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Supramolecular Assemblies Analysis Using Machine
Learning Image Processing

Aliev Timur, Timralieva A.A., Vasilieva T.P., Stekolshikova A.A.,
Skorb E.V.
shockofwave90@gmail.com

ITMO University, Saint Petersburg, Russia

Supramolecular self-assembly is a potential tool for trapping systems of ac-
tive components [1]. Supramolecular chemistry is based on the formation of large
clusters linked by non-covalent bonds.

Thus, two supramolecular self-assemblies” melamine cyanurate and melamine bar-
biturate are binary assemblies linked by hydrogen bonds into spatial structures [2].

These supramolecular self-assemblies can capture and store active organic
molecules, including organic dyes [3].

It is not necessary to use only UV-Visible spectroscopy to analyze how e -
ciently a staining component or puorophore is encapsulated into a supramolecular
assembly. So, based on data from an optical puorescence microscope, we get a
database of images.

So, capsules of supramolecular self-assemblies, depending on the amount of
the introduced puorophore, have di erent sizes and luminescence intensity.

Using machine learning methods, we can characterize even samples with
particles that are di cult to separate by the eye. We have created a database for
more than four low concentrations (below 10pM) of the injected component with
a puorophore, reaching an accuracy of more than 82%.

References
1. V. V. Shilovskikh, A.A. Timralieva, P. V. Nesterov, A.S. Novikov, P.A. Sitnikov,
E.A. Konstantinova, A.l. Kokorin, E. V. Skorb, MelamineTBarbiturate
Supramolecular Assembly as a pH-Dependent Organic Radical Trap Material,
Chemistry - A European Journal, 26(70) (2020) 16603-16610.
2. V. V. Shilovskikh, A.A. Timralieva, E. V. Belogub, E.A. Konstantinova,
A.l. Kokorin, E. V. Skorb, Radical Activity of Binary Melamine-Based Hydrogen-
Bonded Self-Assemblies, Applied Magnetic Resonance, 51(9110)
3. N. Imoro, V. V. Shilovskikh, P. V. Nesterov, A.A. Timralieva, D. Gets,
A. Nebalueva, F. V. Lavrentev, A.S. Novikov, N.D. Kondratyuk, N.D. Orekhov,
E. V. Skorb, Biocompatible pH-Degradable Functional Capsules Based on
Melamine Cyanurate Self-Assembly, ACS Omega, 6(27) (2021) 17267717275.



Simulation of the Li-lon Battery Overcharge Protected
by Voltage-Switchable Resistive Polymer Layer

Anishchenko Dmitrii*, Fedorova AA., Levin O.V!
dima_anishenko@mail.ru

1Saint Petersburg State University, Saint Petersburg, Russia

Recently, a new approach to overcharge protection of Li-ion batteries by
voltage-switchable resistive polymer layer, placed between the cathode active mass
and the current collector, was reported [1]. The unique feature of the layer under
consideration is the ability to increase the electrode resistance when the cathode
potential exceeds operating limits, preventing cell overcharge and degradation.

Here we simulate di erent overcharging modes applicable to system under
consideration by extending the full-order Newman model of a lithium-ion battery
cell by adding a description of the novel type of overcharge protection layer. The
extended model was used to simulate Constant Current, Constant Voltage, and
Constant Power charging modes as well as thermal e ects and was implemented
in Multiphysics (MP) software (COMSOL Inc., Palo Alto, CA). Comparison
of electrochemical responses in the simulated modes demonstrated that the cell
protected by the voltage-switchable resistive polymer layer has advantages when
operating at any mode. Therefore, this simulation study proves the usefulness of
the protective layer with switchable resistance. Moreover, this model is a powerful
tool for material design and engineering tasks in LIB and other metal-ion batter-
ies development as it allows fast and simple estimation of resistance and other
parameters’ values that meet a given safety standard.
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Fig. 1. Schematic of the half-cell conyguration.
Acknowledgments: This work was supported by RSF. The authors are grateful
to Saint-Petershurg State University Research Park.
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Local Delivery of Antibiotics in the Surgical Treatment
of Bone Infections

Badretdinova Vlada, Serykh T.A., Ulasevich S.A.
Vlada765@gmail.com

ITMO University, Saint Petersburg, Russia

Currently, the number of surgeries for endoprosthesis of large joints and metal
osteosynthesis is growing, as a result of which there an increase in complications are
associated with the formation of bone tissue defects. When treating such defects, it
is necessary to have biomaterials that can degrade in the environment of the human
body and, as they are resorbed, be replaced by new natural bone tissue [1].

At the present stage of the development of surgery and dentistry, materials based
on calcium phosphates are widely used to restore human bone tissue. There is a need
to improve their physicochemical (mechanical, optical, sorption) and biochemi-
cal properties. It is believed that ideal calcium phosphate implants, ceramics, and
dental cement should have a structure, composition, and morphology identical to
human bone [2]. Also, a potential problem that arises during treatment is the risk
of developing infectious complications due to bactericidal infections, therefore,
an important advantage of biomaterials is antimicrobial properties to yght infec-
tions. The antimicrobial activity of biomaterials can be ensured by introducing
substances into the composition that exhibit antimicrobial activity, for example,
as tetracycline and gentamicin.

The purpose of this work was the development of hydroxyapatite, which has
an antibacterial e ect, and the study of its properties.

For materials used in regenerative medicine and bone implantology, an impor-
tant property is the resorption of hydroxyapatite in saline. The rate of the resorption
will be directly related to the microstructure and physicochemical characteristics
of composite materials. Therefore, studies were carried out to identify the phase
content of the materials fabricated via the di usion method in agar matrix in a pres-
ence of antibiotics at 25AC. The concentration of calcium in saline was determined
by titrimetry using Trilon B and Eriochrome Black T.

As a result, a system based on hydroxyapatite was developed, which has an
antibacterial e ect, and the amount of calcium ions Ca?* passed into the solution
was calculated.

Acknowledgments: Authors acknowledge RSF grant no.19-79-10244 for the
ynancial support.

References
1. LiT, SongJ., Zhao X.// Sci.Adv., — 4, p. 82-89 (2018).
2. Habraken W., Habibovic P., Epple M., & Bohner M. // Materials Today, 19(2),
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Microplasma-assisted Synthesis of Iron Oxide for
Battery Application

Beletskii E.V.%, Sirotkin A.-G. D., Radomtseu A.O.%, Levin O.V.!
st803431@spbu.ru

1Saint Petersburg State University, Saint Petersburg, Russia
2L aboratory of Laser Diagnostic of Plasma, B.I. Stepanov Institute
of Physics, Belarus

Lithium-ion batteries have attracted widespread attentions because of their high
storage capacities, stable cycling and high safety. However, the low theoretical
capacity of conventional graphite anode material (372 mAh/g) has inhibited the
further application for next-generation high-energy batteries. Iron oxides are at-
tractive anode materials due to their natural abundance high capacity, eco-friendly
and low cost. However, they exhibit
rapid capacity degradation and infe-
rior cycling stability. One of the most
e ective methods, which has been |
employed to surmount the above is- | :
sues, is to minimize the particles size
down to the nanoscale.

In recent years, plasma in contact
with liquid has attracted much atten- |
tion for synthesis of nanoparticles
with different morphology. In this
research, we applied plasma in contact
with liquid to synthesize amorphous 1200
iron oxide (FeXOy) and to investigate
it as a promising anode material.
Some results are presented in Fig. 1.
SEM analysis of Fe O, showed that
nanoparticles had * splky structure ¢
with a 20 nm diameter. The spike 200 8
thickness was about 1-3 nm. Material k

0

Q (mAh/g)

demonstrated a good cycling stability — 200-
at 0.3 A/g. The capacity decline was T it ame a0 ave abe oae
observed before 30 cycle, that could Cycle number
be related to the solid electrolyte Fig.1.SEM image of Fe,O, (a); cycling sta-
formation. After 30 cycle capacity bility at 0.3 A/g, 0.01 — 2.85 V (b)/
rapidly increased to 632 mAh/g at 550th cycle.

Acknowledgments: This research was funded by RFBR, grant number 20-
53-04010 and by BRFFR, grant number F21RM-104. The authors are grateful to
Saint-Petersburg State University Research Park.
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High-performance Liquid Chromatography (HPLC)
as a Reference Method for Antibiotic Detection

Belyaev Vadim !, Pomytkina A.V.%, Aliev T.A.l, Nikolaev K.G.2
belyaev@infochemistry.ru

Infochemistry Scientiyc Center, ITMO University, Saint Petersburg,
Russia

Currently, antibiotics are widely used in animal husbandry for the treatment
of livestock, as growth stimulants, or as feed additives. Despite the advantages
of their use, an increased concentration of antibiotics can also be observed in the
ynal products consumed by humans: for example, in meat or milk. The presence of
an antibiotic in food can cause serious risks for consumer's health including toxic
lesions of the liver, kidneys, hematopoietic organs, neuritis of the auditory nerve,
allergies, tendon ruptures, and in combination with certain medications lead to the
development of severe cardiac arrhythmias. Of course, the concentration of any
antibiotic in a particular product should not exceed the established threshold value.
In our other works, we use potentiometric methods, for example, the method of
cyclic voltammetry to determine the residual concentration of antibiotics. However,
they are not accurate enough, so another method, such as high-performance liquid
chromatography (HPLC), must be used as the reference method.

The essence of this method is the extraction of antibiotics from the product
sample, puriycation of the extract, and determine the residual amount of antibiotics
in the extract by HPLC coupled with DAD mass spectrometry. Chromatographic
separation of the preparations on an X-ray column was achieved using a mobile
phase containing an aqueous phase and an organic phase. After that, the HPLC-
DAD method was in-house validated for the determination of the tetracyclines by
evaluating the following parameters: selectivity, linear range, linearity, sensitivity,
intra- and inter-assay precision, accuracy.

References
1. Mamani M. C. V,, Reyes F. G. R., Rath S. Multiresidue determination of tetra-
cyclines, sulphonamides and chloramphenicol in bovine milk using HPLC-DAD
//[Food Chemistry. T 2009. T V. 117. 7 —. 3. T P. 545-552.
2. D2az-Bao M. et al. Fast HPLC-MS/MS method for determining penicillin
antibiotics in infant formulas using molecularly imprinted solid-phase extraction
/lJournal of analytical methods in chemistry. T 2015. T V. 2015.
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Laser-Induced Deposition of Periodic Structures from
Silver Nanoparticles for SERS Applications

Bikbaeva Gulia, Mamonova D.V., Vasileva A.A.,
Kalinichev A.A., Pankin D.V., Manshina A.A.
BikbaevaGl@yandex.ru

Saint Petersburg State University, Saint Petersburg, Russia

In recent years, much attention has been focused to the formation of noble metal
nanostructures. This is mainly due to the possibility of using them as plasmonic
platforms and nanosensors [1]. Periodic structures of silver NPs are promising
for SERS, where Raman spectra can be enhanced by several orders of magnitude
due to several mechanisms.

As an approach for obtaining periodic
arrays of Ag nanoparticles, the method §
of laser-induced deposition (LID) from
the C,H,AgO, metal-organic complex $
was chosen, and an Nd:YAG laser with g
a wavelength of 266 nm and a power §
of 40 mW was used as a laser radiation g
source. Periodic arrays were obtained as §
aresult of LID with interference patterns §
of laser beams. As an analyte, alcohol g
solutions of Ribopavin was used. Awide
concentration range was studied from b ] e ST G S
10°M/L to 10 M/L. 1000 —— Periodis structure of Ag NPs

Scanning electron microscopy showed
the spatial distribution of nanoparticles
(Fig. 1, a). The average size of nanopar-
ticles is 60-80 nm. The grating period
is 2 um. The obtained substrates with
homogeneously distributed Ag NPs and 100 2009 000
their periodic arrays demonstrated SERS Ramanshften
of the Ribopavin solutions (Fig. 1, b). Fig.1. a) SEM image of the grating;

Acknowledgments: This work was b) Raman spectra demonstrated SERS

supported by RFBR-DFG (RFBR project of the Ribopavin solutions.
— 20-58-12015). Optical measurements were carried out using the equipment of
the resource center «Optical and laser methods for studying matter», morphology
and composition studied at the Interdisciplinary Resource Center in the direction
¢Nanotechnologyée SPBU.

Intensity, a.u

References
1. M. Lapinski, A. Synak, A. Gapska, P. Bojarski, W. Sadowski, B. Koscielska //
Opt. Mater., 83, 225-228 (2018).
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Synthesis of Luminescent NaYF,:Sm**, NaYF,:Yb*,
Ho*, NaYF,:Th* Small-Sized Particles

Bulatova Tatyana, Betina A.A., Mereshchenko A.S.
st095073@student.spbu.ru

Saint Petersburg State University, Saint Petersburg, Russia

The photoluminescence is emission in the optical range of the visible, ultra-
violet, or infrared light by the substance resulted from the light absorption. The
luminescent compounds, so-called phosphors, are used almost everywhere in
modern life. In medicine, nanosized luminescent materials are used as bioimag-
ing probes in numerous cancer studies. It is known that puorinated compounds
of rare earth metals have pronounced luminescent properties. In this work, we
studied the properties of small-sized particles based on NaYF, doped by Sm*,
Ho®, Yb*, and Th*" ions.

The following materials were synthesized by hydrothermal method at 180AC:
NaY ,,SmF, NaY(Ola_X)Hobeosz » NaY(l_X)TbXF .- The morphology of the particles
was studied using scanning electronic microscopy (SEM). The particles in the
samples are hexagonal prisms with a diameter of 550-850 nm. An increase in the
concentration of samarium, ytterbium, and terbium ions leads to a decrease in par-
ticle sizes. X-ray di raction analysis demonstrated that all samples have a crystal
phase of b-NaYF,. An increase in the concentration of samarium, ytterbium, and
terbium leads to an increase in the unit cell.

Fig. 1. SEM image of the sample NaY,.Sm, .F,.

The samples doped by samarium and terbium ions demonstrate down-con-
version red and green emission, respectively, upon UV excitation. The samples
co-doped by ytterbium and holmium ions demonstrate up-conversion red emission
upon IR excitation. The optimal concentration of dopant ions corresponding the
brightest emission was determined in this work.

Acknowledgments: The authors are grateful to Saint-Petersburg State
University Research Park.
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Topology of an Electron Density and Electrostatic
Potential Distribution Along the Bond Path
for Evaluation of Halogen Bond’s Strength

Chakalov E.R.!, Tupikina E.Y.%, lvanov D.M.}, Tolstoy P.M.*
M25st086266@student.spbu.ru

1Saint Petersburg State University, Saint Petersburg, Russia

Halogen bond (XB) belongs to the class of so-called (-hole interactions. In
Baderds QTAIM approach (Quantum Theory of Atoms in Molecules [1]) the topo-
logical analysis of XBgs electron density (ED) yields bond path which follows the
maximal gradient of ED between two interacting atoms through the (3; —1) criti-
cal point. Along the bond path both ED and total electrostatic potential (ESP) go
through minima. In work [2] it was shown that the ED minimum is located closer
to the electrophile halogen atom, while ESP minimum — to the electron-donating
nucleophile atom. (Fig. 1).

EI:)min' . ESI:’min

&

Fig. 1. Schematic representation of a possible relative position of ED and ESP
minima for X#A halogen bond. gr is a distance between two minima. The red ar-
row points to the electrophilic site provider.

In this computational work (M06-2X/def2-TZVPPD) we investigated how the
distance between ED and ESP minima T ¢r — changes upon strengthening of a
XB. As model systems we considered a set of 116 complexes RXLLLOPMe, (where
RX T various halogen donors in organic and inorganic molecules) and analyze
electronic distribution along the XB.

Acknowledgments: This work was supported by RSF grant number
18-13-00050.

References
1. R.F.W. Bader, Atoms in molecules // Acc. Chem. Res., 18(1), 9-15 (1985).
2. E.V. Bartashevich, S.E. Mukhitdinova, I.D. Yushina, V.G. Tsirelson // Acta
Cryst., B75, 117-126 (2019).
3. A.S. Ostrasd, D.M. Ivanov, A.S. Novikov, P.M. Tolstoy // Molecules, 25(6),
1406-1422 (2020).
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Novel High-Performance Blend Hydroxyethyl Cellulose/
Sodium Alginate Membranes with Fullerenol for
Enhanced Pervaporation Dehydration

Chepeleva Anastasia', Dmitrenko M.E. %, Zolotarev A.A. 1,
Kuzminova A.l. %, Liamin V.P. !, Penkova A.V.!
chepeleval999@yandex.ru

1Saint Petersburg State University, Saint Petersburg, Russia

Nowadays, the development of membrane technologies as sustainable
processes is necessary for various industrial yelds to solve environmental
problems. One of the perspective membrane methods for separation of liquid
mixtures of low molecular weight substances is pervaporation. It may be an
alternative to traditional separation methods, especially for the separation of
azeotropic mixtures and dehydration. The development of highly e cient
pervaporation membranes based on biopolymers with tailored properties is the
most important task for pervaporation, in connection with the strengthening of
control over the impact of production on the environment.

In this work biopolymers - hydroxyethyl cellulose (HEC) and sodium alginate
(SA) were chosen as membrane materials to develop green high-performance blend
membranes for pervaporation dehydration. To obtain membranes with improved
properties, various methods were used: (1) the selection of the optimal composi-
tion of biopolymers in the membrane, (2) the selection of the optimal cross-linking
method, and (3) the bulk modiycation by introducing of fullerenol nanoparticles
into the blend membrane matrix. Structure of the membranes was investigated by
spectroscopic (FTIR) and microscopic (SEM and AFM) methods. The physico-
chemical properties were studied by measurements of contact angle and swelling
degree. Transport properties of developed HEC/SA membranes were evaluated in
pervaporation dehydration of isopropanol in a wide concentration range. It was
demonstrated that a cross-linked supported membrane based on HEC/SA/fullerenol
(5%) composite possessed the improved transport characteristics.

Acknowledgments: This work was supported by Russian Science Foundation
[project No 20-79-10064]. The experimental work of this study was facilitated
by the equipment from the Resource Centre of Geomodel, Chemical Analysis
and Materials Research Centre, Centre for X-ray Di raction Methods, Magnetic
Resonance Research Centre, Centre for Innovative Technologies of Compo-site
Nanomaterials, Nanophotonics Centre, Cryogenic department, Thermo-gravimetric
and Calorimetric Research Centre and the Interdisciplinary Re-source Centre for
Nanotechnology at the St. Petersburg State University.
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Computational Study of Synthetic Routes Towards
H,BH.EH, (E = C, Si, Ge, Sn) Complexes

Chernysheva Anna, Timoshkin A.Y.
st040602@student.spbu.ru

Saint Petersburg State University, Saint Petersburg, Russia

The compounds with combination of group 13/14/15 elements in a chain and
only hydrogen substituents (parent compounds) are of high interest due to their
potential use as single-source precursors for ternary materials for small band gap
optical devices [1] and in construction of inorganic polymers alternatives to the
established organic-based polymers [2]. In contrast to parent compounds of group
13/15 and 14/15 elements, which complexes with Lewis acids and Lewis bases
were synthesized, complexes of E®H,ECH_EH, are unknown up to now.

In order to deyne the optimal reagents for syntheses of PH,BH,EH, (E — group
14 element) complexes the computational study of three synthetic routes was car-
ried out at B3LYP-D3/def2-TZVP level of theory (Scheme 1).

R
R, N .
3IN (OC)5Cr\ [ >:->E.'
CH "C|
Rg N>= 2 H,P—BH, N\R X
Ry \ E=Si,Ge,Sn
EX,(C4HgO,)
(OC)s(Zr\ / \ EGen (OC)5Cr\
X=Cl,Br
HpP—BH, Ru o HP—BH, R
A N 3 (OC)5Cr\ \ N
Hat=— I H,P—BH ]
NT R, 2 2 a4 N
/
Rz EX,(C4HgO2) R
Scheme 1.

Almost all considered reactions (besides the reaction with SnCIAC,H,0,) are
thermodynamically more favorable than the side processes of Cr(CO)APH,BH,
di- and trimerization with H, elimination in the gas phase. We propose three
N-heterocyclic oleyns (MIDippCH,, Im(Me)(i-Pr)CH,, Im(i-Pr),CH,) for the
synthesis of PH,BH,CH, complex, and SiCIAIDipp and GeCI AIDipp for the yrst
step in the syntheses of PH,BH,SiH, and PH,BH,GeH, complexes.

Acknowledgments: This work was supported by the joint grant of RSF and
DFG (RSF project No 21-43-04404). The use of the equipment of the Resource
Center "Computer Center SPbU" is gratefully acknowledged.

References
1. R.lJia, T. Zhu, V. Bulovic, E. A. Fitzgerald // J. Appl. Phys., v. 123, 175101
(2018).
2. 1. Manners // Angew. Chem. Int. Ed. Engl., v. 35, p. 1602-1621 (1996).
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Features of the Dependence of Retention Indices on the
Content of Methanol in I—?IQLECIZuem in Reversed Phase

Derouiche Abdennour, Zenkevich .G
st088750@student.spbu.ru

Saint Petersburg State University, Saint Petersburg, Russia

One of the important problems of contemporary instrumental analytical chem-
istry is the formation of hydrates of organic compounds in aqueous solutions (1),
e.g., in conditions of reverse phase (RP) HPLC. However, the direct detecting the
formation of hydrates by chromatographic or mass spectrometric methods seems
to be impossible due to the instability of most of them.

X +nH,0 ® XInH,0 1)

In a previous study to solve this problem, an indirect approach was used to
conyrm the formation of hydrates; it is a recurrent approximation of retention
parameters of analytes [1]. Besides that, important additional information can be
obtained by using the concept of retention indices (RI) in RP HPLC measured in
the scale of reference n-alkyl phenyl ketones C.H.COC H, ..

RI =Rl +(RI,,—RI) [log U~ log t’R(n)] /[log Uy~ log t’R(n)] 2

However, the RI values themselves do not provide any information indicating
the formation of hydrates in an eluent, but the dependence of RIs on concentrations
of organic component in an eluent (3) seems to be more informative:

Rl=aC+b 3)
The coe cientsaand b are calculated by LSM, a = dRI/dC.

If we use methanol as the organic component of an eluent, the following regu-
larity was revealed. The coe cients a = dRI/dC for hydrophobic analytes usually
have large positive values, while these values for more hydrophylic analytes may
be close to zero, or negative, as it is illustrated by table:

Table.1. Parameters of linear regression (3) for some hydrophobic and hydrophilic
organic compounds.

Formation | Mol. b=RI
Compound of hydrate | wt. a=dRI/dC at (C=0) R
Toluene No 92 4.0 0100 851000 | 0.99
0-Xylene No 106 | 4.60000 | 9110000 [ 0.98
Phthalimide Possible 137 | -0.2 0000 708 010 | -0.95
Diethyl-m-toluamide | Possible 191 | -2.000000 | 1050000 | -0.99

The dependence of retention indices of analytes vs concentration of organic
component of an eluent (3), we used as indirect method to conyrm the forma- tion
of hydrates of organic compounds in RP HPLC conditions.

References
1. T.A. Kornilova, A. Derouiche, 1.G. Zenkevich // Analytics and Control., 24,
p. 315-322 (2020).
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Development and Study of Novel Blend Hydroxyethyl
Cellulose (HEC)/Polyvinyl Alcohol (PVA) Membranes
Modiyed with Fullerene Derivatives
for Pervaporation Dehydration

Dmitrenko Mariia®, Kuzminova A.l.%, Zolotarev A.A.%,
Penkova A.V.
m.dmitrienko@spbu.ru

1Saint Petersburg State University, Saint Petersburg, Russia

The introduction of membrane processes in various yelds of industry, in par-
ticular, pervaporation for the dehydration of alcohols, requires the development of
novel membrane materials with the tailored properties. Pervaporation is one of the
most perspective membrane processes actively applied for the separation of low
molecular weight components, including isomer and azeotropic mixtures. Active
development of pervaporation for the dehydration of alcohols is due to their ac-
tive use as a promising alternative fuel, in cosmetics, puids for cars, cleaning and
disinfectants, etc. One of the promising ways to obtain a membrane material with
improved properties is the development of the mixed-matrix membranes (MMMs):
blending of well-known polymers and modiycation with nanoparticles to combine
the advantages of polymers and a modiyer.

In this work novel blend membranes based on hydroxyethyl cellulose (HEC)/
polyvinyl alcohol (PVA) modiyed with water-soluble fullerene derivatives (poly-
hydroxylated fullerene (fullerenol), fullerene derivative with L-arginine and car-
boxyfullerene) were developed for enhanced pervaporation dehydration of alcohols.
The structural features and physicochemical properties of HEC/PVA and HEC/
PVA/fullerene derivative membranes were investigated by FTIR spectroscopy,
scanning electron (SEM) and atomic force (AFM) microscopies, thermogravimetric
analysis (TGA), measurements of contact angle and swelling degree. The obtained
membranes were tested in pervaporation dehydration of isopropanol. It was dem-
onstrated that the introduction of fullerene derivatives into the HEC/PVA matrix
led to signiycant improvement in transport properties of membranes.

Acknowledgments: This work was supported by the Russian Science
Foundation [grant — 20-79-10064]. The experimental work of this study was
facilitated by the equipment from the Chemical Analysis and Materials Research
Centre, Centre for X-ray Di raction Methods, Nanophotonics Centre, Cryogenic
department, Thermogravimetric and Calorimetric Research Centre and the
Interdisciplinary Resource Centre for Nanotechnology at the St. Petersburg State
University.
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Nanostructuring of Screen-Printed Electrodes
by Prussian Blue and Polyelectrolytes Layers
for Biosensoring

Evdokimov Aleksei, Stekolshchikova A. A.,
Aliev T. A., Nikolaev K.G.
sadasopa@gmail.com

Infochemistry Scientiyc Center, ITMO University, Saint-Petersburg,
Russia

Prussian blue (ferric ferrocyanide) is the part of an important group of inorganic
compounds used in electrode modiycation. Prussian blue is used as an electronic
transfer mediator and allows for an electrochemical reaction in the kinetic region
of the electrode even when applying several layers of polyelectrolytes, which al-
lows the use of such an electrode in any solutions.

Prussian blue is known as an artiycial peroxidase, and it is a promising can-
didate for the catalysis of H,O,. Electrochemical sensors for H,0, detection are
developed by adding electroactive materials (metals, metal oxides, enzymes) on
the surface of electrodes. Hydrogen peroxide is a mediator found in many biologi-
cal reactions [1].

Carbon-based electrodes, such as screen-printed carbon electrodes (SPCEs),
are the most common working electrodes used for the electrochemical sensing
of various biological substances. Their success is mainly due to the minimum
necessary overpotential required for the estimation of for these substances and the
possibilities of mediator modiycation.

The screen-printed carbon electrode is modiyed with water-soluble poly-
mers (polyethelimine and poly(sodium-4-styrensulfonate)), previously used
for the determination of zinc in human biological puids [2], by layer-by-layer
method. Polyelectrolytes contribute to the immobilization of biologically active
substances on a carbon electrode, that allows to prevent their leakage into the
analyzed solution.

The paper studies the possibility of varying the content of Prussian blue and
polyelectrolytes layers to obtain the optimal samples of electrochemical sensors for
further using in biosensoring. The variation of the layers is carried out by changing
the concentration of the initial solutions of Prussian blue and polyelectrolytes and
the settings of the potentiostat during the modiycation of the electrode.

This method provides an opportunity to create unique biosensors in medicine
to detect pathogens of infectious diseases and monitor human health
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The main advantage of rapid detection of the disease is its timely treatment and
the ability to avoid serious consequences. Staphylococcus aureus is one of those
bacteria that causes many diseases that can harm both the skin and spread in the
human body and be detected already at late stages.

The basis for detection is a sample received from a person and its processing
in real time on a miniature device, for constant monitoring.

In electrochemical sensors, the analytical signal is the formation of a complex
with a system polyethyleneimine (PEI) and poly(sodium 4-styrenesulfonate)
(PSS) converted into an electrical signal, such as an electric current or a potential
di erence.

Fibrous materials are widely used in the yeld of electrochemistry and composite
materials because of their carrier mobility, electrical conductivity, environmental
stability, excellent mechanical properties, low weight, and high-temperature re-
sistance, as well as the possibility [1]

We have developed a sensor with high accuracy and low detection limit of
Staphylococcus aureus. This development is necessary to control and reduce the
incidence of people. The main feature is the ability to make this development
streaming, as it has a low cost.
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Layered perovskite-like oxides are complex oxides that consist of alternating
perovskite blocks and blocks of di erent structure. They are attractive research
objects due to the peculiarities of their structure and several unique properties, par-
ticularly the ability to intercalate molecules into the interlayer space, ion-exchange
reactions, and delamination into the nanolayers. These properties not only determine
the high photocatalytic activity of some representatives of this class of compounds
but also open up many possibilities for their modiycation, for example, for the
creation of hybrid and composite photocatalysts.[1, 2]

The present work is devoted to study of the photocatalytic activity of the triple-
layered perovskite-like titanate H,La,Ti,O,  intercalated with n-butylamine in the
reaction of hydrogen production from an aqueous methanol solution under UV
light. E ects of alcohol concentration, catalyst amount, platinum loading, pH of
suspension and temperature on the photocatalytic e ciency were investigated. It
was shown, that the reaction rate gradually increases almost 10 times when the
solution pH is changed from basic (pH = 12) to acidic (pH = 2). The dependence
of the hydrogen evolution rate on the concentration of methanol, the loading of
platinum and the amount of catalyst all demonstrate a maximum, while the change
of temperature has almost no e ect on the reaction rate. An apparent quantum ef-
yciency of 44% was observed under optimal conditions.
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SnCl, forms donor-acceptor complexes with nitrogen-containing ligands due
to its ability to accept a lone pair [1, 2]. Unlike complexes of tin tetrachloride
with pyrazine [3], complexes with 4,4’-bipyridine (bipy) are unknown. In the
present work we report syntheses and characterization of complexes in SnCl, -
4,4’-bipy system.

Since SnCl, is unstable on air, all operations were carried out in evacuated
systems. The valve containing components was kept at 106-141 AC for a week
and after that excess of tetrachloride was removed under vacuum. The SnCl,:bipy
ratio was 1.35:1. Single crystals of the complex were grown by sublimation in
vacuum at 235-255 AC for two weeks. Structural characteristics were determined
by the X-ray structural analysis. The complex is a 1.1 linear polymer (SnCl,14,4'-
bipy),, (Fig. 1).
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Fig. 1. The structure of the [SnCl,-bipy] in the crystal.

The complex was additionally characterized by IR spectroscopy and mass
spectrometry. After keeping the complex at circa 260 AC for six weeks, single
crystals of several new compounds were discovered and structures of [H, bipy]
[SnCl,], [H,bipy],[SnCI,][SnCL], [(H,bipy).Sn, .CI]Cl and SnCl,(bipy-H), were
determined. Formation of such complexes indicates reduction of SnCl, upon
thermolysis.
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The development of active and e  cient catalytic materials for electrochemical
oxygen reduction reaction (ORR) is an important and challenging task. Among
existing, Pt-based catalysts are the most e  cient, however they are expensive and
su er from low stability. One of possible replacements of noble-metal catalysts are
mixed materials, based on carbon and impregnated with nitrogen and transition met-
als. These materials are inexpensive and exhibit high e ciency in ORR [1, 2].

This work comprises description of synthesis, structure characterization and
study of electrochemical e ciency in ORR of several obtained compounds.
Suggested catalytic materials are prepared via hydrothermal synthesis of initial
composition with subsequent pyrolysis. Initial composition consists of polyacrylo-
nitrile, transition metal (Co or Cu) salt and organic ligand. This method allows to
obtain homogenous and high-porous solid substances that contain carbon-nitrogen-
metal (C-N-M) complexes, which have been shown to exhibit good performance
in ORR catalysis.
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In recent years aqueous zinc-ion batteries (AZ1Bs) have attracted special atten-
tion because of high abundance of zinc, low oxidation potential (0.76 V vs SHE)
and high theoretical capacity. The development of novel high-capacitive and stable
cathode materials for AZIBs is on the top of research. Among di erent types of
cathode materials manganese dioxide MnO, has been regarded as a promising
cathode material for AZIBs, due to its environmental friendliness, abundant re-
sources, high theoretical capacity, and relatively wide working voltage. Layered-
type manganese oxide U-MnO, is perspective cathode material because of large
interlayer distance ((near 7 A) which would facilitate Zn?* ions intercalation and
improve the cycling performance [1]. Nevertheless, the electronic conductivity of
MnO, is low (near 10-° Sicm).

To overcome this drawback and enhance the electrochemical performance of
i-MnO,-based cathode materials, di erent types of conductive additives were used
like carbon-based materials [2] or conducting polymers [3].

In this work, we used two ways for creation U-MnO,-based electrodes with
conducting polymer: i) introducing the chemically obtained poly(3,4-ethylene-
dioxythiophene) (PEDOT) in the electrode composition and ii) coating of MnO,
powder by aqueous dispersion of PEDOT with polystyrene sulfonate (PEDOT:PSS).
To evaluate the electrochemical properties, cyclic voltammetry and galvanostatic
charge/discharge techniques were applied.

We obtain that both composite electrodes with conducting polymer additive
demonstrate higher capacity values than pristine i-MnQO, cathodes in a wide current
range. At low current densities a continuous increasing of current is observed which
associated with formation of electroactive l°J-MnO2 layer on the electrode surface.
Stability during long cycling is also higher for modiyed G-MnO, electrodes.
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The work studied monoisocyanide complexes of gold(l) with halogen-
substituted arylisocyanide ligands (Fig. 1). The choice of halogen-substituted
arylisocyanides is due to the fact that in the solid phase compounds can aggregate
to form a combination of aurophilic interactions and halogen bonds [1]; in this
case, the type and energy of halogen bonds will act as a structure-determining
factor that sets the general packing motif and thereby determines the parameters
of aggregate-induced luminescence.
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Fig. 1. Scheme of the synthesis of gold(l) halide complexes with isocyanide ligands.

The study of gold(l) complexes with halogen-substituted aryl isocyanide
ligands showed that in the solid phase they can aggregate to form a combination
of aurophilic interactions and/or halogen bonds. All synthesized compounds ex-
hibit photoluminescence in the range of 4007500 nm, which corresponds to the
spectrum blue.
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Today puorinated organic molecules play important role in various yelds of sci-
ence and technology. In organic synthesis ones of the versatile building blocks are
U-(tripuoromethyl)styrenes, widely applied to construct more complex puorinated
compounds via C-F activation [1]. At the same time, 1-(tripuoromethyl)indanes,
being good ligands for cannabinoid receptors CB1 and CB2 types, are target
molecules in drug discovery [2]. The development of new synthetic approaches
to puorinated styrenes and the construction of new puorinated indane systems are
current issues of organic synthesis.

We have found that (U-MeBSiO-tribuoropropyl)(het)arenes (or corresponding
alcohols) under action of tripuoromethanesulfonic acid (TfOH) can be converted
both into initially forming U-(tripuoromethyl)styrenes and products of their elec-
trophilic ¢dimerizatione - 1,3-di(tripuoromethyl)indanes in reasonable to excellent
yields (Fig. 1).
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Fig. 1. Synthesis of tripuoromethyl substituted indanes and styrenes.
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The products of intercalation of organic compounds into the interlayer space
of layered perovskite-like oxides are of interest both in themselves and because
of the possibility of their use in the synthesis of hybrid materials modiyed by
covalently bound organic groups (grafting), potentially having many practical
applications [1, 2].

This work is devoted to the development of methods and optimization of
synthesis conditions, as well as the complex characterization of the obtained
hybrid organo-inorganic derivatives based on layered perovskite-like niobates
HB,Nb,O,, (B = Ca, Sr) with monoethanolamine and dimethylaminoethanol. The
development of the synthesis procedure was carried out under the conditions of
a standard laboratory experiment with varying temperature (25, 60, 90, 150Au),
time (1, 3, 7, 14 days) and concentration of an aqueous solution of amino alcohol
(10, 50, 70, 90, 100%), as well as using microwave and hydrothermal synthesis
methods. The obtained objects were studied using a complex of complementary
modern methods of physico-chemical analysis, which made it possible to obtain
reliable information about the structure, thermal stability, as well as to establish
the quantitative composition.

During the research, for the yrst time a number of organo-inorganic derivatives
of layered niobates HB,Nb,O, with intercalated amino alcohols was success-
fully synthesized. These derivatives contain from 0.5 to 0.9 molecules of mono-
ethanolamine and dimethylaminoethanol per formula unit. In addition, a grafted
derivative was obtained with monoethanolamine by partial thermal degradation
of intercalated samples, that is, by thermolysis.
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In the modern world, much attention is paid to «green» extraction solvents.
From this point of view, thymol as a natural terpenoid is of interest. Previously,
this substance was not used as an individual extractant.

In this regard, a simple and environmentally friendly scheme for the puoro-
metric determination of formaldehyde in milk with the use of thymol as extraction
solvent was developed. Formaldehyde is a carcinogen, but it is often added to
milk as a preservative to increase the shelf life of the product and keep it odorless
[1]. Therefore, the determination of the formaldehyde content in milk is an urgent
analytical task.

The proposed scheme assumes the air-assisted dispersive liquid-liquid micro-
extraction of the formaldehyde derivative into the molten thymol coupled with
puorometric analysis. The formation of derivative and extraction process are
carried out by heating and stirring with air provided by thermostat and peristaltic
pump, respectively. After extraction the liquid organic phase with the derivative
is placed on a black paper template. Fluorometric measurements are performed
by spectropuorometer equipped with the solid sample holder.

The scheme proposed was applied for the determination of formaldehyde in
three milk samples. The correctness of the results obtained was conyrmed by the
"add-found" method.
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Rare-earth-based luminescent metal-organic frameworks are used in various
yelds of science and technology as luminescent sensors, probes for bioimaging,
luminescent thermometers, and components of light-emitting devices. In cur-
rent work, we synthesized the small-sized luminescent MOF, Eu,bdc,l4H,0 by
ultrasonic-assisted method. Sodium terephthalate was added to the solution of
europium chloride accompanied by ultrasonication. Small particles were formed in
solution. We found that the particle size is determined by the reagent concentration
and ultrasonication conditions. Coarse-, micro- and nanocrystalline europium(l11)
terephthalate tetrahydrate MOFs were obtained in this work. The particles of
coarse-crystalline material are dendrimer-like microparticle assemblies with the
average particle size of 12030 em. The europium(l11) terephthalate microparticles
are 7emlong Ieaf-ljke plates. The average size of the Eu,bdc, 4H,0 nanoparticles
is equal to about 8N2 nm.

The synthesized materials demonstrate red emission due to the °D ~'F; (J=0-4)
transitions of Eu* ion upon 250 nm excitation into 1 “* state of the terephthalate
ion. Size reduction results in broadened emission bands, an increase in the non-
radiative rate constants and a decrease in both the quantum e ciency of the °D,
level and Eu®* and the luminescence quantum yields. Cu?, Cr®*, and Fe®* ions
e ciently and selectively quench the luminescence of nanocrystalline europium
(111) terephthalate. Therefore, nanoparticles can be used as e cient luminescent
sensors for heavy metal ions in waste and drinking water.
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Itis well known that acids described by general formula R, XOOH (X =P, As)
can participate in hydrogen bonding both as donors (by XOH moiety) and accep-
tors (by X=0O moiety). Hydrogen-bonded self-associates and hetero-complexes
of phosphinic RR'POOH acids are explored in gases, solutions and condensed
matter by experimental spectral techniques as well as by quantum chemistry
methods [1-3].

Arsinic acids R,AsOOH synthesis aspects and self-associate formation was
recently studied by our research group [4]. In this work, we studied completely
unexplored topic — properties of hydrogen-bonded of arsinic acids R2ZAsOOH
with various proton donating (Fig. 1a) and proton accepting (Fig. 1b) species in
isotropic polarized media (with U=1780) by means of quantum chemistry (MP2/
def2-TZVP). The main goal of this work was to evaluate the changes in geometric,
energetic and spectral parameters of investigated complexes upon polarity change
of a media.

(a) (b)

H 0 + O-----H—A
\As/ \As/
H/ No—H----B H/ \O—H

Fig. 1. Schemes of studied complexes: (a) H,AsOOH as a H-bond donor, (b) as a
H-bond acceptor; B = base; HA = acid.
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Polymeric nanoparticles have attained considerable attention in the yeld of
biomedicine over the past decades. The particles can enhance drug stability and
e cacy, reduce side e ects and allow the control of drug release. However, the
cornerstone in their application is a low transfection e ciency. A great number
of studies have been focused on developing of novel synthetic drug carriers with
successful cell penetration and intracellular drug release [1, 2].

Gene therapy through the use of siRNA is becoming an e cient therapeutic
option for the treatment of widespread illnesses. To prevent siRNA from rapid
blood clearance and cytosolic degradation, nanoparticles are used as drug carri-
ers [3]. Cationic polymers are perspective in this regard since they can condense
negatively charged RNA molecules into compact forms that are resistant to serum
proteins. pH-sensitivity of a polymer can provide enhanced endosomal escape of
these polyplexes into cytosol due to the fiproton-sponge e ecto.

The aim of this research work was the creation of positively charged biocom-
patible polypeptide nanoparticles. The target copolymers were synthesized via
ring-opening polymerization of N-carboxyanhydrides of U-amino acid derivatives.
The samples were modiyed with histidine and their transfection e ciency was
compared as well as cytotoxicity and stability.

The morphology, size and size distribution of the nanoparticles obtained were
investigated via nanoparticle tracking analysis, dynamic light-scattering and trans-
mission electron microscopy. Cytotoxicity of the particles was evaluated using
several cell lines (ARPE, SIRC, and MDA-MB231). The experiment of intracellular
delivery of siRNA encapsulated in polymer nanoparticles was carried out and the
gene silencing was successful.
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Overcoming many global environmental problems, caused by rapid industrial
growth and the active use of traditional fuels in the XXTXXI centuries, is associated
with the development of waste-free technologies and alternative energy sources
including hydrogen fuel. With this regard, photocatalytic oxidation of bioalcohols
and related biomass processing products is considered as an e ective and environ-
mentally friendly approach to the hydrogen production.

One of the classes of promising heterogeneous photocatalysts being actively
explored is represented by layered perovskite-like oxides. The improvement of their
photocatalytic activity can be carried out via cationic and anionic substitution, the
creation of composites with metal co-catalysts, sensitization with dyes as well as
exfoliation into perovskite nanosheets [1].

The present research focuses on a poorly studied approach to increasing pho-
tocatalytic activity of layered perovskite-like oxides T modiycation of their inter-
layer space with organic components. In particular, we have synthesized for the
yrst time two series n-alkylamine and n-alkoxy derivatives of titanates HLnTiO,
and investigated the kinetics of light-driven hydrogen generation from the model
aqueous solution of methanol over the hybrid samples obtained. It has been es-
tablished that the organic modiycation of the interlayer space of the titanates is an
e cient way to improve their photocatalytic activity. The rate of increase in the
activity turns out to be up to 70 times compared to that of the initial unmodiyed
titanates and up to 17 times in comparison with the «classic» photocatalyst TiO,
P25 Degussa. Thus, the interlayer organic modiycation proves to be an e ective
strategy to manage photocatalytic activity of layered perovskites, which may be
applied to other photocatalytically active materials.
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In light of the depletion of fossil fuels and the tightening of international
environmental legislation, creation of new e cient photocatalysts for hydrogen
production from aqueous bioalcohols and other biomass processing products proves
to be one of the topical areas of chemistry and materials science.

The present research focuses on the stability of n-alkylamine and n-alkoxy
derivatives of the layered perovskite-like titanate H,La,Ti,O,  as promising pho-
tocatalysts for hydrogen production. These hybrid inorganic-organic compounds
have been found to demonstrate superior photocatalytic activity exceeding that
of the initial protonated titanate up to 117 times and of titanium dioxide TiO,
P25 Degussa T up to 51 times. Moreover, additional platinization of the sampleso
surface allows achieving apparent quantum e ciency in the reaction of hydrogen
formation from aqueous methanol of more than 40% and, having said so, the hy-
drogen generation rate stable preserves throughout the whole measurement time.
However, the inorganic-organic derivatives undergo partial decomposition of the
interlayer organic modiyers under the operation conditions, which does not result
in the photocatalytic activity reduction. Apparently, the inserted organic modiyers
facilitate the penetration of the reactants (methanol and water) into the interlayer
space, considered a separate reaction zone [1]. These transport channels, probably,
continue functioning even after partial or even complete degradation of the organic
modiyers, which explains the stable photocatalytic reaction rate. In addition, the
enhanced photocatalytic activity of the inorganic-organic derivatives may be as-
sociated with the selective platinum reduction in the interlayer space and other
areas of the samples where it does not occur in the absence of organic modiyers.
However, this issue requires further investigation.
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The development of modern technologies sets the task of developing practically
signiycant high-performance materials with functional properties. One of the classes
of such materials are light-sensitive silver-containing vitreous nanocomposites used
for optical instrumentation. In this work, micro- (MIP, average pore radius is 1.5 nm,
porosity is 25 %) and macroporous (MAP, average pore radius is 17 - 21 nm, poros-
ity is 50 - 59 %) high-silica glasses were used as matrices, which were impregnated
in two stages with AgNO, solutions, and then with KHal (Hal = CI, Br, I) solutions
[1]. It is known that the properties of nanostructured materials and their functional
characteristics are primarily determined by the structural parameters and the state
of their surface [2]. In connection with this, the work investigated the structure
and electrokinetic potential of silicate porous glasses (MIP and MAP) and glasses
modiyed with silver halides (MIP-AgCl, MAP-AgCI, MIP-AgBr, MAP-AgBr,
MIP-Agl, MAP-Agl) in 0.01 M solutions of indi erent NaNO, electrolyte and
AgNO, solutions containing potential-determining Ag* ions. The content of Ag,O
found by X-ray puorescence analysis was (wt. %): MIP-AgCl 0.322, MAP-AgCI
1.122, MIP-AgBr0.322, MAP-AgBr 1.992, MIP-Agl 0.239, MAP-Agl 0.801. The
presence of phases of Ag,0 and AgHal was proved by X-ray phase analysis of
silver-containing porous glasses. The electrokinetic potential () of porous glass
particles was found by laser Doppler electrophoresis. It was found that the modi-
ycation of porous silicate glass leads to an increase in the |g| values.
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Nanoscale temperature measurement concerns the determination of temperature
or temperature di erences at the sub-micron scale. Applications include micro-
electronics, optics, micropuidics, chemical reaction, and biochemical processes,
such as living cells and hanomedicine [1-3].

Lanthanide complexes are widely and successfully used for bioimaging due
to several beneyts such as sharp transitions with a large Stokes shift located in the
visible spectral range, insensitivity to oxygen, sensitivity to the local environment,
and long excited-state lifetime. It allows eliminating short-time autopuorescence
of the cells from the signal of complex in vivo [2]. At the same time it is necessary
to make a barrier between the environment and complexes to make thermometers
irresponsive to the local changes. Hence, we synthesized latex nanoparticles
with our complexes (Fig. 1). All the compounds were characterized using NMR
spectroscopy, ESI mass-spectrometry, photophysical properties were carefully
measured in solution.
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Fig. 1. Scheme of synthesis of europium(I11) complexes.
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Currently, various methods are used to count the number of viable bacteria,
which have certain drawbacks. However, until now, methods for determining the
viability of mature bacteria are limited, and methods of microscopic counting,
plate counting, and turbidity methods are commonly used [1-4]. Therefore, it is
S0 important to develop a sensitive, fast, non-toxic, inexpensive, and easy-to-use
method for determining the viability and counting bacteria.

We propose using of the current-voltage (ITV) characteristics at the interface
between the eutectic gallium-indium alloy (eGaln) electrode and the hydrogel
(Fig. 1) to detect Streptococcus thermophilus and Bacillus coagulans bacterial
concentrations in the range from 10* to 108 CFU/mL. The collected volt-ampere
data was used for machine learning. The multilayer perceptron model showed
the best result, demonstrated 94% accuracy and recognized all concentrations of
bacteria in the culture medium. Thus, the developed principle of the platform has
a great prospect of being used as a more convenient method for the quantitative
detection of bacteria.
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Fig. 1. Scheme and principle of operation of the electrochemical system.
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b-Lactams are privileged sca olds that found broad application in the design of
antibacterial drugs. The most common approach to b-lactam core is the Staudinger
[2+2] cycloaddition of imines and ketenes, the latter being generated in situ via the
Rh(11)-catalyzed Wol  rearrangement of U-diazocarbonyl compounds. Though this
approach is well-explored, it has a main drawback such as the use of expensive
Rh(11)-catalysts so as to generate carbenes. Furthermore, still there is an issue with
the diversity of functional groups that can be introduced into the b-lactam ring.

In the present work, we developed the yrst transition metal-free diastereose-
lective synthesis of cyano b-lactams from imines and surprisingly insu ciently
explored U-diazo-b-ketonitriles based on tandem of thermally initiated Wol  rear-
rangement, occurring in repuxing toluene, and Staudinger cycloaddition (Fig. 1).
Furthermore, the synthesis represents the yrst example of cyano ketenes generation
from diazoketonitriles. The reaction developed tolerates substrates with various
substituents, even bulky ones, and delivers rare polysubstituted cyano b-lactams
with excellent diastereoselectivity and generally high yields. The relative stereo-
chemistry of products was assigned by the single-crystal X-ray crystallography. In
addition, we investigated limitations of our approach and possible transformations
of substituents in the lactam ring.
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Fig. 1.Synthesis of cyano b-lactams.
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Membrane separation methods are the most promising yeld of sustainable
processes due to their beneycial characteristics, namely, waste-free, environmen-
tally friendly, low-energy and compact equipment. Therefore, the development of
membrane processes is one of the most urgent and important directions for indus-
try. Pervaporation is a membrane method that actively used for the separation of
azeotropic mixtures, isomer, close-boiling and thermally unstable low molecular
weight substances. The rapid development of pervaporation requires the research
of new highly e ective membranes with tailored properties. One of the most per-
spective ways to improve characteristics of polymer membranes is the introduction
of carbon nanoparticles into a well-known polymer matrix. In this work the most
permeable glassy polymer polyphenylene oxide (PPO) was used as the polymer
network, and graphene oxide (GO) was used as modiyer due to various oxygen-
ated functional groups.

The aim of work was to create novel high-performance pervaporation mem-
branes based on PPO modiyed with GO. The optimal conditions for preparation
of these membranes were developed. The structural characteristics of obtained
composites and membranes were studied by spectroscopic (FTIR) and micro-
scopic (SEM and AFM) methods. Transport characteristics of membranes were
investigated in pervaporation for the recovery of industrially signiycant substance
- ethylene glycol from water and methanol. The improvement of the developed
membrane properties was achieved due to the functionalization of the membrane
surface and changes in free volume during the modiycation process.
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Ultrayltration is a membrane separation process carried out by yltering a
liquid; the driving force of which is the pressure di erence on both sides of the
membrane. Ultrayltration is the most used membrane process in the industry (in
the food, chemical and microbiological industries for puriycation from proteins,
viruses, bacteria and etc.). The pore size of ultrayltration membranes ranges from
0.01 to 0.1 micrometers.

Polyacrylonitrile is a polymer that is often used in the manufacture of ultra-
yltration membranes. The widespread use of PAN is associated with a number of
advantages, such as high thermal and chemical stability, resistance in non-polar
and low-polarity organic solvents, as well as low cost. The main disadvantage of
PAN-based membranes is a decrease in the productivity of the yltration process
due to the membrane fouling. In the present research, to solve this problem,
photocatalytic membranes based on PAN modiyed with titanium oxide have been
developed. Titanium dioxide (TiO,) has chemical and thermal stability, good
yield on decomposition of organic pollutants, high recyclability and low cost,
which makes it often used as a semiconductor for photocatalytic membranes. In
this work, ultrayltration membranes based on PAN modiyed with titanium oxide
have been obtained. Three types of membrane modiycation using nano-sized and
micro-sized TiO, have been developed: solid-phase method, dynamic deposition
and solution method. The developed membranes were analyzed by scanning
electron microscopy, contact angle, atomic force microscopy and porosity. Their
transport properties were investigated in the process of ultrayltration separation
of the cutting puid and bovine serum albumin (BSA). It was found that modiyca-
tion with titanium dioxide improves the transport and antifouling properties of
PAN-based membranes.
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Due to the growing ecological concerns, puriycation of water has become a
matter of great signiycance. Membrane technologies, especially ultrayltration, have
proven their e ciency in separating water from oil, which is the main pollutant.
However, porous membranes used in ultrayltration can be contaminated. This
problem can be solved by the addition of speciyc particles with antibacterial and
photocatalytic properties, such as titanium oxide (TiO,), to the membrane matrix.
As a membrane material was chosen poly(m-phenylene isophthalamide) (PA) for
ultraylration membrane preparation due to its good chemical and thermal resis-
tance. The insertion of titanium oxide into a poly(m-phenylene isophthalamide)
(PA) membrane matrix could improve its separation performance for a vast array
of industrial applications, including water puriycation.

In this study, the modiyed membranes were prepared by non-solvent-induced
phase separation, and characterized by measurements of water contact angle and
porosity, scanning electron and atomic force microscopy. The analysis of transport
characteristics was conducted by ultrayltration of industrially relevant samples such
as coolant lubricant emulsion in water and bovine serum albumin (BSA) solution.
Prolonged ultrayltration using BSA solution and reversible fouling under UV
radiation was used to investigate the self-cleaning ability of the best performing
modiyed membrane.
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Photoswitches capable of changing their conyguration under the inpuence of
light are ynding more and more applications, for example, used in optical memories,
logic gates, photoswitchable electronics [1]. At the same time, the modiycation of
such systems with organometallic moieties could change their photochemical, and
in particular, photophysical properties, which makes such organometallic systems
attractive for development research.

It is known that the inclusion of an Au(l) organometallic moeity is often leads
to a change in electronic, photophysical properties of the resulting object due to
mixing of their electronic orbitals.

In the present work, we report the synthesis, characterization and investigation
of photophysical and photochromic characteristics of the series of light-triggered
stilbene-organogold(l) compounds (Fig. 1) capable of reversible cis-trans photoi-
somerization.

O/
\ \
\ P N P
O_Q_P_AUT@—C >—Au%©—c
\ \
© " ) "
1c )\ 5C
/O

O ALY
o Or= e YA @5&@ }

Fig. 1. Organogold(l) complexes bearing stilbene photochromic moieties.
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Boron compounds are widely used in nuclear power, medicine, metallurgy and
other industries. There are many methods of boron analysis, though for some of
its species the measurement is rather elaborate and labor-consuming. Nowadays
photometric determination of boron as tetrapuoroborate ion with use of organic dyes
is most perspective. In particular, work [1] describes the technique of extraction-
photometric determination of tetrapuoroborate using thionin derivatives as dyes.
However, available technique require time and consumption of large amounts of
organic solvent [2]. The aim of the work was to develop a convenient and express
extraction-photometric method of tetrapuoroborate ion (BF,’) analysis in aqueous
and organic environments, as a complex with Methylene Blue (MB) extracted in
dichloroethane (Equation 1).

(BF)agorg ¥ (MB),, = (BF, AMB") (1)

The inpuence of MB concentration, H,SO, concentration and Na,SO, attendance
on the analytic signal was investigated. Optimal conditions for extraction-photo-
metric determination were selected and the linear relationship between attenuation
of dyed solution and BF, concentration was obtained in the concentration gap
from 10* M to 10 M with Pearson’s r value 0,999 (Fig. 1). The method allows to
determine BF, concentration in both aqueous and organic phases with detection
limit 10 M (1 eg/ml of boron) and error less than 10%.

1,8

y = (-0.0218182) + (0.163764) * x
1,6 I B
Pearson's r 0,99875
1,4 4 Adj. R-Square 0,99723
Intercept -0,02182£0,01615
12 Slope 0,16376 £ 0,00273
1,0 1 Calibration chart|
o
0,8 J
0,6 (]
0,4 u
0,2 /
0,0 T T T T T
0 2 4 6 8 10
C(BF,), 10*M
Fig. 1. Calibration dependence.
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Photoluminescent markers are a well-promising tool for bio-imaging and
chemical analysis, helping to locate speciyc compounds in vivo or for optimizing
sample preparation and analysis procedures. Various doped oxide nanoparticles are
a promising material for this purpose because of low toxicity and enhanced stabil-
ity. Europium is one of the most popular dopants for this purpose as it is accessible
and well-studied. Host need to be high-crystalline to provide high quantum yield
of photoluminescence (PL), but that is hard to combine with dopant intercalation.
We assume that PL intensity can depend on dopant position in crystal lattice, which
can lead to PL quenching in case of high dopant concentrations.

The aim of this work is to develop the synthetic procedure to obtain boehmite
nanoparticles — a highly crystalline non-toxic host — doped with Europium, and to
study the PL characteristics of obtained nanoparticles, which could be produced
in at least two di erent shapes.

Eu-doped boehmite nanoparticles were synthesized under hydrothermal
conditions at di erent pH values and Eu amounts ranging from 1 to 10 mol.%.
Nanoparticles were characterized with XRD, FTIR, TEM, SSAand XPS. Alkaline
conditions, pH 9, caused an extra phase, as well as pH 7 with 10 mol.% Eu. Other
samples demonstrated two di erent morphologies depending on the pH of the
initial solution: 35 nm in width and 200 nm in length rods at pH 4 and 20 and
55 nm plates at pH 7 respectively. According to TGA-DSC data, temperature of
the transition into aluminum oxide does not depend on the particle size and the
concentration of the dopant.

PL study of as-prepared nanoparticles in pellet and in suspension showed that
concentration of quenching for rod-like particles emission at 618 nm was 1 mol.%,
while for plate-like it was 5 mol.% respectively. By performing quantum-chemical
calculations, it was established that quenching concentration depends on the dopant
position in the host crystal structure. Also the PL peak at 700 nm was examined
and related to oxygen vacancies PL in boehmite. As a result, we have established
correlation between morphology of nanoparticles and quenching concentration,
through changing of the position of the dopant.
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Nowadays, milk is the most likely food item being at risk of adulteration. Urea
being a nitrogenous compound is added in milk to increase the apparent protein
content. The concentration of urea beyond the upper limit (700 mg/L) is extremely
hazardous to human health.

Deep eutectic solvents (DES) have recently become increasingly popular as
ecological e ective extractants due to their properties as high thermal stability, low
volatility, tunable polarity, non-toxicity and biodegradability. A DES is generally
composed of two or three cheap and safe components which are capable of as-
sociating with each other, through hydrogen bond interactions, to form an eutectic
mixture. The resulting DES is characterized by a melting point lower than that of
each individual component.

In the current study, an e cient and rapid method, which is based on a colo-
rimetric reaction between urea and 4-dimethylaminobenzaldehyde, for the quan-
tiycation of urea in milk is presented. A novel deep eutectic solvent obtained by
thymol and 4-dimethylaminobenzaldehyde (1:1, mol/mol) was used asan e ective
extractant for urea determination in milk. Under optimal conditions, the limit of
detection for urea in milk were 10 mg kg*. Low limit of detection and the use
of deep eutectic solvent instead of organic solvents make it possible to use this

organic phase
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analyzed shaking isopropyl  mixing e — urea
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method for food quality control.
Fig. 1. Scheme of spectrophotometric method for the determination of urea in milk
based on microextraction in deep eutectic solvent.
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Screen-printing is a promising approach towards the simple, rapid, and inex-
pensive production of (bio)sensors. Sensors based on screen printed electrodes
(SPEs), including microelectrodes and modiyed electrodes, have expanded the
potential in detection and quantitation of a number of transition metal ions such
as Zn(lIl), Cu(ll), Fe(11l) including cyclic voltammetry (CVA) and impedance
spectroscopy techniques. As working electrodes (WEs), carbon, Cu, Bi, and
glassy carbon modiyed with Hg salts are employed. Despite the advantages of
precipitation of heavy metals into the amalgam, this method is undesirable due
to mercury toxicity. Alternatively, less toxic water-soluble polyelectrolytes could
immobilize heavy metals salts on the surface of a WE and scale the electrode
modiycation process [1].

Calixarene sca old is particularly interesting for surface modiycation of WEs
of SPE and electrochemical determination of heavy metal ions asitisane ective
and selective receptor towards ions and neutral molecules. These macrocycles pos-
sess strong complexation ability, which enables them to maintain their recognition
behavior in conyned space [2].

Commercially available SPEs usually provide good experimental results, but
their high cost and limited service life require an alternative approach to electrode
fabrication. Herein, we o er SPEs made with modiyed ink composition based
on a suspension of graphite and acetyl cellulose in cyclohexane modiyed with
thiacalix[4]arene.

Preliminary experiments showed high stability and satisfactory electrochemical
characteristics of the calixarene-modiyed electrodes and suggest high potential of
thiacalixarene receptors for recognition of ultralow quantities of toxic metal ions,
which is currently under study.
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Magnetic resonance imaging (MRI) is a medical imaging technique used in
radiology to form pictures of the anatomy and the physiological processes of the
body. MRI contrast agents (CA) is using to improve the visibility of internal body
structures. Gadolinium-based contrast agents are used in up to 35% of magnetic
resonance imaging (MRI) examinations for T1 mode in clinical practice. Chelating
complexes, such as Primovist® and Omniscan®, in the same cases can have a toxic
e ect on humans. Development of a new types of non-toxic and biocompatible
contrast agents is still under discussion. Our approach is to introduce the gadolinium
ions to non-toxic and biocompatible host to make it more applicable in medical
practice. Hydroxyapatite (Hap) biocompatible nanoparticles was chosen as a host
for a new contrast agent.-

The yrst stage of the work is dedicated to the development of the synthetic
procedure to produce the Gd high doped Hap nanoparticles (NPs) with adi erent
size and shape which are considered as a key factor impact on MRI signal. The NPs
were synthesized by co-precipitation method followed by the thermal treatment
under atmospheric and hydrothermal conditions with the using of low and high
concentration of initial reagents. The regulation of this parameters can initiate an
orientational attachment process which leads to interaction between initial particles.
In this case, the parameters of the "initial" NPs depend on the concentration of
the initial reagents in the reaction medium, and the "ynal" NPs - on the holding
temperature. All samples were fully characterized by XRD, TEM, FTIR, AES.
Synthesized particles were monocrystalline with a rod-like shape and a size from
11 to 32 nm and aspect ratio 1:3. The band gap values diminish after doping from
3,64 to 4,67 eV, the Gd amount is close to 2,5mol.% for all the samples.

At the second stage of the work the MRI date of nanoparticles embedded in
agarose matrix were taking of T1 and T2 modes. The relaxation time in T1 mode
depends on nanoparticles size from 352 to 2730 ms, and in T2 mode is constant
and close to 25 ms, which is a good result and non-usual for T1 contrast agents.
Thus, the possibility of using the Gadolinium doped hydroxyapatite nanoparticles
as T1 contrast agents was successfully demonstrated for the yrst time.
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To date, the production and study of nanothermometers is a popular research
topic in the world scientiyc community [1]. The possibility of providing thermal
sensing with high accuracy in non-contact regime makes luminescence nanother-
mometers extremely important in modern biotechnology. Also important factors
for such nanostructures are their high chemical and physical stability and inertness.
In this work, we took YVO, and LaVO, as crystalline hosts and rare earth ions
(REI) as temperature-dependent active centers. Luminescence thermometry was
performed via ratiometric approach.

YVO, and LaVO, powders doped with REI were synthesized with the syn-
thesis method in molten salt. The results of the X-ray di raction analysis (XRD),
morphology (SEM) were obtained and analyzed. Samples with di erent amounts
of doped REIs were obtained, concentration series for various REIs and their
combinations were also studied.

YVO,.Eu* 6 at.%, Nd** 0.12 at.%
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Fig. 1. a) SEM picture of YVO,: Nd** 0.03 at.%, Er** 1.5 at.%, Tm** 0.2 at.%;
b) emission spectrum of co-doped YVO,: Eu** 6 at.%, Nd** 0.12 at.% at various
temperatures.
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Determination of antibiotics from food samples is important topic for researches.
Antibiotics” metabolites are often found in food samples, which may be caused by
misuse of antibiotics for treatment, and these residues can enter the human body
and cause many risks to consumer health.

Sulfonamides (SASs) are antibiotics widely used in medicine and veterinary to
treat infection disease. Mostly used method for the determination of sulfonamides is
HPLC. However, this determination method needs sample pretreatment procedure,
containing elimination of matrix e ect and concentration stage. Recently, deep
eutectic solvents (DESs) have attracted increasing attention for sample pretreat-
ment. DESs are mixture of two or more precursors with a melting temperature
lower than that of the individual components of DESs.

In this paper, new DES (vanillin:thymol) was investigated for selective extrac-
tion of SAs based on reaction between SAs and vanillin with formation of colored
Schi  bases (Fig. 1).
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Fig. 1. SchiT base reaction between sulfonamide and vanillin

Ane ective and fast liquid-liquid microextraction procedure based on the use
of hydrophobic deep eutectic solvent was developed. DES containing vanillin and
thymol (1:1, mol/mol) was chosen for separation and preconcentration of sulfon-
amides. The approach (Fig . 2) was applied for the HPLC-UV determination of
sulfapyridine, sulfathi- [l r-swe
azole, sulfacetamide - , ’
and sulfadiazine infood | = | =
samples. The extrac- |4 I
tion conditions were [3
optimized. Under the —
optimum conditions, Sulfonamides
good linearity in the Fig. 2. Schematic representation of the pretreatment
range of 0.5-50 mg L* procedure.
was obtained. The limit of detection was 0.05 mg L.
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The esteriycation reaction is known to be an important industrial and labora-
tory method for synthesis of a number of esters, in particular amyl acetate which
is used as a solvent, pavoring and extractive agent in pulp industry, food and cos-
metic industry etc. At the same time the system acetic acid — amyl alcohol — amyl
acetate — water belongs to such kind of mixtures where, along with the possible
chemical reaction, the splitting phenomenon can be observed. In this regard the
design of amyl acetate industrial synthesis requires both the chemical equilibria
data and the information about the phase equilibria.

In this work the com-
positions of coexisting
phases for the quaternary
system acetic acid — n-
amyl alcohol — n-amyl
acetate — water and its
ternary and binary sub-
systems were determined
using gas chromatography
method. The data were
obtained for temperature
range 293.15 T 323.15 K
at atmospheric pressure

100 47 000 (Fig. 1). The results were
0,00 0.95 0.50 0.75 100  compared with solubility
n-amyl acetate data, presented in literature

Fig. 1. The diagram of LLE of amyl alcohol — amyl [1, 2]. The UNIFAC and
acetate T water system at 293.15K (), 303.15K (3), NRTL models were ap-
313K (8) and 323.15K (T). plied for data correlation.
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In modern research, the problem of «green chemistry» comes to the fore. An im-
portant role in this direction is occupied by the development and creation of liquid
crystal systems with good electrical conductivity for further use in the creation
of non-toxic, highly e  cient conductor systems with good electrochemical properties,
low freezing point and high solubility. Water-in-salt (WIS) systems turned out to be
promising in this regard, which make it possible to achieve electrochemical stability
windows close in size to non-aqueous electrolytes. Awater system containing lithium
and potassium acetates was previously investigated [1]. This study showed an extend-
ed window of electrochemical stability and compatibility with traditional electrode
materials of lithium-ion batteries (Fig. 1). In our research the electrochemical stability
in LIOAc T CsOAc T H20 system was measured at di  erent component ratios. The
cesium salt was chosen as an additive to lithium acetate because yrstly the cesium ion
has a strong destruc-

tive effect i Vvs. LilLi*
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were also measured in
this work. Analysis of
the obtained results of
electrochemical mea- Fig. 1. Voltamogram image for LIOAc-KOAc-H,O system.
surements and comparison with the literature data in the studied system containing
potassium acetate is carried out.
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Ultrayltration (UF) is one of most popular yltration processes that is used
in pharmaceutical, chemical, food, textile and many other industries for reyning
macromolecular puids. Pervaporation (PV) is other popular membrane process
that is used for separation of low molecular weight ingredients, including ther-
mally unstable mixtures, azeotropic mixtures and isomer mixtures. It is possible
to improve the transport qualities of the membrane by developing of the mixed -
matrix membranes (MMMSs), which consist of a modiycation the polymer matrix
by introduction an inorganic compound that leads to getting tailoring properties.

In the present reseach two types of membranes: porous membrane for ultra-
yltration and non-porous (dense) membrane for pervaporation were developed.
Polyphenylenesulphone (PPSU) was chosen as the polymer material due to its
thermal and chemical resistance and high tensile strength; titanium dioxide (TiO,)
was chosen as a modiyer due to its low cost, high reusability and chemical stabil-
ity. Physical and chemical properties of PPSU/TiO, membranes were studied by
atomic force microscopy, scanning electron microscopy, Fourier-transform infrared
spectroscopy, nuclear magnetic resonance, X-ray di raction analysis, swelling ex-
periments, thermogravimetric analysis and contact angle. The transport properties
of UF membranes were investigated in separation of the bovine serum albumin
(BSA) and cutting puid. Transport properties of PV membranes were investigated by
separation of several industrially signiycant mixtures: isopropanol/water and ethyl
acetate/water mixtures. It was found that introduction of TiO, leads to signiycant
improvements of yltration properties of membranes based on PPSU.
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A bottom-up construction of functional materials based on supramolecular
self-assembly has been a subject of fundamental interest for the past years. The
main purpose to study the properties of supramolecular association, as well as
modiycation of the initial components or using additives to obtain materials with
di erent properties.

In our research, melamine and barbituric acid were chosen as objects of in-
vestigation. Barbituric acid is closed analog of cyanuric acid, and it is known that
melamine and cyanuric acid are canonical recognition pair, undergo a hydrogen-
bonding driven molecular self-assembly [1]. Barbituric acid has in the structure an
active methylene group located at the C-5 position in the molecule. This position
is a reaction center and can be easily involved in condensation reactions with alde-
hydes or ketones that do not contain an U-hydrogen. This general type of reaction
is known as the Knoevenagel condensation reaction. Knoevenagel condensation
is an important and widely used method for the formation of carbon-carbon bonds
in organic synthesis with numerous applications in the synthesis of carbocyclic
and heterocyclic compounds [2]. Initially we used vanillin as an aldehyde since
it is human friendly material. After that we was interested in another aldehydes,
whose chemical formula is similar to vanillin. We created a correlation between
the addition of functional groups in modify barbituric acid and properties of them
in luminescence.

We have considered how various substituents in the modiycation of barbi-
turic acid by R-substituted benzaldehydes a ect the luminescence not only for
modiycation of barbituric acid, but also of the supramolecular assembly. In the
future, it is also planned to consider other structures. Since the luminescence of
these assemblies can help in the subsequent detection of various substances that
can be included in this supramolecular assembly, as for example in the works of
our university [3], where various dyes were included in the melamine barbiturate,
as an indicative model of the possibility of capturing large organic molecules by
supramolecular assemblies.
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Melamine (C,H.N,) is a heterocyclic nitrogen compound which is used in the
synthesis of melamine-formaldehyde resins. But because of its high percentage
of nitrogen and low price melamine was illegally added to dairy products, infant
formulas, chocolates, etc in order to increase the protein content. Melamine itself
has a low toxicity, but in the presence of cyanuric acid, melamine precipitates in
the kidneys in the form of melamine cyanurate crystals, which can lead to kidney
failure. The need of monitoring melamine required the development of new analyti-
cal methods with higher sensitivity and rapidness. Due to the complex matrix of
the dairy products, the preparatory stages are necessary for its subsequent analysis.
Deep eutectic solvents have recently become increasingly popular as an ecological
e ective extractants. These eutectic solvents are compounds formed by a donor
and an acceptor of hydrogen bond, the formation of this bond signiycantly lowers
the melting point of the eutectic solvent. Deep eutectic solvents can be made from
environmentally friendly natural compounds such as thymol, menthol and fatty
acids. In current work, natural deep eutectic solvents were yrstly used for separa-
tion and concentration of melamine from milk and dairy products for subsequent
HPLC-UV analysis. DESs based on natural terpenes (thymol and menthol) and
fatty acids were considered as eutectic solvents. In current work was shown that
DES that consist of thymol and carboxylic acids show the highest extraction ef-
yciency at the level of 95% in a wide pH range. It was also optimized the condi-
tions for the melamine extraction. Optimal conditions allow to use this method to
determine the melamine at the level of 1 pg/kg, which allows to use this method
for food quality control.
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Fig. 1. Scheme of microextraction of melamine from a powdered milk using DES
prior to HPLC-UV analysis.
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Chemical power sources are used in portable electronics and electric vehicles,
energy storage and power systems. In particular, the use of low-temperature bat-
teries and supercapacitors in devices designed for cold climates or space is of great
interest. The main disadvantage is a signiycant decrease in capacity and rapid
discharge at low temperatures. As a rule, the operating temperature range of such
systems is from -20 to + 60 AC, however, their e ectiveness is greatly reduced
bellow 0 AC. Due to a decrease in temperatures, the kinetics of electrode processes
in chemical current sources slows down. In this case, an increase in viscosity of
electrolyte occurs, which leads to a decrease in conductivity and di usion limita-
tion of charge transfer.

Manufacturers are doing their best to increase the density of energy storage,
thereby increasing the battery life of devices. One of the ways to solve this problem
is to create an e ective cathode material capable of showing the best characteris-
tics at low temperatures in comparison with those currently used ones. Polymer
complexes of nickel with ligands of the Salen type are a promising material for
use in energy-intensive sources due to a more pexible structure and a highly de-
veloped surface, which has a signiycant e ect on both the capacity and stability
of such complexes.

Herein, the energy storage characteristics of cathodes based on Salen type
materials at low temperatures were determined. The polymer nickel complexes
with ligands of the Salen type were synthesized by electrochemical polymeriza-
tion. The electrochemical properties, as well as the kinetics of charge transfer, were
investigated by the method of cyclic voltammetry. Mass transfer parameters of
the polymer ylm in the di erent electrolytes were determined by electrochemical
quartz microbalance. The study was carried out in anhydrous solutions based on
acetonitrile with the addition of various salts of electrolytes, whose anions di er
in size and mobility.
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Mushrooms and their extracts have long been used in folk medicine and food
due to their low caloriyc value and pleasant taste and are also reported to have
beneycial biological activities, thus now found applications in nutraceutical and
pharmaceutical products. They are ylamentous fungi with fruiting bodies packed
with beneycial nutrients such as carbohydrates, ybers, proteins, vitamins, and miner-
als [1]. Mushrooms with medicinal value are deyned as fimushroom nutraceuticalso
and are consumed in capsule or tablet form as dietary supplements. Simultaneously,
interest in mushrooms as a potential source of bioactive compounds has increased,
and much research on the bioactivity of these compounds has been conducted in
the last two decades. The secondary metabolites derived from mushrooms have
demonstrated diverse biological properties such as anticancer, antidiabetic, im-
munomodulatory, antimicrobial, anti-inpammatory, antiviral, antiallergic, and
antioxidative activities [2].

Basidiomycetes, which were used for the project, were cultivated with the mi-
croelements for enrichment. Enrichment basidiomycetes can be used as a dietary
supplement in meat products. Microelements that were used are zinc, selenium, and
magnesium. For this work anticancer metabolite, ergosterol was chosen to estimate
its quantity in dry powder depending on the content of the microelements.

The method of the extraction was chosen and optimized based on the number
of dry powder samples. Gas chromatography coupled with mass spectrometry
of electron beam was chosen as a standard method for the detection of sterols.
Correlation between quantitative content of microelements and quantitative content
of ergosterol was founded.
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In modern coordination chemistry, the search for novel ligands is one of the
aims of principal importance. Pyridyl-functionalized phosphinines [1] can be an
example of new potentially applicable ligand class. Herein, we examine the reac-
tivity of chelating phosphinine towards copper(l).

Two novel phosphinine-containing copper(l) complexes and their isostructural
diimine analogues were synthetized and characterized. The photophysical behavior
of these systems strongly depends on the properties of the chelating ligand. Low-
temperature solid-state emission spectra reveal the thermally activated delayed
puorescent nature of the emission state.

Fig. 1. Molecular structure of phosphinine-containing copper(l) complex

Acknowledgments: This work is supported by the German-Russian
Interdisciplinary Science Center (G-RISC) funded by the German Federal Foreign
O ce via the German Academic Exchange Service (DAAD). The authors are
grateful to St Petersburg University Research Park.

References
1. N.T. Coles, A. Soye Abels, J. Leitl, R. Wolf, H. Gr¢tzmacher, C. M¢ller //
Coord. Chem. Rev. 433, 213729 (2021).
55



Diastereoselective Synthesis of U-Lactams via Two-
component Castatlgnoll_-Cushman Reaction of Imines and
Glutaric Acid Derivatives

Paramonova Polina', Bakulina O. %, Kalinin S.?*, Krasavin M.*
paramonova.ps@gmail.com

1Saint Petersburg State University, Saint Petersburg, Russia

Multicomponent reactions are a powerful tool for synthesizing diverse libraries
of compounds with periphery’s variations. One of such reactions is Castagnoli-
Cushman reaction (CCR) between anhydrides and imines (prepared in a separated
step or generated in situ from amines and aldehydes). CCR is a stereoselective
and convenient approach leading to saturated (high Fsps) skeletally diverse lactams
with several stereogenic centers. Such molecules are known as “lead-like” com-
pounds and are of great interest for medicinal chemistry applications. In particular,
2-piperidone moiety is presence in such natural products as anticancer piperlongu-
mine, antinociceptic alkaloid allomatrin and others [1-2]. Thus, investigation of
the range of possible substrates for CCR is a privileged goal for synthetic organic
and medicinal chemists.

Previously in our research group saturated U-lactams could be only synthesized
via reduction of their unsaturated analogs [3]. Moreover, such method led to for-
mation of only two stereogenic centers in positions 2- and 4- of lactam’s ring in
cis-conyguration.

In this study we accomplished a two-component format of CCR of imines 1
and glutaric acid derivatives 2 (Scheme 1).
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Scheme 1. Preparation of U-lactams 4a-p.

Except for several examples, in most cases, it was problematic to isolate pure
compounds 3. So, we conducted methylation of 3 with further puriycation by pash
column chromatography. Such strategy led us to a set of saturated U-lactams with trans-
conyguration of substituents in the 2- and 4-positions of the heterocyclic ring.
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Binary and composite 13/15 materials are widely applied in micro- and
optoelectronics and semiconducting materials. The chemistry of 13/15 group ele-
ment hydrides is a rapidly developing area, since such compounds can be used as
single-source precursors for composite materials [1, 2]. In contrast to compounds
containing organic substituents, hydrides do not contaminate the product with car-
bon. However, phosphanylboranes require an additional stabilization, because they
can polymerize due to the donor-acceptor interactions. Development of precursors
for CVD, which contain both 13 and 15 group elements at di erent ratios in one
molecule is of particular interest.

In this work the IDipp-stabilized triphosphanylborane was synthesized from
IDipp-BBr, complex and LiPH,LDME (IDipp = 1,3-Bis-(2,6-diisopropylphenyl)-
imidazolin-2-yliden, DME = 1,2-dimethoxyethane). The solid LiPH tDME was
added to the suspension of IDipp-BBr, in THF, cooled to -80 °C, stirred for 2 hours
in a cooling bath, than removed from the cooling bath and left to reach the room
temperature. After that the THF was removed, product extracted with toluene, than
dried under vacuum and washed with hexane. Puriycation of the target product
is di cult due to the similar solubility of the starting IDipp-BBr, complex and
IDipp-B(PH,), in THF, toluene or hexane. According to the "B and 3P NMR-
spectra the product is formed, but only a minor amount of starting materials was
converted. Further work will be related to the search of another precursor instead
of IDipp-BBr,.

-z
N -3LiBr N

N~(‘ +3 LiPH, - DME > N—(
THF,-80°C > r.t,2h 5—PH,
BBr3 TYPH
Hp T2

Fig. 1. Synthetic route to triphosphanylborane.
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Deep eutectic solvents (DES), having similar properties to ionic liquids,
are increasingly used in various yelds of analytical chemistry. They have been
proven to be an environmentally safe alternative to commonly used toxic organic
extractants such as chlorinated organic solvents. DES is a mixture of two or more
precursors with a melting point lower than that of the individual components. The
composition of DES can be easily varied, which allows tuning its properties for
selectiveande cientextraction of the target compound. In this study, hydrophobic
DESs based on menthol and long-chain alcohols, stable in aqueous medium, were
studied for the separation of zearalenone from bread for the yrst time.

The main problems of food analysis are low concentrations of analytes and
the complexity of matrices, that contain many interfering components, so the
analyte should be extracted and preconcentrated prior to its determination. To
solve this analytical task, an e ective, fast and sensitive dispersive liquid-liquid
microextraction method based on the hydrophobic deep eutectic solvents was
developed in this work. The suggested sample preparation procedure (Fig. 1) was
coupled to high-performance liquid chromatography with puorometric detection
and allowed zearalenone quantiycation in food at trace level.

Addition of the Extraction Injecting the HPLC with
DES precursors from a solid extract in water for Phase fluorescence
solution in a polar sample liquid-liquid separation detection

solvent mlclov:xhactlon

-Ia -
= —
—
DES phase
—
hydrophilic
analyte emulsion aqueous phase

G-undmg the cereal

. product sample

Fig. 1. Sample preparation procedure.
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Nowadays, there are many methods of detection of various bioelements for
monitoring human health. Most of them are required special equipment, high
expenses, and a long time to obtain results. In this work, we report on using poly-
electrolyte multilayers for robust carbon yber-based potentiometric sensing to
determine ion concentration in human biopuids.

The electrochemical detection is realized using miniaturized ion-selective
electrodes modiyed with polyelectrolytes. In this investigation, polyelectrolytes
are applied as a modiyer of the working surface by layer-by-layer (LbL) deposition
to improve sensor electrochemical characteristics. This approach based on the se-
quential deposition of oppositely charged molecules due to electrostatic interactions
allows formatting of ultrathin molecular ylms with wide functional possibility.

The electrode application is demonstrated to measure detectable ions, such as
potassium and sodium, in urine and blood samples from patients with COVID-19.
The level these analytes in the human organism is an essential indicator of human
health and a deviation from the normal content can be a signal of the presence of a
disease. It was detected that potassium content is below normal and sodium content
is above normal in the studied samples. It is found that an imbalance in the content
of potassium and sodium in urine and blood is related to changes in the content of
zinc in patients with coronavirus which was studied previously.

In the future the sensor system based on miniature ion-selective electrodes and
combined with software of digital device will enable to collect of large data to
early diagnosis and rapid monitoring.
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Overcharging of lithium-ion cells is one of the causes of serious safety problems.
Despite many e orts to prevent these problems by using battery management
systems, chemical protection remains the most reliable solution [1].

Fig. 1. Application of overcharge protection of lithium-ion cells
The aim of this work is to develop a new approach to overcharge protection
of lithium-ion cells, which is provided by the use of an electrically conductive
polymer that changes the electrical conductivity from conductive to insulating
state depending on the battery operation status.
To achieve this aim, Salen type ligands can be used and their properties can be
regulated by increasing the length of alkoxy chains at the 3-position of Salen ligand.
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i . 7N
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R = Bu, Hex, Oct, n-Cy5Hjs

Fig. 2. Scheme of the synthesis of the monomer complex.
Then, the target polymer layers were obtained by electrochemical polymeriza-
tion and their thermo- and potentioresistive properties were investigated.
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The signiycance of the ocean pollution caused by industrial waste and the reuse
of wastewater requires new e ective treatment systems based on the use of sunlight
for removing toxic organic pollutants and hazardous living microorganisms. The
present research aims to provide an approach for the regulation of photocatalytic
activity using doped wide band gap semiconductor nanoparticles under ultraviolet
(UV) and visible-light irradiation. In order to clarify this aspect, we synthesized
Ni-doped SnO, nanospheres by precipitation method with dopant concentrations
11 mol% and 33 mol%. The inpuence of crystallite size (regulation is achieved
due to the initiation of slow and fast processes of NP formation) on photocatalytic
activity is also under discussion.

As expected, XRD data demonstrated rutile SnO, peaks only (PDF 00-041-
1445). According to TEM and SSA data, the nanosphere diameter do not exceed
4 nm. XPS data conyrms the valence state of Ni and Sn atoms. In addition, the
amount of structural defects and oxygen vacancies was determined using Raman
spectroscopy and XPS, respectively. The band gap values were determined by UV-
adsorption spectra. The band structure and density of states of the as-prepared NPs
were calculated within the density functional theory approach. The photocatalytic
activity of the samples was tested using colored methylene blue (MB), E. coli bac-
teria, UV, and 2 visible light sources of di erent intensity with predeyned emission
spectra under mechanical and gas bubble stirring. The “dark” adsorption of organic
molecules on the surface of the samples has been studied.

The results obtained helped to establish that gas bubble stirring improved the
photocatalytic degradation of MB from 73% (magnetic stirring) to 86% (aeration)
for the sample with 33 mol% of dopant, which show that oxygen and air nano-
bubbles can act as environmentally friendly catalysts for boosting the performance
of photocatalytic water treatment systems. Based on research, photocatalytic activity
of Ni-doped SnO, is determined by structural parameter speciyed by the oxygen
vacancy amount/defect amount ratio which can be easily adjusted/regulated by
changing the synthesis parameters.
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equipment of the Research Park of St. Petersburg State University (Centre for X-ray
Di raction Studies, Chemical Analysis and Materials Research Centre, Centre for
Physical Methods of Surface Investigation, Centre for Optical and Laser Materials
Research, Interdisciplinary Resource Centre for Nanotechnology).

61



Multielectrode Electrochemical System for Antibiotics
Detection in Raw Milk

Pomytkina Anastasial, Ostrokhishko A.A.%,
Lavrentev F.V.%, Skorb E.V.?
pomytkina@infochemistry.ru

HTMO University, Saint Petersburg, Russia

The widespread use of antibiotics leads to the rapid spread of antibiotic resis-
tance and poses a high risk to human health. The presence of antibiotics in the
microbial system can lead to genetic mutations that allow bacteria to survive and
then multiply as antibiotic resistant.

There are many ways to classify, but electrochemical biosensors have several
advantages. They are portable, reliable, and highly sensitive.

We propose to use current-voltage characteristics (VAC) to detect various
concentrations of antibiotics. This approach represents a new way of assessing
the food industry. The use of machine learning methods in this work allowed us
to obtain signiycant scientiyc results and new possibilities for analysis.

This electrochemical system demonstrates a new approach to the detection of
di erent groups of antibiotics.

Fig.1. Scheme of the electrochemical system
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In recent decades, transition metal complexes with aminocarbene ligands
(NHC — N-heterocyclic carbenes, ADC — acyclic diaminocarbenes) took a special
place in coordination and organometallic chemistry due to their wide applica-
tion in various application areas such as catalysis, material design, and medical
chemistry. One of the promising and easy in processing methods for generating of
complexes with various types of aminocarbene ligands is metal-mediated addition
of nucleophiles to coordinated isocyanides [1].

In this work, we have studied the Pd" and Pt"-mediated coupling of aryl iso-
cyanides with azaheterocyclic thiones acting as ambident S,N-nucleophiles. The
reaction of bis(arylisocyanide) complexes with thiones in the presence of one
equivalent of base leads to the formation of mononuclear C,S-chelated aminocar-
bene complexes in which the carbene fragment is formed by the endocyclic nitrogen
atom of the thione what is the yrst example of such interaction [2]. In the presence
of excess base in the reaction with unsubstituted thiones yields the deprotonation of
the formed complexes and allows obtaining polynuclear coordination macrocyclic
compounds. These compounds can be converted to mononuclear species by the
addition of triphenylphosphine.
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Fig. 1. Coupling of coordinated arylisocyanides with azaheterocyclic thiones.
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Functional additives can signiycantly improve the energy storage performance
of poly(3,4-ethylenedioxythiophene) (PEDOT). For example, sulfonated polysty-
rene (PSS) increases conductivity of PEDOT, while polycatechol improves the
capacity of material (Figs. 1, 2). Recently, we reported a novel SPVQ polymer,
which combines the properties of both polymers. Herein we report the improved
approaches for the synthesis of the PEDOT:SPVQ materials via electrochemical
and chemical routes.
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Fig. 1. The oxidation reaction of SPVQ.
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Fig. 2. Cyclic voltammograms curve of PEDOT:PSS and PEDOT:SPVQ yIms.
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In the last decades, many novel polymeric materials have been considered for
preparing highly energy-e cient liquid and gas separation membranes. Considering
the advantages of polymer membranes, the incorporation of inorganic nanoparticles
into a polymer matrix can be an exciting solution for the development of materials
with improved operational and transport properties. Layered perovskite-like oxides
seem to be promising modiyers due to a combination of two factors: 1) the pos-
sibility of creating selective channels through the interlayer space of the perovskite
structure; 2) the possibility of increasing the free volume in the membrane, which
should increase the permeability of the membrane from solid particles, which will
loosen the polymer chains.

The aim of this work was to develop and comprehensively study membranes
with the addition of perovskite-like oxides in a polymer matrix. Special attention
was paid to the study of the structure formation of hybrid membranes by SEM
and AFM methods, which revealed di erent compositions of the upper and lower
surfaces of perovskite-containing membranes. The inpuence of inorganic modiyers
on thermal properties, hydrophilicity, and density is estimated.

The pervaporation performance of the membrane was evaluated for the metha-
nol/cyclohexane mixture. Pervaporation experiments showed that incorporating
perovskites is in favor of enhancing the membrane performance — high selectivity
and increased permeability. The gas separation properties of the mixed matrix
membranes are discussed and compared with the neat polymer. Pure gas permeation
measurements show a drastic increase of separation e ectiveness for all gases (H,,
He, O,, N,) compared to the neat polymer.
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Ultrasound treatment usage for fabrication of various materials ynds applica-
tion in medicine [1] in the industry [2] in catalysis [3] or green chemistry. With
the cavitation e ect, sonochemically modiycation allows the formation of a mor-
phology gradient on the surface. Cu-Zn alloy is well-known as a high-e ective
catalyst. Free radical formed on the surface Cu-Zn alloy dramatically a ected cell
function. Release usually forced with the dissolution of the system were copper
incorporated roughness a ect. Ultrasound cavitation using for active surface con-
struction, whereas bacteria themselves bring in the power and trigger the response.
Interestingly synergy e ect of combination sonochemical treatment and bacterial
metabolism to the protection of biocompatible surfaces were studied. At present
research, we wanted to design several phases of Cu-Zn alloy for testing a biocide
activity. The hypothesis was to determine how di erent functional groups on the
surface of the ultrasound structuring Cu-Zn alloy were a ected by bacterial strains.
The idea is that a signiycant role places copper ions releasing from the species.

In summary, we have successfully fabricated gradient materials of ultrasound
treatment of Cu-Zn alloy. After the sonication, the alloy was easily separated at
three di erent phases with di erent surface morphology and release activity of
copper ions.
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At present, considerable attention is being paid to the study of the deposition of
calcium phosphate minerals. Until now the mechanism of precipitation of calcium
phosphates in human body is of interest.

It is known that calcium and phosphorus are the main inorganic components
of bone tissue, are part of the mineral phase of hydroxyapatite. These chemical
elements support the structural basis of the body.

The main functions of calcium are the protection of the musculoskeletal sys-
tem and the regulation of muscle contraction. In addition, calcium is an important
component of the blood clotting system.

Understanding the process of calcium phosphate precipitation is of great inter-
est for various yelds of science. Phosphates are formed in the presence of various
dextrorotatory or levorotatory U-aminoacids, enzymes and hormones in living
organisms [1-2].

The aim of the research was to create gradient materials and determine the
properties of the obtained materials.

Samples with gradient precipitation of calcium phosphate in the volume of agar
solution were selected. These samples were obtained by mixing 0.02 mol Na,HPO,,
0.4 wt. % agar solution, and active substance. In our research, such additives as
L-ascorbic and L-glutamic acids were used in various concentrations. Precipitated
calcium phosphate without additives was taken as a control sample.

The gradient concentration of calcium in obtained materials was checked using
titration. Titration was performed using an ammoniabu er and black T eriochrome
ground into powder in a mortar with sodium chloride.

Thus, the titration has determined that our model system allows to fabricate
the materials with gradient concentration of calcium. The amount of calcium ions
in such materials is varied from 0.2 mol/l.g to 0.05 mmol/ILg.
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The donorTacceptor complexes based on 13-15 group elements are prospective
precursors for the chemical vapor deposition (CVD) of binary and composite nitride
[1]. Bidentate N-donors such as pyrazine (pyz) and 4,46-bipyridine (bipy) can form
metal-organic frameworks (MOFs) with aluminium trihalides [2]. AI(C,F,), is one
of the strongest Lewis acids used in catalytic reactions [3].

In the present research the structures of the complexes AI(CF,), with pyz,
2-aminopyridine (aPy) and bipy were established by X-ray structural analysis for
the yrst time (Fig. 1). The complex Al(C.F,), with pyridine (Py) was reported earlier
[4]. Despite of N atom of the pyridine ring is more basic than the amino-substituent,
in complex with aPy aluminum atom coordinate the NH,-group with simultaneous
transfer of a proton to the N atom of the pyridine ring. It makes possible to achieve
super short donor-acceptor AITN bond lengths. Based on the values of the AITN
bond length in A, the increase in the strength of the donor-acceptor interaction
occurs in the following order: Al(CF,)..aPy (1.885(1)) > AI(CF,),LPy (1.959(2))
& Al(C,F,),Lbipy (1.962(2)) > AI(C,F,),L.pyz (2.025(1)).
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Fig. 1. Molecular structures of studied complexes in crystals. I AI(CF,).-pyz. Il
AI(CF,),-aPy. I11 AI(C.F,),bipy.
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Indenes are privileged structural motif in organic and organometallic chemistry.
They are present in many biologically and pharmaceutically active compounds.
Although a wide range of synthetic methods for indene ring formation have been
reported, substituted indenes are still challenging to obtain, especially from cheap
and accessible reactants [1].

Superelectrophilic activation of unsaturated compounds is an important and ef-
ycient tool for synthesis of various organic molecules, and the attempts to develop
suitable methodology for substituted indenes and indanes were fruitful [2]. We found
that trihalomethyl-substituted enone 1 readily reacted with various arenes to obtain
enones 2a-f. Reactions with some arenes yielded an intermediary product 3a-b.

CH3  R=H (a)
Ai TfOH A 4,7-Me; (b)
X + ArH —_— - 5,6-Me, (c)
CHalg ChHs RT or 60°C, 1-72 h s 5,7-Me» (d)
1 CHalz 4,5,7-Mes (e)
2a-f (20-47%) 5,6-MeO, (f)
R
N
‘\/
[e]
M + ArH Tron i R=4-MeO (a)
—
CHalg CHg RT.2h CliC CH;  24-MeOz (b)

1 3a-b (47-68%)
Fig. 1. Reactions of enone 1 with diterent arenes.
Plausible reaction mechanism includes the generation of protonated species A,
which reacts with an arene via electrophilic aromatic substitution. Resulting cation B
cyclizes intramolecularly to species C which subsequently dehydrates to yield indene

2. The intermediate B that does not undergo cyclization hydrolyzes to ketone 3.
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Fig. 2. Proposed reaction mechanism.
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Development of plasmonic nanomaterials with high localization of electromag-
netic yeld is an actual task in optical spectroscopy and nanophotonics. Substrates
with dimers and larger aggregates of nanoparticles (NPs) are advantageous due to
their higher optical activity compared to substrates with single NPs [1]. Particularly,
controllable preparation of nanoparticle dimers is important for further develop-
ment of optical sensors with a detection limit up to single-molecule level. Using a
systematic approach to the study of surface modiyers with properties of molecular
linkers, we studied four classes of compounds, one of those is tolanes. Tolanes
are well-known structure-forming units in the yeld of metal-organic frameworks
[2]. In this work, we considered the possibility of their use for controlled self-
organization of silver NPs.

To modify the surface of silver NPs, 4,4'-diaminotolane (DAT) was used.
Obtained NPs were studied by SERS (surface-enhanced Raman scattering), UV-Vis,
puorescence spectroscopy and transmission electron microscopy (TEM).

TEM study of the morphology, size and dispersion of silver NPs modiyed by
DAT showed a presence of oblong di- and trimers of NPs formed, probably, due
to bridging by organic molecules. Percentage of NPs aggregates in relation to in-
dividual NPs displayed direct dependence on the concentration of DAT in initial
solution, but only in the range of 10712.5T10° mol/l. At higher concentrations of
the modiyer, signiycant decrease in the number of NPs dimers was observed in the
TEM images. The absorption spectra recorded for silver colloid at di erent DAT
concentrations, agreed with the TEM results. They demonstrated a long-wavelength
shift of the plasmon resonance band during the formation of NPs aggregates. The
SERS spectra of NPs modiyed by DAT showed a non-monotonic character of the
concentration dependence with a maximum at 2.5110°¢ mol/I.

Comprehensive analysis of the obtained data suggests that the e ciency of
crosslinking of silver NPs with DAT is determined by the degree of surface coating
and occurs at sub- or monolayer coverage only.
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Materials doped with rare earth ions (REI) can be used in solid-state lasers,
energy conversation and image generation devises. Systems with REI are promis-
ing in creating smart materials that able to deliver information on their elapsed life
cycle, speciyc environmental inpuences conditions when it requires no constant
power supply [1]. Oxide particles doped with a several REI have a complex optical
system in which a unique identiycation (ID) signal can be created.

The weakly-agglomerated Gd,O,: Nd*, Er®, Tm** particles of single-phase were
obtained in the work. The synthesis was carried out in three di  erent ways based on
Pechini method. The results of the X-ray di raction analysis (XRD), morphology
(SEM), static light scattering was obtained. ID code markers have been proposed
based on the investigated luminescent properties (Fig. 1).
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Fig. 1. Excitation spectra of single doped Gd,O,: Nd**/Er**/Tm** samples.
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At the moment there is an actual problem of water pollution by cyclic organic
compounds (COC) such as antibiotics and dyes, which poses a threat to the envi-
ronment. Cheapness, environmental friendliness and the absence of need to use a
complex plant are important for water puriycation. In this regard, the process of
COC photodegradation using wide band gap semiconductor nanoparticles (NPSs)
is becoming a growing trend, but for these materials only the UV part of the
solar spectrum can drive photocatalytic reactions, which is unsafe and increases
operating costs in the case of artiycial light sources. Doping allow diminish the
band gap value and to shift the photocatalytic activity towards visible part of the
spectrum. Among a large number of semiconductor materials, tin dioxide stands
out with a rutile-type structure, which is tolerant to tin atoms substitution in the
crystal lattice. But there is a lack of information about the impact of dopants with
the same oxidation state as for tin (V**, Ti**) on the NPs structural parameters and
photocatalytic properties.

Spherical doped NPs were synthetized by co-precipitation method. The syn-
thesis temperature and reaction media composition were varied to change the rate
of NPs formation. All samples were characterized by XRD, FTIR, TEM, XPS,
Raman spectroscopy and SSA estimation. The band gap values were calculated
from absorption spectra. The organic dye Methylene Blue (MB) solution was taken
as a model system for kinetic of photodegradation under visible light irradiation
study. For both dopants the crystallite sizes become smaller with the decrease of
temperature and increase of pH value. The increase of dislocation density leads to
the exponential growth of oxygen vacancies (\Mo): defects (D) amounts ratio. The
most e ective for photocatalysis are NPs with VV 11 mol %, which were synthe-
sized by fast reaction and at a temperature of 25  (82% of MB decomposed in
60 minutes). For the yrst time the impact of Vo: D ratio on samples photocatalytic
activity was taken under consideration. It was shown that the enhanced behavior
was demonstrated by the samples with higher amount of vacancies and a lower
amount of defects simultaneously.
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Phase transformations cover a wide range of phenomena that are widespread
in nature and are often used in industrial practice. Many methods of separation of
substances and technological processes are based on phase transformations.

The purpose of this work is to obtain data on phase equilibrium by various
methods. Data on the liquid-vapor equilibrium in the system - acetic acid - ethyl
alcohol - ethyl acetate - water were calculated on the basis of the UNIFAC group
model (Fig. 1).
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The development and introduction into industrial production of processes
with supercritical puids is currently an urgent and interesting task. Its study helps
to discover new information about homogeneous and heterogeneous systems,
to establish new physicochemical laws, which is of considerable interest for the
development of physical chemistry. Processes with critical transitions are used in
various industries, from pharmaceuticals to perfumery, biodiesel production and
supercritical puid chromatography.

The purpose of this work is to study chemical equilibria and critical phenom-
ena in acetic acid — n-butyl alcohol — n-butyl acetate T water system at 318.15 K
and 101.3 kPa. Fig. 1 (square of transformed compositions variables U) repects

104 . . . . _Obtained data on homogeneous,
heterogeneous and critical chemi-
05 . . | cally equilibrium compositions.
° ¢ The concentration and thermody-
namic constants were calculated
° for the homogeneous chemically
equilibrium mixtures.
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Chalcogenide glasses are a promising material for creating elements of IR op-

tics. However, at the same time, they have

low plasticity due to the high degree of

covalence of the bonds forming them. This fact, in particular, signiycantly limits the
use of optical yber based on chalcogenide glasses due to the di  culties associated
with its bending. An increase in the plasticity of glass at room temperature can be
achieved by changing the composition, signiycantly lowering the glass transition
temperature. However, often in practice this means a narrowing of the permissible

temperature range of glass operation, a
decrease in chemical resistance, or an
increase in toxicity.

As itturned out, there is another way to
increase plasticity: the introduction of sil-
ver chalcogenides into the glass. In these
compounds, along with a grid of directed
covalent Ag-Se bonds, there is a grid
of non-directional Ag-Ag metallophilic
bonds [1], which explains their abnormal
plasticity [2]. Thus, the introduction of
Ag,Se into the glass of the composition
(0.27Sh,Se,*0.73GeSe,) leads to a signiy-
cant increase in the plasticity (more than in
three times) of the glass while maintaining
a high (for chalcogenide glasses) its glass
transition temperature. At the same time,
the glass retains transparency in the near
IR range, which is its main functional
property.
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