of THz filters in EVA matrix, on
absorption and reflection properties in the extended THz range of
0.2-2 THz. Transmittance dependence on particles concentration
and orientation was studied using a custom-made THz-TDS
spectrometer. The extinction coefficient of up to 20 was obtained
using 15 mass.% of SBDSR alloy.

Keywords— Fe alloy; SBDSR; THz polarization; THz—TDS;
magnetic driven particles.

I. SUMMARY

In this work, we demonstrate the dependence of the
polarization efficiency of modulators based on soft magnetic
submicron particles of the SBDSR alloy [1] on the concentration
of nanoparticles in the ethylene-vinyl acetate (EVA) matrix.

Previously we found the optimal concentration of SBDSR
particles in the liquid THz attenuator, but 80W-90 oil leads to a
significant decrease of initial transmittance in the long-
wavelength THz range [2].

In this work, we create polymer polarization modulators
based on the EVA polymer matrix, which are almost completely
transparent up to 2 THz. Polymer solution with particles was
deposited in the presence of a magnetic field, by analogy with
[3]. A series of films with different concentrations of SBDSR
particles and thickness of about 300 um were obtained as a result
of deposition. To obtain all THz properties we made a series of
polymer foils: without particles, with an isotropic distribution of
particles, and with particles that were oriented along the lines of
the magnetic field. We used a permanent magnet with a
magnetic force of about 100 G to form an external magnetic
field. Using this method, we obtained pseudo lattices with a non-
uniform distribution over the distance between the lines of
5BDSR particles. Un-uniform distribution of the 5BDSR
particles leads to the fact that the radiation is modulated in a wide
spectral range. The maximal extinction coefficient occurs in the
region of 1.4 THz.

This study was supported by the Russian Science Foundation (RSF),
Project # 18-19-00268.
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Spectral properties of these filters were studied using a
custom-made THz-TDS spectrometer. We use Zomega electro-
optical sensor as a THz detector and a Batop iPCA-21-05-1000-
800-h antenna coupled with a femtosecond Chameleon Vision 2
laser (Coherent, USA). To obtain reliable data, THz polarizers
from [4] were also used. The combination of two types of
gratings makes it possible to obtain highly efficient THz
polarizers in a wide spectral range. It is also worth noting that
the use of particles of different sizes allows you to control the
range of the maximum efficiency of the filters.
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Abstract— FEarlier an idea to use controlled with modern
Scanning Probe Microscopy (SPM) technique resonant interaction
of dipoles (fluorescent rare earth (RE) ions in crystals) was put
forward. Here we discuss the possibility to exploit nanolocal Stark
effect, caused in such systems by strong inhomogeneous electric
fields of sharp SPM electrodes (tips), to engineer the dark — bright
states of resonantly interacting dipoles: their energies and decay
(decoherence) rates can be strongly influenced by such fields.

Keywords— nanostructured materials, rare-earth ions, dipole-
dipole resonant interaction, Scanning Probe Microscopy, quantum
computing

1. INTRODUCTION

An idea to use resonant interaction of dipoles (fluorescent
rare earth (RE) ions in crystals), controlled with modern
Scanning Probe Microscopy (SPM) technique, was put forward
in 2003 [1]. Immediately afterwards, clusters and superlattices
of resonantly interacting RE ions were proposed and analysed
as a prospective quantum computer hardware. In particular, the
use of pair, quartic and sextet neodymium ions, respectively
(Nd*— F)24, in fluoride crystals CaF,, SrF» u CdF, for the
quantum information processing was considered. Especially
interesting is the possibility to engineer dark — bright states of
resonantly interacting ions using nanolocal Stark -effect,
induced by an electric field of sharp conducting tip of SPM, sf.
[1]. Dark - bright states can be considered as a qubit, and they
appear as a truly interesting element of quantum logic networks

(2].

To solve this problem, we need to design novel optical
materials and methods to modify them. To be more specific, the
consideration is undertaken for the case of (Nd*— F7), pair
centers in CaF, crystal, but the very setting of the problem of
the use of local Stark effect for the quantum computing is much
more general.

II. QUANTUM NETWORK

The idea of our approach is illustrated in the Fig. 1 below.
The quantum state of a pair of resonantly interacting excited by
external laser radiation dipoles (ions) a and b separated by a
small (nano- or subnanometer) distance can be changed

(“engineered”) as a result of the nanolocal Stark effect caused
by application of certain potential onto one of three electrodes
shown in Fig. 1. For identical ions, resonant interaction leads to
the splitting of excited state of the pair into “pure” optically
bright and optically dark states. (The latter does not interact
with light in a dipole approximation and hence is (almost)
decoherence-free). When interacting ions are non-identical, the
picture is much more complicated, and different superpositions
of bright — dark states, having interesting for the Quantum
Information Processing properties, are created.

o T

Fig. 1 A building block element of the proposed quantum network

In our approach, exactly this aforementioned (nano)local
Stark shift is used as a factor introducing required controllable
non-identity of ions. SPM tip is quite sharp (with the radius of
curvature of up to a few nm and even better), which enables to
“tune” the wavelength of the optical transition of RE ion in
many crystals up to 50 MHz [1]. The peculiarities of pair
centers of RE ions in crystals (e.g. their Kramers or non-
Kramers nature) also should be taken into account.
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Fluorescent nanostructures for targeted biological
visualization

E. A. Mordovina, D. V. Tsyupka, A. A. Bakal, A. M. Abramova, O. A. Goryacheva, I. Yu. Goryacheva
Saratov State University, Saratov, Russia

Abstract— The fluorescent properties of products obtained by
the hydrothermal treatment of organic raw materials are of great
interest. Such products usually have high colloidal stability in
water and photostability, as well as low cytotoxicity. One of their
advantages is the wide range of starting materials and the relative
simplicity of synthesis. The use of folic acid as a precursor for
fluorescent nanostructures opens up the possibility of targeted
imaging. This work shows a one-step scheme for the synthesis of
fluorescent nanostructures from folic acid and citrates, as well as
the effect of the citrate on the optical properties of the obtained
particles.

Keywords—fluorescent nanostructures, one-step synthesis,
hydrothermal synthesis, folic acid, citric acid, biological imaging.

1. INTRODUCTION

Folic acid (FA) is involved in many biological processes,
which determines its vital necessity. Cells metabolize FA using
specific folate receptors. FA molecules interact with receptors is
via a pterin fragment [1]. As it is known, the activity of folate
receptors of cancer cells is significantly higher than that of
healthy ones [1,2], which allows the use of FA as a targeting
ligand. As a result of the functionalization of various carriers
with FA, were developed magnetic-resonance contrast agents
[3,4], radiopharmaceutical imaging agents [5], chemotherapy
[6], etc. Obtaining such systems is usually a difficult task;
therefore, it is necessary to develop new approaches to the
synthesis.

As a result of hydrothermal treatment of FA, the initial
molecule partially destructs, while the pterin fragment of the
molecule remains unchanged, which makes it possible to further
use it for targeted fluorescence imaging. Hydrothermal co-
treatment of FA and other organic precursors can lead to the
formation of structures that are sensitive to folate receptors and
possess the necessary properties (e.g., intense fluorescence) [7].

II. RESULTS AND DISCUSSION

Fluorescent nanoparticles were obtained by the
hydrothermal co-treatment of FA and citrates (citric acids (CA)
and sodium citrate) [7]. The concentration of citrates ranged
from 0.05 to 2 mol/L, concentration of FA was constant (1073
mol/L).

The obtained samples have bright fluorescence in the blue-
green region of the spectrum (fig. 1).

An increase in the concentration of CA leads to an increase
in emission at an excitation wavelength of 410 nm, which
indicates the presence of several fluorescent fractions.

Deaylight
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Fig. 1. Image samples in daylight and ultraviolet light: a — folic acid sample
(10 * mol/L) without any additives, b—g — samples with citric acid additives
0.05,0.1, 0.5, 1, 1.5, and 2 mol/L, respectively
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Modeling the formation of self-catalyzed GaAs and
GaP nanowires
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Abstract — We present a theoretical model to depict the
formation of self-catalyzed GaAs and GaP nanowires. The
growth regimes of monolayer on the nanowire top facet are
investigated.

Keywords— III-V nanowires; VLS growth

Owing to the recent development of in-situ TEM
(transmission electron microscopy) techniques of III-V
nanowire (NW) growth the growth mechanisms of III-V
nanocrystals have attracted increasing attention [1].
In this paper, we use the model of self-catalyzed NW growth
[2] to investigate the growth regimes of monolayer (ML) on
the NW top facet. The nucleation-limited growth rate of NW
which is calculated within the framework of the classical
nucleation theory is considered. It is also assumed that the ML
growth proceeds via the volume diffusion mechanism and that
the group V fluxes limit the ML growth. The nucleation
statistics and the faceting of the NW top facet are not
considered.

To investigate the growth regimes of GaAs and GaP ML
having the zincblende structure we calculate the dependences
of group V content in the droplet on the growth time. ML
growth cycle at different growth conditions is shown in Fig. 1
and Fig. 2. The values of the model parameters used are the
same as in [3] (f=125"is droplet contact angle, ay=30°is the
angle between the direction of the direct group V flux and the
substrate normal, the interphase energy y=0.394 Jm ~ for GaAs
and y=0.47 Jm* for GaP; the NW radius equals 20 nm). It is
seen that at high group V fluxes, the ML growth proceeds via
the fast growth regime (limited by volume diffusion). In the
opposite case, both the fast growth regime and the slow
growth regime (limited by vapor fluxes) can be realized. The
dependences for GaAs and GaP are qualitatively the same.
The difference is that the desorption flux of phosphorus is
higher than that of arsenic, however, the solubility of
phosphorus in gallium is lower than that of arsenic. As a
result, the slow growth regime is more likely to be realized in
the GaP system. At a high temperature, the droplet refilling
stage can take a very long time due to the high desorption of
group V species (there is no NW growth when the desorption
flux is equal to the total group V flux). Also, as seen from the
figures, the ML growth rate is higher for GaAs. It should be
noted that the duration of the droplet refilling stage is sensible
to the diffusion coefficients of group V in gallium.
Unfortunately, the known values of these coefficients relate to
very high temperatures, and, at the NW growth temperature,
these quantities should be specified in further studies.
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Fig.1. The dependences of the group V molar fraction on the growth time of
GaAs ML (solid lines) and GaP ML (dashed lines) at different values of the
total group V flux. The growth temperature is 500°C.
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Fig. 2. The dependences of the group V molar fraction on the growth time of
GaAs ML (solid lines) and GaP ML (dashed lines) at different values of the
growth temperature. The total group V flux is 5-10”m™s™".
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Optical properties of a hybrid films of J-aggregates
and aluminum oxide formed on an island Ag film

L.INikitin, R.D.Nabiullina, L.N.Borodina, A.A.Starovoytov, [.A.Gladskikh
School of Physics and Engineering, ITMO University, St. Petersburg, Russia

Abstract— The synthesis technique of nanoporous aluminum
oxide on an island silver film has been developed. Such a structure
was coated with J-aggregates and optical properties were studied
for it. The transfer of optical excitation energy from oxygen
vacancies of aluminum oxide to J-aggregates was observed.

Keywords—aluminum  oxide; island film; plasmon; J-
aggregates; nanoparticles; reflection; absorption; fluorescence

L INTRODUCTION

The development of solid-state microlasers based on organic
compounds and nanoparticles as an active medium is an urgent
problem of modern photonics. The J-aggregates of
pseudoisocyanine dye (PIC) characterized by the high quantum
yield, which can be enhanced with plasmonic nanoparticles due
to the action of the near field. Anodic aluminum oxide (AAO) is
a promising matrix for the uniform distribution of the dye. In the
work, the hybrid film was synthesized in successive stages: the
Ag island film was deposited on substrate, then a solid layer of
aluminum was deposited and anodized, then PIC was coated and
its optical properties were studied.

II.  OBJECT AND TECHNIQUES

The island silver film of the equivalent thickness of 15 nm
was obtained by vacuum thermal deposition on a quartz
substrate, the was annealed on air at a temperature of 150 °C.
Then, an aluminum layer of 160 nm thickness was deposited by
the electron beam method. The resulting Ag/Al film was
anodized for 45 seconds in 0.4 M oxalic acid. Then the Ag/AAO
film was immersed in PIC saturated ethanol solution for
impregnation. Then the hybrid film was dried in air at room
conditions

III. RESULTS

The absorption of the Ag/AAO film corresponds to Ag
island film, while the reflection is more similar to spectrum of
AAO film (Fig. 1). At the same time, the shape of the reflection
spectrum of the hybrid structure may coincide with the shape
for the AAO film. The wavelength of the absorption maximum
and reflection minimum of the Ag/AAO are the same, due to
the scattering of light in the pores of aluminum oxide. The
Ag/AAO film have luminescence maximum with a wavelength
of 500 nm, which was associated with the formation of F-
centers of oxygen vacancies during anodizing. The comparison
of the luminescence spectra of a hybrid film, Ag/AAO film and
dye layer on bare substrate with excitation in the absorption

bands of oxygen vacancies and J-aggregates shows the presence
of a luminescence maximum at 583 nm responsible for the
emission of J-aggregates, shows the transfer of optical
excitation from oxygen vacancies to J-aggregates.
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Fig. 1. Normalized spectra: absorption of the Ag island film (1), reflection of
the AAO film (2), absorption (3) and reflection (4) of the Ag/AAO film
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Fig. 2. Normalized luminecence spectra of the Ag/AAO (1) and hybrid (3)
films with excitation wavelength of 405 nm, and dye layer on bare substrate
with excitation wavelengths of 543 nm (2)
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Optical Properties of Spinel Based Glass-Ceramics of
the Zn0O-Al,05-Ga,05-S10, System Doped with Co™"
Ions
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Abstract. Transparent glass-ceramics containing
C02+:Zn(Al,Ga)204 spinel nanocrystals with sizes of 6-11 nm were
studied. Absorption band of the Co*" ions in the material is
shifted to longer wavelengths as compared with glass-ceramics
with no Ga,0; addition. Absorption saturation at 1.54 pm was
observed and its characteristics (absorption recovery time,
ground-state and excited-state absorption cross-sections) were
measured. The developed glass-ceramics are promising as
saturable absorbers for 1.6 pm erbium lasers.

Keywords — transparent glass-ceramics; spinel nanocrystals;
absorption saturation; cobalt ions; gallium oxide

1. INTRODUCTION

Materials doped with cobalt Co”" ions placed in tetrahedral
sites are well known as saturable absorbers for lasers emitting
in 1.3-1.6 um spectral region (see e.g. [1]). For this purpose
saturation of absorption in the band related to the
*Ay(*F)—"T(*F) transition of tetrahedrally coordinated Co”"
ions is used. Among such materials Co*:MgALO, spinel
single crystal is the most widely applied for passive Q-
switching of erbium glass lasers emitting at 1.54 um.

Spectral region of 1.5-1.7 pm attracts attention for range-
finding, environmental sensing, telecom applications, etc. due
to low propagation losses of light in the atmosphere and silica
fiber. Several crystalline materials doped with Er’" ions were
recently developed as laser ones with emission wavelengths in
the 1.6-1.7 um spectral region (see e.g. [2]). For such lasers
passive Q-switching with Co”:MgAl,0, spinel single crystal
is not very efficient. This is due to low absorption in the range
of the *A,(*F)-'T,(*F) transition of Co*" ijons and
consequently, low saturable absorption contrast at the lasing
wavelength. Therefore, new materials containing Co®* ions
with high absorption in the range of 1.6-1.7 um are needed.

Spectral properties of transition metal ions are sensitive to
their surrounding, and this is used to adjust position of the
absorption bands by designing the proper environment of the
transition metal ion. Therefore, if the addition of gallium oxide
(in our case) to the composition of the initial zinc
aluminosilicate glass results in crystallization of the gallium-
containing gahnite spinel, such material will provide a desired
spectral shift of the Co’" absorption band to longer
wavelengths.

II. SAMPLES PREPARATION

Initial glass of the composition 25 ZnO, 23 Al,O;, 2 Ga,0,,
50 Si0,, (mol%) nucleated by 7 mol% TiO, and doped with
0.1 wt% CoO, both added above 100% of the base
composition, was prepared from the reagent grade raw
materials. The glass was melted in a laboratory furnace with
Globar heating elements at temperature T of 1580 °C for 6 h.
Then the initial transparent violet-colored glass was cut into
pieces and heat-treated in the muffle furnace by two-stage heat-
treatments with the first hold at 720 °C and the second hold in
the temperature range of 750-1000 °C. Transparent glass-
ceramics contained crystals of Zn(Al,Ga,;4),0, solid solutions
with spinel structure with sizes of 6-11 nm and the lattice
parameter a ranging from 8.107 to 8.130 A. The zinc
aluminogallate nanocrystals were homogeneously distributed
within the highly silicate residual glass.

III. ABSORPTION SATURATION

Typical experimental data on initial absorption recovery
after power light excitation demonstrates monoexponential
nature with relaxation time 1=790+10 ns for the glass-ceramic
prepared by heat-treatment at 1000 °C.

The experimental data on dependence of transmission of
the glass-ceramics at A=1.54 pm on the input energy fluence
was modelled with a slow saturable absorber model. This is
due to the characteristic recovery time for Co*" ions is few
hundreds of ns (see e.g. [3]) that is much longer than the
duration of the excitation pulse (70 ns in our case).

The best fitting curve results for ground-state absorption
cross-section, Ggsa are (2.5 — 2.6)% 10" ¢m? for glass-ceramics
prepared by the heat-treatment at 850 and 900 °C. The
absorption saturation contrast, Ggsa/Ogsa increases from 3 (for
T =800 °C) to 12.5 (for T = 1000 °C)
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High-speed video recording of liquid melt spraying
during ablation of the Y03 target using a fiber
ytterbium laser.
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Abstract— A Highspeed video shooting of liquid melt
splashing during the ablation of Nd:Y203 target with the
ytterbium fiber laser was made. Using the CuBr laser monitor
for shooting allowed to eliminate bright laser plasma
luminescence on pictures and to see splashing of drops right from
the target crater. The splashing of liquid melt is a difficult
hydrodynamic process. Usually the melt splashes out in separate
jets, splitting into droplets already in the air, but sometimes
single droplets form immediately.

Keywords— laser ablation, nanopowder, fiber ytterbium laser,
splashing of melt droplets, projection laser microscope (laser
monitor).

1. INTRODUCTION

The laser method for obtaining weakly agglomerated oxide
nanoparticles with average dimensions of 10-20 nm consists in
laser evaporation of a target of the required composition and in
the formation of nanoparticles during vapor condensation in a
gas flow.

By using powerful ytterbium fiber laser (A=1,06 um) it’s
possible to get nanopowder in amount of several kilograms.
However, the productivity of making nanopowder can strongly
decrease because of splashing of numerous melt droplets with
size 10-100 um. [1].

In this work, the splashing of the melt during ablation of a
target made of Nd:Y>Os3 in air by a fiber laser LS-07H radiation
using high-speed video recording is investigated. The
observation of the dynamics of the melt spraying is
complicated by the very bright glow of vapor in a laser plume.
The use of a laser monitor based on a brightness amplifier
based on CuBr vapor for shooting made it possible to eliminate
the influence of illumination and observe the splashing of the
melt directly from the crater with a large optical magnification.

II. RESULTS AND DISCUSSION

In our experiments, the same experimental setup was used
as in [2]. However, now the video was taken with a large
optical magnification, which allowed us to study the formation

of droplets in more detail. Shooting frequency of AOS Q-PRI
camera was 22 kHz. Single radiation impulses of fiber laser
were focusing on the target by lens with the focus F= 400 mm
under 45° and 90°.

Usually, the melt is sprayed by separate jets, which are
divided into droplets in the air. Sometimes single drops are
sprayed. At a pulse duration of 1300 ps, radiation power
P=670 W (1=0.46 MW/cm?), melt splashing begins 70-200 us
after the start of target evaporation. When the radiation power
decreases to a value of P=260 W (I=0.18 MW/cm?), the delay
increases to 570+850 ps. Finally, the radiation power P=205 W
(1=0.14 MW/cm?) turns out to be close to the threshold value
for a given pulse duration. Under these conditions, in half of
the cases, the melt did not have time to spray. After the end of
the laser pulse, the surface of the melt quickly calmed down
and solidified in the form of a breastwork. In one case only
single droplet was formed with the delay of 60423 ps. In this
way, the splashing of liquid melt is a difficult hydrodynamic
process which has threshold nature. Probably, there are several
mechanisms of droplets splashing and it requires additive
theoretical researches to establish them.
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Synthesis and properties of luminescent carbon
nanostructures/S102 composites
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Abstract - We have developed a method for the synthesis
of carbon nanostructures/SiO2 composite nanoparticles. The
obtained composites have luminescent properties, colloidal
stability, and are promising as markers for immunochemical
analysis.

composite  particles;  carbon
carbon-based  nanomaterials;

Keywords—  luminescent
nanostructures;  luminescent
silica nanoparticles; luminescence

[. INTRODUCTION

Nowadays, many scientific groups have a great interest
in the development of carbon-based nanomaterials due to
their optical properties, structural features, and a large
variety of possible applications [1,2]. However, current
synthetic ways lead to obtaining CNSs as a mixture of
different structures with various properties. The known
techniques for the CNSs’ purification and fractionation in
some cases are ineffective, multistage, and costly [3]. This
problem can be solved by using a matrix for CNSs. In this
work, we reported the facile hydrothermal method for
the synthesis of Iluminescent composite nanoparticles
from carbon nanostructures/SiO,.

II. SYNTHESIS AND PROPERTIES OF LUMINESCENT COMPOSITE
NANOPARTICLES

In this work, we reported the facile hydrothermal method
for the synthesis of luminescent composite nanoparticles. The
silica nanoparticles with surface amino and carboxyl
groups were prepared by the reversed microemulsion method.
The obtained silica nanoparticles were hydrothermally treated
with citric acid. As a result of the synthesis were
obtained luminescent composite nanoparticles. The scheme
of the proposed process is shown in Figure 1 A. The use of
the matrix agents leads to an increase in the PL signal, since
the PL intensity of several CNSs is higher than the intensity of

a single structure. We used dialysis to  purification
luminescent  composite = nanoparticles from unreacted
components. Figure 1 B, C shows the absorption,
photoluminescence, and normalized
spectrum photoluminescence after dialysis.

The resulting composite nanoparticles had the

maximum luminescence in the region of 450 nm with a

quantum yield of 53+4 %. The average size of
luminescent ~ composite nanoparticles was (43+£2) nm,
polydispersity index (0.17+0.01), zeta potential (-27+2)

mV. The resulting composite nanoparticles meet the
basic requirements for markers in immunochemical
analysis: they are characterized by a high PL signal; colloidal
and chemically stable; the surface of

nanoparticles is rich in functional groups necessary for
subsequent conjugation.

“)

=
a

Fig. 1. Scheme of formation of luminescent composite nanoparticles (A),
absorption  spectrum,  photoluminescence  (B) and  normalized
photoluminescence spectrum (C) of luminescent composite nanoparticles after
dialysis
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Quantum dots for control the concentrations of

anthracycline antibiotics.
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Abstract - Quantum dots (QDs) can be an optimal material
for creating systems for  determining  the residual
concentration of anthracycline antibiotics in blood, urine and
tissues to optimize the dosage of chemotherapy drugs. The
selection of the optimal composition of the structure and
surface of QDs allows to achieve the best energy transfer and,
as a result, the most reliable analytical system

Keywords— Quantum dots,
surface modification, mitoxantrone

quenching, electron transfer,

I.  INTRODUCTION

Quantum dots are semiconductor nanocrystals that
actively replace standard fluorescent dyes in bionalysis
and medicine. Ability to change fluorescence wavelength,
high chemical and physical stability. as well as the ability to
change the surface of the crystal simplifies interactions with
biological molecules and pharmaceuticals. QDs are
capable of nonradiative energy transfer and can be both an
acceptor and an energy donor. Analytical systems based on
the photoinduced electron-transfer mechanism use QDs as an
energy donor. The analyte is an acceptor of energy and the
recognition of the target molecule will be shown as quenching
QDs fluorescence [1].

Mitoxantrone (MTX) is used to treat certain cancers and
multiple sclerosis. Its dosage is mainly based on the
patient's body volume and results in a large excess of the drug
with a high cytostatic effect. However, the development of
targeted delivery has led to the need to monitor the
working concentrations for each type of tumor. MTX is
unstable, easily oligomerized and attached to biological
molecules in difficult matrixes[2]. It makes it difficult to use
classical methods.

The fluorescence of QDs decreases when MTX is
attached to its surface. We select the composition, structure
and surface of QDs for the best quenching of fluorescence
in the presence of MTX.

II. METHODS

A. AginS2/ZnS QDs syntheis

Hydrophilic QDs AgInS2/ZnS with emission in the range
from 500 to 750 nm were synthesized during One-pot
synthesis in aqueous solutions by a two-stage procedure to
obtain core-shell structure. The fractionation were used for
the segmentation of QDs according to the size and
color of fluorescence[3].

B. CdSe/CdS and CdSeS/ZnS QDs syntheis

Synthesis of core/shell QDs by high-temperature organic
synthesis with subsequent surface passivation with a wider-gap
semiconductor[4][5].

III. RESULTS

Three types of QDs, differing in composition, peak shape
and width, wavelength and fluorescence intensity were
obtained to consider the optimal structures as an
ener gy acceptor for the MTX molecule (fig. 1).

Fig. 1. Fluorescence intensity and peak position of A) AgInS/ZnS, B)
CdSe/CdS, C) CdSeS/ZnS QDs
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Phase Composition Study of the AgBr — Agl — T1Br —
TII System for the Infrared Materials Creation
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Abstract— AgBr — Agl — TIBr — TlI isothermal cross section of
the Ag — Tl — Br — I concentration tetrahedron has been studied.
Inside cross section concentration regions are marked, where both
single crystals and optical nanoceramics can be synthesized. In the
obtained regions, single crystals of various compositions, as well as
optical nanoceramics transparent in the infrared and terahertz
ranges, were synthesized.

Keywords— silver and thallium halide, single crystal, optical
ceramics, infrared range, terahertz range

1. INTRODUCTION

To date, a limited number of optical materials for the infrared
(IR) and terahertz (THz) spectral regions is known. For the
infrared range, chalcogenide (transmission range 0.62 - 25.0 um)
and fluoride (from 0.2 to 7.0 - 12.0 um) glasses, ceramics based
on borates and aluminum-magnesium spinels and some other
materials are known. For the terahertz range (0.1 - 10 THz), the
number of materials is even narrower and is limited to high-
resistance silicon, crystalline quartz, sapphire, and some
polymers. However, there are materials that are transparent in
the visible, infrared and terahertz ranges. Such optical materials
are crystals and optical nanoceramics based on silver and
thallium (I) halides of the system AgBr - Agl - TIBr - TII [1].

II. PHASE DIAGRAM INVESTIGATION

The phase diagrams of the systems AgBr — TII, AgBr —
T1Bro.46l0.54, AgBr— Agl and T1Bro46l54— Agl were studied. The
isothermal section AgBr — Agl — TIBr — TII of the concentration
tetrahedron of the four-component system Ag — T1 — Br— I was
constructed from these diagrams (Fig. 1). It has been found that
single crystals with the Fm3m and Pm3m structure can be grown
in the orange and bright red regions, respectively. Here the least
influence of foreign phases with the R-3 structure, including
chemical compounds TlLAgBr3, TlAgl,, ThAgls and their
derivatives, is observed [1]. The influence of these compounds
can be minimized by varying the synthesis modes, as a result of
which stable solid solutions can be obtained. For the AgBr — TII
system, the stable solid solutions are observed from 0 to 20 and
from 67 to 98 mol. % TII in AgBr, for the system AgBr -
T1Bro.46lo.54 from 0 to 31 and from 83 to 100 mol. % TI1Bro.46l0.54
in AgBr, in the AgBr — Agl system from 0 to 40 mol. % Agl in
AgBr, and in the system TIBro4slo.54 — Agl from 0 to 18 mol. %
Agl in TIBro4loss. However, beyond these compositions, the
influence of foreign phases becomes more significant. In view
of this, single crystals (with the Fm3m structure) and crystalline
ceramics for optics (Fm3m + R-3) can be obtained in the yellow
region. Single crystals (Pm3m) and crystalline ceramics with the
Pm3m + R-3 structure type can be obtained in the red region.

This work was supported by the Russian Science Foundation
(No. 21-73-10108), https://rscf.ru/en/project/21-73-10108/.

mol %  AgTil, AgTLl,

Agi0 10 20 30 40 S0 €0 70 20 90100 TN
100 - 100
90 90
80 i 80
70| Macharcat mectare of seversd shanes T3 70

Based o 13 ard P S
60 60
# L L
2 50 :naav‘-ﬂ'm:m \ 50
- (Frdm » RAPEme ) Er
40 s 40
’ T \ *
30 \ 30 ?
nw 5 S o > . Py .=
20 | innie ’ 20
Fonden) ’ .
i crywad (f mdey . e
10 orare: il 10
[Faden < 83 Aarespg N
0
AgBrD 10 20 30 40 30 60 70 20 90100 TiBr
mol. % AaTl.8Br,

Fig. 1. AgBr— Agl - TIBr — Tl isothermal cross section of the Ag — Tl - Br—
I concentration tetrahedron

The variation of the crystalline modification (crystal or
ceramic) occurs due to the synthesis modes, ranging from
obtaining a high-purity raw materials by the method of
thermozone crystallization-synthesis (TZKS) and ending
directly with the growth of single crystals or the synthesis of
optical ceramics. In particular, the growth of single crystals is
possible when a high degree of mixture homogeneity is achieved
and the optimal growth modes with lower crystallization rates
are selected. These measures make it possible to minimize the
probability of the formation or incorporation of an orthorhombic
phase (R-3). Also they make it possible to push the doping
orthorhombic phase into the crystal's cap or to its periphery.
Further, the formed R-3 phase is removed mechanically. The
same is true in the opposite direction.

It should be noted that the choice of material type is
determined by the requirements for transparency, hardness,
strength, as well as the technological features of their
production. The possibility of obtaining both crystals and
ceramics from the same chemical composition makes it possible
to optimize the process of manufacturing optical products for a
specific applied task, making it economical, environmentally
friendly and resource-saving.
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Using the steepness of the localized surface plasmon
resonance phase response for highly sensitive
detection of molecular binding events
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Abstract— This study demonstrated the capabilities of
method which uses the steepness of the localized surface plasmon
resonance phase response for sensing of molecular binding event.

Keywords— Localized Surface Plasmonic Resonance; gold
nano-island.

I. INTRODUCTION

It is well known [1], that surface plasmon resonance (SPR)
phase interrogation can - under optimal condition - provide
orders of magnitude better sensitivity than intensity or
wavelength interrogation. In addition, phase interrogation
based on surface plasmon resonance interferometry opens up
the possibilities for the sensors that combine both ultra-high
sensitivity and wide dynamic range. As it was pointed out in
pioneering work of Nikitin et al. [2], phase dependence
extracted from interferometric measurements offers three
information sources and, respectively, three levels of
sensitivity. The lowest sensitivity can be realized by the
measurement of a resonance wavelength shift just as it is
usually done in the traditional SPR sensors. An intermediate
level of sensitivity relates to the steepness of phase jump at
resonance. The highest sensitivity is provided by the
monitoring of the phase jump inversion which occurs around
the optimal resonance conditions. However, the highest
sensitivity mode is difficult to achieve in practice because of
tough tuning requirement needed to reach the optimal regime
and - once it is achieved - high signal instability. This study
demonstrated the capabilities of method which uses the
steepness of the localized surface plasmon resonance phase
response for sensing of molecular binding event.

II. RESULTS

LSPR transducer was fabricated by magnetron sputtering
deposition of Au nanofilms on a top of a glass substrate,
Followed by a thermal annealing at 580°C for 3 hours. As a
result, randomly distributed Au nanoislands (AuNI) were
obtained. LSPR was excited in AuNI by evanescent wave in
attenuated total internal reflection configuration. Common
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Figure la) Resonance wavelength position and b) phase slope vs.
number of molecular layers deposited on top of AuNI

path spectral interferometer detection scheme was used to
analyze LSPR phase response. The differential phase between
s and p polarization components was recovered from a spectral
interferogram in real time using a homemade LabVIEW
interface. The sensitivity data to the molecular binding event
were obtained using electrostatic sequential layer-by layer
self-assembly of alternatively charged polymers —
poly(allylamine hydrochloride) (PAH) and poly(sodium 4-
styrenesulfonate) (PSS) — resulting in multilayers of defined
thickness and number. Fig 1 shows the experimental
dependence of resonance wavelength position and phase slope
versus the number of molecular layers N. It is seen, that
resonance wavelength dependence is non-linear: it grows with
the increasing N, reach a maximum and then decrease. On its
turn, the slope of the phase at resonance grows linearly at low
and then starts to saturate.

III. CONCLUSIONS

In conclusion, experimental comparison between conventional
wavelength interrogation and the method which uses the
steepness of the localized surface plasmon resonance phase
response was performed.
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The modeling of the “dry” foam laser probinge
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Abstract—A software package for constructing the structure
of "dry" foams and foam-like materials was developed. The
possibility of the evaluation of the cell morphology is realized.
This knowledge is necessary to determine the system stability and
its internal dynamics. The limits of developed software
application were also analyzed.

Keywords—foam-like materials, foam evolution, Monte Carlo
method, optical probing

[. INTRODUCTION

The foams and foam-like porous media are of great interest
because of the wide application of such materials in different
technical and biomedicine applications. The functionality of
the foam-like materials depends on the morphological
parameters of the internal structure. The actual approaches to
study the three-dimensional structure of foam-like media are
optical and acoustic methods. But the internal dynamics and
complexity of the structure make it difficult to analyze the
results of the optical and acoustic probing of such media. A
detailed model of such media could simplify the analysis of
their morphological properties. A software package been
developed for constructing the structure of "dry" foams and
foam-like porous materials. It allows us to directly evaluate the
morphological parameters of the medium model cells and
simulate the scattering of laser radiation.

Such studies play an important role for the development of
the methods for the diagnostic of the morphological and
functional characteristics of nonstationary systems, for the
problems of creating functional materials with determined
properties, in particular, for the creating the optimal
technologies for the synthesis of highly nanoporous materials
for the regenerative medicine and tissue engineering.

II. FOAM-LIKE MEDIUM MODEL

At the initial stage, the dimensions of the system, the
number of cells and their morphological parameters are set.
Coordinates of the centers of future cells are randomly
generated to build foam cells and distribute them in the system
with the help of repulsive forces. The cell faces are defined as
tangent planes taking into account the thickness of the Plateau
channel. The input parameters regulate the morphology of the
resulting cells. It allows us to directly evaluate the
morphological parameters of the medium model cells (for
example, angular and dimensional characteristics, volume and
surface area).

The constructed cell shapes of the foam-like medium
correlates with the data of literary sources (fig. 1). The results
of the simulation of the laser radiation scattering by the Monte
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Fig. 1. Distribution of cells with number of faces. 1 — Matzke experiment[1],

volume fraction if the cells are spheres: 2 — 64% R-RCP[2], 3 — 36% R-

RSA[2]. 4-36%,5—50%, 6 — 64%.

Carlo method through a foam-like medium can be compared
with the experiment results.
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Laser-induced optical chirality in planar plasmonic
nanostructures
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Abstract— Demonstration of optical chirality in plasmon
nanostructures made of silver on a dielectric substrate prepared
by subsequent annealing and laser treatments was shown for the
first time.

Keywords— silver nanoparticles, chirality, plasmonics, circular
dichroism, spectral hole burning

[. INTRODUCTION

Circular dichroism (CD) spectroscopy is a powerful technique
that allows distinguishing the enantiomers of chiral molecules
and revealing of chiral nanoparticles [1]. The chiral
dissymmetry in biological molecules can be explored by
measuring of the difference between the left and right circularly
polarized light absorption. This chiral-optical effect has found
its way into pharmaceuticals and plays a decisive role there
since living cells can specifically uptake only a specific form of
molecules, usually referred to as the L and D-isomers. In their
turn, metal nanostructures also can show chiral-optical effects
that can arise from either their own intrinsically chiral structure
or chiral ligands that break the symmetry of achiral
nanostructures. Here we report on the novel method of
fabrication of supported chiral plasmonic nanostructures.

II. METHOD

Our method is based on the spectral hole burning technique
applied to plasmonic nanostructures with the inhomogeneously
broadened extinction spectra [2]. Contrary to all previous
implementations of this technique, we used laser pulsed
radiation with circular polarization. Laser irradiation with a
certain circular polarization state selectively affects chiral
nanoparticles and/or their groups with the corresponding
chirality spontaneously formed in the course of deposition,
leading to their heating, melting and, finally, shape-changing.
Hence, the balance between the nanostructures with opposite
chirality is broken and the whole ensemble becomes chiral. The
proposed novel method of preparation of the chiral plasmonic
nanoparticle arrays paves the new route toward new concepts
and the design of novel materials for biosensing application.
First, thin silver films with the mass thickness of 12 nm were
formed on the quartz support by the physical vapor deposition
at high vacuum. After annealing at 200° C an array of
nanoparticles with sizes from 20 to 150 nm was obtained.

III. RESULTS AND DISCUSSION

Linear and circular polarized light derived from the second
harmonic of the nanosecond Nd:YAG laser (wavelength 532
nm) was used to burn spectral holes in the plasmon absorption
band of silver nanoparticles arrays. Independently of the laser
polarization, a clear dip in the optical density spectrum is
formed. On the other hand, linear dichroism induced by linearly
polarized light is much larger than that induced by the circularly
polarized light. Most importantly, circular dichroism is induced
solely by circular polarized irradiation (Fig.1, upper panel).
Thus, the possibility to modify the spontaneously formed
achiral array of metal nanoparticles into a circular dichroic film
via irradiation by circular polarized light is demonstrated.
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Fig. 1. Spectra of optical density, linear dichroism (LD) and circular dichroism
(CD) of the prepared silver nanostructures before laser irradiation (blue curves),
after irradiation with linearly polarized light (black curves) and after irradiation
with circularly polarized light (red curves). The laser irradiation parameters
were as follows: the wavelength was 532 nm, laser pulse duration 10 ns,
repetition rate 10 Hz, duration of illumination 1 min, fluence 180 mJ/cm?.
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Abstract— For to-date modulators in different laser
applications electro-optical performances of liquid crystals (LC)
should be enhanced. Effect of CdSe:Mn quantum dots (QD) on the
dielectric, electro-optical, and rheological parameters of the ZhK-
1289 LC mixture has been studied. The influence of the CdSe:Mn
concentration on phase transitions, fluorescence intensity and, as
a consequence, the changes in the electro-optical properties of the
composite, has been investigated. According to the results obtained
in this work, the best values of the physical parameters of LC
composites based on QDs for applied purposes are achieved in the
concentration range of 0.2-0.4 wt%.

Keywords— modulators, quantum dots, liquid-crystal mixture,
electro-optical properties

1. INTRODUCTION

LC matrices with quantum dots find application in optical
and display technologies and electronics. Most research in this
area is focused on finding changes in a wide range of parameters
depending on the different composition of nanoparticles, their
size and shape [1]. At the same time, the question of finding the
optimal concentration of quantum dots (QD) remains open in
order to increase the efficiency of the composite based on the
LC material itself by a number of parameters and to establish the
nature of the concentration behavior of the system.

II. RESULTS AND DISCUSSION

Measurements of the electro-optical and dielectric
parameters of ZhK-1289 LC composites with CdSe:Mn QD
were carried out in accordance with the technique [2-5].

Figure 1 shows that the anisotropy of the refractive index
depends on the concentration of CdSe:Mn QD and has a
maximum at moderate concentrations. The bell-shaped behavior
of the anisotropy of the refractive index and dielectric
permittivity can be explained by the appearance of the
orientation ordering of the LC near QD. The orientational
ordering of the LC near QDs also affected the thermodynamic
and fluorescent properties of the composite.
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Fig. 1. Dependences of the anisotropy of the refractive index (a) and dielectric
permittivity (b) on the mass fraction of CdSe:Mn quantum dots in ZhK-1289 at
different temperatures.

III. CONCLUSIONS

Composites with synthesized CdSe:Mn QD based on the
ZhK-1289 NLC have been obtained. It has been found that the
fluorescence intensity of LC upon doping with nanoparticles
depends on the QDs concentration. The range of existence of the
mesophase during doping changes and has a concentration
dependence. The dielectric spectroscopy of ZhK-1289 and LC
composites with QD have revealed no changes in both the
molecular relaxation frequency and the activation energy of this
process for all synthesized samples. There is a limit
concentration of QDs at which the efficiency of the LC
composite is significantly increased.
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Anisotropic Rhodium Nanoparticles for Ultraviolet
Biomolecule Sensing
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Abstract—Transition metal rhodium exhibits surface plasmon
resonance in ultraviolet. In this work, we report the synthesis of
Rh nanocubes and tripod-star nanoparticles (NPs) with
controlled shapes and sizes by the polyol reduction method and
their plasmonic properties. The absorption spectra displayed
single and broad plasmonic peak at 278 nm for nanocubes, 326
nm for concave nanocubes and 292 nm for tripods. Thin films of
as-synthesized Rh NPs as surface-enhanced Raman spectroscopy
substrate were prepared by self-assembly on silane treated glass
substrate. The femtomolar detection limit of adenine molecules
deposited on the Rh coated substrates was achieved under
ultraviolet excitation at 325 nm.

Keywords— Rhodium nanoparticles; UV Plasmonics; polyol
synthesis; SERS.

I. INTRODUCTION

Rhodium (Rh) is a perfect metal for ultraviolet (UV)
plasmonic applications with the advantages of its oxide-
free nature and strong plasmon resonant modes at short
wavelengths. The synthesis of shape-controlled Rh
nanocrystals can offer an efficient route to optimize their
plasmonic response. Shape anisotropy in nanoparticles can
provide tunable localized surface plasmon resonance (LSPR)
wavelengths, highly localized electric field at the tips, corners,
and edges for enhancing plasmonic and surface-enhanced
Raman spectroscopy (SERS) activity and selectivity. The
shape of the nanostructures is controlled by the type of seed
formation during nucleation and capping agent driving facet
selective adsorption for further growth. Also, controlling the
reaction kinetics can play a major role in controlling the seed
and the final shape of the metal nanoparticles. Thus,
optimizing the reaction conditions can lead to the formation of
Rh nanoparticles with a wide variety of shapes [1].

II. RESULTS AND DISCUSSION

The Rh NPs were synthesized via a modified polyol
method with ethylene glycol (EG) as the polyol solvent. The
synthesized Rh NPs were arranged in thin-film geometry and
explored as UV-SERS substrates for label-free detection of
adenine molecules. The Rh nanocubes were formed with
monodispersity and size less than 10 nm. The average edge
length of the Rh nanocubes was ~7+1 nm. On the other hand,
controlling reaction kinetics through the hot-injection method
resulted in the formation of tripods. The tripod nanoparticles
maintained an arms length of ~7 nm and width ~3 nm.

=1

Fig. 1. (i) Schematic representation of SERS substrate preparation, (ii) SERS
spectra of adenine molecules under 325 nm excitation for 10 M and (iii)
SERS spectra of adenine on Rh tripod NPs for varying concentrations.

The absorption spectrum reveals a broad response with a
plasmonic peak around 278 nm for nanocubes, 326 nm for
concave nanocubes and 292 nm for tripods. Further, the
LSPR peak red-shifts with size and curvature radius of
nannocube as well as with shape alteration of Rh NPs from
nanocube to tripod geometry.

Thin films of Rh NPs were prepared on silane (APTMS)
treated glass substrate through a self-assembly process. Figure
1 represents SERS substrate preparation, the SERS spectra of
adenine molecules adsorbed on SERS substrate with Rh NPs
for 10° M and a linear dependence of SERS enhancement of
adenine molecules adsorbed on tripod Rh NPs for varying
concentrations. The peak at 1330 cm™ dominates the spectra
corresponding to C-N stretching mode of adenine. The large
signal enhancement and ultrasensitive detection of adenine
molecules demonstrate the high efficacy of UV-active Rh NPs
SERS substrates. We observe higher SERS enhancement for
analyte molecules adsorbed on tripod NPs compared to
nanocube geometry. Several optical and physical factors lead
to the enhanced SERS mechanism in the complex metal-
molecule systems. The optical properties of metal nanocrystals
are significantly modulated due to shape modification from
isotropic shapes like a sphere to anisotropic nanostructures
like cubes, tripods, stars with sharp corners, edges, or tips [2].
The higher amplified electromagnetic field at the tips of the
tripod NPs due to the lightning rod effect serves as better
SERS substrate as compared to corners of nanocube. The
tripod NPs with tip-localized pronounced electric field
augmentation in the nanogaps are arranged in thin-film
geometry.
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Effect of ultrasonic treatment for oxide ceramics
preparation with improved luminescent properties
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Abstract—In the present work, treatment by intense
ultrasonic was used during dry pressing of an YSZ and
YAG:Ce*" nano- and micro- powder. The effect of the ultrasonic
treatment on the structural and luminescent performances of
oxide ceramics obtained by conventional sintering of the pressed
compacts was studied.

Keywords— YAG:Ce, ZrO, ceramics; powerful ultrasonic
assistance (PUA); structural and luminescent properties

I. INTRODUCTION

Oxide ceramics have found a lot of practical applications
in different areas such as laser active media, solid-state
lighting, detectors etc. [1]. The luminescent characteristics of
phosphor ceramics are determined not only by the initial
composition of the sintering components but also by the
technological conditions. It is necessary to develop new
approaches to the oxide ceramics preparation with improved
properties. In the present work, we have used technology for
YAG:Ce, ZrO, phosphor powder ultrasonic compaction. This
approach is applied to the pressed powder material in the axial
and transverse directions. Powerful ultrasonic pressing
technology produces ceramics with optimum performance and
improved luminous efficiency.

II. EXPERIMENTAL DETAILS

Oxide ceramics based on yttrium aluminum garnet (YAG)
doped with Ce** and yttria-stabilized zirconia (YSZ) ceramics
were prepared by dry compaction the common uniaxial
pressing and under powerful ultrasound assistance (PUA) to
the sintering process. The powder was molded using cold
static uniaxial pressing in a steel press die under the
simultaneous influence of ultrasonic vibrations at pressures of
400 MPa on an IP-500 AVTO automatic press (ZIPO, Russia).
The power of the ultrasound waves of the master generator
was 800W. Oxide ceramics sintering were performed in a
high-temperature LHT 02/18 furnace (Nabertherm, Germany)
in an air atmosphere at temperatures of 1400 — 1700 °C with a
controlled heating and cooling rate of 200 °C/min. Holding
time at a given sintering temperature was 8 hours. The photo-
and electron excitation sources was used for luminescent
measurements.

III. EXPERIMENTAL DETAILS
Intense ultrasound applied during dry pressing of the
YAG: Ce powder leads to an increase in the relative density
and the grain size, a decrease in the pore size of the

conventionally sintered YAG: Ce ceramics. The luminous
efficiency of YAG:Ce™ ceramics vary from 120 to 219 Im/W
(no PUA) and from 120 to 250 Im/W (prepared in PUA
conditions) closely related with the phase purity and implicitly
with sintering temperature. During the consolidation process
of YSZ ceramics using ultrasound treatment the crystal
structure defects accumulation, in particular, oxygen
vacancies. The oxygen vacancies concentration correlates with
the integral intensity of cathodoluminescence values.
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Fig. 1. Effect of PUA on luminescent properties vs. sintering temperature
for YAG:Ce®' (a) and concentration of oxygen vacancies of YSZ ceramics (b).
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Manganese concentration effect on spectral properties
of lithium-zinc-germanate glass-ceramics
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Abstract— The spectral properties of lithium-zinc-germanate
glass-ceramics doped with different manganese content are
investigated. Luminescence spectra contain two bands at 670 and
535 nm corresponding to Mn*" and Mn?* ions. The maximum
quantum yield value of red luminescence is 47% for glass-ceramics
with 0.05 mol.% MnOa.

Keywords— lithium-zinc-germanate glass; luminescent glass-
ceramics; tetravalent manganese ions; red phosphor.

I. INTRODUCTION

The main requirement for phosphors intended for use in
white LED sources (w-LED) based on an ultraviolet / blue LED
chip is narrow-band red luminescence. When creating such
phosphors, Eu?" and Mn*" ions are most often used; however,
the latter has an advantage due it is not rare earth element. As a
luminescent center, Mn*" can be successfully introduced into
different systems; oxide materials are the most interesting [1].

II. EXPERIMENTAL DETAILS

A series of lithium-zinc-germanate glass-ceramics was
synthesized by volume thermally induced crystallization of
initial glasses of composition (70-x) GeO; - 15 Li2O - 15 ZnO -
X MnQO;, where x = 0.01; 0.025; 0.075; 0.1; 0.25 mol%. Initial
glass was synthesized by melt-quenching technique at 1150°C
in air atmosphere using alumina crucibles Absorption,
photoluminescence spectra, decay kinetics and quantum yield
(QY) were recorded. The occurrence of nanocrystalline phase in
the glass bulk was revealed with XRD method.

III. RESULTS

The absorption spectra of the initial glasses showed broad
bands with maxima at 460 and 500 nm typical for Mn*" and
Mn*"ions. The weak red luminescence of the initial glasses
excited by blue light proved the occurrence of Mn ions in 4+
state. After the isothermal treatment of the initial glasses at a
temperature of 560°C, according to the XRD results, Li,ZnGeO4
crystals precipitated in the glass matrix.

The luminescence spectra of glass-ceramics consisted of two
bands with maxima at 670 and 535 nm, corresponded to Mn**
and Mn?" ions, respectively. For compositions with a low
concentration of MnO;, bands in red and green regions were of
comparable values, while in the spectrum of compositions with
high MnO, concentrations, the luminescence band of Mn*"
predominated. Fig. 1 shows the luminescence spectra of glass-
ceramics with different concentrations of MnO». The spectra are

normalized to the luminescence intensity at 670 nm. The
maximum QY of red luminescence was 47% for glass-ceramics
with 0.05 mol% MnO,.

Crystalline Li2ZnGeO4 phosphors [2], doped with Mn, are
known for intense long persistent green luminescence. Here, the
same green glow was observed, but of low intensity. Since
initially manganese was introduced into the glass composition in
a tetravalent form, it was most advantageous for manganese ions
to occupy the position of germanium ions in the crystal structure.

Time-lapse  spectroscopy  showed  two-exponential
luminescence decay at 670 nm corresponded to the 4T, — %A,
transition in 3d® ion in octahedral environment. The highest
value of luminescence lifetime was 1.39 ms for glass-ceramics
with 0.05 mol.% MnO,. A decrease in the lifetime and QY with
a further increase in Mn content was due to concentration
quenching.
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Fig. 1. Luminescence spectra of lithium-zinc-germanate glass ceramics with
different MnO, content.
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Synthesis and properties of fluorescent folate
modified polymer nanoparticles
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Abstract— In the last decade, great scientific interest has been
focused on the development of folic acid (FA) modified
nanomaterials, which is highly specific for interaction with folate
cell receptors. The FA modification of existing nanoparticles is a
complex multi-stage process requiring additional purification
steps. Therefore, the most promising direction is to obtain the
synthesis of fluorescence labels modified by FA in one stage, which
can be carried out by the hydrothermal synthesis method.

Keywords— fluorescent nanoparticles, folic acid, polymer,
hydrothermal treatment, fluorescent label

1. INTRODUCTION

Obtaining folic acid (FA) - based fluorescent labels has
several advantages over other biological visualizers due to the
ability for specific interaction with folate cell receptors [1]. The
activity of folate receptors on most tumor cells is significantly
higher than the corresponding values for normal cells [2]; this
allows the use of the described materials to visualize cancer
cells.

FA molecule consists of three parts: residues of 6-
methylpterin, p-aminobenzoic acid and glutamic acid. The first
of these fragments are responsible for the fluorescence
properties of the FA molecule and are a biologically active
component for recognition by folate receptors and specific
antibodies, the rest act as internal fluorescence quenchers [3]. In
turn, the joint hydrothermal treatment of FA with nitrogen- and
oxygen-containing polymers can increase the fluorescence
intensity, due to the introduction of additional heteroatoms and
a carbon source [4].

II. RESULTS AND DISCUSSION

In this work, various polymers (polyethylene glycol (PEG),
polyethyleneimine  (PEI), polyethylene  glycol, and
polypropylene glycol block copolymers) were used as a starting
material for hydrothermal synthesis. To obtain nanostructures,
hydrothermal synthesis in bidistilled water at a constant
temperature of 200 °C for one hour was used.

The fluorescent properties of obtained FA-based
nanostructures was studied. As a result, of the combined
hydrothermal treatment of polymers with FA, an increase in the
FA intrinsic fluorescence intensity occurs. The better
fluorescence properties are demonstrated by PEG and PEI
contained nanostructures with a polymer concentration of 10
M, whose quantum fluorescence yield is 8%, while the quantum
yield for thermally treated FA solution is 2%.

When using Jeffamine to modify FA, the fluorescence
intensity increases less, even though this polymer has nitrogen
and oxygen heteroatoms. The maximum fluorescence quantum
yield is 3% for a concentration of 102 M. With varying
Jeffamine concentrations, the fluorescence intensity does not
increase.

TABLE L. QUANTUM FLUORESCENCE YIELD OF SAMPLES
Polymer
Folic acid PEG PEI Jeffamine
oM | ov,% | ¢M | ov,% | oM | ov.% | oM | oV, %
103 8 107! <1 10 3
10* 2 10+ 2 102 5 103 2
10° 2 103 8 10* 2
_."‘.:-':\-\ -
. / h I.'\___
b ..-" ( \\
o ‘i'_'_'_,_,_._\_\_\_\_ ::‘\ -

Fig. 1. Fluorescence spectra of nanostructures based on FA modified with
various polymers at an excitation wavelength of 350 nm
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Abstract— The structure and morphology of nanocomposites
created by nanoparticles of non-reactive metals (e.g. gold, silver),
which self-assemble in/on a thin organic film of partially
fluorinated copper phthalocyanine FxCuPc (x=0; 4) depending on
the amount of deposited metal, were studied in ultrahigh vacuum
conditions using measurements HR-TEM and HR-PES.

Keywords—  non-reactive nanoparticles, organic matrix,
nanocomposite materials, Au, Ag, partially fluorinated copper
phthalocyanine FxCuPc, HR-TEM, HR-PES.

The aim of this work [1-3] is to synthesize and study the
properties of nanocomposite structures created by nanoparticles
of noble metals (for example, gold, silver), an interesting class
of materials with unique properties that differ from both bulk
and atomic behavior. Nanoparticles self-assemble in/on a thin
organic film of partially fluorinated copper phthalocyanine
(FxCuPc, x=0; 4). The structure and morphology of this material,
depending on the amount of deposited metal, was studied in
ultrahigh vacuum by transmission electron microscopy (TEM)
and photoelectron spectroscopy (PES). Metal atoms deposited
on the surface of an organic substrate diffuse into the substrate,
forming NPs with a narrow size distribution that correlates with
the content of the deposited metal. Using high-resolution TEM
[2], the distance between the atomic planes of individual silver
nanoparticles was determined (Fig. 1a) and the stable collection
of individual nanoparticles into agglomerates and then into
nanocrystals with intercrystallite boundaries (Fig. 1b) was
observed. PES revealed, on the whole, weak interaction between
silver NPs and the organic matrix. However, in an organic film
with small coatings of metal atoms, a strong upward bending of
the band was observed. Also, we present [3] the fabrication and
investigation of the properties of nanocomposite structures
consisting of two-dimensional (2D) silver nano-objects self-
organized on the surface of the organic molecular thin-film
copper tetrafluoro-phthalocyanine (CuPcF4). Metallic atoms,
deposited under ultrahigh vacuum (UHV) conditions onto the
organic ultrathin film, diffuse along the surface and self-
assemble into a system of 2D metallic overlayers. At the same
time, the majority of silver atoms diffuse into the organic matrix
and self-organize into 3D nanoparticles in a well-defined

manner, as shown above. The evolution of the morphology and
electronic properties of silver 2D structures as a function of
nominal metal content is studied under UHV conditions using
also TEM, high-resolution transmission electron microscopy
(HR-TEM), and PES techniques. A detailed description of the
experiments can be found in [3].

Fig. 1. HR-TEM image of single defect free silver NP surrounded with organic
matrix and formed after nominal silver deposition of about 0.4 nm. (b) HR-
TEM image of silver NPs observed after nominal silver deposition of about 8.5
nm. The central NP is formed as the result of coalescence of the few ones. The
both images were received using JEM 2100 200 keV (JOEL, Japan).
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Study of In-CuPcF4 nanocomposite by millisecond
dynamic XPS and traditional PES and TEM
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Abstract— The electronic structure and morphology of
nanocomposites created by indium nanoparticles, which self-
assemble in a wide-gap CuPcFs organic semiconductor matrix
depending on the amount of deposited metal, were fabricated in
situ and investigated using dynamic-XPS method.

Keywords— nanoparticles, organic matrix, nanocomposite
materials, In, CuPcF4, dynamic XPS, HR-PES, HR-TEM.

The emergence and development of molecular electronics
have drawn particular attention to molecular semiconductors,
such as metal phthalocyanines. They have unique properties and
are technologically advanced in the production of films. Using
ultrathin films as a matrix, it is possible to create organometallic
composites containing metal nanoparticles self-assembled in an
organic matrix. The technologies for creating the described
nanocomposites are quite simple and relatively cheap; therefore,
such materials can take a prominent place in practical use in
various electronic devices. However, despite the growing
interest in hybrid systems, numerous questions about their
properties and the processes that occur during their formation
still remain unanswered. For example, interfacial phenomena
can radically change the electronic properties of organic wide-
gap matrices. It should also be noted that the processes of
formation of organometallic interfaces in the manufacture of
hybrid organo-inorganic systems proceed quickly. Therefore,
the recording of experimental data in a dynamic mode could
reveal additional properties of these materials that are important
for electronics. Thus, Figure 1 shows the evolution of the spectra
of core levels Cls, Nls, and In3d s, recorded directly during the
deposition of indium on the CuPcF4 surface under ultrahigh
vacuum conditions. A detailed description of the experiments
can be found in [1, 2]. When creating a nanocomposite material
by indium deposition on a thin film of CuPcF4 organic
semiconductor, the recording of photoelectron spectra in the
millisecond interval allowed convincing data on the fast-flowing
processes of the formation of organometallic In—CuPcF,
interfaces to be obtained. Herewith, the following was
established: (i) strong diffusion of indium atoms deep into the
organic film was observed; (ii) no chemical interaction of In
with carbon atoms of the CuPcF4 molecule was found; (iii) some

of the indium atoms, apparently, are located in places close to
the pyrrole nitrogen of the CuPcF4 molecule; (iv) during the
process of the strong interaction of In atoms and pyrrole nitrogen
atoms, a negative charge is transferred from indium to the
CuPcF,4 molecule; (v) indium atoms self-organize into metal
nanoparticles and clusters.
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Fig. 1. Evolution of the spectra of core levels (a) Cls, (b) Nls, and (c) In3d s,
recorded in the millisecond interval directly during the deposition of indium on
the CuPcF, surface under ultrahigh vacuum conditions.
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Anomalous changes in the band gap of ZnO during
the oxidation of zinc nanoparticles
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Abstract— Granulated zinc metal films on fused quartz and
sapphire supports were obtained via pulsed laser deposition and
then oxidized in air. We found that the properties of the formed
ZnO nanostructured film depend on the oxidation temperature
and the nature of the film support in a complicated way. The
reduced dimension of the zinc oxide nanoparticles manifests itself
in the enhanced optical band gap.

Keywords— laser pulse deposition; oxidation; zinc, zinc oxide;
absorbance; luminescence; thin metal film; band gap; exciton

1. INTRODUCTION

Zinc oxide (ZnO) is a semiconductor with a wide band gap
Eg =3.37 eV and relatively large exciton binding energy of 60
meV. It belongs to the group of transparent conducting oxides
and is extensively used due to its unique electrophysical and
optical properties [1]. Over the past few decades, the properties
of ZnO have been well studied. Nevertheless, there are still
unresolved questions both in the field of technologies for the
preparation of substances and in the field of understanding the
processes occurring in ZnO under the influence of various
factors. The preparation of the ZnO samples studied in this
work contains two stages: (i) pulsed laser deposition of metallic
Zn in high vacuum, and (ii) thermal oxidation of the obtained
Zn film in air. The purpose of this work is to study the optical
properties of thin zinc oxide films obtained by this method and
to relate these properties to the composition of the films.

II. RESULTS

Zinc oxide films with thicknesses of more than 7 nm, like
zinc films, consist of nanoparticles in contact with each other.
In the process of heating and oxidation, the shape of
nanoparticles changes greatly, which can be seen from AFM
topography of zinc and zinc oxide.

The XPS of oxygen and zinc show that in films oxidized at
400 and 750°C both oxygen and zinc exist in at least two
states. Most of the atoms are in the "classical" Zn-O bond and
have binding energies of about 529.7 and 1029.9 eV for
oxygen and zinc, respectively. Since oxygen deficiency is
observed in both of these films (a film oxidized at 400 °C is
viewed close to the surface), it can be assumed that excess zinc
atoms, being in interstices, affect the nearest oxygen atoms in
such a way that the binding energy in these atoms increases.
Thus, a "shoulder" is formed at the peak of oxygen and an
asymmetry at the peak of zinc.

The properties of the film oxidized at 770°C dramatically
change. The valence band spectrum, as well as the extinction
spectrum show that the film has changed very strongly. The

band gap has increased, and the absorption has sharply
decreased. The luminescence has disappeared, which is not
surprising: at energies of a quantum of light below 4 eV, no
excitation occurs, the absorption is too small. The composition
of the film also changed: oxygen deficiency changed to zinc
deficiency. However, it is wunlikely that only small
compositional changes resulted in such changes. A significant
increase in the binding energy of both zinc and oxygen
suggests that the structure of the ZnO crystal has changed, it
has become looser, and the interatomic distances have
increased. It is obvious that this behavior of the film is
somehow related to the substrate, namely, fused silica. There
are no such changes on the sapphire substrate.

The observed growth of the ZnO band gap after high
temperature annealing may be explained by mechanical stress
and subsequent heat-affected cracking of the zinc oxide
nanoparticles on the fused quartz substrate. Fused quartz is
unique in possessing extremely small thermal-expansion
coefficient 5x107 K!, while that of zinc oxide is 1.6x107° K\,
This large, 30 times, difference in thermal expansion
coefficients leads to the cracking and formation of smaller
nanoparticles in the course of subsequent cooling of samples to
room temperature. Smaller nanoparticles are known to possess
larger band gaps as compared to the bulk materials due to
quantum confinement.

So, the optical characteristics of zinc oxide films oxidized
at 750°C — absorption spectra and luminescence spectra — are
similar to those obtained by other authors. The absorption
spectra have a pronounced "step" — the absorption edge with a
narrow exciton peak. The peak of the green luminescence peak
is located at wavelengths of 500 — 520 nm. According to
measurements and calculations, such luminescence is caused
by oxygen vacancies. In our case, the oxygen deficiency was
established by analyzing the XPS. It was found that the
composition of the film does not change throughout its depth,
as well as the fact that the luminescence intensity depends on
the concentration of oxygen vacancies. At an oxidation
temperature of 770°C, the bandgap of the obtained zinc oxide
nanostructures increases. As a result, absorbance maximum
shifts to shorter wavelengths and greatly decreases while
Iuminescence disappears. The XPS show that the composition
of the film changes. Instead of oxygen deficiency, zinc
deficiency occurs.
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Effect of copper doping on the optical and electronic
properties of highly ordered Ti10O; nanotubes
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Abstract— The effect of copper doping on the optical and
electronic properties of highly ordered hexagonal arrays of TiO,
nanotubes (NTs) has been studied. It was shown that heterovalent
cationic doping of TiO; NTs with copper ions leads to the
appearance of absorption bands in the visible region of the
spectrum due to the formation of additional electronic levels near
the conduction and valence bands.

Keywords — titanium oxide, doping, copper, highly ordered
films, nanotubes, anodization, optical properties, electronic
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I. INTRODUCTION

Highly ordered titanium dioxide nanotube films obtained by
the anodization of titanium metal, are among the most promising
photoactive materials. Therefore, the development of optical and
electronic property control methods for such materials is a
necessary and relevant area of research [1].

II. EXPERIMENTAL

Samples of copper-doped highly ordered arrays of titanium
dioxide nanotubes were obtained using electrolytic and
solvothermal methods [2]. TiO2 NTs samples with different
copper contents were obtained by varying the solvothermal
process temperature from 80 to 180°C. The doping process in all
experiments was carried out for 1 hour.

II. RESULT AND DISCUSSION

To study the influence of the copper content on the optical
and electronic properties of TiO2 NTs, samples with different
copper contents varying from 0 to 3.76 wt % were obtained. By
using SEM and TEM, it was found that the newly developed
doping procedure does not lead to a change in the highly ordered
structure of TiO2 NT films. Micrographs of the typical
morphology of copper-doped TiO2 NTs are shown in Fig. 1. It
can be seen that the films have a high degree of self-
organization, and no particles are formed on the surface of the
TiO2 NTs.

100 nm

Fig. 1. Micrographs of copper-doped TiO2 NTs
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The incorporation of copper into the TiO: crystal structure
was confirmed by XRD and Raman spectroscopy. The study of
changes in the optical properties of TiO2 NTs upon the
incorporation of various amounts of copper ions was carried out
using UV-VIS DRS (Fig. 2).
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Fig. 2. UV-vis diffuse reflection spectra of the obtained samples

It can be seen that the doping of TiO2 NTs with copper leads
to a significant change in their absorption spectra in the UV and
visible range of the solar spectrum. With an increase in the
copper content in TiO2> NT samples, a significant increase in the
absorption of light quanta with a wavelength of 400-600 nm is
observed. The analysis of the diffuse absorption spectra (Fig. 2)
showed that the inclusion of copper does not lead to a change
in the titanium dioxide band gap width. It has been established
that the appearance of absorption bands in the visible range is
associated with the appearance of additional electronic levels
near the conduction and valence bands without a change in their
position. It has been proven that heterovalent cationic doping of
TiO2 NTs with copper leads to the formation of a large number
of oxygen vacancies, which explains the change in the shape of
their absorption front (Fig. 2).
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Abstract - Fabrication of nanocomposite materials
consisting of III-V quantum dots (QDs) embedded in silicon
(Si) sustained special attention over years. In this work, we
present the formation of InAs QD in Si matrix by molecular
beam epitaxy and the study of optical properties.

Keywords— quantum dots, silicon, molecular beam epitaxy

I. INTRODUCTION

Monolithic integration of III-V compound materials on
silicon platform attracts intense research interest over years due
to the promising applications of Si-based photonic integrated
circuits. Various strategies, including the growth of the thick
buffer with several filter layers, different variations of selective
area growth, the utilizing of Si substrates with a 4-6° offcut
towards the [110] direction, confined epitaxial lateral
overgrowth, as well as migration-enhanced epitaxy growth have
been proposed to direct growth of III-V layers on Si. However,
the buffer layer cost and process complexity on large-area
silicon substrates are still challenging issues. In turn, one-
dimensional QDs are well known to be relatively tolerant of
defects due to the effective strain relaxation, wherein the strong
carrier localization effect in QDs can enhance the quantum
efficiency significantly. Therefore, the direct growth I1I-V QDs
on Si with subsequent embedding into silicon matrix is of great
interest. Here we report on studies on fabrication of InAs QDs
in Si matrix by molecular beam epitaxy.

II. EXPERIMENT

Growth experiments were carried out on Si(100)4° using
21EB200 Riber MBE system equipped with solid-state As, In
effusion cells and e-beam evaporator for deposition of Si. Prior
to growth wet chemical processing followed with degasing and
annealing step at 950°C were performed to achieved
atomically-clean Si(100) 2x1 surface. Afterwards, temperature
was decreased to 600°C and 50 nm Si buffer layer was formed.
Then, self-assembled growth of InAs QDs was carried out at
400C. The amount of InAs being deposited onto Si surface
corresponded to equivalent film thickness of 0.7-3 monolayer
(ML). Further, QDs morphological characterization was carried
out by atomic force microscopy (AFM). Optical properties of
InAs QDs additionally capped with 30 nm Si layer were
investigated using low-temperature photoluminescence (PL)
spectroscopy.

III. RESULTS AND CONCLUSIONS

We first probed the formation of using by reflection
high-energy electron diffraction (RHEED). Formation of
InAs QDs was observed by changing the RHEED pattern
from streaky to spotty typically after the ~0.7 ML InAs
deposition. The AFM investigation revealed the formation
of circular QDs with diameter of about 100 nm, 15 nm
height and density of 2:10° cm™. The increase in InAs
thickness to 3 ML led to increasing in the QD diameter and
height up to 120 nm and 23 nm, correspondingly. Low-
temperature (10K) PL study of 0.7 Ml InAs QDs capped
with 30 nm Si layer revealed band emission at 1.6 pm region
(Fig. 1). In turn, InAs QDs with bigger sizes showed no light
emission, which is apparently connected with the formation
of misfit dislocations.
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Fig. 1. PL spectra of InAs QDs as a function of excitation power density.
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Abstract— We report the creation of layered 2D PbSe-MoS2
nanostructures which demostrate efficient electron transfer from
PbSe nanoplatelet to MoS2 nanoplatelet. Charge transfer was
confirmed by means of Results of the work show that ultrathin
layers of transition metal dichalcogenides sensitized by 2D lead
chalcogenide nanostructures can be effectively used in
photodetectors with a spectral sensitivity extended to the near-IR
range.

Keywords— nanoplatelets; transitional metal dichalcogenides;
lead selenide, molybdenum disulfide, charge transfer

I. INTRODUCTION

Mono or a few-layered transition metal dichalcogenides
(TMD) high charge carrier mobility as well as high absorption
in the visible range makes them a promising candidate for a
photodetection applications. To extend the sensitivity of
photodetectors based on TMD to the near IR range sensitizers
are often used [1]. One of the promising IR-sensitizers is
colloidal lead chalcogenide nanoplatelets (NP). Their unique
geometry and high absorption coefficients in the NIR makes
them an efficient absorber of the optical radiation and an energy
and/or charge donor for more conducting layer [2].

In this work we present the layered structures made from
colloidal PbSe nanoplatelets and colloidal MoS, NP. We show
that the sensitization of MoS2 layers by PbSe NP leads to
quenching of PbSe photoluminescence and an increase in the
photoresponse when the system is excited by near-IR radiation.

II. RESULTS

Charge transfer between nanoplatelets in a layered structure
is possible while distance between nanoplatelets is minimal.
Therefore, it is necessary to replace the original long ligand shell
of oleic acid molecules with shorter ligands. For this purpose,
we employed colloidal exchange with 3-mercaptoropionic acid
as well as solid-state post-deposition exchange with
ethanedithiol.

To assess the charge transfer we compared
photoluminescence spectra and decay kinetics of PbSe and
PbSe-MoS, complex with excitation at 532 nm (where MoS,
absorbs) and at 1064 nm (where only PbSe absorbs). Fig. 1
displays absorption normalized spectra and decay curves for
1064 nm excitation. It is clearly seen that PL intensity decreases
with the addition of MoS; layer, which is accompanied by a
reduction in PL decay lifetime. This points out for a presence of
an additional recombination channel which we attribute to the
charge transfer to MoS; layer. In addition we have calculated the
efficiency of PL quenching, which was found to be higher than
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Fig. 1. PL spectra (left) and decay curves (right) of PbSe-MoS, layered
structure under 1064 nm excitation.

0.5 for each combination of PbSe NP ligand shell and excitation
wavelength, and increases for 0.7 and more for 532 nm
excitation.

Due to the absence of absorption of MoS2 in the infrared
range, it does not react to IR radiation. Photoinduced charge
transfer should lead to a photoresponse of the layered structure
to infrared radiation. To prove that we performed photo-
conductivity measurement with 1050 nm irradiation. Indeed, we
observed an increase in the current for the layered structures of
PbSe and MoS2 nanoplates, while for the MoS2 layer, the
current remains at the same level, irrespective of irradiation. It
should be noted that the absolute values of the current strength
after the deposition of the layer of PbSe nanoplates decrease,
which is probably a consequence of damage to the MoS2 layer
during deposition and is still a problem that remains to be solved
to employ such structures as an active layer in photodetectors.
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Abstract—Colloidal magnetic photonic crystals are an emerg-
ing class of responsive colloidal systems with unique vari-
able optical properties. Here we describe a novel example of
polyelectrolyte-based magnetic photonic crystals produced by
layer-by-layer adsorption of polymeric molecules onto magnetite
cores producing particles with a mean diameter of 180 nm.
The surface of the synthesized particles was modified by ir situ
polymerization of dopamine derivatives.

Index Terms—magnetic photonic crystals, surface modifica-
tion, polydopamine

Magnetically-responsive nanosystems are among the most
rapidly developing topics in modern nanotechnology and nano-
science. Susceptibility of such systems to external physical
stimuli dictates their protectiveness in various areas of appli-
cations ranging from electronics and microfluidics to optics
and biomedicine. One of such systems are colloidal magnetic
photonic crystals which are the colloids that form chain-
like structures with regular interparticle spacing so that the
system strongly diffracts light, and the diffraction wavelength
can be tuned across the entire visible spectrum by simply
changing the strength of the magnetic field. Typical synthetic
procedures leading to magnetic photonic colloids are based
on autoclave conditions using ethylene glycol or diethylene
glycol as solvents, which may potentially limit the application
of such systems due to the high toxicity of the solvents and
used reagents [1], [2]. To overcome this issue soft chemistry
approaches may be utilized.

Recently we have developed a new green and convenient
synthetic approach to the synthesis of magnetic colloidal ag-
gregates based on multi-step procedure [3], [4]. The synthetic
protocol involved the synthesis of magnetite from a non-
stochiometric mixture of Fe?* and Fe3t by co-precipitation
procedure with a subsequent washing to neutral pH level
and ultrasonication giving stable hydrosols of nanoparticles
with a diameter of 50-60 nm and zeta potential values up
to +34 mV at pH 7. Neutral pH level and absence of any
surfactants or pepticizers made the synthesized colloids an
ideal candidate for further synthetic applications. The magnetic
colloid was destabilized in a controlled manner by the addition
of varying amounts of citric acid and glycerol, leading to
partial aggregation of nanoparticles into magnetic clusters
Fig. 1a, . It was found that the size of the produced aggregates

This work was supported by the Russian Science Foundation, grant No.
20-73-00001.

could be tuned in the range 40-650 nm, and the value of
zeta potential from +30 mV to 43 mV, by changing the
ratio of reagents [5]. Due to excellent colloidal stability,
high magnetization value, and low size polydispersity the
colloid solution of the synthesized particles demonstrated the
properties of magnetic photon liquids and showed a blue-
shift of its reflection maximum from 720 nm to 445 nm upon
application of magnetic fields from 200 G to 680 G Fig. 1.
The surface of the synthesized clusters can be modified with
a variety of molecules by biomimetic strategy and in situ
polymerization of dopamine derivatives. Thus, modification
of the surface with dopamine-CY7 conjugate rendered the
produced clusters fluorescent with a peak of emission at 780
nm. The synthesized systems can find their application in
biomedicine for targeted drug delivery or in vitro analysis.

Fig. 1. a: SEM image of the magnetic clusters; b: visual appearance of the
colloid under the influence of magnetic field varied from 200 to 650 G.
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Abstract— the method of femtosecond laser structuring of the
gold surface is presented in order to study the morphological
features of the formed structures, as well as the plasmonic-optical
properties.

Keywords— LIPSS; plasmon resosnance; gold

I. INTRODUCTION

LIPSS, laser-induced periodic surface structures, is a surface
morphology formed as a result of exposure to short-pulse laser
radiation (from several fs to hundreds of ns).

LIPSS is an easily reproducible, commercially profitable
way to change the surface properties.

The presented work shows a method of structuring the
surface of a thin film of gold fs laser exposure in order to study
the optical properties of the obtained structures by ellipsometry
methods. Also the dependence of the influence of laser radiation
parameters on the formation of surface structures is investigated.
By the method of scanning electron microscopy the size and
shape of the surface structures were evaluated.

II. EXPERIMENT RESULTS

Laser structuring of the surface was performed using the
Theta-25 laser unit (Avesta, Russia). Structuring parameters are
presented in Table 1. The surface was displaced relative to a
motorized positioner 8 MTF-102LS05 (Standa, Lithuania). The
sample was displaced perpendicularly to the vector of p-
polarization of the laser beam at a relative velocity of 500 pm/s.

The results of scanning electron microscopy of the gold
surface are shown in Figure 1. The result of surface structuring
is the formation of laser-induced periodic surface structures on
the width of the order of 30 microns. It is shown that the
structures are homogeneous in width, their cross-sectional size
is 300 nm, however, it is worth noting that due to the initial
heterogeneity of the surface craters were also formed, shown in

Fig. 1.a. The surface of LIPSS is covered with nanometer gold
particles, formed as a result of ablation and resuspension of
material, which is seen in Figure 1.b.

TABLE I. LASER STRUCTURING PARAMETERS
Wavelength | Pulse duration t, Pulse repetition Processing speed
2, nm ¢c rate f, kl'y v, um/s
1030 230 25 500

Fig. 1.

SEM-images of structured gold surface

A further goal of the study is to investigate the plasmonic-
optical properties of the surface by ellipsometry in order to
determine the absorption regions of the material, to determine
the possibility of generating surface plasmon resonance when
exposed to electromagnetic radiation by analyzing the spectra
of the dielectric permittivity and reflection of the surface. .
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Abstract — The diffraction and selective properties of
various types of periodic nanostructures in promising
photopolymer materials at radiation incidence in a wide range of
angles are presented for the creation on their basis of effective
deflectors and laser beam splitters, as well as diffractive elements
for solar energy.

Keywords—periodic nanostructures,
angular selectivity

diffraction efficiency,

In previous years, interest in volume holographic gratings
was determined by their high angular and spectral selectivity
and the possibility of using them as selective elements of laser
systems. In recent years, problems have emerged that require a
combination of high diffraction properties with a wide range of
incident angles. In this work, we present the results of
experimental studies of the diffraction and selective properties
of various types of nanostructures - one-dimensional volume
non-slanted and slanted gratings, hybrid structures, as well as
two-dimensional ~ gratings in  promising photopolymer
materials, with radiation incidence in a wide range of angles in
three-dimensional space, which are of interest for solving
practical problems of diffractive optics and solar energy.

Transmitting structures were recorded by the holographic
method using helium-neon, helium-cadmium and DPSS lasers
with wavelengths of 0.63, 0.44, and 0.53 pum. The diffraction
efficiency (DE) was determined at a wavelength of 0.65 nm.

The following new regularities and properties are revealed.
For volume non-slanted and slanted gratings, when radiation is
incident in the Bragg plane, the maximum diffraction
efficiency (about 80%) remains in a wide range of angles -
about 80°. In contrast to volume gratings for slanted gratings,
Bragg planes are located on one side of the normal to surface.
With a deviation from the Bragg plane, a shift in the position of
the DE maxima towards large angles - up to 70° is observed
(Fig.1), while the contours of the angular selectivity remain
rather wide It is shown that there are directions of radiation
incidence on the grating, different from the classical Bragg
direction and corresponding to the oblique transmission of
radiation through the grating structure, providing the maximum
diffraction efficiency. For hybrid structures - volume gratings,
on the surface of which relief gratings are formed, the
conditions for obtaining a surface relief corresponding to the
maximum DE, the mechanism of relief formation, as well as
the contribution of the relief component to the diffraction
properties of the hybrid structure are determined. An advantage

in the angular range (for  angles) compared to volume gratings
is revealed.

OMvaction eflicwnsy %

Fig. 1. Dependence of the diffraction efficiency of a non-slanted volume
grating on the angles o and f.

For two-dimensional periodic structures obtained by
sequential recording of one-dimensional volume structures, the
optimal recording conditions and regularities of DE change in
the main diffraction orders are determined with changing
angles of radiation incidence over a wide range.

The revealed diffraction and selective properties of the
structures determine the possibility of obtaining effective
deflectors, as well as multichannel controlled laser beam
splitters, which make it possible to change the radiation
intensity in the channels without imposing high requirements
for their positioning. The established properties of the
structures are also of great interest for solving problems of
solar energy - obtaining effective diffractive deflectors that
redirect solar radiation in a wide range of angles in one
direction with the advantages of expansion of the angular range
compared to existing solutions[ 1-3], including the possibility of
obtaining a high DE and the use of solar radiation at large
angles of incidence and the possibility of excluding complex
technical solutions based on the use of stacked volume

gratings.
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Abstract— Methods of silver iodide and copper oxide
nanowires in nanoporous glasses synthesis are described.
Methods consist in electrolysis of metal salts in nanoporous
glasses with interconnecting pores, with the following iodizing or
oxidizing of metal nanowires. The transformation of metal
nanowires can be carried out as fully, or partially. The cross-
section of synthesized semiconductor nanowires is less than 25
nm. Optical properties of synthesized semiconductor nanowires
are presented. It is shown that silver iodide nanowires possess
luminescence in visible spectral range and phase transition. The
synthesized nanocomposites can be used for photocatalytic water
splitting for hydrogen generation

Keywords— silver iodide; copper oxide; nanowires; nanoporous
glasses; photocatalytic; water splitting; luminescence.
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Abstract - Nonlinearity of carbon nanotubes
significantly  exceeds nonlinearity of the materials of crystal.
Deposition of carbon nanotubes to the surface of the
microresonator may enhance its nonlinearity. In this paper,
the characteristics of high-quality factor microresonators with
whispering gallery modes with single walled carbon nanotubes
deposited on the surface are experimentally investigated.

Keywords— microresonator, laser, carbon nanotubes,
whispering gallery modes

High-quality optical dielectric resonators with whispering
gallery modes (WGM) are widely used at present, both for
conducting fundamental research and for creating advanced
radiophotonic devices. Their advantages are small dimensions
(from tens of microns to several millimeters), Q-factor
reaching values of 10711, multimode structure, high
concentration of the field in a small volume and, as a
consequence, low thresholds for observing nonlinear effects.
This allows to create narrow-line lasers, radiophotonic
microwave generators, narrow-band optical filters, high-speed
modulators based on them.

One of the promising areas of research is the use of
nanomaterials to  improve the  characteristics  of
microresonators [1, 2]. Promising nanomaterials are single-
walled carbon nanotubes (SWCNTSs), since their nonlinearity
significantly exceeds the nonlinearity of materials of
microresonators and waveguides. The coefficient of cubic
nonlinearity of SWCNT is 107'2-10"° m”2/W, which is 7
orders of magnitude higher than the nonlinearity of MgF2 —
102" m"2/W. SWCNT can be transferred to the surface of
both crystalline and integrated microresonators.

The purpose of this work is an experimental study of the
characteristics of the microresonator after the application of
SWCNT, in particular, the quality factor and the nonlinearity
coefficient of the resulting hybrid structure. The experiment
used a crystalline microresonator made of MgF2, with Q=
6*10"8, and carbon nanotubes, with a semiconductor
interband transition at 1550 nm. The thickness of the
SWCNTSs was 4 nm, and the coating area was 2x2 mm”2.

The application of SWCNT took place without the use of
special devices: a nitrocellulose film with nanotubes was
brought to the resonator, pressed to the side surface of the
resonator, then it was moistened with acetone, after which the
nanotubes moved from the filter to the resonator. Immediately

after the above procedure, the Q-factor of the resonator
deteriorated to Q=3*10"5. Further, cleaning was carried out,
which does not damage the surface of the resonator and the
nanotube film from the remnants of the nitrocellulose filter.
The resonator was washed with acetone, isopropanol, distilled
water, followed by blowing the resonator with nitrogen. After
all the stages of purification, the Q-factor of a pure resonator
with nanotubes was measured: Q=10"7. Further, the
nanotubes were removed from the side surface of the resonator
with lint-free wipes moistened with isopropanol. The
measured Q-factor after this procedure was Q= 6*10"8, which
coincided with the Q-factor value before the nanotube film
was applied.

As a result of this study, a technique for applying
SWCNTs to a crystalline microresonator was developed, a
technique for cleaning the resonator after applying nanotubes,
the lower limit of the Q-factor of the resonator with nanotubes
was determined and it was shown that after removing the
nanotubes, the Q-factor of the resonator is restored.

The work is supported by the Russian Science Foundation
(Project No. 20-12-00344).
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