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Prof. Peter Lieberzeit

Full Professor and Head of the Department of Physical Chemistry,
University of Vienna, Vienna, Austria

Short CV

1991-1996 MSc in Chemistry at the University of Vienna, graduated with distinction

1996-1999 PhD in Chemistry @UNIVIE, graduated with distinction

2007 "Habilitation" ("Post-doctoral Lecture Qualification" in Analytical Chemistry)

1997-2007: Research Assistant at the Department of Analytical Chemistry of the University of Vienna
2007-2011: Associate Professor

Since October 2011: Full Professor. Since Feb. 2016 at the Department of Physical Chemistry

Since October 2014: President of Studies Legislations and Affairs at UNIVIE

More than 140 papers indexed in Web of Science (h=30) and roughly 180 conference contributions.
Wolfgang Goepel Award at ISOEN 2007 in St Petersburg.

2011 Fritz Feigl Award of the Austrian Society for Analytical Chemistry (ASAC).

Since 2018 Member of the Editorial Board of Sensors and Actuators B (IF=7.1).

General Chair of the 17th International Meeting on Chemical Sensors (IMCS2018) in Vienna.

Since 2018 Chairman of the International Scientific Committee of the IMCS conference series.

Member of the Editorial Advisory Boards of Analytical and Bioanalytical Chemistry (IF=3.3) and Monatshefte
far Chemie/Chemical Monthly (IF=1.34).

Scientific interests

Developing highly selective, artificial recognition materials based on polymers and biomimetics.

Key publications

1. Chunta, S.; Suedee, R,; Singsanan, S.; Lieberzeit, P.A. Sensing array based on molecularly imprinted
polymers for simultaneous assessment of lipoproteins. Sensors Actuators, B Chem. 2019, 298, 126828,
doi:10.1016/j.snb.2019.126828.

2.Van Ho Phan, N.; Sussitz, H.F.; Ladenhauf, E.; Pum, D.; Lieberzeit, P.A. Combined layer/particle
approaches in surface molecular imprinting of proteins: Signal enhancement and competition. Sensors
(Switzerland) 2018, 18, doi:10.3390/s18010180.

3. Naklua, W.; Suedee, R.; Lieberzeit, P.A. Dopaminergic receptor-ligand binding assays based on
molecularly imprinted polymers on quartz crystal microbalance sensors. Biosens. Bioelectron. 2016, 81,
117-124, doi:10.1016/j.bios.2016.02.047.

Website

https://pchem.univie.ac.at/en/research-groups/chemical-sensing-and-rapid-analysis
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MOLECULARLY IMPRINTED POLYMERS IN RAPID ANALYSIS: CHANCES AND CHALLENGES
Lieberzeit P.A.Y, Unger C.%, Brduer B.*, Sudjarwo W.A.1, Alzahrani S. !, Werner M., Glueck M. *

tUniversity of Vienna, Faculty for Chemistry, Department of Physical Chemistry, Viena, Austria

Peter.Lieberzeit@univie.ac.at

Molecular imprinting of polymers has been developed for sensing purposes since the mid-1980s [1] and
has since then attracted substantial scientific attention, because it offers features that make it highly promising
for inherently mass-producible sensors: the resulting molecularly imprinted polymers (MIPs) offer recognition
properties that match those of natural antibodies [2]. However, consisting of artificial materials, they are more
rugged, easy-to use and suitable for sensing in non-physiological environments. Despite the huge body of
scientific work published, however, only very limited MIP-based sensors have found their way a bit closer to
actual application. When sensing biological species, for instance, there are quite few papers showing actual
real-life application [3]. Among others, the reasons for this are lack of detailed understanding of the
physicochemical processes taking place on the polymer surface and distribution of binding site affinities there

[4].

For instance, in the case of surface imprints for micro-organisms, the response behavior of the final
sensor does not only depend on polymer composition, but also on pH and salinity of the medium used for that
purpose: the former influences the zeta potentials of the surfaces involved. The latter may interact with the
transducer and thus lead to (sometimes unexpected) background signals. Gaining further understanding of the
binding processes becomes increasingly possible by utilizing surface mapping techniques, such as Raman
Microscopy combined with atomic force microscopy. This allows not only for distinguishing different bacteria
species present on surfaces, including those of molecularly imprinted polymers, but also between the polymer
surface, imprints, and cavities. Furthermore, high-resolution AFM allows for elucidating washing and rebinding
processes of such polymers in detail.

To address the second aspect — distribution of binding site affinities — the group of S. Piletsky in Leicester
has pioneered a solid-phase synthesis approach [5]. The main idea there is to synthesize so-called “nanoMIP”
or “MIP nanobodies”, i.e. particles that contain only a single, high-affinity binding site on their surfaces. This
allows for implementing them into assay formats, where they can in principle replace natural antibodies and
thus reduce assay costs substantially. In the case of using mass-sensitive transducers, such as the quartz
crystal microbalance (QCM), this for instance leads to in-situ read-out of both direct and competitive assays for
different proteins, such as human serum albumin (HSA) or insulin. Both fluorescence data and mass-sensitive
sensor characteristics indicate high-affinity binding between the nanoparticles and their respective target. This
leads to appreciable recovery rates (around 100%) even in the presence of interfering compounds and in
complex matrices, such as artificial urine.

References
[1] Leibl N., Haupt K., Gonzato C., Duma L., Chemosensors 2021, 9, 123
[2] Schirhagl R., Lieberzeit P.A., Dickert F.L., Adv. Mater. 2010, 22, 2078-2081.
[3] Braeuer B., Unger C., Werner M., Lieberzeit P.A., Sensors 2021, 21, accepted.
[4] Unger C., Lieberzeit P.A., React. Funct. Polym. 2021, 161, 104855.
[5] Refaat D., Aggour M.G., Farghali, A.A., Mahajan R., Wiklander J.G., Nicholls I.A., Piletsky S.A., Int. J. Mol.
Sci. 2019, 20, 6304.
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Dr. Timur Madzhidov
PR 4

» Senior Researcher, Chemoinformatics and Molecular Modelling Lab;
'{' Associate Professor, Chair of Organic Chemistry, A.M. Butlerov
A’ Institute of Chemistry, Kazan Federal University, Kazan, Russia

Short CV

Graduated from Kazan State University in 2007. Defended Ph.D. thesis in Organic Chemistry in 2011.
From 2011 to 2013 worked as post-doc in Chemoinformatics Lab, University of Strasbourg, France.

Invited Researcher in Chemoinformatics Lab, University of Strasbourg, about 1-2 months a year since
2014.

One of founders and authors of Master Program in Chemoinformatics and Molecular Modelling in Kazan
Federal University, the first educational program in chemoinformatics in Russia. The Program got
double-diploma status with University of Strasbourg in 2013 and international validation in 2015. Author
of textbook "Introduction to chemoinformatics". Leading research in chemical reaction mining,
applications of artificial intelligence in chemistry, drug and polymer design. Member of Early Carrier
Advisory Board members of journal "Mendeleev Communications".

Scientific interests

Chemoinformatics, artificial intelligence in chemistry, reaction informatics, materials informatics,
quantum chemistry, theory of atoms in molecules, digitalization of chemistry.

Key publications

1. Lodochnikova, O.A.; Latypova, L.Z.; Madzhidov, T.I.; Chmutova, G.A.; Voronina, J.K.; Gubaidullin, A.T.;
Kurbangalieva, A.R. "LpRsynthon" interaction as a reason for the strong amplification of synthon-forming
hydrogen bonds. CrystEngComm 2019, 21, 1499-1511, doi:10.1039/c8ce01982g.

2. Kutlushina, A.; Khakimova, A.; Madzhidov, T.; Polishchuk, P. Ligand-based pharmacophore modeling
using novel 3D pharmacophore signatures. Molecules 2018, 23, 1-14, doi:10.3390/molecules23123094.

3. Baskin, I.I.; Madzhidov, T.l.; Antipin, I.S.; Varnek, A.A. Artificial intelligence in synthetic chemistry:
achievements and prospects. Russ. Chem. Rev. 2017, 86, 1127-1156, doi:10.1070/rcr4746.

Website
https:/ /kpfuru/Timur.Madzhidov?p_lang=2
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ARTIFICIAL INTELLIGENCE IN SYNTHETIC CHEMISTRY: COMPUTER MEETS SYNTHESIS

Madzhidov T.L.%, Nugmanov R.1.1, Afonina V.A %, Fatykhova A.A', Rakhimbekova A.%, Baskin I.1.2, Antipin I.S.%,
Varnek A.2

1 Kazan Federal University, Kazan, Russia
2 Technion, Haifa, Israel
3 University of Strasbourg, Strasbourg, France
timur.madzhidov@kpfu.ru

Wealth of data on chemical compounds and organic reaction has been collected due to increasing
performance of synthetic work. The greatest databases contain about 100 min data on chemical reactions. It
opened the door for applications of big data analytics and data mining technologies (including artificial
intelligence approaches) in synthetic chemistry [1].

We will review some most important and interesting applications that artificial intelligence has found in
synthetic chemistry. We will describe how synthetic plan leading to desired compound can be deduced using
computational retrosynthesis or alternative approaches. Approaches for synthetic de novo design (e.g. design
of compound with desired property) will be specially described. Moreover, utility of artificial intelligence to
propose new chemical reactions will be demonstrated.

Having synthesis plan, one wants to know how performant is the particular reaction and select conditions
that lead to desired product. We will give an overview of Al-based computational approaches for assessing
reaction kinetics, thermodynamics, yield and optimal reaction condition. Especially we will focus on approaches
that can be used for analysis of reaction space to extract important information on chemical reactivity based on
bunch of data. We will show what’s wrong with Markovnikov rule and how its problems can be avoided.

And finally, we will give a brief review of the first steps of chemical robotics, discuss the most important
types of intelligent chemical robots and the applications were designed for.

References
[1] Baskin I.1., Madzhidov T.1., Antipin I.S., Varnek A. Russ. Chem. Rev. 2017, 86, 1127.

Acknowledgements. This work was supported by the Russian Science Foundation (project No 19-73-10137).
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Prof. Yulia Gorbunova

Corresponding Member RAS, Professor, Institute of General and
Inorganic Chemistry N.S. Kurnakov Russian Academy of Sciences,
Moscow, Russia

Short CV
Educational background (degrees, dates, universities):

M.Sc., 1990, Lomonosov Moscow State University, Chemical department

Ph.D., 1995, Institute of General and Inorganic Chemistry Russian Academy of Sciences (IGIC RAS)
Dr.Habil., 2006, Institute of General and Inorganic Chemistry Russian Academy of Sciences (IGIC RAS)
Professor, 2013

Corresponding member of Russian Academy of Sciences, 2016

Career/Employment (employers, positions and dates):

Kurnakov Institute of General and Inorganic Chemistry Russian Academy of Sciences, main researcher,
1993 - ongoing

Frumkin Institute of Physical Chemistry Russian Academy of Sciences, main researcher, 2002- ongoing
Vice-President of Mendeleev Russian Chemical Society, 2016-ongoing

Institute of Organic Semiproducts and Dyes, post-graduate student, 1990-1993

Publications
Number of papers in refereed journals - 250 (H-index 28; >2600 times cited)
Number of oral presentations in scientific meetings - 216
Awards

Award of European Academy of Science for young researcher, 2001

Russian Government prize in the field of science and techniques, 2002

L.A. Chugaev Award in coordination chemistry (Russian Academy of Sciences), 2010
Chevalier dans I'Ordre national des Palmes Academiques, Government of France, 2016

Scientific interests

Coordination chemistry, Supramolecular chemistry, Phthalocyanines, Porphyrins, Rare-earth elements,
Spectroscopy, Platinum metals

Key publications

1. Lapkina L.A., Larchenko V.E., Kirakosyan G.A., Tsivadze A.Yu., Troyanov S.I. and Gorbunova Yu.G.
Cation-Induced Dimerization of Crown-Substituted Phthalocyanines by Complexation with Rubidium
Nicotinate As Revealed by X-ray Structural Data. Inorg. Chem. 57, 82-85 (2018).

2.Martynov A.G., Safonova E.A., Tsivadze A.Y., Gorbunova Y.G.// Functional Molecular Switches Involving
Tetrapyrrolic Macrocycles. Coord. Chem. Rev. 387, 325-347 (2019).

3. Abdulaeva I.A., Birin K.P., Bessmertnykh-Lemeune A., Tsivadze A. Yu., Gorbunova Yu.G.
Heterocycle-appended porphyrins: synthesis and challenges. Coord.Chem.Rev. 407, 213108 (2020).



TETRAPYRROLIC COORDINATION COMPOUNDS —-THE BASIS OF LIFE AND NEW MATERIALS
GorbunovaYu.G.?2

IN.S. Kurnakov Institute of general and inorganic chemistry RAS, Leninsky prosp. 31, Moscow, 119991, Russia
2A.N. Frumkin Institute of physical chemistry and electrochemistry RAS,
Leninsky prosp. 31, bldg. 4, Moscow, 119071, Russia
Main researcher
Yulia.gorbunova@gmail.ru

Functional properties of macrocyclic tetrapyrrolic ligands are widely exploited in natural and artificial
systems. The molecular structure of free base porphyrins and their complexes can be precisely adapted to the
target function and the operating environment by varying the substituents on the macrocycle. Another tool
widely used by Nature to increase the functional performance of tetrapyrroles is the coordination and
supramolecular chemistry approaches. Such approaches lead to wide range of application of synthetic
porphyrinoids.

From the other side, the possibility to control and tune the properties of a single molecule attracts
scientists from ancient times to our days. This is well confirmed by the Nobel Prize in Chemistry in 2016 that
was awarded jointly to Jean-Pierre Sauvage, Sir J. Fraser Stoddart and Bernard L. Feringa "For the design and
synthesis of molecular machines”. High sensitivity of physical-chemical properties of porphyrinoids to external
influence paved them the way to the area of molecular switches with various types of actions. From this
viewpoint, porphyrinoids can be regarded as information processing systems, which convert input physical-
chemical data into output signals (Figure) [1].
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This report is summarized the recent results on the synthetic and material chemistry of tetrapyrrolic compounds
including the results of our scientific group [2-20].

References
[1] Martynov, A.G., Safonova, E.A., Tsivadze, A.Y., Gorbunova, Y.G Coord. Chem. Rev., 2019, 387, 325-347.
[2] Enakieva Yu.Yu., Sinelshchikova A.A., Grigoriev M.S., et al. Chem. A Eur. J., 2019, 25, 10552-10556.
[3] Martynov, A.G., Mack, J., May, A., et al. ACS Omega, 2019, 4, 7265-7284.
[4] Rozhkov A.V., Krykova M.A., Ivanov D.M., et al. Angew. Chem., 2019, 58, 4164-4168.
[5] Shekunova T.O., Lapkina L.A., Shcherbakov A.B., et al. J. Photochem. Photobiol. A, 2019, 382, 111925.
[6] Jiménez-Munguia |., Fedorov A.K., Abdulaeva I.A., et al. Biomolecules, 2019, 9, 853.
[7] Konarev, D.V., Khasanov, S.S., Batov, M.S. et al. Inorg. Chem., 2019, 58, 5058-5068.
[8] Zairov, R.R., Khrizanforov, M., Nizameev, I.R. et al. J. of Nanopart. Res., 2019, 21, art.12.
[9] Otvagin V.F., Kuzmina N.S., Krylova L.V., et al. J. of Medic. Chem., 2019, 62, 24, 11182-11193.
[10] Martynov A.G., Polovkova M.A., Berezhnoy G.S. et al. Inorg. Chem., 2020, 59, 9424-9433.
[11] Abdulaeva I.A., Birin K.P., Bessmertnykh-Lemeune A., et al. Coord.Chem.Rev., 2020, 407, 213108.
[12] Shokurov A. V., Kutsybala D. S., Martynov A. G., et al. Langmuir, 2020, 36, 1423-1429.
[13] Yagodin A.V., Martynov A.G., Gorbunova Yu.G., Tsivadze A.Yu. Dyes&Pig., 2020, 181, art. 108564.
[14] Kolesnikov I.E., Kurochkin M.A., Meshkov I.N. et al. Materials and Design, 2021, 203, 109613.
[15] Enakieva Yu.Yu., Sinelshchikova A.A., Grigoriev M.S. et al. Chem. — A Eur.J., 2021, 27, 1598 — 1602.
[16] Lapkina L.A., Sinelshchikova A.A., Birin K.P., et al. Inorg. Chem., 2021, 60, 1948-1956.
[17] Cailler L.P., Kroitor A.P., Martynov A.G., et al. Dalton Trans., 2021, 50, 2023 — 2031.
[18] Enakieva Yu.Yu., Zhigileva E.A., Fitch A.N., et al. Dalton Trans., 2021, 50, 6549-6560.
[19] Martynov, A.G., Polovkova M.A., Berezhnoy G.S., et al. Inorg. Chem., 2021, 60, 9110-9121.
[20] Babailov S.P., Polovkova M.A., Kirakosyan G.A. et al. Sensors and Actuat. A: Phys. 2021, art. 112933

Acknowledgements. This work was supported by the Russian Science Foundation (project No 19-13-00410).
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Prof. Karl Mandel

Professor for Inorganic Chemistry, Friedrich-Alexander University
of Erlangen-Niirnberg, Germany and Head of Particle Technology,
Fraunhofer ISC, Germany

Short CV

Karl Mandel studied Earth Sciences and Materials Science in Munich (Germany), Ulm (Germany) and
Oxford (UK) (2005-2010) and holds a PhD in Chemistry (graduated 2013, Wirzburg, Germany). Since 2014
he heads the Particle Technology Group at the Fraunhofer Institute for Silicate Research (ISC) in Wirzburg
(Germany). In 2020 he was appointed as Professor for Inorganic Chemistry at the Friedrich-Alexander
University Erlangen-Nurnberg (Germany

Scientific interests

We assemble complex particles, so-called supraparticles, from nano building blocks.

We study how the supraparticle's structure and complex composition determines unique functionalities.
With these supraparticles, we aim at creating smart materials in the field of sustainabilit

Key publications

1. Seuffert, M.T.; Wintzheimer, S.; Oppmann, M.; Granath, T.; Prieschl, J.; Alrefai, A.; Holdt, H.-J.;
Muller-Buschbaum, K.; Mandel, K. An all white magnet by combination of electronic properties of a white
light emitting MOF with strong magnetic particle systems. J. Mater. Chem. C 2020, 8, 16010-16017,
doi:10.1039/d0tc03473h.

2. Mussig, S.; Fidler, F.; Haddad, D.; Hiller, K.H.; Wintzheimer, S.; Mandel, K. Supraparticles with a Magnetic
Fingerprint Readable by Magnetic Particle Spectroscopy: An Alternative beyond Optical Tracers. Adv.
Mater. Technol. 2019, 4, 1-6, doi:10.1002/admt.201900300.

3. Wintzheimer, S.; Granath, T.; Oppmann, M.; Kister, T.; Thai, T.; Kraus, T.; Vogel, N.; Mandel, K.
Supraparticles: Functionality from Uniform Structural Motifs. ACS Nano 2018, 12, 5093-5120,
doi:10.1021/acsnano.8b00873

Website

https://www.chemistry nat fau.eu/mandel-group
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NANO 2.0: SUPRAPARTICLES
- AND HOW THESE MAKE MATERIALS SMART AND CONTRIBUTE TO SUSTAINABILITY

Mandel K.
Friedrich-Alexander University Erlangen-Nurnberg (FAU), Germany

Nanoparticles can be engineered nowadays in all kinds of compositions, morphologies, and different
sizes. In analogy to supramolecular chemistry, | consider it as the next step in hanoscience and technology to
start using these nanoparticles as building blocks for more complex entities. These might be termed
suprapatrticles. In the first part of this talk, the concept and definition of supraparticles will be introduced.

In the second part of the talk, examples from our labs for such supraparticle systems will be given in
application fields that contribute to sustainability. To justify a contribution to sustainability, | make an initial
attempt to define the meaning of “sustainability” from a natural science point of view, based on the fundamental
laws of thermodynamics.

References

[1] Wintzheimer S., Reichstein J., Groppe P., Wolf A., Fett B., Zhou H., Pujales Paradela R., Miller F., Mussig
S., Wenderoth S., Mandel K., Supraparticles for Sustainability, Advanced Functional Materials (2021),

DOI: 10.1002/adfm.202011089

[2] Wintzheimer S., Granath T., Oppmann M., Kister T., Thai T., Kraus T., Vogel N., Mandel K., Supraparticles:
Functionality from Uniform Structural Motifs, ACS nano 12 (2018), p. 5093-5120

DOI: 10.1021/acsnano.8b00873
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Prof. Igor Alabugin
Full Professor, Florida State University, Tallahassee, USA

Short CV

Igor V. Alabugin (born in 1969) is a Professor at Florida State University since 2010. He earned his BSc/MSc
degrees from Moscow State University in 1991 and obtained his PhD from the same University in 1995.
After working in 1996-2000 as Postdoctoral Research Associate at University of Wisconsin-Madison (with
Prof. Howard E. Zimmerman) he joined Florida State University as a faculty member in 2000 and served
as Assistant and Associate Professor until becoming a Full Professor in 2010. Prof. Alabugin coauthored
more than 200 publications (h-index 49, >7000 times cited) and authored the book "Stereoelectronic
Effects: the Bridge between Structure and Reactivity (Wiley, 2016).

Among his awards are the Fulbright Scholar Award - Distinguished Chair, FSU Cottrell Professorship,
Fellow of the American Association for the Advancement of Science, Top Reviewer (for RSC Chemical
Science, Angewandte Chemie, RSC Organic Chemistry Frontiers), The 2019 Favorsky Lecturer
(St.Petersburg University). He was an invited, plenary or a keynote speaker at many international
conferences (gave more than 180 lectures).

Scientific interests

The research of Prof. Alabugin's group focuses on the structure and reactivity of organic compounds,
especially chemistry of alkynes. Prof. Alabugin is widely recognized for developing reagents for selective
DNA breakdown in cancer cells, functionalization of nanomaterials, the synthesis of graphene structures,
as well as fundamental research of stereoelectronic effects and alkyne reactivity

Key publications

1. Gonzalez-Rodriguez, E.; Abdo, M.A.; Dos Passos Gomes, G.; Ayad, S.; White, F.D.; Tsvetkov, N.P.; Hanson,
K.; Alabugin, I. V. Twofold 1t-Extension of Polyarenes via Double and Triple Radical Alkyne peri-Annulations:
Radical Cascades Converging on the Same Aromatic Core. J. Am. Chem. Soc. 2020, 142, 8352-8366,
doi:10.1021/jacs.0c01856.

2. Zhou, Z.; Kawade, R.K.; Wei, Z.; Kuriakose, F.; Ungér, O.; Jo, M.; Shatruk, M.; Gershoni-Poranne, R.;
Petrukhina, M.A.; Alabugin, I. V. Negative Charge as a Lens for Concentrating Antiaromaticity: Using a
Pentagonal "Defect" and Helicene Strain for Cyclizations. Angew. Chemie - Int. Ed. 2020, 59, 1256-1262,
doi:10.1002/anie.201911319.

3. Tsvetkov, N.P.; Gonzalez-Rodriguez, E.; Hughes, A.; dos Passos Gomes, G.; White, F.D.; Kuriakose, F.;
Alabugin, I. V. Radical Alkyne peri-Annulation Reactions for the Synthesis of Functionalized Phenalenes,

Website

https://www.chem.fsu.edu/~alabugin
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FROM ALKYNE ORIGAMI TO ELECTRON UPCONVERSION: RADICAL APPROACHES TO NEW
POLYAROMATICS

Alabugin I.V.

Florida State University, Tallahassee, Florida, USA
ialabugin@fsu.edu

In the 1st part, | will discuss the advantages of alkynes as high-energy carbon-rich precursors for
extended polyaromatics, the two general patterns of oligoalkyne folding into an aromatic ribbon, and the use of
supramolecular effects in the design of traceless directing groups for radical reactions.[1]
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Figure 1. Examples of “alkyne origami” for preparation of polyaromatics.

In the 2nd part, | will present a mild method for C(sp3)-H amination from unprotected anilines and
C(sp3)—H bonds. In this process, basic, radical, and oxidizing species work together in a coordinated sequence
of deprotonation, H-atom transfer and electron transfer that forges a new C—N bond.[2] | will also use this
cascade transformation to illustrate how reductant upconversion, a hew concept in catalysis, can be used for
preventing the premature activation of oxidants.[3]
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Figure 2. Left: An example of radical anionic C-H amination. Right: The concept of electron upconversion
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FROM COLLOIDAL MOLECULES TO NANO-POLYMERS:
LESSONS FROM POLYMER CHEMISTRY AND PHYSICS
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The concept of “colloidal molecules” builds on the analogy between colloidal particles and molecules. For
about a hundred years, colloidal particles have been used to model the behavior of atoms or molecules.
Recently, this approach has been reversed: reactions between molecules are now being utilized to model self-
organization of inorganic nanoparticles (NPs). In particular, polymer science offers unique strategies to address
the challenges in NP assembly.

By using lessons of polymer physics and chemistry, we are developing new paradigms for NP patterning
and self-assembly. For NPs end-capped with polymer molecules in a brush-type configuration, we found a
striking similarity between NP self-assembly and reaction-controlled step-growth polymerization [1-3]. The
kinetics and statistics of polymerization enables a quantitative prediction of the architecture of linear, branched,
and cyclic NP chains and their aggregation numbers, as well as the formation of isomers, all in agreement with
theory. By using a polymer paradigm, we show the ability to control the aggregation numbers in NP clusters and
the strategy for the co-assembly of plasmonic NPs with different dimensions and compositions [4].

In another strategy, we solved a challenging task of NP surface patterning by utilizing thermodynamically
driven segregation of polymer ligands into surface-pinned micelles, the process driven by a balance between
the interfacial energy of the polymers and the free energy of stretching of the micellar ‘legs’.4 We achieved
control of the dimensions of pinned micelles, their spatial distribution and the number of micelles per
nanoparticle, all in agreement with a theoretical model. Our very recent work shows that a stoichiometric acid-
base neutralization reaction between reactive brush-type polymer ligands governs self-limiting NP assembly
into molecule-type clusters with precisely controlled symmetries.[5]

This work bridges the gap between chemical reactions taking place at a molecular level and NP
assembly occurring at the length scale three orders of magnitude larger. it shows that the theoretical models
developed for molecules can be applied to the fabrication of nanomaterials with new architectures. On the other
hand, the ability to monitor NP self-assembly by imaging emerging nanostructures provides a unique way to test
theoretical models developed for polymerization. Since programmable NP organization remains a major
challenge, polymer-inspired self-assembly strategies have profound implications for the design of nanomaterials
with applications in electronics, optics, catalysis, and chemical sensing.

Figure 1. Transmission electron microscopy image of linear nano-polymer chains self-assembled from gold
nanorods end-terminated with polystyrene molecules
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NEW PHENOTHIAZINE DERIVATIVES AS REDOX MEDIATORS: KINETICS OF ELECTRODE REACTION,
ELECTROPOLYMERIZATION AND ANALYTICAL APPLICATIONS

Kuzin Y.I., Khadieva A.l., Padnya P.L.
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The design of compact devices for the determination of various biologically and/or medically important
compounds is an urgent direction of the modern analytical chemistry. Electrochemical (bio)sensors represent an
excellent alternative to conventional expensive and time-consuming instrumentation. The signal of such
electrochemical sensors and biosensors sufficiently depends on specially designed electroactive compounds
implemented in the surface layer. Besides signal generation, such compounds can also serve as matrices for
immobilization of biochemical components and artificial receptors and their electric wiring [1].
Electropolymerization is a process resulted in deposition of oligomeric and polymeric products of anodic
oxidation of many monomeric dyes and other reactive species. Recently electropolymerization has attracted
growing attention as one of most promising approaches to the design of modified electrodes due to a number of
obvious advantages it possesses, i.e., variation of the electrode size and shape; compatibility with the
microsensor and flow-through sensor format; easy control of the deposited mass and coating thickness by
specifying the number of the potential cycles; satisfactory repeatability and simplicity of the sensor regeneration
after its contact with the analyte molecules [2].

Phenazine and phenothiazine dyes are ones of the best candidates for application in electrochemical
(bio)sensors due to variety of electrochemical activity attributed to the heteroaromatic core and to the electron
donating properties of appropriate nitrogen (sulfur) heteroatoms. Functionalization of these dyes with additional
substituents alters their redox properties and electropolymerization abilities and hence can affect the
performance of appropriate sensors. Although the products of electropolymerization of phenazines and
phenothiazines do not exert electroconductivity as polyaniline, they show remarkable redox response in a
certain window of the potential applicable for solution of many analytical problems. Thus, this signal can be
used for detection of the products of enzymatic reactions [3]. Electroactive polymers on phenothiazine platform
have also found application in the development of supercapacitors [4].

Successful application of the monomeric and polymeric forms of the phenazine (phenothiazine) dyes
calls for further investigation of these compounds for their use in new (bio)sensors with improved
characteristics. The progress in this area depends on the variety of the structure of precursors and establishing
relationships between the functionalization of the heteroaromatic core and their electrochemical properties
including polymerization ability. In this work, we investigated electrochemical behavior of three new
phenothiazine derivatives (Fig. 1). The influence of the substituents nature on the electrochemical behavior of
the monomeric forms and on their electropolymerization has been evaluated for different experimental
conditions, including the pH influence of voltammetric signals and the parameters and limiting step of the
electron transfer. The schemes of the electrode reactions of new phenothiazine derivatives on the glassy
carbon electrode surface have been proposed. Applicability of the electrosynthesized derivatives as modifying
films of (bio)sensors were estimated in potentiometric and impedimetric modes.
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Figure 1. New phenothiazine derivatives
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Helicenes are defined as polycyclic aromatic compounds with nonplanar screw-shaped skeletons formed
by ortho-annulated benzene or other aromatic rings. Due to their chiral morphology helicenes have many
interesting electronic and optical properties. Infinitely extended helicenes (nanohelicenes) have continuous -
systems and the spring topology and are characterized by a strong dependence of properties on axial strain [1].
Semiconductors, metals, ferro- and antiferromagnets are found among the nanohelicenes [2,3,4].

Previous quantum chemical modeling of nanohelicenes was carried out under the constraint that the coils
are located exactly one above the other and the system is monoperiodic with the six order screw axis symmetry
of Rod group P6.. However, it is known for molecular helicenes that the coils are twisted relative to each other.
It is obvious that the artificial imposing of the P61 symmetry in nanohelicenes modeling simplifies the real
picture.

To study the real structure of nanohelicenes, we have developed a new approach based on line
symmetry groups application [5]. The line groups describe the symmetry of quasi-one-periodic systems, both
monoperiodic (called also commensurate), in particular, stereo-regular polymers, and nonperiodic
(incommensurate). Our quantum chemical calculations showed that nanohelicenes with real (incommensurate)
symmetry can be modeled by monoperiodic systems with helical symmetry.
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The presented approach has a great generality and allows one to consider monoperiodic and quasi-one-
periodic systems as well as their torsion and axial distortions. In particular, our approach allows one to find the
dependence of Young's modulus on torsion, or to obtain two-parameter (uniaxial strain and twisting angle)
maps of the electronic band gap.
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CHARACTERIZATION OF HYDRATED METAL OXIDE SURFACES — A COMPUTATIONAL PERSPECTIVE
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The water-metal oxide interface governs the phase stability of hygroscopic metal oxide nanoparticles and
dictates their reactivity and functionality, such as hydrophobicity. Molecular-level characterization of the surface-
bound OH species (e.g. -OH2, -OH—, H-bonded —OH) helps rationalize the interface's stability and functionality.

(1]

Theoretical calculations are crucial to providing structural and thermodynamic models to interpret results
from surface-sensitive experiments. This presentation will describe how we use static and dynamical DFT
calculations of water on cerium oxide (CeOz2, ceria) to understand the hydration and hydroxylation of metal
oxide surfaces.

On the thermodynamically dominating ceria(111) surface, we find that the stability of water is maximized
at 1.0 ML coverage, and partial dissociation of 50 % or less is likely. In static simulations, the water molecules
form 1D-chains of alternating H20O and OH™ groups; this is the example given in the Figure 1. The coverage-
dependent adsorption energies are consistent with the experimental results available from the literature. [2] At
finite temperatures and full hydration, the water structures in contact with the surface form a distorted hexagonal

structure with a partially hydroxylated interface layer.
isolated
{ OHf & OSHWY
: H20(g)

3600 A= TF —— fl";_"_.\l OH™(g)
3400 |
isolated 1 |
= 3200 H0 —7 1| ‘
23000 isolated 7 |||
> OgH---OHf I
2800 11
|
|
2600 |
U}
2400
o] T o] I
+ © T g
S L ow S
B o & 2
[a 5
Figure 1. One dimensional water chain at 1.0 ML
coverage on ceria(111) where 50 % of water is Figure 2. The calculated frequencies of surface-bound
dissociated. Its atomic structure (a) and simulated OH species depend on the chemical environment.

STM imaging (b).

Computational vibrational analysis was used to correlate the frequency with the local structure
surrounding surface-bound OH species. We find that the OH vibrational frequencies, v(OH), are to a small
degree governed by the coordination with surface cations and to a large degree by H-bonding (Figure 2). The
magnitude of v(OH) can be ordered by the type of H-bond acceptor and correlates tightly with R(He**O) as a
structural descriptor or with the electric field strength from the surroundings. [4]
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Ability of halide complexes (hetero- or, more commonly, homoleptic) to form inclusion compounds with di- or
polyhalogens via halogen bonding (XB) was noticed decades ago. Surprisingly, this feature was not
systematically studied for years; after a long pause, this area experiences revival nowadays. The talk covers the
results obtained by our group within the last few years: the family of structurally diverse polyhalide-
halometalates of Group 15 and 16 elements, as well as their physical properties relevant to modern materials
science.

Acknowledgements. This work was supported by Russian Science Foundation (Grant. No. 18-73-10040).

28



Prof. Julien Bachmann

Full Professor, Friedrich-Alexander University of
Erlangen-Niirnberg (Erlangen, Germany) and Saint Petersburg
State University (St. Petersburg, Russia)

Short CV

Julien Bachmann studied chemistry at the University of Lausanne, Switzerland, and graduated in 2001. He
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they study their physical and chemical properties systematically as they vary with the geometric
parameters. They are particularly interested in the transport and exchange of electrons and ions at
interfaces in solar cells, batteries, and other electrodes
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DISCOVERY, TARGET IDENTIFICATION AND VALIDATION OF SMALL MOLECULES THAT AFFECT CELL
PROLIFERATION
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We focus on projects that frame a discovery based research program routed in synthetic chemistry. We
collaboratively integrate our synthetic program with molecular pharmacology, biochemistry, and biology.
Specifically, our objectives are centered around the design and structure activity relations of bioactive small
molecules with unknown mode of action. These will be used as biochemical probes for target ID studies, in
conjunction with forward chemical genetic screens.

We are particularly interested in biological pathways essential for cell proliferation. The molecular target
for many small molecules that impede cell growth is either unknown or remains ambiguous. The identification of
their direct molecular targets provides an opportunity for biological discovery, novel chemical tool reagents, and
on occasion, a novel therapeutic approach.

Acknowledgements. Our work is supported by the Robert A. Welch Foundation (1-1422), the Cancer and
Prevention Institute of Texas, and the National Institutes of Health.

31



Prof. Alexey Bobrovsky

Professor of RAS, Principal Scientific Researcher of Chemistry
Department; Moscow State University, Moscow, Russia

Short CV

Education:

1991-1996 student, Chemistry Department, MSU, Moscow

1996-1999 Ph.D. student, Division of Polymer Science, Chemistry Department, MSU

1999 got PhD degree (Candidate of Chemical Sciences)

Thesis: "Chiral and photochromic side chain liquid crystalline polymers: synthesis, optical and
photo-optical properties"

2010 got Dr. Sci. degree (Doctor of Chemical Sciences)
Doctoral Thesis: "Multifunctional photochromic LC polymer systems"

Employment history:

1999-2002 Junior Scientific Researcher at Division of Polymer Science, Chemistry Department, MSU,
Moscow

2002-2005 Scientific Researcher at Division of Polymer Science, Chemistry Department, MSU, Moscow
2005-2011 Senior Scientific Researcher at Division of Polymer Science, Chemistry Department, MSU,
Moscow

2011-2016 Leading Scientific Researcher at Division of Polymer Science, Chemistry Department, MSU,
Moscow

2016 - present time Principal Scientific Researcher at Division of Polymer Science, Chemistry Department,

MSU, Moscow
Awards

Alexander von Humboldt research fellowship at Philipps Universitat Marburg, Prof. J. Wendorff laboratory
(2002-2003)

Lomonosov Award of Moscow State University (2006)

Prize of President of Russian Federation for young scientists (2010)

Scientific interests

Liquid crystalline (LC) state of comb-shaped (side-chain) polymers including LC polymer and dendrimer
synthesis, structure-property relationships, polymer LC blends, photo-, electro- and thermo-optical
phenomena in LC polymer systems, hybrid LC composites, photonic crystals, etc.

Key publications

1. V. P. Shibaev, A. Yu. Bobrovsky, Liquid crystalline polymers: development trends and photocontrollable
materials, Russ. Chem. Rev, 2017, 86, 1024-1072. DOI: 10.1070/RCR4747

2. A. Bobrovsky, K. Mochalov, D. Solovyeva, V. Shibaev, M. Cigl, V. Hamplova, A. Bubnov, Laser-induced
formation of "craters" and "hills" in azobenzene-containing polymethacrylate films, Soft Matter, 2020, 16,
5398-5405, DOI: 10.1039/d0sm00601g

3. A. Bobrovsky, S. Svyakhovskiy, A. Bogdanov, V. Shibaev, M. Cigl, V. Hamplova, A. Bubnov,
Photocontrollable Photonic Crystals Based on Porous Silicon Filled with Photochromic Liquid Crystalline
Mixture, Adv. Optical Mater. 2020, 8, 2001267, DOI: 10.1002/adom.202001267

Website

http:/ /www .chemmsu.ru/rus/chair /vms/chemmod/welcome.html

32


http://www.chem.msu.ru/rus/chair/vms/chemmod/welcome.html

PHOTOTUNABLE LIQUID CRYSTALLINE COMPOSITES BASED
ON POROUS ORGANIC AND INORGANIC MATRICES

Bobrovsky A.%, Shibaev V.%, Hamplovéa V.2, Bubnov A.2

'Department of Chemistry, M.V. Lomonosov Moscow State University, 1 Leninskie gory, Moscow, 119991,
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Design and preparation of liquid crystalline (LC) composites is one of the hot topics in modern materials
science. An intensive activity in this field is associated with a wide range of possible applications of such “smart”
materials predetermined by the combination of unique optical properties of LC systems with specific features of
optical and mechanical properties of the different matrices.

This report describes our results on the design and investigation of hybrid composites based on two
types of polymer matrices and porous inorganic matrix: (i) porous polyolefines (polyethylene or polypropylene),
(ii) porous cholesteric polymer networks and (iii) one-dimensional photonic crystals based on porous silicon.
Filling these matrices with low-molar-mass photochromic LC mixtures or LC copolymers enables one to obtain
composites with photovariable optical properties.

In the first type of the composites, the highly anisotropic porous structure of polyolefin films provides
uniaxial alignment of the nematic phase inside the pores. UV and visible light irradiation enables the dichroism,
birefringence and polarized fluorescence photocontrol in the obtained LC composite films.

The second type of the polymer scaffolds is prepared by the photopolymerization of the cholesteric
mixtures containing mesogenic mono- and diacrylates followed by removing the low-molar-mass components
that allows obtaining a highly porous cholesteric networks. Filling these scaffolds with photochromic LC
mixtures capable of the isothermal photoinduced phase transition from nematic to isotropic state results in
cholesteric films with phototunable position and width of selective light reflection peak. For the LC composites
based on the porous cholesteric networks filled with azobenzene-containing LC copolymer the possibilities of
transmission and reflection holographic gratings recording are demonstrated.

The third type of the composites presents photosensitive one-dimensional photonic crystals based on
electrochemically etched porous silicon filled with low-molar-mass photochromic LC mixtures (Fig. 1) or
copolymers. Irradiation of these composites with non-polarized or polarized light induces a reversible shift of
photonic stop band spectral position or modification of its shape.

Figure 1. Scheme of the UV-induced isothermal phase transition from nematic to the isotropic state of
photochromic LC mixture infiltrated in porous silicon.

LC hybrid composites based on organic and inorganic porous matrices obtained and studied in this work
can be considered as promising materials for the applications in photonics and optoelectronics.

Acknowledgements: This research was supported by the Russian Foundation for Basic Research (19-
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Modification of proteins with synthetic chemical probes has become an important technique not only for
understanding protein functions, dynamics and cross-talks in cells but also for protein-based therapy in
medicine [1]. We have recently developed two types of tyrosine residue-specific modification chemical probes,
N-acyl-N,N-dimethyl-phenylenediamines and 1-methyl-4-arylurazoles, activated by single-electron transfer
(SET) catalysts such as ruthenium photocatalyst (Ru(bpy)s) to form a covalent bond at the phenolic hydroxy
ortho carbon of tyrosine residue. Using these chemical probes, we succeeded in target protein-selective
labeling in a protein mixture using a ligand-directed Ru(bpy)s catalyst [2-5].

Tyrosine residues were also modified with N-methylated luminol derivative, under SET reaction
conditions. Horseradish peroxidase (HRP)-catalyzed SET modified surface-exposed tyrosine residues
selectively [6]. The reaction was able to be applied to the site-selective antibody chemical modification. In
antibody, the presence of a tyrosine residue evolutionarily exposed only in the complementarity-determining
region (CDR), and the tyrosine residues in CDR of antibody were selectively modified under HRP-catalyzed
SET conditions. CDR-specifically modified antibody was applicable to in vivo imaging and antibody-drug
conjugates [7].
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Figure 1. Site-selective tyrosine chemical modification of proteins.
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INFLUENCE OF BENTONITE CLAYS ON GAS CHROMATOGRAPHIC PROFILE OF RED WINE
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A large role in the formation of the component composition of wines is played by the technological
methods of their production. For example, stabilization and clarification using bentonite clays to remove
excessive amounts of components forming clouds of various nature [1]. However, the treatment of wines with
bentonite suspensions is not selective. Many authors note that at the stage of clarification and stabilization of
wines there is a change in concentrations of amino acids and volatile compounds, as well as phenolic and
elemental compositions [2-3].

Knowledge of the qualitative and quantitative content of volatile wine compounds allows you to form
"images" characteristic of certain varieties and grape growing places. The main condition in determining the
variety and origin of wines is a slight change in their chemical composition or changes should be reproducible in
all winemaking processes. Therefore, the contribution of fining agents should be considered when establishing
markers determining their variety of wine material.

Red wines produced from the grape varieties Caberne - Sauvignon, Merlo and Moldova, grown in the
Krasnodar Territory, were used as objects of study. Upon completion of fermentation, the wines were treated
with the same process dosages of suspensions of 32 samples of bentonite clays of varying dispersity and
brands. Concentrations of 22 volatile components (1,2-propylene glycol, 1-butanol, 1-hexanol, 1-propanol, 2,3-
butylene glycol, 2-propanol, acetoin, isoamyl acetate, isoamylol, isobutanol, isovaleric acid, isobutyric acid,
butyric acid, methanol, methyl acetate, acetic acid, acetaldehyde, furfural, ethyl acetate, ethyl caprate, ethyl
caproate, ethyl lactate) in each wine was determined using capillary gas chromatography with a flame ionization
detector.

Analysis of the obtained data showed that the total content of detectable compounds in wine materials
treated with bentonite clays varies in different directions. For all varieties of wines, only acetic aldehyde and 1-
butanol are characterized by a decrease in the average concentration in processed wines. Treatment with
bentonite clays led to an increase in average concentrations of ethyl lactate, 1-hexanol, isobutyric acid in
untreated wines. Treatment of all varieties of wines with bentonite clays has little effect on the contents of ethyl
acetate, methanol, 1-propanol, isobutanol and isoamylol.

For the remaining compounds, the clarification and stabilization step results in both an increase and a
decrease in the average concentrations of the compounds in the treated wines. Thus, the component
composition of the wines can be disturbed during their treatment with bentonite clays. Therefore, the
contribution of the fining agents to the gas chromatographic profile of the wines should be considered when
establishing markers determining their variety of wine.
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Anthropogenic pollution of aquatic ecosystems is one of the most pressing problems of environmental
protection. Heavy metals from water pollutants are one of the most dangerous types of ecotoxicants, since they
have several properties that allow them to easily penetrate biological media, accumulate in them, maintain their
toxicity for a long time and, thereby, cause great damage to the tissues and organs of living organisms [1]. Tin
pollution, which, despite its relatively weak toxic effect, leads to the formation of extremely toxic organic
compounds because of biochemical processes [2].

Low tin contents in the analyzed objects create difficulties in its determination even by such a highly
sensitive measurement method as inductively coupled plasma atomic emission spectrometry (ICP-AES). This is
due to the instrumental difficulties in determining the element, and in the case of seawater analysis, also by
strong matrix effects.

The hydride generation technique in combination with ICP-AES makes it possible to achieve more
reliable results in the determination of tin. The advantage of the chemical hydride generation technique is the
efficiency of introducing the sample into the plasma. In addition, problems arising from matrix influences can be
minimized or eliminated entirely by hydride formation, thereby increasing the sensitivity of the detection method

[3].

To test seawater, the operating conditions of the iCAP 7400 inductively coupled plasma atomic emission
spectrometer (Thermo Scientific, USA) were optimized, including: the speeds of the spray and cooling flows, the
power of the high-frequency generator, and the rotation speed of the peristaltic pump. The selection of the
optimal oxidizer and its concentration from organic and inorganic acids (formic, acetic, tartaric, nitric, sulfuric
and hydrochloric), as well as the optimal concentration of the reducing agent (sodium borohydride) was carried
out. It was found that hydrochloric acid provides a more complete and faster reaction for the generation of tin
hydrides.

The influence of the main macrocomponents of seawater (Na*, K*, Ca?*, Mg?*, CI,, NOs", SO+%, PO4*), as
well as minor components (Ni?*, Cu?*, Co?*, and Fe®"), which can enter a competing hydride formation reaction
due to their higher activity than for tin ions) on the intensity of the analytical signal of tin.

Considering all the optimized parameters, an assessment of the sensitivity and selectivity of the ICP-AES
method with the hydride generation technique for the determination of tin under various conditions was carried
out. The assessment of the correctness of the proposed scheme was confirmed by the "introduced-found"
method.
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Levofloxacin is one of the most studied, which has already become a classic representative of respiratory
fluoroquinolones with a wide spectrum of activity[1].

In recent years, there are more and more justifications for the use of these drugs not only in the treatment
of respiratory infections, but also skin and soft tissue infections and urogenital infections [2]. Levofloxacin is also
prescribed when COVID-19 triggers an inadequate immune response, which is accompanied by the addition of
a secondary bacterial infection — pneumonia. It accounts for the vast majority of deaths in COVID-19-positive
patients. In this regard, there is a need to determine it in biological fluids and control the quality of dosage
forms. For these purposes, it is convenient to use electrodes, since they are simple and accessible for the
determination of medicinal substances [3].
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Figure 1. Levofloxacin formula.

An ion-selective electrode can be defined as an electrochemical sensor with a membrane whose
potential serves as a measure of the activity of a certain ion.

The aim of the work is to use levofloxacin as an electro-active component, as well as to study some of
the electrochemical characteristics of the electrode.

To achieve the goal and use the levofloxacin-selective electrode, the choice of an electrode-active
substance based on the active substance was made. The acid-base properties of levofloxacin were studied,
and the spectra of the sensor ingredients in different ratios were taken. A levofloxacin-selective electrode was
developed and the possibility of determining the antibiotic in biological fluids was tested.
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Energy-dispersive X-ray fluorescence (EDXRF) is an analytical method used for determination of
elemental composition in different types of samples. The method is fast, non-destructive and does not require
sample preparation. Various mathematical protocols were traditionally employed to relate the registered XRF
signals with target element concentrations. One of the oldest methods used in this domain is the method of
fundamental parameters (FP). It is based on a set of physical parameters [1] employed in the equations relating
X-ray fluorescence intensities and element content. The combination of XRF with FP was broadly applied for a
broad range of elements and sample types [2]. The main drawback of the method is that the exact elemental
composition of samples has to be known. Ordinary least squares regression (OLS) and correction intensity (CI)
have also found a broad use in quantitative analysis. Both OLS and CI are based on linear equations employing
XRF line intensities and their ratios.

In recent years there was a growing interest to the application of various chemometric tools for
processing XRFdata, however, no comprehensive comparison between traditional methods and chemometric
tools was done so far. This study aims to fill this gap and performs such comparison for processing of EDXRF
spectra obtained from two sample sets: steels and ores. The chemometrics approaches are able to take into
account sample matrix effects without relying on particular physical model. This approach is faster and can be
easily applied for a variety of analytical tasks. The target elements were Cr, Ni and Mn in steels steels and K,
Ca, Fe, Ti, and Mn in ores. The classic multivariate calibration tools like partial least squares (PLS) and K-
nearest neighbor regression (KNN-reg) were employed. The results of comparing the performance of these
methods to FP, OLS and CI will be discussed in the presentation.
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In modern chemistry of solutions, the study of the properties of three-component systems is a relevant,
but at the same time, poorly studied area of research. The relevance of study of these systems lies in the
possibility of synthesizing complex compounds that can potentially be used as catalysts [1]. For these
purposes, information about quantitative composition of complexes is necessary.

Flame atomic absorption spectrometry (FAAS) is widely used for determination of metals in various
samples. FAAS is fast and efficient method with relatively low limits of detection. However, in analysis of
organic liquids results can be affected by matrix influence, that is why sample preparation is required [2, 3]. The
aim of this study is to develop scheme for determining the content of Ni and Co in the three-component systems
NiCl2-CoCl2-1,4-dioxane and NiCl2-CoCl2-DMSO by the FAAS. Experimental studies were carried out on a
Shimadzu AA-7000 setup using a burner as an atomizer. Reference solutions for calibration curves were
prepared by diluting aqueous standard solutions with 1% HNO3 in deionized water.

It was revealed that the effect of 1,4-dioxane on the optical density of Ni and Co is absent when its
concentration is 0.01-10%v/v range (fig. 1). In case of DMSO analytical signal is stable at 0.01-4%v/v and
slightly decrease at 10%yv of solvent. The effect of Ni and Co on each other’s optical density is absent when the
ratio of metals is at least 10 to 1. Therefore, it is possible to use simple dilution with 1% HNO3 as a sample
preparation: NiCl2-CoClz-1,4-dioxane samples were diluted at least 10 times for analysis, NiCl2-CoCl2-DMSO
were diluted at least 25 times. Accuracy of proposed scheme was confirmed on real three-component samples
with different dilution rates and by standard additions.
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Figure 1. Concentration of Co in solutions with different 1,4-dioxane (DX) content (red line — expected
concentration 0.4 mg/l)
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Short chain fatty acids (SCFAs) are the final products of the fermentation of indigestible in bowel
carbohydrates and branched-chain amino acids. The level of SCFTs concentration in blood serum can indicate
inflammatory bowel diseases. Nowadays, the connection between diet and the composition of microbiome and
production of SCFAs has not been sufficiently studied, therefore the development of fast and sensible method
for the SCFFs (formic, acetic, propionic, butyric, valeric, oxalic acids and etc.) determination in complex objects
is an urgent task for targeted metabolic profiling. Capillary electrophoresis (CE) is fast, effective and simple to
perform method designed for the analyses of charged compounds. Compared with HPLC and GC, CE does not
require an expensive equipment, high amounts of toxic organic solvents and derivatization step of SCFTs, while
the significant drawback of low sensitivity of UV-detection can be eliminated by applying on-line sample
preconcentration techniques. This study focuses on the development of new on-line concentration approaches
for the sensitive determination of SCFAs in a complex matrix with high salt content.

The development of CE method included the following steps: optimization of sample preparation of blood
serum (protein precipitation, centrifugation, dilution) and background electrolyte composition (pH, buffer
concentration, additives); carrying out of on-line concentration (pH-mediated sample stacking, head-column
field amplified sample stacking, dynamic pH-junction).

Application of head-column sample stacking resulted in significant increase of efficiency and 5-10 times
decrease of detection limits of SCFAs ([J 50-70 ng/mL, SEFx [ 31) due to the creation of low conductivity zone
before the sample zone. The volume of water plug and sample were varied in order to achieve the highest
sensitivity (fig 1).

t, min

Figure 1. Electropherogram of blood serum with application of head-column field amplified sample stacking.
Conditions: 1. BGE: benzoic acid, diethanolamine, cetyltrimethylammonium chloride. Indirect detection 254 nm,
-20 kV. Hydrodynamic sample injection 50 s 30 mbar, water plug injection:1.0s, 2. 10 s, 3.30 s, 4. 50s, 5. 50 s,
6.70s, 7. 100 s 30 mbar.

The optimal conditions were applied for the analysis of real object (mouse serum samples). The
guantitative analysis data were in accordance with GC-MS chosen as a referent method.
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The determination of polycyclic aromatic hydrocarbons (PAHSs) with the different structures is complicated
by their distribution extremely unevenly in natural objects. An urgent task is the development of methods that
should have a wide range of their determination. Nowadays, dispersive liquid-liquid microextraction is one of the
most efficient extraction analytes from complex matrices of environmental objects. In this work, the application
of ultrasound-assisted dispersive liquid-liquid microextraction combined with the GC-MS for the determination of
priority PAHSs in surface water.

In this work, chloroform was used as an extraction solvent, because it has good chromatography
behavior, and the acetonitrile, methanol, acetone, and their mixture, sodium dodecyl sulfate were studied as
dispersive agents. The mixture of acetone and acetonitrile were the most efficient for the recoveries of 16
priority PAHSs (fig. 1). There were established that the extraction mixture containing acetonitrile more suitable for
recovery of PAHSs, containing more 4 aromatic rings, and the mixture with methanol the most efficient for the
recovery of PAHSs, containing 2 and 3 rings. Conditions of ultrasonication and centrifugation were optimized for
each extractive mixture.
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Figure 1. The recoveries of PAHs from water with different dispersive solvents (Act-acetone, Met-methanol,
AN-acetonitrile)

According to the results of experiments were proposed three analytical procedures with the GC-MS

determination of PAHs in surface water using the different extraction mixture, which provides the determination
of 16 priority PAHs, and the determination of groups PAHSs, which have different structures.
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Obtaining of structures with a specific topology is one of the most important areas of materials science in
recent decades. Development of new methods for obtaining metal microelectrodes arrays on flat matrix
surfaces is of the great interest. Such microelectrodes have a number of advantages over planar electrodes:
fast establishment of a stationary diffusion and a higher signal-to-noise ratio for application in electrochemical
analysis. Thus, the purpose of this work was to develop template electrochemical synthesis of silver micron
particle arrays on flat silicon surface using a polymer template and titanium dioxide.

On the basis of experimental data template electrochemical synthesis of silver microparticles arrays and
methodics for obtaining perforated titanium dioxide xerogel films with controlled average mutual distance of
perforations were developed. As a result, we obtained materials for the working electrode of an electrochemical
sensor based on template synthesis for the determination of cysteine.

Figure 1. Perforations in TiO2 xerogel. Figure 2. Silver microparticles arrays.
0,010+
———50mV/s
75 mV/s 0,008
0,002 4 — 100 mV/s / 0,006 |  1V/s
0,004
b T 0,002
~ ~
0,000 0,000 1
-0,002
-0,004
-0,006 4
-0,002 T T T T T -0,008 T T T T T T T
-1,0 -0,5 0,0 0,5 1,0 1,5 -1,0  -0,5 0,0 0,5 1,0 1,5
EV ENV

Figure 3. Cyclic voltammograms in cysteine solution taken at different sweep rates.

Research of cyclic voltammograms, using electrodes with an average mutual distance of silver
microparticles of 20 ym, showed that both stationary and non-stationary diffusion modes are possible. It opens
up the possibility of using these materials for determining electroactive compounds with different diffusion
coefficients and similar redox potentials.
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Nowadays, the use of antibiotics in the agricultural industry is the main method of treatment and
prevention of most microbial diseases of animals [1]. Fluoroquinolones are a class of antibiotics which are
widely used for the prevention and treatment of various diseases in animal husbandry [2]. The excessive use of
these substances can result in the presence of its residue in animal tissue, which contributes to the long-term
health effects, including microbial antibiotic resistance and allergic reactions [3]. Therefore, it is an important
task to strictly regulate their content in food.

In the current study, an effervescence-assisted dispersive liquid—liquid microextraction based on using
deep eutectic solvent (DES) was proposed for the extraction and preconcentration of fluoroquinolones from milk
samples. DES are a relatively new class of environmentally friendly solvents, similar in their properties to ionic
liquids. The novelty of the developed scheme consists in the use of a three-component DES system, including
terpenoid as an acceptor of a hydrogen donor bond, medium-chain fatty acid as a donor of a hydrogen bond
and carboxylic acid for the in-situ formation of CO: for the effective mixing and extraction promotion. The
advantages of this approach are simplicity, expressiveness and low cost of reagents. The developed
microextraction scheme was coupled with high-performance liquid chromatography with fluorometric detection
and applied for the determination of norfloxacin, ofloxacin and fleroxacin in milk samples. The limits of
detection, calculated from a blank test based on 3o, were 0.03 ug kg for norfloxacin, ofloxacin and fleroxacin.
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Bladder cancer is 13" most common cause of cancer mortality (2.13%) among different types of cancer
worldwide. The bladder cancer mortality is strongly related to sex and age: the highest values are observed
among older men. In 2020 the number of bladder cancer deaths in men over 40 was 157 607 (2.97%) [1].
Cystoscopy still remains the main diagnostic procedure for bladder cancer. It has the range of limitations: it is
an invasive, time consuming, and relatively expensive procedure. Screening tests help in timely diagnostics, in
decreasing mortality rates and in improving cancer treatment outcomes. However, many of the proposed
screening tests have shown low sensitivity for low-grade tumors, and performance characteristics of test
systems varied from one research to another [2].

Since urine can be obtained non-invasively and its' chemical composition reflects the changes in
organism, especially in genitourinary system, it is a suitable material for screening. In the previous works
potentiometric multisensor system (or “electronic tongue”) demonstrated promising results for prostate cancer
diagnostic through urine analysis [3]. We found only a single study devoted to application of electronic tongue
as a screening tool for bladder cancer [4]. The authors declared that their system can distinguish the samples
from patients with confirmed diagnosis and the control group, however, the studied dataset was quite small and
no chemometric classification models with quality metrics were reported.

In this work we aimed to contribute to the study of electronic tongue applicability for bladder cancer
screening and to apply various machine learning algorithms for data classification. Potentiometric multisensor
system consisting of 24 sensors was applied to analyze 63 urine samples obtained from 31 healthy volunteers
and 32 patients diagnosed with bladder cancer. All persons were over 50. To classify healthy volunteers and
cancer patients, we employed several machine learning techniques: logistic regression (LR), random forest
(RF), support vector machine classifier (SVM), and voting classifier (VC). For all predictions we calculated the
following performance metrics: sensitivity, specificity, positive predictive value (PPV), negative predictive value
(NPV), and accuracy. Furthermore, we optimized the sensors set to reduce correlations between features. The
results are presented in Table 1. All values are given in percent. The details of the study will be provided in the
presentation.

Table 1. The results of classification.

LR RF SVM VC

Accuracy 73 71 75 76

Sensitivity 77 73 77 80

PPV 77 73 77 80

NPV 72 72 75 75

Specificity 72 73 76 75
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Numerous spectroscopic techniques have been applied for the distinction of tumor cells from normal
ones for various clinical purposes, e.g., early diagnostics of cancer, or intraoperative assessment of tumor
margins. Tumor cells show specific spectral features because of reprogrammed metabolism: higher oxygen
saturation and glucose level, etc. Usually, the structure of the obtained spectra is complex and requires the
application of machine learning methods for data processing, especially for classification tasks. As soon as a
classification model appears in the study, a question is begged: how should we validate it? Unfortunately, there
is no well-developed and, which is more important, concerted validation strategy for this type of the cancer
studies. It makes the direct comparison of the reported results incorrect; besides, these models are often
overfitted and the results are often over optimistic and sometimes misleading. The review of Sattlecker et al.
reveals a significant problem that leave-one-out cross-validation (LOOCV) is often used as the only way to test
multivariate models for cancer diagnosis [1], which seems to be insufficient in this case. Independent test sets
are not always an option, because the collection of large number of samples can be difficult at the preliminary
steps of research. The choice of a calibration set (or a test set, alternatively) is an additional question to the
previous one.

In this study, we suggest to use real data for simulation of new spectral sets with varying characteristics
(size, distribution of classes). Simulated data can be used for testing validation algorithms, as long as they
reproduce the real data properties, relevant for a classifier, adequately. It could be helpful when measured data
set is limited and we cannot create different scenarios to challenge a classification model, e.g. when one class
in underrepresented in a test set. Simulating the data, we can create a number of such data sets— an analog of
“sandbox” used in software development — and to test how the model generalizes to unseen data.

Near-infrared spectra (939-1796 nm) measured from breast tumors and healthy tissues of mice (152
spectra) were used for simulation of spectral data sets of different size (100, 300, 500 spectra). Thirty-three
transgenic female mice of FBV inbred strain were used in this research. The mice expressed HER2/neu gene,
which causes spontaneous development of breast cancer. We used a simple simulation method taking spectral
baselines from the real data and adding Gaussian peaks, corresponding to the real peaks in near-infrared
spectra, with randomly distributed noise. Reproducibility of the real spectral features was verified by Principal
Component Analysis of real and simulated data sets and Tucker’s coefficient. Several algorithms of train and
test set selection have been applied to the simulated data (Kennard-Stone, DUPLEX, random, Monte-Carlo
cross-validation), and corresponding Support Vector Machines classification models have been trained,
optimized, and validated by using a series of test sets with varying “normal : tumor” classes distribution
(2:1,3:1,1:3) and size (10%, 30%, and 50% of the training data set). Performance of the classification models,
expressed in values of accuracy, sensitivity, and selectivity, has been compared, and a validation strategy has
been proposed.
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Calcium belongs to the most important blood constituents. In clinical analysis, it is necessary to
determine the concentration of ionized calcium, which correlates with its activity [1]. This is routinely done
potentiometrically, with ion-selective electrodes (ISEs). However, potentiometric measurements do not provide
the sufficient accuracy, the relative error is 1-8%. Recently, a new mode of the measurements with ISEs was
invented: the constant potential chronoamperometry/coulometry [2-4]. The potential of the ISE is maintained
constant, whereas the potential at ISE/solution interface responds to the ion activity. The resulting current flow
is recorded, and the coulometric signal is obtained by integration. This allows for a significant improvement of
the sensitivity of the measurements with ISEs.

We here, for the first time, have performed the chronoamperometric/coulometric measurements of Ca*
with Ca solid contact ISE in blood model solutions and in serum samples. We also propose here a new
technique of the deposition of the conducting polymer layer (PEDOT-PSS) on a glassy carbon substrate, which
simplifies the procedure significantly. The Ca?*-selective membrane containing neutral ionophore Ca | (ETH
1001) was drop-cast on top of the PEDOT-PSS layer. Besides, we also modified the procedure of the
chronoamperometric measurements, so the signal-to-noise ratio was improved significantly as compared with
the original procedure described earlier [2-5], see Fig. 1.

Measurements of Ca?* ion activity in real serum samples in the potentiometric mode and in the
chronoamperometric/coulometric mode delivered consistent results. The physiological range of the ionized
calcium concentration in the human blood is 1.16 - 1.32 mM. Therefore, the study of the sensitivity to small
additions of Ca?* was performed using a blood model solution containing initially 1 mM Ca?*. The results are
presented in Fig.2. One can see that the new mode of the measurements allows resolving 0.1 % change in the
Ca?* ion concentration. Furthermore, because the additions are much smaller than the initial value, the signal is
linear vs. the concentration (i.e. not only in logarithmic scale) which is advantageous for analytical applications.
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curve.
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Analysis of data for inorganic catalytic systems requires the application of fine chemical methods to
acquire data. Methods based on electrospray ionization spectrometry (ESI-MS) provide a solution to explore
catalytic systems and search for various catalytic active clusters or compounds that would be missed with less
sensitive methods. Automation of chemical space exploration can boost the research process significantly.
Such approaches would allow using data for various computational chemical approached based on the Big
Data strategies and High Throughput Experimentation (HTE) [1-2].

We developed an open-source package written in Python 3 which combines various packages for mass
spectrometer data pre-processing and uses simple clustering for the assignment of individual molecular ions
with a set intensity threshold. Mean ion mass was used as a target value in solving linear equations to establish
candidate empirical formulas with preset restrictions on charge and valence. For established candidate
formulae, spectra were calculated via IsoSpec and compared to processed experimental data via cosine
similarity function [3-4].

Recognised isotope patterns
# |Mass Formula Cosine Relative int., %

104 Cul(CH3CN)1 0.027+0.001 | 40.4152.120
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145 Cul(CH3CN)2 0.049+0.000 | 100.000+0.000
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Figure 1. Identified by MSARIS PdCI2-CuCl ESI-MS positive mode spectra

We tested our workflow on ESI-MS PdCI2 and CuCl data in acetonitrile for both positive and negative
regimes. Our workflow allowed to identify all major signals and provided estimations of their isotope formulae for
both positive and negative mode of ESI-MS. For the unequivocal structure assignment of molecular ions,
guantum chemical modeling was performed according to a specifically tuned protocol.

Thus, the developed workflow allows to estimate in semi-automatic manner peaks for MS-ESI and
provide insights into complex mass-specters like PdCI2-CuCl, as well as to determine the molecular structure of
ions. Developing our analytical tool would allow to expand and investigate other inorganic systems and
significantly boost the exploration of chemical space for various catalytic systems.
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The extraction processes of metal cations by various types of crown ethers are described in detail in
several works [1-2].

This work aimed to develop a method for determining the selectivity of a few crown ethers for cesium and
strontium ions based on the potentiometric method proposed by us.

To create a potentiometric cell, plasticized film membranes were made based on two crown ethers:
dibenzo-21-crown-7 (DB21K7) in electrodes (1a, 1b) and di-tert-butyl-dicyclohexyl-18-crown-6 (DtBDCH18K6)
in electrodes (2a, 2b).

The electrochemical cell was as follows:

. membrane
test solution L 0.1 M CsCl/
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Figure 1. Dependence of the potential on the logarithm of the activity of cesium and strontium ions

From the data obtained (Fig. 1), membranes based on crown ether DB21C7 show exceptionally good
sensitivity to cesium ions with a practically very weak dependence on changes in the concentration of strontium
ions. For membranes based on the crown ether DtBDCH18K6 (Fig. 1), high sensitivity and selectivity to
strontium ions compared to cesium ions are shown.

Thus, in this work, it was shown that a potentiometric method for assessing the sensitivity and selectivity
of a few crown ethers for alkali and alkaline earth metal ions can be used as the basis for testing various crown
ethers as effective selective extractants in radiochemical technologies.
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Cocamidopropylbetaine is an alkylamidobetaine surfactant, representing commercially the most important
class of amphoteric surfactants (figure 1). Its toxicity to biological objects has been proved in the articles [1-3].

Objective: to select analytical methods for studying the rate of biodegradation of cocamidopropylbetaine
by bacteria of the genus Pseudomonas and to study the metabolomic composition of cells.

O

/\/\/\/\/\)’L /\/\ O
: /N
O
Figure 1. The structural formula of cocamidopropylbetaine.

Objects of research: strains of the All-Russian collection of industrial microorganisms of the National
Bioresource Center (BRC VKPM) SIC "Kurchatov Institute" — GosNIlgenetics: Pseudomonas fluorescens TR
(VKPM B-4881), Pseudomonas putida (B-6582) TP-19, Pseudomonas stutzeri (B-4904) T, Pseudomonas
putida (B-2950) TS-18, Pseudomonas putida (B-3959) TO, Pseudomonas mendocina (B-4710) 2S,
Pseudomonas sp. (B-8621) TF4-1L.

Methods. The minimum inhibitory concentration of cocamidopropylbetaine was determined by the
macromethod. The residual concentration of the surfactant was determined by the spectrophotometric method
[4]. The intensity of biomass growth was studied by nephelometry. A static method was used to study the rate of
the biodegradation process, and the surfactant concentration was measured in the solution daily. According to
the experimental data, a velocity curve was constructed, the reaction order, the velocity constant, and the half-
life were determined. We obtained a model of the process by deriving the kinetic equation. The reaction order
was determined graphically. The metabolomic composition of microbial cells and the accumulation of
degradation products in the culture fluid were determined by HPLC MS.

Results. The minimum inhibitory concentration is 45.6 mmol/dm? (15.62 g/dm?). As a result of studying
the rate of the biodegradation process, the most effective strain-destructor was found — Pseudomonas stutzeri
T (B-4904). It showed the highest rate of biodegradation, that is 2.5 times higher than other strains.

The kinetic equation of the reaction of biological decomposition of cocamidopropylbetaine by bacteria of
the genus Pseudomonas is derived (equation 1):

Ct:CO.e-0,2121-t (1)

Conclusions. Thus, the most effective strain-destructor of amphoteric surfactants was selected. A model

of the process of biodegradation of the substance is obtained. A metabolomic comparative analysis for cells

that were cultured in a classical medium and in a suractant solution was performed. The decomposition

products of cocamidopropylbetaine, which were obtained under the influence of the action of microbial
decomposition, were found.
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Polycyclic aromatic hydrocarbons (PAHS) are ubiquitous environmental contaminants that have
carcinogenic, genotoxic, and teratogenic character [1]. Dispersive liquid-liquid microextraction (DLLME) one of
the simple, rapid, and efficient methods to extract PAHs from environmental objects [2]. This is variant of
sample preparation where one solvent is as a dispersive agent and other is as a extraction solvent, and it make
extractive more efficient.

In this work has been developed the universal analytical procedure for the extraction and determination
of polycyclic aromatic hydrocarbons in bottom sediments, soils, surface water, and atmospheric air using the
DLLME and the Gas Chromatography-Mass Spectrometry method (GC-MS).

The composition and ratio of components in extractive mixtures were optimized and conditions of
ultrasonication and centrifugation for the recovery of PAHs from environmental objects. For the extraction of
PAHs from atmospheric air was suggested the composition of sorption tube sampling and conditions of
desorption analytes were developed. The limits of quantification of PAHs in soils were 0.1 — 0.5 ug/kg and 10 —
20 ng L- for the determination of PAHSs in surface water, and the recoveries of the extraction were 87 — 103%.
For air samples, the effective recoveries of PAHs were more than 80 %, and the limits of quantification in the
range of 1 ng/m3.

Thus in this research was suggested the universal analytical procedure for the determination of PAHSs in
environmental objects combined with the GC-MS taking into account the specificity of analysis's objects (fig. 1).

Sorption tube sampling » ’ =
: .5 g soil
(0.0é)mB atmospheric air) (bottom sediments)

S 1

Recovery from sample
into’extragent

N

10 mL water

Microextraction Procedure
(formed "cloudy" solution)

l

Analyses of extract drop

Figure 1. The procedure of DLLME for the determination of PAHSs in environmental objects.
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Optical single crystals are widely used in laser optics as laser generators, frequency multiplier, electro-
optical shutters, etc. [1]. In the growing of optical single crystals, there are different effects causing
inhomogeneous distribution of matrix elements, admixtures, and dopants in the crystal volume [2]. However,
direct analysis of matrix and admixture elements in non-conducting crystals is a relevant and difficult analytical
task in terms of quality assurance of optical materials. For this reason, in this study the main aim is
development and testing of approaches to the direct elemental analysis of single crystals using the example of
KTP crystals, pure and doped KF and Rb*, and KGd1-yNdy(WOa)2 based on glow discharge mass spectrometry.

Firstly, methods for the preparation of the studied dielectric crystals (sample coating with a silver layer
and sample pressing in the metallic matrix) for direct analysis using a microsecond glow discharge were
developed. Secondly, the discharge parameters, such as repelling pulse delay time, pulse duration, pressure
and voltage in discharge were optimized. After that, the samples were analyzed by microsecond direct current
pulsed glow discharge time-of-flight mass spectrometry (us-PDC TOF GDMS). The data were compared with
the results obtained by scanning electron microscope-energy dispersive X-ray spectroscopy (SEM EDX) and
spectrophotometry and validated by the analysis of certified reference material. Using the designed method, the
inhomogeneity of the dopant’s distribution was demonstrated along the growth axis and in the growth sectors of
different faces [3]. The designed method is applicable for the direct analysis of optical crystal and may be
implemented in quality assurance in the manufacturing of optical materials.
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Bladder cancer and prostate cancer are among the most common cancers of the genitourinary system
[1,2]. Despite the widespread prevalence of this disease, the question of identifying diagnostic biomarkers of
this pathology remains open. Currently, the level of prostate-specific antigen (PSA) in the blood is used to
diagnose prostate cancer. [3]. Numerous studies have shown insufficient selectivity of this marker. The PSA
level increases in the case of benign prostatic hyperplasia and prostatitis [2]. Early detection of pathology
significantly increases the patient's chances of recovery and a favorable prognosis. All this makes the further
search for methods for diagnosing prostate and bladder cancer an extremely urgent challenge.

In recent years, metabolic profiling has become increasingly common, the essence of which is to obtain
information about certain classes of compounds (target) or as many components as possible (hon-target). This
approach has already made it possible to identify sarcosine as an additional to PSA biomarker of prostate
cancer in a large-scale study in Norway [4]. The aim of this work was to obtain characteristic profiles of urine
samples from healthy donors and patients with bladder and prostate cancer using liquid and gas
chromatography-mass spectrometry.

Previously, we have shown the possibility of classifying urine samples based on the analysis of volatile
organic compounds of the equilibrium gas phase by gas chromatography-mass spectroscopy with a
classification accuracy of more than 95% [5]. The conditions for the precipitation of proteins in urine samples
were found. Various options have been tested: organic solvents (methanol, acetonitrile), acids (chloroacetic,
acetic, hydrochloric) and their mixtures, but the best results were achieved using chloroacetic acid as a
precipitant and and centrifuging the solution for 10 minutes at 10,000 rpm.

72 urine samples were analyzed by HPLC-MS after protein deposition, but the small number of
detectable components did not allow did not allow the samples to be classified during chemometric processing.
To solve these problems, an additional stage of extraction of non-polar components of urine with chloroform
was carried out. Then, the organic phase was taken, dried in an air current, and redissolved in a smaller volume
of water-acetonitrile solution. The influence of the pH of the medium on the extraction of components has been
studied. The best results were observed when acidifying the solution.

The application of chemometric data processing (principal component analysis, nearest neighbor
analysis, projection on latent structures) to the obtained chromatographic profiles ensured the classification of
samples according to the principle of norm-pathology with the identification of compounds that are most
correlated with diseases. Building models involving both pathologies at the same time can reveal specific
markers to these diseases.
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One of the important indicators that characterize the productivity of soils is its enzymatic activity.
Research in this area has been conducted by many scientists who have established the high efficiency of using
this indicator to diagnose the dynamics of soil fertility under various anthropogenic and natural impacts on
ecosystems.

Currently, interest in soil bacteria with urease activity is shown by the construction materials science. Bio-
cementation is an innovative biotechnology based mainly on the use of bacteria that synthesize urease
(Sporosarcina pasteurii, Sporosarcina ureae, etc.). There are two types of microbial calcite deposition (MOC)
technology: bioaugmentation (the microbial mass is artificially introduced into the soil) and biostimulation
(natural microbes in the soil are stimulated) [1].

The advantage of using this method is the ability to quickly determine the changes occurring in
ecosystems at the earliest stages of the development of degradation processes, predict their direction and
degree of manifestation. The enzymes studied by us belong to the class of hydrolases, play an essential role in
the hydrolytic cleavage of organic substances, enriching the soil with nutrients available to plants. Urease, in
particular, catalyzes the hydrolysis of urea to carbon dioxide and ammonia.

The resulting ammonia serves as a source of nitrogen nutrition of plants. Enzymes accelerate processes
and reactions many times over. They are a kind of catalysts for certain types of reactions. So urease
accelerates the decomposition of a non-volatile compound-urea: CO(NHz)2 + H20 = 2NHs + CO..

Soil bacteria use urea as an energy source and produce ammonium ions (NH4*) and carbon dioxide
(CO2), which increase the pH of the environment and cause the deposition of Ca?* and COs?"ions in the form of
CaCOs. A local increase in pH is often the reason that microbial cells become nucleation centers for
crystallization [2-3].

Calcite deposition is described by the following average reaction equation:

Ca*" + COs* <=> CaCOs| (1)
Microbiologically induced calcite deposition proceeds in accordance with the equations [2]:
Ca?* + HCO3z + OH - <=> CaCO03| + H20 (2)
Ca?" + 2HCO3 — CaCOs| + CO21 + H20 (3)

To precipitate calcite according to the above mechanism, calcium ions can be fixed on the surface of the
bacterial cell due to its total negative charge. The calcite deposit on the cell surface, which can serve as a
nucleation center, is described by the following equations [4]:

Ca?* + Cell — Cell-Ca?* (4)
Cell-Ca?" + COs* — Cell-CaCOs3| (5)

The aim of the work is to develop test products based on polyurethane foam as a tool for assessing the
urease activity of soils for the subsequent use of soil extracts for biocementation. The method for determining
urease activity is based on the reactions of urea hydrolysis under the action of the urease enzyme and the
interaction of the released ammonia with the Nessler reagent [4].

Test methods are expressive, accessible, and fairly cheap methods of analysis. These methods do not
require expensive equipment and qualified personnel. As a test agent, polyurethane foam was used, which was
impregnated with ferrotic salt, Nessler reagent and dried without air access.

A sample of 2 g of soil is placed in a test tube, 4 ml of phosphate buffer (pH=5.7), 0.2 ml of toluene are
added, and after five minutes - 4 ml of 10% 24 urea solution. The flask is tightly closed with a cork, stirred and
incubated for 24 hours at 370C. Then the test tubes were interfered with by the test means of the PUF and
hermetically sealed. The assessment of the urease activity of the soils was determined after 24 hours by
staining the PUF test means using scanner technologies according to a pre-constructed calibration schedule.

The urease activity of 10 soil samples was evaluated using the developed test tools.
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Introduction:
At the conditions of RP HPLC the analytes (X) are located in a water-containing eluent. It means the
possibility of their hydrates formation. The method for detection of that (1) was proposed recently [1]:

X+ H0 *<— XxH,0 1)

The sense of this method is the linearization of the dependence tr = f(C), where C is the concentration of
organic modifier in an eluent, using its recurrent representation:

tr(C+ AC) = atg(C)+ b, AC = const 2)
where AC is the constant “step” of variations of C (in previous and our experiments AC = 5% v/v).

The formation of hydrates distorts the linearity of the dependence (2) and, thus, can be revealed in this
way. It was demonstrated first on the examples of complex polyfunctional synthetic drugs with sulfanylamide
moiety -SO2-NH- using acetonitrile as organic modifier of an eluent [1]. The aim of our work was: 1. to verify the
existence of the same anomalies of recurrent interpretation of retention parameters for specially synthesized N-
substituted series of six p-toluenesulfonamides CHsCsH4-SO2-NRR’, namely, allyl, diethyl, tert-butyl, phenyl,
benzyl, and hexyl [2]; 2. to do this after replacing the aprotic acetonitrile by methanol containing hydroxyl
group with active hydrogen atom.

Methods:

The analytical method used in our work is reversed phase HPLC. The sets of directly measured retention
times within the ranges 55 < C < 85% (v/v) were processed using recurrent relation (2) with the aim to reveal
any deviations from linearity, which indicate the hydrate formation. However, the recurrent dependencies (2) for
all six p-toluenesulfonamides appeared to be linear with correlation coefficients R > 0.999. It does not mean the
absence of hydrates, but only the low “sensitivity” of the criterion (2) to their formation.

Due to this reason we have tested another criterion for revealing the hydrate formation. It is the depen-
dence of HPLC retention indices (in the scale of n-alkyl phenyl ketones), RI, on the concentration of the organic
modifier in an eluent, C:

Rl = aC+hb 3

Results:

Recurrent dependence (2) for N-substituted p-toluenesulfonamides demonstrate the clearly visible small
non-linearity if we use the acetonitrile in the eluent (Darya A. Nikitina, personal communication). However, the
presence of methanol in an eluent suppresses such non-linearity. In such cases the formation of hydrates
should be confirmed by the dependence of RIs vs. C. If the analytes within the all ranges of Cmin < C < Cmax
exist in a same (e.g., anhydrous) form, the coefficients “a” of these dependencies are rather small. However, if
the equilibrium (1) influences on the ratio of anhydrous and hydrated forms of analytes within this C-range, the
coefficients “a” become strongly negative:

a = dRI/AC <<0 4)

Conclusion:

The formation of hydrates of N-substituted arylsulfonamides in HPLC conditions using methanol as the
organic modifier of an eluent (C) cannot be revealed by recurrent approximation of retention data. Instead of
that another criterion on hydrate formation can be recommended: it is dependence of HPLC retention indices
(R vs. C, namely Rl=aC +b, a=dRI/dC << 0.
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Steroid hormones act as regulators of diverse biological responses, including profound effects on cellular
metabolism, development and physiology. All the steroid hormones are synthesized from the common
precursor, i.e., cholesterol, via hydroxylation, oxidation and reduction reactions. Among them, estrogens,
androgens, progestins, mineralocorticoids, glucocorticoids, etc., are distinguished. They participate in regulation
of various vital processes such as reproduction, stress and immune response, carbohydrate metabolism and
perform other important functions, therefore, their quantification is required for diagnostic purposes [1].

Steroids exert strong biological activities at very low (nanomolar and picomolar) concentrations,
consequently, for their quantification in biological fluids concentration step is required. Several procedures for
analytes concentration can be applied, namely, liquid-liquid extraction, solid-phase extraction, or such micro-
concentration techniques as dispersive liquid-liquid microextraction [2], etc. Moreover, sensitivity may also be
increased in the case of derivatization application. Among the numerous derivatization reagents, hydroxylamine
seems to be one of the most promising owing to the simplicity of derivatives formation and a significant increase
in sensitivity for most steroids. The reaction scheme for obtaining derivatives is given in Figure 1.

CHa CH
<. NH, OH <
L C‘ - HO_ = (
0 < N <

Figure 1. Reaction of hydroxylamine derivatives formation.

Application of enzymatic hydrolysis with B-glucuronidase from E. coli for analytes deconjugation as well
as dispersive liquid-liquid microextraction followed by hydroxylamine derivatization and UHPLC-Q-ToF
detection allowed to sensitively and accurately quantify steroids of various classes, namely, testosterone,
dihydrotestosterone, cortisone, cortisol, progesterone, 11a-hydroxyprogesterone, estrone, in human urine with
the detection limits between 0.1-0.25 ng/mL.
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It's currently becoming more important to analyze FFAs in both edible oils and the human body. FFAs
could play role in the diagnosis and treatment of some diseases!*. Some FFAs are also to be produced only by
specific speciesl. Due to it, it could be concluded about the kinship between species.

Although the method of an analysis of FFAs by gas-chromatography is known, there are few
disadvantages of this one. Firstly, the derivatization of FFAs into more volatile ether forms is required by gas-
chromatography. Furthermore, at least 30 minutes are to be taken by gas-chromatography, whereas MALDI-
TOF-MS takes only about 20 seconds. However, the matrix using for MALDI-TOF-MS can be chosen only by
the experimental way, so it was supposed that bariumE! and hexacyanoferrates(l11) mixed compounds could be
used as a matrix for MALDI-TOF.

This suggestion was confirmed by the experimental way. Firstly, barium ions are to interact with FFAs
forming heavy singly-charged ions detecting by mass-spectrometer. Secondly, the ionization of analytes is to be
provided by hexacyanoferrates(lll) ions because their maximum on the absorption spectrum conforms to the
laser wavelength. The coconut oil was analyzed for FFAs’ content by MALDI-TOF-MS (figure 1).
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Figure 1. Mass-spectrum of the coconut oil.
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Lignin is one of the most common biopolymers in the plant world, which is formed during the growth of
vascular plants [1]. Despite a significant history of research in the field of lignin chemistry, its exact structure is
still unclear due to significant variations in various plant tissues and species, as well as modifications in the
process of chemical processing. Therefore, it is necessary to expand knowledge about the chemical structure of
lignins isolated from plants of various origins, using the most informative instrumental methods for this purpose.
Nuclear magnetic resonance (NMR) spectroscopy is one of the most advanced methods in the study of the
structure of lignins. In particular, the 2D H-3C HSQC NMR is one of the most popular analytical tools for
studying the structural features of lignin, which is reflected in a large number of articles published in this field in
recent years [2]. However, the analysis of the literature data showed that the methodology of NMR
spectroscopy in relation to the study of the lignin structure is not sufficiently developed. A critical step for many
studies is the identification of the structural fragments that are responsible for the classification of various lignin
groups. In particular, the identification problem is divided into two separate categories: 1) confirmation of the
structure or identification of previously described lignin fragments; 2) identification of the structure of new lignin
fragments that have not been previously reported.

In this regard, this work is aimed at improving the approach to the determination of individual structural
fragments of the lignin macromolecule by NMR spectroscopy.

Based on the analysis of the H-'3C HSQC spectra of various softwood lignins, the accuracy of
identification of known lignin structural fragments from the literature data was evaluated and methodological
recommendations were proposed. First guideline is the presence of all characteristic cross-peaks for the
assumed structure. The absence of any characteristic cross-peaks casts doubt on the correctness of the
identification. The second guideline is the assessment of the chemical shift. The correspondence of the
experimental values of chemical shifts to the reference data should be within the range of £ 0.05 ppm for *H and
+ 0.5 ppm for °C.

The use of a combination of 2D NMR experiments in conjunction with a complex of expert systems for
interpreting and modeling NMR spectra (ACD/Labs) made it possible to assign previously unidentified cross-
peaks and expand the database of chemical shifts of lignin fragments. Among them, there are mainly products
of lignin degradation, as well as components of lignin preparations belonging to the classes of flavonoids and
fatty acids. Two approaches were used to identify unknown cross-peaks. The first is based on the use of a
database of NMR chemical shifts, taking into account the correlations present in the diagnostic NMR spectra.
The second approach is to construct model spectra of the proposed fragment and compare them with
experimental data.
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Figure 1. Analysis of unknown cross-peaks and identification of a structural fragment using the
ACD/Structure Elucidator Suite
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The widespread use of pesticides and herbicides in agriculture and antibiotics for the treatment of
animals poses a serious threat to human health [1]. Therefore, an urgent task is the development of methods
that allow rapid detection of such contaminants with minimal laboriousness and high sensitivity. The solution to
this problem can be the integration of sensor technologies into control systems. The aim of this study is to
create markless piezoelectric affine sensors based on magnetic hanocomposites.

The detection sensitivity with a gravimetric piezoelectric sensor depends on the concentration and spatial
availability of recognition molecules on the surface of its electrode, as well as on the mass of the layer [2]. The
inclusion of a neodymium magnet in the detection cell makes it possible to form a recognition layer based on a
magnetic nanocomposite under the action of magnetic forces, which makes it possible to significantly reduce
the duration of the sensor preparation for analysis by 22 h and reduce the coating mass by almost 3 times.

Piezoelectric immunosensors based on magnetic carbon nanotubes for the determination of antibiotics
(ciprofloxacin and penicillin G) and affinity sensors based on nanoparticles of magnetic molecularly imprinted
polymers for the determination of tetracycline and the pesticide glyphosate have been developed. As a physical
transducer of the sensor, we used AT-cut piezoelectric resonators with a natural vibration frequency of 10 MHz
with gold electrodes 8 mm in diameter. The analytical signal was recorded on a CPNA-330 measuring device
(ETNA, Russia).

Piezoelectric immunosensors used magnetic carbon nanotubes prepared in two ways: m-CNT 1 were
obtained by fixing on a carbon material pre-synthesized FesO4 magnetic nanospheres provided by the Institute
for Problems of Microelectronics Technology and High-Purity Materials RAS, Chernogolovka, and in m-CNT 2
magnetic particles Fe2Os were synthesized directly on the surface of multi-walled carbon nanotubes by the
modified Fenton reaction, including the reduction of iron (I1) sulfate with hydrogen peroxide.

The size of magnetic nanoparticles in composites obtained by various methods has been determined by
scanning electron microscopy. It was revealed that the average radius of spherical magnetic particles of m-CNT
1is 64 £ 5 nm, while m-CNT 2 have an irregular shape and differ greatly in size (97 + 49 nm). On the surface of
the magnetic nanocomposite, a pre-synthesized antibiotic conjugate with a molecule of bovine serum albumin
was immobilized. Determination of ciprofloxacin and penicillin G was performed in a competitive immunoassay
format. The range of determined concentrations of penicillin G and ciprofloxacin (ng / ml) is 6 - 400/30 - 200 and
5-400 / 15-240, respectively, on m-CNT 1/ m-CNT 2.

The developed immunosensors were tested in the determination of antibiotics in milk and pork.

The conditions for the synthesis of magnetic particles of polymers with molecular imprints of tetracycline
and glyphosate by the "core-shell" method have been investigated. Magnetic cores were obtained by a modified
coprecipitation method, then their surface was hydrophobized with oleic acid to facilitate fixation of the polymer
layer, and then a molecularly imprinted polymer "shell" was synthesized by free radical polymerization using
methacrylic acid and ethylene glycol dimethacrylate.

The average radii of the magnetic cores of FesO4 (65 £ 3 nm), magnetic particles of FesOs @ PMO
tetracycline (93 £ 4 nm) and FesO4 @ NIP (127 £ 6 nm) were determined, and the thickness of the surface
polymer layer for FesOs @ PMO (28 £ 5 nm ) and FesOs @ NIP (62 = 8 nm). The surface concentration of
molecular imprints and the stability of the recognition layer based on magnetic particles FesOs @ PMO
tetracycline / glyphosate were determined by the method of piezoelectric microweighing. The metrological
characteristics of the piezoelectric sensor for the determination of tetracycline have been established: the
equation of the calibration function has been obtained, the range of the determined antibiotic contents has been
determined (15 - 275 ug / ml), and the detection limit has been calculated (4.5 ug / ml) [3].
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Polyphenols have antioxidant and bactericidal properties in plant samples [1]. A promising approach,
along with component-by-component analysis, is to obtain their characteristic profiles in various tea samples,
followed by chemometric processing to identify classification criteria and the quality of the studied objects [2].

The aim of this study is to identify polyphenol-type antioxidants in selected and commercial green tea
samples with chemometric processing of the results to detect the dominant biomarkers of green tea quality.
Conditions for the selective separation of polyphenolic antioxidants and caffeine by TLC, RP-HPLC with MS
and UV detection were found.

The characteristic chromatographic profiles of biologically active components of green tea, including the
selection profiles provided by the Institute of Floriculture and Subtropical Crops of Sochi, were obtained by
HPLC and HPLC with UV and densitometric detection. Using the software "R-Studio", their chemometric
processing by the principal component method was carried out, thanks to which it was possible to achieve the
separation of samples into two clusters: breeding and commercial samples.

Analysis of the load schedule of the first main component revealed the dominant analytes (gallic acid,
gallocatechin, caffeine, epigallocatechin gallate and epicatechin gallate) that determine the difference between
the studied samples of green tea. In the selection samples, the content of polyphenols was significantly higher
compared to the rest, which indicates its high quality [3].

A similar approach-obtaining characteristic chromatographic profiles of biologically active analytes with
subsequent chemometric processing-has also been tested in the analysis of biological fluids in order to classify
them according to the "norm" / "pathology" principle.
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Noble metal nanoparticles, in particular silver nanoparticles, are widely proposed in chemical analysis for
the determination of biologically active substances with various functional groups using spectral and
colorimetric methods. The most common principle of nanoparticle-based sensors' operation is their colloidal
aggregation occurring for many types of nanoparticles irrespectively on their nature. A large number of papers
are devoted to the synthesis and application of spherical and pseudospherical silver nanoparticles. Fewer
articles discuss applications of anisotropic silver nanoparticles, in particular, silver triangular nanoplates
(AgTNPs) and different composite materials based on them. The unique optical properties of AgTNPs arise
from the local surface plasmon resonance (LSPR) phenomenon resulting in an intense absorption band in the
visible spectral region. High molar extinction coefficients of AQTNPs and the possibility of changing the LSPR
band of nanoparticles in the presence of some substances allow us to consider AgTNPs as a specific
colorimetric reagent for versatile applications.

The purpose of this study was to search for new applications of label-free silver triangular nanoplates and
composite materials based on them for the determination of biologically active substances by optical molecular
absorption spectroscopy.

Synthesis of AgTNPs was carried out by the borohydride approach. Nanoparticles were characterized by
transmission electron microscopy, electron diffraction, dynamic light scattering, and spectrophotometry. It was
found that the average length of AGTNP edge is 52 nm, and the average thickness is 4 nm. AgTNPs have an
intense absorption band in the range of 620 — 700 nm and dark blue color.

It was found that AQTNPs are morphologically and aggregative labile due to increased surface energy at
their vertices, as well as due to the energetically favorable possibility of the plane-parallel orientation of the
nanoplates relative to each other during aggregation. It was shown that changes in both the morphology and
aggregative state of these nanoparticles could be used to develop new methods for the determination of
biologically active substances. In the processes associated with the morphological changes of AgTNPs, it was
proposed to use the value of LSPR band shift as a characteristic of the depth of interaction and as an analytical
signal. In the processes associated with the aggregative changes, it was proposed to use the value of the
change in the intensity of the LSPR band as an analytical signal.

The influence of pH, interaction time, and concentration of reagents on the analytical signals was
assessed. Methods for the determination of oxidants (mercury (II), organic and inorganic peroxides,
catecholamines and their metabolites), reducing agents (L-ascorbic acid, glucose, flavonoids), and organic
thiols using new analytical systems based on AgTNPs have been developed. The detection limits of
compounds under the selected optimal conditions are 10 — 10% M, the determination ranges are about an
order of magnitude. The relative standard deviations of the determination results do not exceed 6 %. The
proposed approaches have been successfully used for the determination of biologically active compounds in
environmental objects, food additives, cosmetic preparations, medicines, and model solutions that imitate
human biological fluids.

A simple sorption method for obtaining a nanocomposite material based on polyurethane foam and
AgTNPs has been proposed. The possibility of using such material as a new solid-phase analytical reagent for
diffuse reflection spectroscopy has been demonstrated by the example of mercury(ll), peroxides, and thiols. It
has been shown that an increase in the volume of the analyzed solution due to the preconcentration effect
makes it possible to reduce the detection limit of biologically active compounds by a factor of 2 — 10 compared
to the detection limit achieved using AgTNPs solution. Other advantages of the nanocomposite material are
ease of use and the possibility of using a cheap and compact monitor calibrator for recording an analytical
signal.
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Currently, antibiotics occupy a leading place in medicine and veterinary medicine in the treatment of
various infectious and inflammatory diseases and for anti-infectious prophylaxis in surgery. The widespread use
of antibiotics has led to the selection and spread of resistant strains of the main pathogens. Researchers and
clinicians are trying to solve this problem in the following ways: by synthesizing antibiotics of new generations,
creating inhibitors of B-lactamases, combining already known antibiotics, creating new dosage forms and
changing the dosage regimen, which, in turn, requires determining the concentration of antibiotics in various
objects.

In addition to medical purposes, antibiotics are widely used to improve the quality and safety of feed, in
the production of products from meat, milk, vegetables, etc. The sources of the release of antibiotics into the
environment are waste water from pharmaceutical enterprises and clinics.

Consequently, the definition of antibiotics as one of the groups of medicinal compounds that have
become widespread, but at the same time have a potential hazard to human health, is an urgent problem in
modern clinical, analytical chemistry, veterinary medicine, pharmaceutical and food industries.

For quality control of dosage forms, it is convenient to use ion-selective electrodes [1].
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Figure 1. Structural formula of vancomycin.

In order for ISE to be selective for only one type of ions, the membrane must contain a substance that
has the ability to reversibly bind the ion to be determined and at the same time has a minimum solubility in
agueous solutions. A substance with this property is called an electrode active compound (EAC) [2].

Purpose of the work: to create conditions for the synthesis of an ionic associate of vancomycin and its
subsequent study in the membranes of ion-selective electrodes. For this, we have set the task of studying the
absorption spectra of aqueous and non-aqueous solutions of individual and mixed substances. Synthesis of an
ionic associate and its electrochemical study in ISE membranes.
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Lung cancer is the most widespread and aggressive type of oncology and it remains the leading cause of
death worldwide. Diagnostics of lung cancer at early stages makes it possible significantly to increase the
patient outcome. However, the symptoms of the disease are silent in early stages and early diagnosis is
particularly difficult to perform. Therefore, development of express, accurate, reliable and non-invasive
methodologies applicable for mass screening of lung cancer is of immense interest in a clinical context.

Diagnostics of lung cancer by using exhaled breath is a promising approach. Notwithstanding, a plethora
of approaches for the lung cancer biomarkers identification in exhaled breath has been proposed, the list of
putative biomarkers is wide and the lack of correlation among the results obtained by different research groups
can be observed. Besides challenges relating sampling and analysis variations in different researches,
confounding factors, dietary issues, coexisting conditions, it can be explained by the fact, what volatile organic
compound profiles of lung cancer patients are varied depending on histological type of tumor and its
localization.

This research is devoted to the investigation of volatile organic compound profiles of 80 lung cancer
patients with different histological types (adenocarcinoma, squamous cell carcinoma and small cell carcinoma)
and tumor localization (central and peripheral) with the aim to find differences and evaluate the possibility to
classify the samples by using exhaled breath volatile organic compound profiles.

Statistically significant difference depending on tumor localization was found for 1-pentanol and some
volatile organic compound ratios. In case of histological types statistically significant differences were observed
for some volatile organic compound ratios.
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Prescribing tricyclic antidepressants to patients is associated with their effectiveness in the treatment of
depressive disorders, neurosis, panic and other anxiety conditions, but these drugs can’t be taken without the
supervision of a doctor, because there is a risk of overdose, causing side effects.

Increasing the sensitivity and selectivity of biosensors is possible by modifying their surface with various
nanostructured materials, including carbon and metal nanostructures. In this case, both enzymes and
antibodies can act as biosensitive components.

In the development of methods for the determination of medicinal compounds, along with various types of
chromatography and physico-chemical research methods, flow methods, including sequential injection analysis,
are used as a method of automation. Flow analyzers have advantages such as high performance, minimal
sample consumption, and ease of use.

In the flow system, various detection methods are used. Among them, voltammetric detectors are more
sensitive and less expensive.

Thus, the use of voltammetric immunosensors in the mode of sequential injection analysis for monitoring
these drug compounds in the biological materials of patients is an urgent task.

Voltammetric immunosensors based on screen-printed graphite electrodes modified with reduced
graphene oxide in an amino derivative on the platform of polyether polyol of second generation and cyanide
chalcogenide hexarenium cluster complexes and reduced graphene oxide in chitosan and cyanide
chalcogenide hexarenium cluster complexes for sequential injection determination of tricyclic antidepressants
(amitriptyline, imipramine, desipramine).

According to the electrochemical impedance spectroscopy data, hybrid nanomaterials with the lowest
electron transfer resistance (combinations of hexarenium cluster complexes with reduced graphene oxide in
polyether polyol and with reduced graphene oxide in chitosan) were selected and used as biosensor modifiers.
In the course of studying the electrochemical behavior of the rhenium cyanide nanocluster, it was found that the
voltammogram shows peaks from the electrochemical oxidation of the cluster complex. The addition of reduced
graphene oxide into the composition of the modifier increases the oxidation current of the rhenium cluster by 4
times. Modification of the surface of the transducer as the basis of the sensor by various nanomaterials
contributes to both the formation of a stable analytical signal and its significant amplification.

As a biosensitive component, antibodies against tricyclic antidepressants were used. The interaction of
antibodies with the antigen is manifested in a decrease in the oxidation current of the cluster complex on the
differential pulse voltammogram due to an increase in resistance and the formation of an antigen-antibody
complex on the electrode surface.

The optimal conditions for the applicability of immunosensors in the mode of sequential injection analysis
were selected. The range of working concentrations of the best voltammetric immunosensor in the sequential
injection analysis mode is 1x10° — 1x1072° mol/l with the lower limits of the determined contents at the level of
5x101 mol/l. At the same time, there is an increase in the sensitivity of immunosensors in the flow in
comparison with immunosensors in the stationary mode.

Methods of sequential injection determination of tricyclic antidepressants by immunosensors against the
background of model urine with an error of no more than 0.041 were developed.
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Carrying out a reliable analysis of liquid products of industrial rubber waste heat treatment is a rather
difficult task. Despite the fact that there is a huge number of works related to the study of pyrolysis products,
very few works are devoted to methods of extraction separation of the components of the pyrolysis mixture.

The chromatographic distribution method for the analysis of organic acids and bases in pyrolysis water
made it possible to additionally not only confirm, but also clarify the results of its chemical composition, and also
to determine that some chromatogram peaks contain impurities of unknown nature and may overlap each other.
The use of molecular and dissociative extraction of the components of pyrolysis water, as follows from the
results obtained, makes it possible to increase the reliability and accuracy of determining its chemical
composition.

A method of extraction sample preparation of pyrolysis oil based on the stepwise extraction of
components from pyrolysis oil with water, ethylene glycol (EG), dimethyl sulfoxide (DMSO) and oleum was
proposed, which made it possible to conduct a more reliable analysis of the component composition of pyrolysis
oil by the GC-MS method. It has been shown that the chromatography-distribution method for the analysis of
pyrolysis oil, including the sequential selective extraction of classes of compounds from pyrolysis oils by a
number of solvents and reagents that differ in polarity, followed by GC-MS analysis of the extracts, is a
promising method for studying liquid products from the processing of used automobile tires.

Thus, extraction with water, an aqueous acid solution and an aqueous alkali solution made it possible to
extract hydrophilic organic bases and acids. The EG extract did not contain significant amounts of moderately
hydrophobic compounds, except for benzothiazole. The use of DMSO made it possible to extract condensed
multinuclear aromatic hydrocarbons from the pyrolysis oil, and the oleum removed unsaturated and aromatic
hydrocarbons from the hexane solution of the pyrolysis oil.

The results obtained in this work are of undoubted importance for the chemistry of pyrolysis of organic
compounds, in particular, from the results obtained it can be seen that the pyrolysis of rubber products is
accompanied by both the obvious formation of the most stable aromatic hydrocarbons at high temperatures,
and the formation of aliphatic and naphthenic hydrocarbons established in the work. At the same time, the
presence of noticeable amounts of aliphatic and naphthenic hydrocarbons in pyrolysis oils has not, as a rule,
been established in the literature before this study.
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During latest decades cell diagnostic methods based on monitoring of time-resolved autofluorescence of
endogenous fluorophores upon excitation by ultrafast laser pulses were actively developed. [1]. An important
endogenous fluorophore is reduced nicotinamide adenine dinucleotide (NADH) that can be found in almost all
cellular compartments and plays an essential role in regulation of redox reactions in living cells. As known
NADH exists in living cells in free and enzyme-bound forms, as pointed out by Chance et al. [2] the relative
concentration of the forms can be used for monitoring of the changes in cellular metabolism. As known,
fluorescence decay kinetics in free NADH in solution can be characterized with two fluorescence decay times
lying in the sub-ns range. [3] The results of recent publications suggested that these decay times relate to cis-
and trans- configurations of the nicotinamide ring. [3] In turn, protein-bound NADH in solution exhibited
multiexponential fluorescence decay with a short decay time 1. = 120 ps [4] and long decay time of .= 1- 6
ns that depended on microenvironmental conditions [4]. Despite many efforts of understanding the origin of
the shorter exponential it still remains controversial. We investigated time-resolved polarized fluorescence of
NADH-ADH complexes in PBS solution upon two-photon excitation at 720 nm. The fluorescence signals were
analysed based on a model taking into account contribution from free and protein-bound NADH. The set of the
isotropic and anisotropic decay parameters related to free and bound NADH were determined from experiment
and compared with results of the previous studies.

Measurement of two-photon excited polarized fluorescence signals was performed within a standard
experimental procedure described in our previous publication [3]. The experimental sample was two-photon
excited at 720 nm by femtosecond laser pulses. Polarized fluorescence was collected at the right angle to the
laser beam propagation. The spectral range of the detected fluorescence was selected by a set of dichroic
filters with the bandwidth of 425 - 445 nm installed after the cuvette. Two orthogonally polarized fluorescence
components parallel I;(t) and orthogonal I.(t) to the laser beam polarization were separated by a Glan prism and
then independently detected by two fast photon counting photodetectors. The recorded signals were analyzed
by a time correlated single photon counting (TCSPC) system. Processing of the experimental signals was
carried out by a global fit procedure using a maximum likelihood estimation for the Poisson distribution.

In the result of analysis of fluorescence decay signals it was found that the ADH-bound NADH is
characterised by two decay times: 11 of about 0.1 ns and 14 of about 4.5 ns. The fluorescence decay time of 14 =
4.5 ns associated with bound NADH is several times larger than the fluorescence decay times 11 = 0.24 ns and
T2 = 0.66 ns in free NADH. The value of fluorescence decay time related to bound NADH is in a good
agreement with one of the fluorescence decay times in NADH bound with ADH reported elsewhere [4]. We
believe that a significant increase of the decay time in bound NADH is due to apolar binding site in ADH [4]. The
existence of the short decay time 11 = 0.1 ns in enzyme-bound NADH was associated with fast non-radiative
relaxation process. A new feature of the polarized fluorescence decay in NADH was the anisotropic decay time
Tov=0.89 ns in the enzyme-bound NADH. This anisotropic decay time can be explained by anisotropic vibrational
relaxation in excited states that results in rotation of the NADH transition dipole moment due to rearrangement
of nuclear configuration. The existence of the anisotropic vibrational relaxation time Tw is very important
because it depends on the enzyme binding site environment and can be used together with other decay times
for characterization of the NADH binding processes with dehydrogenases.
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The dating of handwritten documents is an important step in the process of determining whether they
have been falsified or illegally edited. One can obtain this information by analyzing the pen ink composition.
Classic pen inks consist of 50% solvent, 25% dye, and 25% thickener/binder. Most modern methods such as
chromatography, mass spectrometry, Raman spectroscopy are based on quantitative analysis of each of these
components. However, all of these methods are bulky and expensive for routine use.

In turn, the method of digital color analysis (DCA) has become widespread in the fields of analytical
chemistry and document analysis. DCA is easy to utilize and it requires inexpensive equipment such as a
simple digital camera or even a smartphone. In this work, a new method of classification of writing inks and
investigation of their aging using DCA is presented [1]. The approach relies on the assumption that all
significant changes in the composition and properties of an ink sample are reflected in its color change upon
aging (Figure 1).

Here, we simulated aging of ballpoint pen inks by exposure to UV light for 72 hours. During this time the
ink color was captured by photography. After DCA, the kinetic curves (color signal vs. UV irradiation time) were
further processed using hierarchical cluster analysis. The proposed method was utilized to classify 4 different
pens. The obtained results allowed us to isolate 3 separate clusters. To validate the developed approach, the
method of Raman spectroscopy was implemented. It was shown that the proposed method was more
informative in terms of number of clusters than Raman spectroscopy. In addition, the effect of sample storage
temperature and type of paper on the classification results was investigated.

As a result, the method of digital color analysis has proven to be an effective low-cost method for
studying ballpoint pen inks and their classification. Further investigation of the obtained ink aging curves paves
the way for an affordable and precise method for signature and document dating.
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Figure 1. Color research scheme [1].
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In modern industry, elemental fluorine is produced by electrolysis of KF-2HF melt in an electrolytic cell
with a graphite anode. Manufacturers use different methods for determining fluorines gas composition. So at
Siberian Chemical Combine fluorine is analyzed by a titrimetric method to determine the content of the basic
substance. At the Russian Research Center Applied Chemistry the anode gas is analyzed by carrying out a
solid-phase reaction of fluorine substitution with sodium chloride, the amount of fluorine is judged by the
absorption of chlorine released during the reaction by potassium iodide (KI), the absorption method is also used
to determine the content of CO2 and Oo. It is known that the main components of the anode gas are fluorine,
hydrogen fluoride, nitrogen, oxygen, carbon dioxide, carbon tetrafluoride; carbon monoxide and sulfur
hexafluoride also may be present. It is necessary to know the anode gas composition for the development of
methods for obtaining pure fluorine, which is required in excimer lasers and some other applications.

The authors have developed a method for analyzing the anode gas composition by gas chromatography.

In this method, at the first stage, the concentration of hydrogen fluoride in the anode gas is determined by
passing a known amount through a vessel with sodium fluoride at room temperature to obtain NaF-HF. The
equilibrium pressure of HF over NaF - HF in this case is 0.054 kPa [1] and, therefore, almost all of the hydrogen
fluoride is binded. Other components of the gas mixture do not react with NaF and NaF-HF. Determination of
HF is carried out by titration of the resulting salt with NaOH solution.

At the second stage, the gas stream, purified from HF, is directed to a vessel with Kl, where KF and 12
are formed upon interaction with fluorine. To determine the amount of passed fluorine, a mixture of potassium
fluoride and iodine is dissolved in water and titrated with sodium thiosulfate solution. Kl is used with a water
content of 0.5 wt% to ensure quantitative fixation of fluorine on Kl at room temperature. When fluorine interacts
with water, oxygen and hydrogen fluoride is released, which interacts with potassium iodide in the presence of
oxygen. The amount of oxygen released is analyzed by thermogravimetry measuring the moisture content of
potassium iodide.

At the third stage, the gas stream, purified from HF and F2, is sent to a gas chromatograph to determine
the content of nitrogen, oxygen, carbon dioxide, carbon tetrafluoride and other substances.

Gas chromatography was performed on a Crystallux—4000M gas chromatograph (RPC “Meta-chrom”,
Yoshkar-Ola, Russia) with a thermal conductivity detector. A 1-ml gas sample was injected by loop injection
system onto packed columns (HayeSep Q, 3 mx2 mm 1.D., 80/100 mesh packing size; NaX, 3 mx3 mm |.D.,
60/80 mesh packing size). An Agilent HayeSep Q column was chosen for the analysis of oxygen and nitrogen,
and a NaX column was chosen for the separation and determination of the other components of the gas
mixture.

Fluorine was obtained in a laboratory electrolyzer, the anode material is a carbon electrode, the cathode
is the nickel body of the electrolyzer. Potassium bifluoride is used as the electrolyte. The current of electrolyzer
power supply system is varied in the range of 0-100 A, usually the amperage is maintained in the range of 10-
40 A, the voltage isup to 10 V.

As a result, it was shown that the previously listed substances are present in the anode gas. According to
the results of the fluorine titrimetric analysis, it was determined that from the beginning of the electrolyzer
operation until the end of the experiments (the electrolyzer operation time was 9 hours), the fluorine content in
the anode gas increases from 74% to 92%. At the same time, the change in the oxygen content in the anode
gas decreases with a decrease in the concentration of water in the electrolyte from 11.2% (the beginning of the
operation of the electrolyzer) to 0.5% (after 8 hours of the operation of the electrolyzer), the CF4 content
changes from 0.02% to 0.2 %, CO: - from 1.3% to 3%. The error in the determination of these components by
gas chromatography is 5-7%.
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The viscosity-temperature characteristics of a lubricating oil are the defining indicators of its quality. To
improve them, special additives are introduced - viscous additives. This requires an assessment of the state of
functional additives in lubricating oils, consisting of a base oil and functional additives. To determine viscous
additives, their preliminary extraction from the lubricant is required. For these purposes, SPE is widely used.
Additives based on polyalkylmethacrylate are currently used to increase viscosity and improve viscosity-
temperature characteristics. They are weakly polar high molecular weight substances; therefore, the most
commonly used sorbents based on unmodified silica gel are ineffective for their extraction from the oil base.

The aim of this study was to study sorption materials based on modified silica gel for solid-phase
extraction of viscous additives based on polyalkylmethacrylate from lubricants for their subsequent
chromatographic determination. The possibility of using various sorbents for extracting viscous additives from a
lubricant is determined by their sorption characteristics - "volume before breakthrough”, retained volume and
the degree of recovery, which can be determined from the output dynamic sorption curve. The studies were
carried out using a sorbent based on silica gel modified with magnesium oxide (Florisil). The extracts were
analyzed by gel permeation chromatography with refractometric detection. "Volumes before breakthrough” were
calculated for viscous additives "Maxoil V" and PMAD, they were 1.4 and 1 cm?, respectively, using hexane as
a solvent. It was shown that acetone is the optimal eluent that ensures the completeness of the extraction of
viscous additives from the sorbent. The recovery of analytes was 65 and 98%, respectively, with an acetone
eluent volume of 2.5 cm?®.

Based on the studies carried out, the efficiency of using a sorbent based on silica gel modified with
magnesium oxide for the extraction of viscous additives based on polyalkylmethacrylate from the base of
lubricants was evaluated. The main sorption characteristics of the sorbent with respect to commercial viscous
additives dissolved in solvents of different polarities were studied, the number of theoretical plates was
calculated with respect to commercial polymer additives "Maxoil V" and PMAD.

The research was carried out within the framework of the RFBR grant (No. 19-33-90175) using the
scientific equipment of the Center for Collective Use "Ecological Analytical Center" of the Kuban State
University
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Plants of the Iris group are widely used in traditional medicine to fight bacterial and viral infections, as
well as an antispasmodic, hemostatic or laxative. The substances isolated from Irises have antibacterial,
antiviral, anti-inflammatory, antioxidant and cytotoxic activity. The main active components are phenolic
compounds, namely flavonoid or isoflavonoid aglycones and their corresponding glycosides, triterpenoids,
amino acids. A promising direction for obtaining medicinal plants is the use of biotechnological approaches that
allow to obtaining high-quality medical raw materials and regulating its phytochemical composition. However,
there are no suitable methods for its qualitative and quantitative analysis as well as quality control.

Iris sibirica L., a species of the Iris group, is mainly distributed in the south and west of Russia.
Biotechnological plant biomass of Iris sibirica L., is a valuable and poorly studied medical raw material. A
comprehensive phytochemical study of this raw plant material is required to obtain as many individual
characteristics as possible. It needs the development of analytical approaches for optimize biotechnology and
effective control the quality of the raw materials produced by various indicators. This will provide to obtain
characteristic chromatographic profiles of the plant.

The purpose of this study is to obtain chromatographic profiles of flavonoids and amino acids of
biotechnological raw materials Iris sibirica L. and to reveal regularities of its changes depending on the
hormonal composition of the nutrient medium. The HPLC method coupled with diode-array detection (DAD) and
tandem mass spectrometry with electrospray ionization in positive and negative ion modes, was developed and
applied for the determination of polyphenols and amino acids in the Iris sibirica L. The determination of amino
acids by HPLC was carried out using preliminary derivatization with dansyl chloride.

The design of experiments was constructed in order to select and optimize the conditions for the
effectively extraction of the determined biologically active substances. The conditions were selected under
which the extraction of target analytes reaches a maximum. It was revealed that the most significant factors
affecting the extraction of phenolic compounds were the methanol content and the combined effect of the
temperature and heating time. For amino acids, these were the extraction temperature and the concentration of
methanol in the extractant.

The characteristic profiles of phenolic compounds and amino acids of biotechnological Iris sibirica L.
grown on nutrient media with different phytohormones (cytokinin and auxin) concentration were obtained and
investigated the changes in their composition. The main metabolites have been identified for the control of
biotechnological raw materials. The concentrations of most amino acids increases significantly with the addition
auxin. Preliminary results also confirmed the enhancement of the action of hormones when they used together.
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Figure 1. Influence of auxin (a-NAA) additives on polyphenol profile of Iris sibirica L. by RP HPLC-MS.
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Currently, there is an accelerated development in the field of nuclear energy since this direction is the
most promising for obtaining an almost inexhaustible source of energy. This energy resource is the most
profitable, since it is an environmentally friendly way to create energy and when burning, the consumption of
nuclear fuel is low. Straight to achieving this goal, there is a specific task — the creation of a closed nuclear fuel
cycle, in which it is necessary to constantly manage intra-system processes. Here there are molten salt
reactors, in which the core is formed by a mixture of melts of fluoride salts of light elements (sodium, potassium,
lithium, beryllium) and fluorides of fissile materials [1-2].

U and Th have good solubility in melts of light metal fluoride salts, such as FLiNaK and FLiBe. However,
there are certain difficulties in using these salts. In spite of that FLiBe is a fairly stable system, it is able to
reaction with oxygen, forming oxides and oxy-fluorides of the elements that make up the salt. As a result, the
permanence and sluggishness of the salt is reduced. Its corrosion activity increases with in relation to the
reactor materials [3]. So the analytical control of the oxygen content in the melts of FLiNaK and FLiBe is very
important.

Heat fusion to

extract NDIR
=:>' Flow
Carrier . control
gas
(CO!Ny)

Figure 1. Principle diagram of the oxygen analyzer, crucible model with cap

The oxygen content can be determined in several ways, of which Carrier Gas Hot Extraction is the most
promising. The method is based on the release of oxygen from the sample under the influence of high
temperatures = 2500-3000 C. It then interacts with the carbon of the crucible and forms carbon monoxide (CO),
which is transported by the carrier gas (Ar), to the detection region. The IR detector is tuned to the CO
wavelength (Figure 1).

For the analysis, we used Horiba EMGA620W. The finely ground molten salt was mixed with SiC for an
hour. The derived sample weight was placed in tin capsules and sealed. All stages were carried out in an inert
atmosphere.

The graphite crucible with the cap was devolatillised twice (the first time at a temperature of 7kW, the
second time-6kW). Then a tin capsule with a sample was manually placed under the graphite lid and analyzed
at a temperature of 6kW.

The graphite cap allowed us to solve two main problems of applying the method to this system:

1. mechanical spraying of oxygen-containing compounds during intensive boiling of a mixture of fluorides;
2. loss of fugitive oxygen-containing compounds (BeF)20, Be20).
Due to the lack of standard samples of the oxygen content in the FLYB, the correctness and precision of
the method was established by the methods of additives, dilution and variation of the sample weight.
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Adrenaline is a hormone of the adrenal glands, which is normally secreted in stressful situations, with
injuries and enhanced muscle load. An increase in its concentration in urine and blood plasma can serve as a
biomarker for the diagnosis of adrenal glands neoplastic diseases in the early stages. Adrenaline-based
pharmaceuticals are used in cases of breathing difficulties, to relieve local anesthetics, and in other cases.
Therefore, methods for quantitative determination of adrenaline are required in both pharmaceutical analysis
and medical diagnostics.

Supramolecular solvents are nanostructured systems formed in colloidal solutions of amphiphilic
compounds as a result of self-organization and coacervation phenomena. When the concentration of
amphiphile in solution becomes higher than the critical micelle concentration, the process of self-organization
begins, in which amphiphile molecules are combined into three-dimensional aggregates, for example, into
micelles or vesicles. After that, conditions are created in the system that causes the aggregates to combine into
larger particles - coacervates and drops. They eventually separate from the colloidal solution and form a new
liquid phase, which is rich in amphiphiles and does not mix with water [1-2].

For the determination of adrenaline in biological fluids and pharmaceuticals the supramolecular solvent-
based microextraction followed with high-performance liquid chromatography with fluorescence detection
(HPLC-FL) has been developed. For this, nonionic surfactants and medium chain fatty acid as well as derivation
of the adrenaline with o-phenylenediamine [3] were utilized. Several parameter affected to the efficiency of the
analyte determination have been optimized. Among them: concentration of o-phenylenediamine, type and
volume of nonionic surfactant, type and volume of medium chain fatty acid. Under optimal condition the linear
range was 3-10-9-3-10-6 mol L-1 and limit of detection was 5,4:-10-10 mol L-1. Relative standard deviation did
not exceed 7+1%. The developed approach was implemented for the determination of adrenaline in real urine
samples and pharmaceuticals.
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Document verification is one of the most important tasks of the Forensic Document Examination (FDE).
Comparison of the qualitative and quantitative analysis of ink taken from different parts of the document allows
to suppose whether part of the text was added or forged. Another important task of FDE is determination of the
limitation period, which requires the use of methods capable of providing high accuracy and reproducibility of
analyzes. The use of high-performance liquid chromatography (HPLC) for these purposes seems promising [1].
There is a fundamental difficulty in ink analyzing. It contains a large number of components. They include dyes
and pigments dissolved in one or more solvents, resins, and other compounds that may be added to change
the properties of ink [2]. Therefore, it is important to perform the sample preparation before analysis. During
sample preparation, matrix effects can be eliminated and target components can be isolated for further analysis

(Fig. 1).
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Figure 1. Sample preparation scheme for the extraction of coloring components from ink applied to paper.

Thus, the aim of the study was to develop an effective approach to a sample preparation of a line of blue
ballpoint pen ink on paper to the following HPLC analyze. Efficiency of various solvents in the extraction of ink
was studied by comparing the values of the dye peak areas. The latter was obtained as a result of the HPLC
analysis. To study the reproducibility and choose the way of sample preparation, five samples of pen ink were
cut out using both a hole punch and a scalpel.
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Up to the present all theoretical considerations of the electrochemical properties of ion-selective
membranes have been based on the assumption that the membrane is an organic phase which contacts with
the aqueous solution phase. This concept predicts the constancy of the electrical resistance of the membrane
within the range of the Nernstian potentiometric response of ion-selective electrodes (ISEs). However, a
systematic study revealed that the bulk resistance of the membranes increases significantly along with the
decrease of the electrolyte concentration, although the ISE potential obeys the Nernst law [1-5].

We have proposed a hypothesis about the cause of this contradiction, which for the first time explicitly
links the electrochemical properties of sensory membranes with their heterogeneity due to the water sorption.
Our investigation is devoted to a verification of this hypothesis.

We have shown for the first time that the resistance of ISE membrane is determined by the ionic strength
of the solution (or the total concentration of electrolytes) and not by the concentration of ions to which the
membrane is selective. The data on the resistivity of Ca?*- and Cd?*-selective membranes equilibrated with
mixed solutions are presented in Figure 1.
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Figure 1. The dependence of the resistivity of a) Ca?*-ISEs membranes and b) Cd?*-ISEs membranes on the
ionic strength of mixed solutions.

The dependence of the membrane resistance on the ionic strength of the solution not only confirms the
validity of our hypothesis, but for the first time offers the fundamental possibility of using the same sensor for
determination of both activity and concentration of the ion of interest.
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Formaldehyde is often added to milk to increase the shelf life, improve the appearance of the product and
keep it odorless [1]. However, formaldehyde is a carcinogen and its daily consumption can be dangerous for
human health.

Nowadays, there are various methods developed for the determination of formaldehyde in milk. However,
many of them require to use highly toxic solvents and are characterized by tedious sample preparation. In this
regard, a simple express and environmentally friendly scheme for the fluorometric determination of
formaldehyde in milk with the use of thymol as “green” extraction solvent was developed.

The proposed scheme assumes the air-assisted liquid-liquid microextraction of the formaldehyde
derivative into the molten thymol coupled with fluorometric analysis. The formation of derivative and extraction
process are carried out by heating and stirring with air providing by thermostat and peristaltic pump,
respectively. After extraction the organic phase with the derivative is placed on a paper template and
fluorometric measurements are performed by spectrofluorometer 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 confirmed by the "add-found" method.
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In Russia, the prevention of hydrate formation is carried out by introducing methanol into gas distribution
systems [1-2], and the Temperature Swing Adsorption method (TSA) is used to dry natural gas in adsorption
columns. At the stage of high-temperature regeneration at 280—-290°C at gas treatment units the utilization of
methanol to dimethyl ether (DME) on silica gels becomes relevant [3].

In the present work the catalytic dehydration of methanol to DME has been studied over industrial
adsorbents of the brands ASM, ASM WS, BASF KC-Trockenperlen H, BASF KC-Trockenperlen WS, NIAP-
AOS, used in the purification of natural gas, and unmodified silica gel.

The catalytic evaluations were carried out in a fixed-bed reactor containing a standard mass of catalyst
(2,0 g) at 120-290°C and flow rates from 200 to 2000 ml/min. The products were analyzed on-line every 10 min
using a gas chromatography (Crystal-2000M) equipped with a flame ionized detector (GC-FID) connected to
capillary column FFAP (50 m x 0,32 mm x 0,50 uym). The BET surface area and the total pore volume were
measured using a N2 adsorption-desorption isotherm method by Sorbtometer-M instrument. X-ray diffraction
patterns were obtained to component identification (XRD-7000) using CuKa monochromatized source and Ni
filters over the 26 interval 3—-80°.
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Figure 1.Dependence of the yield of dimethyl ether on temperature (150-290°C) on adsorbents
(flow rate 400 ml/min).

The results of the activity of adsorbents NIAP-AOS, ASM WS, BASF KC-Trockenperlen H and BASF KC-
Trockenperlen WS, ASM (Figure 1) and X-ray diffraction patterns showed that the catalytic activity of silica gels
is due to the interaction of methanol with the amorphous form of adsorbents. An increase in the surface area
and the total pore volume also increases the catalytic activity of adsorbents in the methanol conversion to DME.
Unmodified silica gel has practically no catalytic activity.

Thus, ASM catalyst with a surface area of 624 m?/g exhibits the highest methanol conversion.
Decreasing methanol concentrations reduces atmospheric emissions and saves fuel gas consumed by a
stationary thermal treatment unit.
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Aptamers (from Latin “aptus” — “to fit”) are single-stranded oligonucleotide molecules capable of binding
to molecular targets with high affinity and specificity. Aptamers are considered to be oligonucleotide analogs of
antibodies, although there are numerous advantages over antibodies in selection, fabrication and chemical
properties. Affinity and specificity of aptamer binding have attracted interest to their widespread use in research,
therapy and analytical practice, particularly to create highly sensitive and specific sensors [1]. Aptamer selection
to a target of interest relies on SELEX method (Systematic Evolution of Ligands by EXponential Enrichment).
During this process a starting library of randomized oligonucleotides is enriched with specific aptamers through
repetitive rounds of fractionation and amplification of aptamers. There are numerous approaches to perform
SELEX and many parameters can influence the course of the experiment [2].

Our work focuses on aptamers application for the creation of modern bioanalytical solutions for the
analysis of mycotoxins, filamentous fungi secondary metabolites. The infection of food and forage crops by
pathogenic fungi and contamination with mycotoxins, is consistently recorded in all regions of Russia and as
well worldwide. This issue poses a serious threat on human and animal health [3]. The existing methods for the
analysis of mycotoxins are mainly based on liquid chromatography and mass spectrometry. These methods are
poorly suited for large-scale and rapid monitoring. Therefore, there is a need for development of novel analytical
approaches. We believe that the aptamer technology has a great potential to revolutionize this field.

In order to select aptamers to yet unexplored mycotoxins we have developed a protocol for the selection
of DNA aptamers to mycotoxins. The protocol was tested on nivalenol, a dangerous mycotoxin, which is without
a specific aptamer. Selection experiment included negative selection with deoxynivalenol and its derivatives.
The proposed selection procedure is aimed at obtaining aptamers capable of sensitive discrimination between
these structurally similar and usually coexisting toxins (fig. 1).
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Figure 1. Structures of trichothecene mycotoxins nivalenol and deoxynivalenol.

In course of the work, we have reviewed literature on SELEX approaches for small molecular targets and
particularly mycotoxins. A practical comparison of approaches for the amplification of the aptamer library and
the generation of ssDNA libraries was carried out. Parameters influencing these procedures and selection in
general were investigated. Taking into account optimization results a protocol was developed for the selection
of aptamers to nivalenol. Using this protocol 10 rounds of SELEX for nivalenol were performed. To identify
potential aptamers many aptamer selection experiments rely on Sanger sequencing of molecular clones from
enriched library or NGS data analysis of multimillion oligonucleotides libraries. In contrast we have studied the
applicability of NGS data analysis for relatively small libraries (about 20 thousand sequences). Sequencing of
libraries from rounds 1, 2, 3 and 10 was performed, several approaches for data analysis were evaluated and a
panel of potential aptamers to nivalenol was identified. The developed procedure allows us to select aptamers
to previously unexplored toxins for future application in biosensor design for real object analysis.
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The ionic liquids (ILs) are a special type of functional materials having enormous potential that makes the
use of ILs promising for almost all fields [1]. Due to their unique physical and chemical properties, it is possible
to create effective processes for the separation and the purification of gas mixtures by ionic liquids [2]. The
practically limitless possibilities of IL modification allow one to control the “tuning” of ILs in order to enhance
molecular interaction with target gas molecules, thus providing the better process performance.

Investigation of the interactions between sorbed gases and ILs permits optimizing the IL structure that is
essential for creating a material with desired properties. Infrared spectroscopy has proven to be a reliable and
convenient method for studying the mechanism of interactions and possible reactions between ionic liquids and
gases in situ at high pressure [3,4]. To investigate the sorption processes of hydrocarbons (ethane, ethylene,
acetylene), imidazolium based ILs ([CnMIM]*) with various anions ([BF47], [Hal]) have been selected with varying
the cation alkyl chain length (n = 2 - 10).

As a result of the application of the ATR-FTIR spectroscopy method, the spectra of liquid (high pressure)
ethane and ethylene and the spectra of a series of ILs with sorbed hydrocarbons have been obtained for the
first time under pressure and temperature variations. A detailed spectroscopic analysis of the IL ATR-FTIR
spectra under the hydrocarbon pressure have been carried out, and regularities of spectral characteristics from
the type of IL, hydrocarbon and other conditions have been revealed. For example, Fig. 1 shows the ATR-FTIR
spectra of [Cemim][l] in the absence and under pressure of C2Ha, as well as the spectrum of ethylene itself.
During sorption, an absorption band of out-of-plane bending vibrations of CH2 appears at 954 cm, with the shift
of its position relative to pure ethylene indicating the interaction between the IL and the sorbed gas.

0,15 o ™
] ——Cc,H, (5°C 51 atm) 3
0,10
| ©
0,05 S 5 o 1]
| 8 8 & >
e, s N
o 0,00
[&] T T T T A T T T T T T T T T T T T T T T T
% _ 3200 3000 2200 2000 1800 1600 1400 1200 1000 800 600
% o, ] cmmin
2 | [C,MIM][I] + 50 atm C_H,
0,2 4
0,1+
0,0 | [T T —

T — T — T
3200 3000 2800 1800 1600 1400 1200 1000 800 600
Wavenumber, cm™

Figure 1. ATR-FTIR spectra of C2Ha (7 °C 1 51 atm) and [CsMIM][I] ionic liquid at 25 ‘C and ambient
pressure and 50 atm of C2Ha
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Capillary electrophoresis (CE) is an actively developing method that is fast and highly efficient , but it also
has a number of limitations such as the sorption of analytes on the capillary walls, low detection limits, etc. The
use of intracapillary preconcentration and the formation of dynamic or covalent coatings on the capillary walls
allows to overcome these limitations.

In recent decades, imidazolium ionic liquids (IL) have been widely used in separation methods as
modifiers due to their unique properties. The presence of an aromatic system in IL provides additional -1
interactions with most biologically active analytes and improves their separation selectivity. At the same time,
compounds based on imidazolium cations covalently bonded or adsorbed on capillary walls can reverse the
electroosmotic flow and prevent analyte sorption.

In the present work, different approaches to electrophoretically separate biological active analytes with
the usage of modifiers based on imidazolium cations will be considered. First of all, N-alkylimidazolium
permanent coatings were covalently bonded to the capillary wall. This coating allows to determine biogenic
amines in the capillary zone electrophoresis mode at negative polarity (Fig.1A). To realize the sweeping
preconcentration mode and reduce the limits of detection (LOD), sodium dodecyl sulfate (SDS) was added into
background electrolyte (BGE) (in concentration above the critical micelle concentration) and strongly interacted
with hydrophobic alkyl groups in the covalent coating structure. The SDS forms negatively charged layer on the
inner capillary surface. The double reversing EOF allows to carry out electrokinetic injection of the sample and
on-line preconcentration by sweeping simultaneously. LOD were declined to 0.6-2.0 ng/mL and biogenic
amines were determined in urine using the proposed method.

Another modifier based on the imidazolium cation B-cyclodextrin, was synthesized and used as a
pseudo-stationary phase for corticosteroids separation. The presence of this modifier and 10 % acetonitrile in
the BGE composition allows to baseline separate five steroids (cortisone (E), hydrocortisone (F), 11-
deoxycortisol (S), corticosterone (B), 21-hydroxyprogesterone (DOC)) due to hydrophobic interactions between
analytes and cyclodextrin cavity (Fig.1B). The positively charged associate of the modifier and corticosteroid
could be electrokinetically injected that was the main idea of the new proposed method for steroid on-line
preconcentration. This fact made it possible to reduce steroids LOD to 35-30 ng/mL and analyze them in human
plasma after liquid-liquid extraction and concentration in 5 times by chloroform.
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Figure 1. Possibilities of modifiers based on imidazolium cation in CE: Electropherogram of the mixture of
neurotransmitters and their metabolites on N-alkylimidazolium covalent coating (A) and corticosteroids
separation using pseudo stationary phase and 10 % ACN into BGE (B).
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Microwave digestion allows to minimize the time of complete transformation of a solid sample to a liquid
phase and to minimize the blank. While it provides both high temperature and pressure it is very efficient for
solid samples, which are resistant to an open-vessel acidic digestion. In spite of the large number of
publications on silica rock sample digestion there are different and sometimes contradicting conclusions on the
efficiency of the microwave digestion technique. However, it is shown in several studies that only low silica rock
samples can be dissolved successfully and quickly by using microwave digestion [1-3]. Low blanks provided by
microwave digestion procedure are essential in analysis of ultramafic rock samples due to low element
concentrations.

This work is devoted to the investigation of the microwave digestion efficiency for felsic, mafic and
ultramafic rocks for determination of 32 elements (Sc, V, Cr, Co, Ni, Cu, Zn, Rb, Sr, Y, Zr, Nb, Cs, Ba, 14 REE,
Hf, Ta, Th, U) by ICP-MS.

A series of experiments was carried out in order to optimize parameters of digestion (temperature, acid
ratio, sample mass) in microwave system MARS-5. The HF/HNOs mixture in 4:1 ratio was used at the first
stage of the final optimized procedure (60 minutes, 190°C, maximum pressure 20 atm), and after the SiF4
evaporation the residue was treated with aqua regia (60 minutes, 190°C, maximum pressure 20 atm).
Determinations were carried out using SF-mass-spectrometer ELEMENT (Finnigan Mat). Multielement standard
solutions CMS-1, IV-ICPMS-71B, CMS-5 u IV-STOCK-10 (Inorganic Ventures) with a similar acidic composition
to the analyzed solutions were used for external calibration and indium was used as the internal standard. The
limits of detection were 0,0002-3 pg/g, allowing multielement determination in all investigated rock samples.
The digestion technique was validated by the analysis of international geological reference materials BHVO-2
and BCR-2 (basalts), UB-N (serpentinite), JP-1 (peridotite). Relative standard deviations for determined
elements were lower than 9% for reference materials BHVO-2 and BCR-2, lower than 12% for UB-N, and up to
10-35% for JP-1 due to low element concentrations near detection limits in this standard reference material.
Insufficiency of the investigated parameters of microwave digestion for Russian reference materials SG-1A and
SG-3 (granites) is shown. The advantages of the developed technique are low detection limits compared to
fusion and reduced total analysis time compared to acid digestion without a microwave system.

The efficiency of microwave digestion for silica rock samples using UltraWAVE system allowing digestion
at higher temperature and pressure (240°C, 70 bar) is also investigated. Comparison of digestion efficiency for
silica rock samples using different types of microwave systems MARS-5 and UltraWAVE is carried out.
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Pulsed glow discharge is traditionally used for element and isotope analysis of solid materials. However,
it was shown that it can be applied for determination of volatile organic compounds in air [1]. lonization in
microsecond pulsed glow discharge allows diminishing of fragmentation of a compound compared to electron
ionization. Moreover, new mechanisms appear leading to a formation of associates, which opens a new
possibility for determination and identification of VOCs [2].

In this study mass-spectra of a different volatile organic compounds, including alcohols, carboxylic acids
and aromatic compounds were studied using Lumas-30 Time-Of-Flight mass-spectrometer with ps-pulsed glow
discharge with copper hollow cathode. Approaches for direct determination of VOCs in air were developed and
measurement parameters, such as pressure, repelling pulse delay, period and duration of discharge pulse,
were optimized. It was found that ionization in glow discharge leads to a formation of MN2* associates with
alcohols and MNO™ associates with carboxylic acids. The reduce of the fragmentation of compounds in
comparison with electron ionization has also been shown.

12,5 CsH7
[M+N,]*
10,0
3
H
X
"
£ 75
=
]
Q
Fo
3 50 [M-OH]J*
3
S [M-2H]*
e [M-H]*
A Il L lll‘l ll Al]; : ' r A
32 42 54 68 82 99 116 135
m/z, Da

Figure 1. Mass-spectra of butanol-1. M — sign for butanol-1 molecule.

Designed method could be applied for diagnosis of lung diseases by a direct determination of VOCs in
human exhaled breath.
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The priority of any food manufacturer is to ensure the quality and safety of their products [1]. With the
development of society and science, the demand for determining the viability of bacteria in the food and
pharmaceutical industries, health care, environmental protection, biotechnology, etc. has risen sharply.
Traditional methods are limited by time delays in analysis, costly and time-consuming sample preparation, and
the need for highly skilled workers. Combination of analytical methods with machine learning methods provides
high analytical accuracy in complex food matrices.

This research focuses on developing a simple approach to creating an electrochemical platform with high
sensitivity and selectivity. We propose the principle of an electrochemical sensor platform consisting of a
hydrogel interface and eutectic gallium-indium alloy electrodes for the semi-quantitative detection of bacteria in
various systems [2]. When a potential difference is applied, a current flows through the system, as a result of
which gallium is oxidized, and its cations begin to diffuse into the hydrogel. In the hydrogel, gallium cations
interact with bacteria, their metabolites, and phosphate anions. As a result, we obtain |-V curves with different
forms.

The collected volt-ampere data was used for machine learning. The multilayer perceptron model showed
the best result, demonstrated 94% accuracy. Dividing the data into a training set (90%) and a test set (10%)
allows you to check the accuracy of the model. This separation allows you to keep a sufficiently large number of
values for training the model and does not greatly reduce the test suite. Multilayer Perceptron model was
trained with the following parameters: learning rate - 0.1; impulse, - 0.1; the number of hidden layers, - 2; the
number of nodes in the hidden layer, - 12. In five out of six cases, the multilayer perceptron model gave correct
results in recognizing bacterial concentrations.
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Figure 1. The results of the prediction of samples with different concentrations of bacteria, obtained on the
model of a multilayer perceptron. (a) Graph for the sample with bacteria concentration 104. (b) Graph for the
sample with bacteria concentration 10s. (¢) Graph for the sample with bacteria concentration 10s. (d) Graph for
the sample with bacteria concentration 107. (e) Graph for the sample with bacteria concentration 10s. (f) Graph
for the sample without bacteria.

You can reduce this inaccuracy, increase the database, and adjust the tuning of the selected machine
learning model. In addition, further adding statistically significant values to the database will reduce statistical
error. This electrochemical system does a good job of detecting different concentrations of bacteria in gels by
collecting large |-V data. 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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Currently, antibiotics occupy a leading place in medicine and veterinary medicine in the treatment of
various infectious and inflammatory diseases and for anti-infective prophylaxis in surgery. The widespread use
of antibiotics has led to the selection and spread of resistant strains of the main pathogens. Researchers and
clinicians are trying to solve this problem in ways: by synthesizing antibiotics of new generations, creating
inhibitors of B-lactamases, combining already known antibiotics, creating new dosage forms and changing the
dosage regimen, which, in turn, requires the determination of antibiotics in various objects.

In addition to medical purposes, antibiotics are widely used to improve the quality and safety of feed, in
the production of products from meat, milk, vegetables, etc. Sources of antibiotics in the future are wastewater
from pharmaceutical enterprises and clinics.

Consequently, the definition of antibiotics as one of the groups of medicinal compounds that have
become widespread, but at the same time have a potential hazard to human health, is an urgent problem in
modern clinical, analytical chemistry, veterinary medicine, pharmaceutical and food industries.Azithromycin is
an antibiotic medication used for the treatment of a number of bacterial infections [4]. This includes middle ear
infections, strep throat, pneumonia, traveler's diarrhea, and certain other intestinal infections [4]. Along with
other medications, it may also be used for malaria. It can be taken by mouth or intravenously with doses once
per day [1].

Common side effects include nausea, vomiting, diarrhea and upset stomach. An allergic reaction, such
as anaphylaxis, QT prolongation, or a type of diarrhea caused by Clostridium difficile is possible. No harm has
been found with its use during pregnancy. Its safety during breastfeeding is not confirmed, but it is likely safe.
Azithromycin is an azalide, a type of macrolide antibiotic. It works by decreasing the production of protein,
thereby stopping bacterial growth [1].

In this work, a plasticized polyvinyl chloride membrane with an electrode active component selective to
kanamycin is used as an ion-selective membrane. The ISE body is acrylic glass with a specific geometry of the
channels. On the basis of the body and membranes, a flow cell is made suitable for the analysis of small
samples.
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Capillary columns GsBP-5MS and SH-Stabilwax-DB have been used for the study of monatomic
alcohols, non-freezing liquids in accordance with the technical specifications 20.59-001-39528361-2019. GsBP-
5MS has been also used to study turpentine and pine flotation oil. The retention times of alcohols have been
determined for methanol, ethanol, isopropyl alcohol, butyl alcohol, isoamyl alcohol, a-pinene, a-terpineol. In the
initial product, the amount of a-pinene and a-terpineol has been calculated by the normalization method. An
assumption was made for the method of obtaining the raw material based on the data of chromatographic
analysis.

Chromatography conditions to study monatomic alcohols and non-freezing liquids used as following: gas
chromatograph Shimadzu GC-2030 with FID, carrier gas-N2, SH-Stabilwax-DB (30 m, 0.53 mm, 1.0 um) /
GsBP-5MS (30 ™, 0,25 mm, 0,25 um); temperature in the injector and detector - 200 °C; analysis was
performed in the thermostat temperature programming mode — initial temperature - 40 °C, after 10 minutes the
temperature increased to 125 °C at a rate of 6 °C per minute, the final temperature was held for 10 minutes until
the end of the analysis.

Chromatography conditions to study pine flotation oil and turpentine were: gas chromatograph Shimadzu
GC-2030 with FID, carrier gas-N2, GsBP-5MS (30 m, 0.25 mm, 0.25 um); the temperature in the injector is 260
°C and the detector is 270 °C; the analysis was carried out in the thermostat temperature programming mode —
the initial temperature is 40 °C with an increase in temperature to 260 ° C at a rate of 10 °C per minute, the final
temperature was held for 10 minutes until the end of the analysis.

On the SH-Stabilwax-DB column, the retention time of isopropy! alcohol was less than the retention time
of ethyl alcohol (6.6 and 7 minutes), even though the molar mass and boiling point of isopropanol is higher than
that of ethanol. At the same time, on the GsBP-5MS column, isopropanol comes out later than ethanol, which
corresponds to the boiling points of monatomic alcohols. The retention time of isopropyl alcohol on the GsBP-
5MS column overlaps with the retention time of ethyl alcohol (2.7 and 2.5 minutes) [1].

Pine flotation oil is a fraction of terpene alcohols obtained by the method of additional rectification of
turpentine. The content of a-pinene as a result of this process decreases in parallel with the increase in the
amount of a-terpineol due to the destruction of the small cycle of a-pinene. The quality of pine flotation oil is
determined by the concentration of a-terpineol, which in turn affects the properties of the product as a foaming
agent.

On the GsBP-5MS column, the retention time of a-pinene was 7 minutes for both turpentine and pine
flotation oil. The content of the main substance a-pinene in turpentine was found to be 49.5 %. In pine flotation
oil, the main substance was detected as a-terpineol-30.2 % (calculated by the normalization method) with a
retention time of 13.3 minutes [2].

In [3], the content of a-terpineol was 53.13 % in the process of obtaining from a-pinene, but the
conditions for chromatographic analysis were not given. Based on this work, pine oil can be obtained both ways
from turpentine with subsequent distillation of the hydration product, and from a-pinene. In the second case, the
distillation of the hydration product may not be required.

Apparently, the pine flotation oil sample was obtained by hydration of turpentine due to the low content of
a-terpineol rather than from a-pinene.

It is planned to study the products of oxidation and hydration of turpentine by using gas and liquid
chromatography methods.
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Food quality control is an important step in preventing a problem currently existing in the food industry
which is associated with food adulteration. Milk is an important constituent of the human diet that is rich in
proteins, carbohydrates, minerals and vitamins, all of which are essential to human health. Due to its high
nutritional value, global production and consumption of milk have increased. As a result, milk is the most likely
food item being at risk of adulteration. Milk adulteration typically involves dilution and/or addition of inexpensive,
low-quality, and sometimes dangerous products in order to increase the volume, mask inferior quality, or
replace the natural substances in milk for economic gain. 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) can
cause various diseases such as indigestion, ulcers, and renal insufficiency. Therefore, rapid urea detection has
great significance for the quality control of milk products.

Many established methods for urea determination in milk require the tedious sample pretreatments due
to the complex matrix of milk and the use of a large amount of organic solvents such as methanol, acetonitrile
and chloroform and etc. for extraction, separation, and preconcentration. These conventional organic solvents
are of low cost and are easy to evaporate. However, their residue levels and resulting pollution are of concern.
Deep eutectic solvents (DES) have recently become increasingly popular as ecological effective extractants. A
DES is generally composed of two or three cheap and safe components which are capable of associating 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 efficient and rapid method for the quantification of urea in milk is presented. This
method involves a spectrophotometric determination of urea in milk samples and is based on a colorimetric
reaction between urea and 4-dimethylbenzaldehyde. A novel deep eutectic solvent obtained by thymol and
4-dimethylbenzaldehyde (1:1, mol/mol) was used as an effective extractant for urea determination in milk. The
procedure included mixing of analyzed aqua sample of milk, hydrochloric acid and deep eutectic solvent. After
extraction and phase separation, the organic phase was taken and mixed with isopropyl alcohol and analyzed
on a spectrophotometer at a wavelength of 430 nm. In this work, the conditions for urea extraction were
optimized (hydrochloric acid concentration, temperature, extraction time). 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 method for food quality control.
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Figure 1. Scheme of spectrophotometric method for determination of urea in milk based on microextraction in
deep eutectic solvent.
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Sulfonamides (SAs) are the first class of synthetic antibiotics. SAs are widely used in medicine and
veterinary to treat diseases of gastrointestinal tract and genitourinary system. SAs’ metabolites are often found
in food samples, which may be caused by misuse of SAs for treatment. It can damage human health: can
cause allergies or development of antibiotic resistance.

The main problem of food analysis is low concentration. So sample pretreatment procedure needs a
concentration stage. Recently, deep eutectic solvents (DES) have been increasingly used as effective eco-
friendly extractants. DESs are mixtures of two or more precursors with a melting temperature lower than that of
the individual components of DESs. In this paper, new DES based on vanillin and thymol was investigated for
extraction and preconcentration of sulfonamides from food samples. It is known that sulfonamides react with
vanillin to form colored Schiff bases (figure 1). So vanillin is precursor of DES and component for the
derivatization reaction simultaneously.
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Figure 1. Schiff base reaction between sulfonamide and vanillin.

An effective, fast and sensitive liquid-liquid microextraction method based on the use of hydrophobic
deep eutectic solvent was developed to preconcentrate and extract sulfonamides in food samples. DES based
on thymol and vanillin (1:1 mol/mol) was considered as effective solvent. Component of deep eutectic solvent
(vanillin) played key role for derivatization and for separation of target analytes. The approach (figure 2) was
applied for the HPLC-UV determination of sulfapyridine, sulfathiazole, sulfacetamide and sulfadiazine in food
samples. Some parameters of extraction (pH of sample solution, extraction temperature and extraction time)
were investigated and optimized. Under the optimum conditions, good linearity in the range of 0.5-50 mg L*
was obtained. The limit of detection was 0.05 mg L.
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Figure 2. Schematic representation of the pretreatment procedure.
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The composition of soft and tonic drinks as acidity regulators includes weak acids. They form buffer
systems together with the salts. It provides a stable level of active acidity and takes part in the formation of taste
and aroma [1].

The purpose of this work was to determine the acidity content in soft drinks and tonic drinks by chemical
and physico-chemical analysis methods [2].

Coca-Cola and Sprite were chosen as objects of research because they are popular among groups of
different age categories.

To determine the acidity of the Sprite was used the acid-base titration method. The titrated acidity in the
sample of the Sprite (g/L) was calculated by the formula: T=a-K-0.0064-100, where a - the volume of NaOH
spent on titration of the aliquot of the sample, g\mL; K - correction coefficient for NaOH normality, K = 1. It was
calculated that 1 ml of 0.1 N NaOH spent on titration of the sample corresponds to 0.0064 g of citric acid.
According to the results of acid-base titration in the Sprite, the titratable acidity was 2.62-2.88 g/L, which did not
exceed the norm [3].

To determine the acidity in Coca-Cola was used the method of direct potentiometry (Coca-Cola is a
colored drink and the use of acid-base titration with an indicator is not suitable).

Ca = 3.3x107% mol/L
The mass concentration of the acid was calculated by the formula:
X= Ca -Ma = 3.3 x107%x 98= 3.32 x10~"g/L

According to the data, the maximum permissible rate of orthophosphoric acid in tonic drinks is 0.7 g/L.
Thus, the acid content in Coca-Cola according to the results of direct potentiometry and calculations did not
exceed the norm.
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Amino acids (AA) are the most important diagnostic markers, the content of which is controlled in various
biological fluids (blood, urine, amniotic fluid, etc.). Capillary electrophoresis (CE) possesses rapidity, high
efficiency, simplicity of sample preparation, and instrumentation, therefore, it is used to determine these
analytes. However, electrophoretic analysis of samples with complex matrices faces problems: insufficient
selectivity and detection limits, interfering components from the matrix. To overcome the first limitation, both
chiral and achiral modifiers are introduced into background electrolyte (BGE). Meanwhile, to solve the second
problem, an adequate choice of sample preparation and operational concentration of the compounds to be
determined is required. In this case, amino acids were determined in the form of complexes with copper (II)
ions, which makes it possible to detect analytes that do not absorb in the UV range, regardless of the rest of the
sample components [1]. The introduction of (2-hydroxypropyl)-p-cyclodextrin (2-HP-B-CD) into this system
leads to an increase in selectivity and makes it possible to determine aromatic amino acids. We applied the
methodology from [1] to study amino acid metabolism in non-alcoholic fatty liver disease (NAFLD) using the
cellular model of the disease in vitro obtained by exposing HepG2 hepatocyte cells to palmitic and oleic acids
(0.75 mM, 1: 2) conjugated with bovine serum albumin (1.5%) (conducted jointly with the State Research
Institute of Highly Pure Biopreparations, St. Petersburg). Fatty acids were added to the cell culture broth
(DMEM, Biolot) - the steatosis group, the control groups of cells grew in the DMEM medium. The change in the
amino acid composition over time was revealed. There were marked differences in the concentration profiles for
arginine, alanine, valine, leucine, glutamine, and glutamic acid in cells of the steatosis and control groups. This
allows us to draw conclusions about the nature of metabolic disorders in diseased cells in comparison with
healthy ones. However, the point remained unclear: the introduction of 2-HP-B-CD did not lead to chiral
separation. We assumed that under the conditions of analysis (20 mM sodium acetate; 50 mM Cu?*, pH 4.3, 10
mM 2-HP-B-CD), complexes of amino acids with copper ions are included in the cavity of the macrocycle, rather
than individual molecules of analytes. It is known that the enantioselectivity in chiral separation depends not
only on the specific chiral selector and its concentration, but also on the pH of the supporting electrolyte. For
this, experiments were planned on the electrophoretic separation of AA in the presence of copper (Il) ions at
pH>11 (5 mM phosphate buffered solution pH 12; 1 mM Cu?*, 2 mM 2-HP-B-CD). Under these conditions,
tryptophan enantiomers were separated. Herewith analysis time, efficiency and enantioselectivity for other
amino acids required a different solution. The ability for chiral recognition with the participation of cyclodextrins
is improved in the case of analyte derivatives. It seemed extremely attractive to test in one analytical cycle a
variant of intracapillary derivatization with the introduction of chromophore groups into amino acid molecules,
providing their spectrophotometric detection, chiral separation and concentration. The reaction with
phthalaldehyde and N-acetyl-L-cysteine was chosen; one of its advantages is high conversion rate. We have
performed a successful separation of the 6 amino acid enantiomers with this approach. The effect of the
concentration of 2-HP-B-CD (0.1-0.7 mM) in the BGE on the selectivity of amino acid derivatives was studied.
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Melamine (CsHsNs) 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 analytical 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
effective extractants. These eutectic solvents are compounds formed by a donor and an acceptor of hydrogen
bond, the formation of this bond significantly 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 firstly used for separation and concentrate 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 efficiency at the level of 95% in a wide
pH range. It was also optimized the conditions for the melamine extraction, such as the ratio of the extractant
and the sample, the extraction time, and the effect of the acidity. Optimal conditions allow to use this method to
determine the melamine at the level of 1 ug/kg, which allows to use this method for food quality control. At the
same time, the use of natural eutectic solvents made it possible to completely remove the need of organic
solvents at the sample preparation stage.

4 M NaOH DES /

.k

HPLC-UV analysis

=

Dairy products Organic phase

Figure 1. Scheme of microextraction of melamine from a powdered milk using DES prior to HPLC-UV analysis.
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Being true dielectrics, the enzymes must be properly oriented on the electrode surfaces to maintain direct
bioelectrocatalysis [1]. To improve efficiency of bioelectrocatalysis we proposed to use conductive polymers,
containing analogues of PQQ-Glucose Dehydrogenase (PQQ-GDH) substrates as substituents. On the one
hand, displaying affinity to the active site, these polymers are expected to anchor the enzyme and facilitate
electron transfer. On the other hand, rather low redox potentials of polyazines would allow to avoid interfering of
reductants. Moreover, compared to biosensors based on freely diffusing azine dyes with inherently low
operation stability [2], the use of polymer would provide advanced operational stability of the corresponding
biosensors.

In order to check orientation effect of the polyazines on the PQQ-GDH we electropolymerized Methylene
Green, Methylene Blue, Toluidine Blue, Azure A and Coomassie Brilliant Blue in cyclic voltammetry mode [3].
PQQ-GDH was immobilized on the polyazines modified electrodes by adsorption.

In the present study, characteristics of the developed biosensors were investigated in in
chronoamperometric regime. Chronoamperometric response remain more than 75% of the initial response after
250 injections of 0.1 mM glucose solutions. Thus, allowing long-term monitory without sensitivity loss.

The steady-state current-potential curves of bioelectrocatalytic glucose oxidation for PQQ-GDH were
investigated. The half-wave potential of curve for Methylene Blue is 80+10 mV. This value is close to the half-
wave potential of that for PQQ-GDH adsorbed on blank electrode. Though redox potentials of the
electropolymerized Methylene Green are higher, in addition to a similar anodic wave of 120+20 mV, the
cathodic one with the half-wave potential of —80+7 mV appears. A difference between anodic and cathodic
waves reflects a thermodynamic stability of the intermediate state of PQQ, a semiquinone radical, as it is
related to semiquinone formation constant. This value implies that poly(Methylene Green) stabilizes PQQ
semiquinone radical. The use of polymer of azine dyes increases the operational stability. The half-wave
potentials for poly(Methylene Green) are in a good agreement with those registered for PQQ-glucose
dehydrogenase covalently bound to carbon nanotubes.

Efficient of direct bioelectroOn an unmodified graphite electrode the catalytic currents were 0.2 yA-cm,
that is more than 70 times lower than on biosensor based on poly(Methylene blue). At the same time for
poly(Methylene green) electrocatalytic currents were 170 yA-cm? already at 0.0 V vs. Ag/AgCl, that is more
than 10 times higher than for poly(methylene blue) and 700 times higher than on unmodified biosensor. In the
presence of both glucose and the freely diffusing mediator phenazine metasulfate the observed current values
over an entire potential range are rather similar indicating similar amount of active PQQ-glucose
dehydrogenase on all types of electrodes. Accordingly, these studies allow us to conclude that poly(Methylene
green) exhibits an orienting effect in relation to the enzyme protein. Wherein, the maximal current for the
biosensor based on poly(methylene green) — up to 220 pyA-cm™ - is only 5 times lower, than that in the
presence of diffusing mediator phenazine methosulphate.

SPE|polyMG|PQQ-GDH electrode has been tested for sweat analysis. Pearson correlation coefficient is
of 0.88 pointing to good agreement with reference method. A successful validation of the biosensor confirms a
possibility of using this sensors for non-invasive diagnostics.
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Potassium chloraluminate melt (AICls - KCI) is used to separate zirconium and hafnium chlorides. Oxygen
impurities in the compound worsen the chemical-technological separation process. It is increasing the corrosive
effect of the salt melt on the materials of technological equipment [1]. Aluminum oxides, oxychlorides appear,
because of the high affinity of aluminum for oxygen. As a result, the oxygen content of the compound should be
monitored. Quantitative control is conveniently carried out by the reductive melting method.

The method is based on the conversion of sample oxygen into the gas phase in the form of carbon
monoxide in an inert gas atmosphere in a graphite crucible with a cap [2]. there is an overestimation of the
oxygen content in the sample resulting from the hygroscopic nature of the compound. Therefore, the analysis is
carried out in an inert atmosphere. you need to consider the formation of oxygen-containing components (Al20s,
etc.) to find the right temperature. Oxygen converted into carbon monoxide in small amounts if not enough
oxygen interacts with the crucible. We see this as a result of the simulation (Fig. 1-3). It was carried out in the
form: the first half of the sample reacts with the carbon of the crucible, the second half - with the gases released
during the reaction. We use a crucible with a cap to obtain an excess of carbon in the system (Fig. 4).
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Simulation results of 2 systems: with synthesized KAICl4 and with a mixture of Al2O3+KCI powders (hon-
hygroscopic system) were performed in the HSC 6.0 software. The amount of oxygen in the systems is taken as
1%. Carbon is 10 times more, 10 times less, the same amount [3]. The inert gas is calculated from the
conditions of thermodynamics. For comparison, experiments were carried out on a Horiba emga 620W gas
analyzer in the manual loading mode in a crucible with a cap. The non-hygroscopic mixture was previously
ground to homogeneity and dried. Synthesis and packaging in KAICl4 tin capsules were performed in an inert
box. The experimental data on the oxygen reading were similar to the simulation data at 10 times the carbon
excess.
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In the past decade, a tetraoxy iron (FeO4?) with the highest oxidation state (+6) of iron, ferrate (VI),
commonly known as ferrate has been of tremendous interest because of its high redox potential E®=+2.2 V to
+0.7 Vske in acidic and alkaline media [1-3]. This characteristic makes ferrate as an efficient oxidant as well as
a disinfectant for the destruction of a wide range of toxins and the inactivation of pathogens in water. The
reaction of ferrate with pollutants forms nontoxic Fe(OH)s, which is a good coagulant. Moreover, the oxidation of
water pollutants by ferrate does not lead to the formation of toxic by-products. That's why ferrate is often
referred to a «green chemical».

Among the existing methods for the synthesis of ferrate (VI), the most simple, safe and easily automated
method is the electrolysis method of synthesis. We synthesized a solution of sodium ferrate (VI) by electrolysis
dissolution of iron anodes in an aqueous alkali solution. It was shown that the synthesized solutions are
unsuitable for storage and transportation due to the low stability of ferrate (VI): in 4 hours at room temperature,
the concentration of ferrate decreases by a quarter, for a month of storage at + 4 ° C and at -18 ° C - by a third.
Therefore, within the framework of the international scientific project "OneDrop", we are creating a mobile plant
for water purification, the heart of which is an electrolyzer for the continuous synthesis of ferrate (VI) at the
place of its consumption.

For water purification, the synthesized ferrate solution is added to the treated water in portions. To
assess the completion of the oxidation process of pollutants, it was necessary to develop a method for
detecting the first excess portion of ferrate. Amperometry was chosen as the analysis method. The optimum
measurement conditions were selected using the method of cyclic voltammetry. A 20% aqueous NaOH solution
served as a background solution. The electrochemical cell consisted of three electrodes - a working platinum
electrode, a platinum auxiliary electrode, and a silver chloride reference electrode. The detection potential is -
0.4V.

The analytical signal (i.e. current) at this potential linearly depends on the concentration of ferrate (VI) in
the entire studied concentration range: from 7.5*10° to 7.1*10* M. The detection limit of ferrate (VI), calculated
by 3o-criterion was 2*107 M. Experiments verifying this method with model solutions of contaminated water and
with real water samples were carried out.
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Zearalenone is one of the most common mycotoxins produced by Fusarium fungi. It has a nonsteroidal
estrogenic effect on living organisms and primarily affects crops growing in a humid climate as well as cereal
products. In addition, this mycotoxin does not degrade during storage or heating. Thus, it is important to control
zearalenone content in food of plant origin. Such matrices are complex and contain many interfering
components, so the analyte should be extracted and preconcentrated for further analysis.

Deep eutectic solvents (DESs) have been proven to be an environmentally safe alternative to toxic
organic extractants. They consist of hydrogen bond acceptor and hydrogen bond donor and are liquid at room
temperature. Composition of DES can be easily varied which allows tuning its properties for selective and
efficient extraction of the target compound. In this study, hydrophobic DESs based on menthol and long-chain
alcohols were studied for the separation of zearalenone from cereal products for the first time.

The suggested sample preparation approach includes two steps (Figure 1). The first one is aimed to
extract the analyte into the solution of DES precursors in a polar solvent. In this case interactions with menthol
and long-chain alcohol, such as hydrogen bonding, can speed up the process and improve its efficiency. The
second step includes injection of the obtained supernatant into deionized water for dispersive liquid-liquid
microextraction. The in situ formation of the DES phase microdroplets is observed throughout the entire volume
of the sample leading to zearalenone preconcentration. The determination of the analyte is carried out by HPLC
with fluorescence detection.
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Figure 1. Schematic representation of sample preparation steps.
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There is currently a surge of interest in ionic liquids (ILs) due to their unique characteristics, such as low
volatility, thermal stability, and tunability of their properties. Moreover, they are suitable for polymeric ion-
selective sensors due to their plasticizing and ion-exchanging properties.

ILs can act as a moderately lipophilic membrane electrolyte that has been shown to be essential for
developing a reference electrode without a liquid junction (LJF-RES) [1]. As it can be seen in Fig. 1A, addition
of  1-hexyl-3-methyl-1H-imidazol-3-ium  bis[(trifluoromethyl)sulfonyllazanide  (CeéMeimNTf;) to a
polyvinylchloride (PVC) membrane plasticized with dioctyl sebacate (DOS) stabilizes electrode potential in
various electrolyte solutions. If pure IL is used as a plasticizer, then the EMF readings are also quite
consistent from solution to solution [2]. However, it remains unclear how IL behaves in the membrane phase
and how it can affect the properties of sensors.

In this contribution, we studied the electrolytic behavior of the mentioned IL in PVC membranes plasticized
with IL-DOS mixture. We prepared electrodes using the membranes with varied IL content in the plasticizing
mixture. The membranes were polarized by a galvanostatic pulse, and from the resulting chronopotentiometric
curves, the concentration of charged carriers (Fig. 1B), their mean diffusion coefficient (Fig. 1C), and the
association constant of CsMeimNTf, were determined in situ in the polymeric phase [3].

The listed properties change non-monotonically with an increase in the IL content in the PVC matrix and
reach their maximum/minimum at 25-30 wt.% of IL in the plasticizing mixture. Based on the obtained results, we
can conclude that by varying the amount of IL it is possible to control the properties of sensor PVC membranes:
their resistance, viscosity, and polarity. For the first time, the association constants of IL in a polymeric matrix
were estimated: depending on the IL content, K, value varied from 1x10° to 3.2x108.
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Figure 1. A) EMF of the cell containing the electrodes with membranes plasticized with pure DOS, pure IL, or
their mixture. Inset photos: membranes plasticized with pure DOS (top) and pure IL (bottom). B, C, D:
dependence of B) concentration of CsMeimNTf; ions; C) their mean diffusion coefficient; D) association
constant, on the C¢sMeimNTf, content in the membrane.

The chronopotentiometric mode of measurements proposed here for evaluating the characteristics of IL can be
adopted for studying the electrolytic properties of any organic electrolyte in situ in the polymeric sensor phase.
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The physical and chemical properties of the feedstock is of great importance for research the processes
of hydrolysis and further for hydrolysate producing. Such physical properties as structure, water capacity and
humidity determine growth rate, degree of hydrolysis and the yield of reducing substances. It is necessary to
regard kinetics of hydrolysis reactions of polysaccharides for realize the process of hydrolysis for achieving the
goals of obtaining hydrolysate. It is because the yield of reducing substances depends on speed ratio of their
synthesis and disintegration, which are based on the physical and chemical conditions (temperature, pressure,
hydrolysable agents concentrations, duty of water, stirring intensity, etc.).

Figure 1. Measurement of fermentation activity.

The practical interest in modelling of kinetics of plant raw material hydrolysis because the received data
allow to choose the process optimal modes, predict the characteristics of the hydrolysis, which contributing
higher yield and better quality of the target product. The simulation analysis gives the possibility to identify the
main regularities and describe kinetics in all range of changes of technological parameters. The following goals
are the technological system synthesis of quality assessment of the raw plant materials hydrolysates as
recycled feedstocks for producing bioalcohol; create the methodic of the biological quality assessment of
hydrolysate by measuring fermentation activity of the saccharomycetes.

The biological quality assessment of medium may be evaluated by measuring growth rates
characteristics and fermentation activity with the results of experiments with complete mediums as Ryder’'s
medium or modified Ryder's medium. The yeast’; fermentation activity may be determined by the rate of CO:
yield, because as it was shown that yield of CO2 and ethanol’s yield are stoichiometric linked in the ratio. Also
measuring of fermentation activity in the test seeding (yeast culture which was cultivated at reproducible
constant environment) allows to control must’s quality. Also we control growth activity of the seed material in the
test synthetic medium with predetermined composition.
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APPLICATION OF CHEMOMETRIC ALGORITHMS FOR THE DETERMINATION OF La, Fe, Al
IN THE COMPOSITION OF HYDROCARBON CRACKING CATALYSTS
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Technologies for extracting REE from secondary raw materials are becoming more widespread. The use
of zeolite cracking hydrocarbons catalysts for is promising. After desilicization using ammonium fluoride, the
catalyst residue contains the main components - compounds of aluminum, iron, and rare earth elements [1].
Relevant objective is to develop a simple and rapid method for determining the listed ions, which would be
available for most laboratories. The present work is devoted to the solution of this problem. It was found that in
an acidic environment, Fe, as well as La, forms stable complexes with Arsenazo Ill. Additional studies of La, Fe,
Al mixtures revealed the following problems: first, the absorption of a mixture of Fe and La complexes turns out
to be nonadditive. For this reason, the absorption coefficients of the La and Fe complexes were calculated from
the spectra of their mixtures of known composition. The optimal composition of the mixtures was found using
the program "Optic-MLR", GENERATOR module [2], and is shown in Table 1

Table 1. Concentrations of ions of aluminum, iron, lanthanum in model solutions

Threshold concentrations, The compositions of the mixtures calculated by the
mcg / mi Optical MLR program, (mcg/ml)
HWKHWUN BEPXHUN 1 2 3

Al 1,1760 2,3520 1,176 2,352 2,352

Fe |0,1030 2,0600 2,060 0,103 0,103

La | 0,1535 3,8300 0,154 3,830 0,154

Secondly, Al does not interact with Arsenazo lll, but in its presence, the absorption of the La complex
significantly decreases. Therefore, two sets of coefficients were calculated for the La complexes — in the
absence and in the presence of Al. As can be seen from the data in Fig. 1, the spectra of the La and Fe
complexes overlap over the entire wavelength range, and the type of the La absorption spectrum in the
presence of Al does not change, only its intensity changes.
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Figure 1. Specific absorption coefficients of complexes of iron, lanthanum, and lanthanum in the presence of
aluminum, with Arsenazo Il

The analysis of mixtures with overlapping absorption spectra can be performed using chemometric
algorithms. We applied the method of multiple linear regression (MLR) using the calculated absorption
coefficients. The method allows you to find the concentrations of REE and Fe separately, as well as their sum.
To determine Al, a decrease in the absorption of the La complex was used. It was found that the decrease in
absorption is linearly related to the concentration of Al. We prepared a series of model solutions with variable
contents of La, Fe, and Al, performed a regression analysis, and found the coefficients ki for an equation of the
form Ca = ZkiA, (Ai is the optical density at 7 wavelengths in the range 605-665 nm), which allows us to
calculate the concentration of aluminum Ca. All concentration calculations can be carried out in Excel. The
relative error in the quantitative determination of components did not exceed 10%.
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POTENTIOMETRIC MEMBRANE SENSORS BASED ON DIAMIDES OF DIPICOLINIC ACID
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Potentiometric sensor arrays were shown to be a promising tool for analysis of technological solutions in
spent nuclear fuel (SNF) reprocessing cycle [1]. The development of such arrays requires the sensors with
pronounced electrochemical sensitivity towards lanthanides and actinides — the main target analytes in SNF. In
our previous studies it was demonstrated that the employment of substances suggested as ligands in liquid-
liquid extraction allows construction of the potentiometric sensors with required characteristics [2]. Dipicolinic
acid diamides have confirmed potential in the development of such sensors; however, the influence of the
substituents on the sensor performance in these compounds was not explored yet.

This study aims to fill this gap and to investigate the influence of substituents in diphenyl diamides of
pyridine-2,6-dicarboxylic acid on their performance as sensor membrane active compounds in potentiometric
sensors with plasticized polymeric membranes.

Six plasticized polymeric sensor membranes were prepared using synthesized diamides as membrane
active compounds. The polymeric membrane matrix of electrodes was composed of poly(vinyl chloride) (PVC)
(33 wt%) and 2-nitrophenyl octyl ether (NPOE) as a plasticizer (64—65 wt%). The acidic form of chlorinated
cobalt dicarbollide (CCD) was used as cation-exchanger (10 mmol/kg). In order to evaluate the sensitivity and
selectivity of the developed sensors potentiometric measurements in aqueous solutions of mono- (Na*, K*,
Cs"), di- (Ca?*, Sr?*, Ba?*, Co?*, Ni%*, Cu?*, Zn?*, Cd?*, Pb?*) and trivalent metal (Fe®*, Sc®*, Y¥*, La®", Ce®, Pr",
Nd3*, Sm3*, Eu®*, Gd®*, Th®, Dy®, Th®", Er’*, Lu®") nitrates were performed. It was shown that the developed
sensors provide stable and reproducible response towards varieties of metals relevant for SNF reprocessing.
The details will be reported in the presentation.
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Figure 1. Six compounds employed in the sensor membranes.
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DETERMINATION OF SULFONAMIDES IN URINE SAMPLES BASED ON SCHIFF BASES FORMATION
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Sulfonamides are broad-spectrum antimicrobials which are widely used for the treatment of various
bacterial infections such as urinary tract infections, ear infections and bronchitis. To improve therapeutic effect
and exclude side effects of sulfonamides the monitoring of the drugs in biological fluids is required. In this study,
the method of determination of sulfonamides (sulfamethoxazole, sulfamethazine and sulfapyridine) in urine
samples by usage of natural deep eutectic solvents based on vanillin and thymol is developed.

Deep eutectic solvents (DESs) as a class of environmentally friendly solvents, are increasingly being
used in analytical chemistry as effective extractants for the separation and preconcentration of various analytes
from complex matrixes. In this research it was established that vanillin as precursor of NADES promoted
extraction of sulfonamides from aqueous phase due to formation of hydrophobic derivatives — Schiff bases
(Figure 1). The efficiency of extraction of polar sulfonamides in the extractant phase was increased due to the
formation of hydrophobic Schiff bases. The extraction mechanism of sulfonamides was based on the formation
of colored Schiff bases in the presence of vanillin acted as derivatization reagent and precursor of natural deep
eutectic solvent. The obtained derivatives in NADES phase were colored and stable in time. The formation of
the Schiff bases was confirmed by mass spectrometry.
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Figure 1. The formation of Schiff bases

For the microextraction procedure a Lab-In-Syringe concept was utilized. Procedure assumed mixing
sample and natural deep eutectic solvent phases into a syringe of a flow system followed by UV-Vis detection
of separated extract phase containing colored Schiff base. Under optimal automated conditions the limits of
detection were 0.06, 0.1, and 0.06 mg L* for sulfapyridine, sulfamethoxazole and sulfamethazine. The
proposed automated procedure permitted the routine determination of sulfonamides in human urine samples to
be achieved in less than 8 min. Sample throughput was 7 samples h.
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Early diagnosis of cancer reduces mortality of the patients and improves treatment outcome. There are
established check lists and screening protocols (e.g., ultrasound of breasts or prostate), adapted for various
ages and aimed to assessing oncological risks. However, these procedures are time-consuming, often invasive
and non-pleasant for most patients, which lead to low effectiveness of current methods of early cancer
diagnosis. Therefore, a non-invasive and fast method of cancer screening compatible with routine procedures,
e.g., blood or urine analysis, is highly required.

Near infrared (NIR) spectra of biological fluids (blood, urine, etc.) contain information about various
biologically important molecules (e.g. proteins, lipids, glucose) and are presumably capable to distinguish
molecular changes in intact and tumorous cells. NIR fiber-optic spectroscopy provides fast measurements
without difficult sample pretreatment and has a great potential for non-invasive or minimally invasive and
inexpensive cancer screening [1]. However, there is no concerted strategy for spectral data analysis that
hinders the wide application of NIR spectroscopy in clinical practice.

Aquaphotomics is a newly developed scientific discipline [2] that studies the role of water in biological
systems. The NIR wavelength region around 680—-2500 nm contains a lot of information about water molecular
structure. Water molecules form hydrogen bonds between each other and with their surroundings, which makes
water absorption bands in NIR region very sensitive to the sample composition. This study aims to extract
information about water structure from NIR spectra of biological fluids (urine, plasma and serum of blood) taken
from patients before and after different cancer surgery. The NIR absorbance spectra of the biofluids were
acquired and studied using multivariate analysis and Aquaphotomics approach. The reported results can be
potentially employed for characterization of biomaterials and cancer screening.
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Venomous snakebites claim the lives of more than 138,000 people every year around the world. An ur-
gent problem in providing medical assistance to a victim is the rapid determination of the characteristics of the
poison (type of animal, type of action). The main stage is the detection and identification of specific toxins that
make up the poisons. The enzyme-linked immunosorbent assay usually used for this purpose has some disad-
vantages (requirements for the amount of sample, time to perform the assay). Surface-enhanced Raman spec-
troscopy (SERS) can help to overcome these limitations. Currently, the literature does not describe methods for
identifying peptide neurotoxins using Raman spectroscopy methods. However, the development and implemen-
tation of such a method for rapid detecting and identifying peptide neurotoxins will help improve the situation by
providing adequate medical care for snake bites.

Gold nanoparticles (GNP) with diameter 50 nm were obtained by citrate reduction process and used to
get structured film of nanoparticles on silicon wafer in presence of cetrimonium bromide (CTAB). Raman spec-
tra of azemiopsin, a peptide toxin from venom of Azemiops fea, were recorded either from droplets of azemi-
opsin solution or from dessicated droplets on GNP film on silica substrate (Fig. 1).
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Figure 1. Primary structure of azemiopsin; scheme of obtained nanostructured film; surface-enhanced raman
spectra of azemiopsin: black line — without GNP, red and blue lines — different concentrations of the toxin after
drying on the GNP film.

Obtained nanostructured film enhanced signals of Raman spectra of azemiopsin. Detection of the toxin
using this method is possible in concentrations of azemiopsin 125 yM and above and less than 13 ng of toxin
substance. According to the data of amino acids Raman spectra, the peak in the range of 1550 cm-1 belongs to
tryptophan, the closest to the CTAB-covered GNPs part of the toxin.
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The influence of using ostarine on steroid profile of men and women was shown. This research is based
on a qualitative and quantitative analysis results of more than 10 thousand urine samples free from WADA
prohibited compounds in order to obtain a statistically significant representative sampling as well as 17 female
and 13 male ostarine (or its metabolites) positive samples and 532 male and 245 female samples with positive
testing results on ecdysterone.

Quantification of androgenic steroids was performed with gas chromatography coupled with tandem
mass spectrometric detection after derivatization of the samples with the mixture of ditiothreitol, ammonia iodide
and N-Methyl-N-(trimethylsilyl)trifluoroacetamide [1-3].

The study found a significant change of the content of androgenic steroids in female urine after ostarine
administration was established, while in male urine samples this effect was not observed. It is noted that the
use of ecdysterone doesn’t significantly affect the content of androgenic steroid hormones in either men or
women.

Based on the considered number of samples free from WADA prohibited compounds, more stringent
permissible limits for the content of androgenic steroids for female are proposed, which don’t lead to a
significant increase in the number of false positive results.
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Figure 1. Observed concentrations of androgenic steroids in female urine with confirmed ostarine presence.
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One of the most promising areas of modern radiochemistry is the creation of a general technology for the
extraction processing of spent nuclear fuel (SNF) and fractionation of high-level waste (HLW). An increased
interest in the separation of isotopes of cesium *¥Cs and strontium °°Sr from spent nuclear fuel in recent years
has grown in Russia in connection with the emergence of the concept of a balanced nuclear technological cycle
"Balanced NFC". To solve the above problem, it is necessary to carry out a targeted search for promising
extraction systems, with the use of which it is possible to individually isolate valuable radionuclides [1-2].

In the targeted extraction of cesium-137 and strontium-90 from SNF products, difficulties arise due to the
competing complexation and co-extraction of the present stable elements. To study their effect and evaluate the
separation efficiency, a series of experiments was carried out using four extraction systems based on modified
crown ethers in new fluorinated solvents: bis-tetrafluoropropylformal (FN-1 = 1,1,2,2,8,8,9, 9-octafluoro-4,6-
dioxanonane) and bis-tetrafluoropropyl carbonate (BK-1 = 2,2,3,3-tetrafluoropropan-1-ol carbonate) [3]. The
obtained data set was used to construct the dependences of the distribution coefficients of cesium and
strontium on the acidity of the medium.
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Figure 1. Dependence of the distribution coefficients of metals (Pb(ll), Sr(ll), Ba(ll), TI(l), Ag(l), Rb(l), Cs(l)) on
the concentration of HNO3 for the extraction system DtBuDCH18C6 & DtBuDB18C6 0.05 M in BK-1 & FN-1.

This results provide the fact that cesium is significantly extracted only by systems based on DTBDB18C6
(di-tert-butyldibenzo-18-crown-6). At the same time, strontium is well extracted only by systems based on the
DTBDCH18C6 (di-tert-butyldicyclohexyl-18-crown-6). In the course of the study, fundamentally new extraction
systems were tested. They can be recommended for further practical application in the targeted extraction of
cesium and strontium from SNF and HLW.
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Dihydroxyfumaric acid (DHF) is a natural compound with strong antioxidant properties [1]. DHF is known
to be present in grapes [2] in small quantities, being involved in the metabolism of the fruits during the ripening
period [3]. Wines contain a low concentration of DHF because of fast decomposition in the aerobic conditions
[3]. Added in small quantities (1 — 10 mM), dihydroxyfumaric acid can improve the taste and smell of wines, by
inhibiting the oxidation of characteristic polyphenols [4, 5].

The contribution of DHF along with other antioxidants is known to be positive for the quality of the wines,
and, respectively, to the total antioxidant power of this beverage [4, 6]. However, not only the presence of the
reducing compound is important for the total antioxidant activity of wines. Data reported showed that the
species less active as reducing agents have also a significant contribution. For example, organic acids like
tartaric, malic, citric acids found in big quantities in grapes and wines can enhance the reducing power of the
main antioxidants via the synergic interactions [7, 8].

In this study, the influence of different solvents on the antioxidant activity of less studied compound DHF
against the free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) was studied. Reaction of DPPH with DHF was
investigated in 98% ethanol and in wine simulated matrix, which basically consists of 5g/L tartaric acid in ethanol-
water mixture (12%v/v) with an adjusted pH to 3.2 [9].

The spectrophotometric measurements were performed by using a stopped-flow system on a Biologic SFM-
300 system equipped with three syringes and capable of sequential mixing, with a high-speed diode array
detector. Stopped-flow data were analyzed within the SPECFIT32 software package (BioLogic Science Instruments,
Seyssinet-Pariset, France) using Singular Value Decomposition (SVD) and global multiexponential fitting of the SVD
treated data, with the spectra fitted to simple kinetic models using Levenberg—Marquardt or Simplex algorithms.

The results showed that the wine matrix has low antioxidant activity against DPPH, the efficiency being of
about 3%. Taking into consideration the high concentration of the main constituent of the matrix — tartaric acid, the
low DPPH radical scavenging activity of this compound can be underlined.

From the recorded spectra, it was found that in ethanol DHF has a lower antioxidant activity, the maximum
efficiency being of 16% for the DHF/DPPH molar ratio of 3.2. Contrary to that, in the wine matrix the antioxidant
activity of DHF is much higher. The highest concentration of DHF reduces the free radical up to 80%. The observed
rate constants (kobs) Were higher in the wine matrix than in ethanol, thus, the kobs for the reactions of DPPH with DHF
increase 10 times in wine model solution.

The enhancement of the antioxidant activity in wine matrix can be due either to the ethanol-water solvent
mixture or to the presence of tartaric acid. Many authors [7-10] reported synergetic combinations of a weak
antioxidant like tartaric acid with strong antioxidants, the weaker antioxidant being able to regenerate the stronger
one, thus improving the overall radical quenching ability of the system. The large values for the observed constants
in the wine matrix can be determined by the presence of tartaric acid as a weak antioxidant that can have the
capacity to regenerate DHF when the latter one is used against DPPH.
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Medicinal plants belonging to the Asteraceae family are characterized by antibacterial, antiproliferative,
inhibitory and other properties [1]. A prominent representative of this family is Echinacea purpurea L., which is
used as an herbal supplement in the treatment and prevention of a number of diseases, relieves migraine pain
and anxiety, stimulates wound healing and strengthens the immune system [1]. The main form of practical
application of these plants for phytotherapeutic purposes are aqueous-alcoholic extracts. Water-alcohol extracts
from Echinacea purpurea L. for phytotherapy purposes, it’s traditionally obtained by maceration [2] or boiling in
a Soxlet apparatus [3]. As alternative methods, we consider microwave extraction [4], ultrasonic extraction [5],
and extraction under conditions of elevated temperature and pressure [5], which intensify the preparation of the
sample. The relevance of the use of plants of the Asteraceae family is supported by a high level of sales, which,
in combination with the displayed pharmacological properties, make echinacea an interesting object for
research on assessing the content of components that form biological activity.

The aim of this work was a chromatographic study of various agueous-alcoholic extracts of Echinacea
purpurea L. to assess the effect of the extraction method on the component composition of the phenolic nature.

The objects of the study were samples of the herb Echinacea purpurea L. of various brands. The
identification and determination of the target compounds was carried out using standard samples. The
extraction of phenolic compounds from the samples was carried out using ultrasonic, microwave and subcritical
extractions, and the extraction of components was also carried out under the conditions regulated by the
corresponding Pharmacopoeia Monograph. The extragent in all methods was a water-ethanol mixture with a
volumetric alcohol content of 70%. The obtained aqueous-alcoholic extracts were further analyzed using an LC
20 Prominence chromatograph with diode array and mass spectrometric detectors. Separation of analytes was
carried out on a column Luna C18 100A, 250%2.0 mm, 5 ym with a column-guard C18 4 x 2.0 mm, 5 ym
(Phenomenex, USA).

It was found that using the extraction process according to the pharmacopoeia article it's possible to
extract the maximum amount of phenolic compounds from echinacea. In this work, the optimal conditions for
subcritical extraction are selected — the extraction of 70% ethanol at a temperature of 120°C. It's worth noting
that microwave and subcritical extraction are comparable to each other in terms of extraction efficiency and
differ only in the duration of the process. The total content of phenolic compounds in terms of chicory acid in
extracts obtained by the pharmacopoeia method was 26 mg / g, and by microwave and subcritical methods - 22
and 23 mg / g, respectively. Ultrasound extraction showed a minimum result of 13 mg/ g.

A comparative analysis of echinacea samples grown in different territories was carried out. In this case,
the total content of phenolic compounds in 70% water-alcohol extracts of Echinacea purpurea L. in terms of
chicory acid is minimal in the samples of "Herbs of the Mountain Crimea", and the maximum in the raw
materials provided by the company "Rodnye Travy". On the other hand, among all the studied samples, the
highest content of rutin was found in the raw materials of "Herbs of the Mountain Crimea", which is probably
due to the favorable effect on the accumulation of this compound of the height of the plant growth. Based on the
obtained data, a coefficient is proposed that characterizes the quality of medicinal plant material.
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Metal-organic frameworks (MOFs) are increasingly used in analytical chemistry for pre-concentration of
trace elements followed by their determination using modern analytical techniques. MOFs can be considered as
promising materials for their application in analytical chemistry [1]. These potential applications are
implemented through the presence of the active centers, linkers, tunnels, high porosity and other structural
features in MOFs, which provide the selectivity of the various species interactions with the active sites as well
as a size selectivity required for their separation. Moreover, selectivities can be enhanced through modification
which further expands the areas of their application using various approaches. However, there are a limited
number of publications concerning the use of MOFs for speciation purposes, while their structural and
functional features are perspective for the element species selective extraction and pre-concentration. The use
of MOFs for the sample preparation and subsequent combination with the element-selective detection for the
elements speciation is a successful solution to the problems associated to the study of transformation and
transport of the most hazardous metals in environment. It is known that mercury refers to the most hazardous
elements which species demonstrate different toxicity, migration routes and bioavailability as well.
Consequently the development of new approaches for mercury speciation in environments remains an actual
objective of analytical chemistry.

In present work a new methodology for inorganic and organic mercury speciation in water was proposed.
This approach is based on pre-concentration using solid phase extraction (SPE) followed by their determination
directly from the solid phase with the application of the thermal release — electrothermal- atomic- absorption
technique (TR-ETA-AAS) [2]. An original SPE-procedure based on the use of UIO-66 [ZreO4(OH)a(bdc)e] in two
different modes (non-modified and modified with cysteine) as a sorbent was designed [3]. In this work, it was
demonstrated the possibility of mercury speciation in waters using combination of solid-phase extraction and
the TR-ETA-AAS method, which includes the SPE of analytes using the UIO-66 MOF ([ZrsO4(OH)4(bdc)e]). It
was shown that the proposed approach allows shown that inorganic mercury (Hg?*), methylmercury (MeHg")
and phenylmercury (PhHg") can be determined in waters using different modes of SPE at the level of 0.06
pg-Lt directly from the solid phase of MOFs bypassing the desorption stage.

TR-ETA-AAS

— —

U10-66

Figure 1. UlO-66 solid-phase extraction and TR-ETA-AAS determination of the mercury species.
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Natural phenolics as part of daily human diet is of great interest and widely investigated. Being
electrochemically active compounds, they are often determined in a foodstuff using electrochemical methods.
Naringin (naringenin 7-O-necohesperidoside) (Figure 1) being the major flavanone of grapefruit [1] shows a wide
spectrum of biological activity like antioxidant, anti-inflammatory, anticancer and cardiovascular protective [1-2].
It also strongly effects on the pharmacokinetics of a variety of pharmaceutical dosage forms in vivo via inhibition
of the cytochrome P450 enzymes [3]. Therefore, reliable methods for naringin determination are required.
Nevertheless, it is almost out of consideration in electroanalysis. Analytical characteristics and selectivity of
naringin electrochemical determination can be further improved.

H3C I
(6]

HO
OH OH

Figure 1. Naringin structure

Novel electrode based on layer-by-layer modification of multi-walled carbon nanotubes and
electropolymerized ellagic acid has been developed for the direct quantification of naringin. Application of
carbon nanotubes as platform for polymer deposition significantly increases the effective surface area and
conductivity while polymeric film provides structural similarity to the analyte and the porous structure leading to
the increase of determination sensitivity. Conditions of ellagic acid potentiodynamic electropolymerization (the
monomer concentration, supporting electrolyte, potential scan rate and polarization window, the number of
cycles) providing the best response of naringin have been found. Ellagic acid electropolymerization has to be
performed from 10 uM monomer by sevenfold cycling of potential in the range of 0.0 — 1.0 V at the scan rate of
100 mV st in phosphate buffer pH 7.0. The electrode surface has been characterized by SEM and
electrochemical methods. The polymeric films exhibit porous structure with the shape of 30-50 nm spherical
particles confirming successful modification of the electrode. The effective surface area of modified electrode is
9.6- and fold increased vs. glassy carbon electrode (GCE). The electrochemical impedance spectroscopy data
show statistically significant decrease of the charge transfer resistance for the polymer-modified electrodes vs.
GCE. Naringin electrooxidation parameters on poly(ellagic acid)-modified electrode have been found. Under
conditions of differential pulse voltammetry in phosphate buffer pH 6.5, the linear dynamic ranges of 0.050-1.0
and 1.0-100 yM with the detection and quantification limits of 14 and 47 nM, respectively, have been obtained
that is much better than reported to date for other methods. The electrode selectivity towards naringin in the
presence of inorganic ions, saccharides, hesperidin, ascorbic and phenolic acids has been proved that is
important advantage of the approach developed. The practical applicability of the poly(ellagic acid)-modified
electrode has been tested on the red grapefruit juices and a good agreement with the independent
determination has been shown.

Thus, the novel highly sensitive and selective voltammetric method for the direct naringin quantification is
characterized by simplicity of the electrode fabrication, cost-efficiency, reliability of the results obtained, and can
be used in the routine practice for the screening of food samples as an alternative to chromatographic methods.
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In this study we propose a very simple and low-cost detector which may have multiple analytical
applications. The detector is based on the inductor coil connected to the generator of a high-frequency electric
field (1-190 MHz). When a sample solution is introduced inside the coil as an inductor core, the receiver detects
variations in the registered “spectrum” depending on the dielectric permittivity and conductivity of the sample. In
this way the distinguishing between various media, various substances and their various concentrations is
made possible. The following advantages of the proposed principle must be pointed out. Firstly, the measuring
procedure is contactless — during the signal registration the sample can be placed in a plastic, or glass
container and thus no dilution or sample contamination occurs, moreover the inductor coil can be wrapped
around the tubes, pipes, etc. Secondly, the response time of the detector is less than 100 ms, thus the real-time
online signal registration is possible, and moreover the dynamic measurements over the flowing media are also
possible. Thirdly, the overall experimental layout of the device is extremely simple and inexpensive.

The proposed concept was tested for several tasks to confirm its’ potential. The applicability of the device
to distinguish between different electrolyte solutions (KCI, NH4Cl, KNOs, Cu(NOs).) was demonstrated.
Moreover, it was shown that the detector is able to distinguish between various concentrations of the
electrolytes in the concentration range 102 — 10! M. Another experiment revealed that the device is able to
detect the differences in the dielectric properties of organic solvents, it was also shown that linear calibration
model relating the registered signal and solvent’s dipole moment can be constructed. The applicability of the
detector to real samples was demonstrated in the experiment with milk and cream samples with various fat
contents. The device was shown to yield the signal linearly related to these values. All the measurements were
performed in standard 10 ml HDPE Eppendorf vessels without any sample preparation. In addition, the detector
was employed in a column chromatography experiment to detect the elution of several halogenide ions.

The details on these studies will be provided in the presentation along with the discussion on possible
perspectives of the device.
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Different factors of surrounding area influence on production of biologically active compounds by medical
plants [1]. One of the most significant biotic factors that cause changes in plant’'s metabolism is soil microbiome.
As well known, a contamination by phytopathogenic microorganisms lead to stress in a plant through reactive
oxygen species formation [2]. Also, phytopathogens produce toxins, and some of them are harmful for human.
At the other hand, there are many of helpful non phytopathogenic microorganisms such as cyanobacteria, that
provide nutrition for a plant [3]. In current studding we used widespread phytopathogen Fusarium culmorum and
their antagonists: cyanobacterium Fisherella muscicola and micromycete Trichoderma veride, as the soil
microbiome. On this substrate we grew the medical plant — Melissa officinalis.

The aim of our research was to find out how the phytopathogen F. culmorum and their antagonists
influence on important characteristic of medical plant — antioxidant activity (AOA) and the toxicity conditioned by
Fusarium’s micotoxins on example of zearalenone (F-2).

M. officinalis was growing in the substrate with following microorganisms: a) F. culmorum + F. muscicola
b) F. culmorum + T. veride ¢) F. culmorum + F. muscicola + T. veride d) F. culmorum e) the control with no
microorganisms. The quantity of microorganisms was F. culmorum — T = (5,00+0,05) -10° cells/cm?®, 1 cm?® on
60 g of soil, F. muscicola — T = (3,00+0,05) -10° cells/cm?, 5 cm?® on 60 g of soil, T. veride — T = (5,0+0,1) -10°
cells/cm?®, 5 cm?® on 60 g of soil. The process took two months.

The total AOA was studded by coulometric titration. The method based on the reaction of antioxidants
with high reactive electrogenerated halides using coulometer «3kcnepT—006» (Russia). Exact quantity of dry
lemon balm around 0,1 g was placed in 10 cm?® of CoHsOH (ethanol : water — 1:1) and was thermostatically
controlled for 2 hours. The possibility of using this method was proved through such validation’s characteristics
as the linearity and the correctness (using t-criteria of Student) (GPA.1.1.0013.15). The results in mg of routine
on 1 g of lemon balm are placed in figure 1 (left).
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Figure 1. The resaults of quantitative analysis (n=3, P=0,95). The average square deviation of the analysis results is
given as the error limits.

F-2 was extracted from the dry lemon balm with method which described in GOST 28001-88. The
detection was carried out by spectrofluorometer Shimadzu RF-5301PC (Japan), because it's known that F-2
toxin has his own fluorescence [4]. The wavelength of excitation was 274 nm, and the wavelength of detection
was around 330 nm. For the quantitative analysis we used calibration schedule from state standard sample.
The correctness was proved using t-criteria of Student. The results are in figure 1 (right).

The results give us the information that the F. culmorum decrease the total AOA of medical plant M.
officinalis, but the production of F-2 toxin is highly dependent on other microorganisms in soil and in their
absence F-2 toxin quantity are in the low level. But at the same time antagonists of the phytopathogen increase
the total AOA. This information shows us how the soil microbiome can be use in the cultivation of medicinal
plants for the receiving of more qualitative resources for pharmaceutical manufacturing.
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Inspired by nature and aiming to overcome the high cost and low stability of enzymes, nanozymes —
nanomaterials mimicking enzymatic activity — have emerged as a distinct branch of biomimetics. Nanozymes
with peroxidase-like activity are of particular interest as horseradish peroxidase (HRP) is the most widely used
enzyme in both biotechnology and medical analysis. Unfortunately, two essential criteria to be eligible for either
application, catalytic selectivity and high activity in pH 7.0-7.4, aren’t met by an overwhelming majority of known
nanozymes. However, Prussian Blue nanoparticles (PBNPs) obtained through catalytic synthesis meet both
criteria, which makes them prominent candidates for analyses in biological matrices.

The procedure noted as catalytic synthesis consists in controlled reduction of Fe[Fe(CN)s]. Using H202 as
the reductant, on the one hand, forms pure PBNPs with minimal impurities as oxygen, the product of H202
oxidation, leaves the reaction mixture. This protocol yields PBNPs with record catalytic activity, beating HRP in
terms of turnover number by up to 4 orders of magnitude [1]. On the other hand, monomers of conductive
polymers are also applicable as reductants. Undergoing oxidative polymerization, they reduce Prussian Green
to Prussian Blue, thus forming composite PB/conductive polymer NPs. By using monomers with different
functional groups, PBNPs can be functionalized at the stage of synthesis. Moreover, diameter of noted PBNPs
can also be controlled by simply varying the concentration of reactants.

Both catalytic and electrocatalytic activity of noted PBNPs are notable. PBNPs possess record catalytic
activity with size-dependent catalytic constants, which are comparable and exceeding that of HRP by up to four
orders of magnitude. Simple drop-casting of PBNPs colloidal solution followed by annealing at 100 °C results in
ready-to-use H20: electrochemical sensor. Sensitivity of noted sensors (0.85 A-M*-cm) is higher than that of
PB film based sensors by 30% and allows detecting submocromolar H202 concentrations. Notably, modifying
PBNPs with conductive polymers barely decreases their (electro)catalytic activity while significantly improving
operational stability. Electrochemical H202 sensors based on PB/p-(3-aminophenylboronic acid) NPs retain 90%
of their initial signal twice as long as sensors based on non-functionalized PBNPs [2].

Achieved sensitivity of 0.85 A-M'-cm? can be further increased with carbon black nanoparticles
(CBNPs), resulting in record sensitivity of 1.15 A-M1.cm™, almost doubling the sensitivity of PB film based
sensors. Both glucose and lactate oxidases were co-immobilized with PBNPs-CBNPs mixture. The
aforementioned drop-casting approach results in biosensors advantageous over conventional sensors
produced upon layer-by-layer immobilization in terms of one order of magnitude higher sensitivity and three
times extended operation time [3].

Azide-modified PBNPs were successfully bioconjugated with alkene-modified oligonucleotide fragments
through copper(l)-mediated 1,3-dipolar cycloaddition. Obtained conjugates were used in a prototype of
electrochemical DNA sensor. Practical possibility of detection of conjugates’ hybridization with immobilized DNA
probes was shown, thus allowing development of universal DNA/RNA sensors. The detection limit of
oligonucleotides in model systems does not exceed 100 pM.

Amine- and carboxy-modified PBNPs were linked to rabbit and donkey antibodies by means of N,N’-
dicyclocarbodiimide for direct electrochemical immunoassay trials. Antibodies forming affine complexes
seemingly separate the electrode surface and PBNPs, which dramatically decreases the electrocatalytic current
of H20:2 reduction in noted immunoassay trials. However, this problem was solved by using a redox mediator,
catechol. In presence of catechol, at concentrations of conjugates around 100-200 pmol/cm? the
electrochemical signal is an order of magnitude higher than that of control experiments. This shows the
potential of PBNPs as potential catalytic labels in various immunoassays.
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Deep eutectic solvents are increasingly used in various fields of analytical chemistry. They have proven
themselves to be effective extractants for the isolation of organic and inorganic analytes from various objects of
analysis. The possibility of using eutectic solvents in electrochemical analysis, for the modification and
synthesis of various sorbents, and as stationary and mobile phases in chromatography was also demonstrated.
However, the possibility of using deep eutectic solvents as a medium for conducting chemiluminescent
analytical reactions has not yet been presented in the literature.

Chemiluminescence is one of the most sensitive methods of chemical analysis, but the disadvantage of
this method is the significant influence of various chemicals on the processes of chemiluminescence reactions
[1-2].

Lr2-Ghae

Figure 1. Luminol oxidation reaction.

Figure 1 shows the mechanism of the luminol oxidation reaction, which underlies chemiluminescence
analysis.

In this work, the possibility of using deep eutectic solvents simultaneously as extractants and as a
medium for chemiluminescent reactions is demonstrated for the first time. The main types of eutectic solvents
based on alcohols, acids and urea were studied. The reaction of oxidation of luminol with hydrogen peroxide
was chosen as the analytical reaction. An illustration of the analytical capabilities of this approach was
demonstrated when developing a method for determining hydrogen sulfide in various objects of analysis.
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Simultaneous determination of natural phenolic antioxidants is important problem in analytical chemistry
that is traditionally solved using separation methods like chromatography and electrophoresis. Active
development of chemically modified electrodes opens new opportunities in this field as far as provide higher
selectivity and sensitivity of natural phenolic determination. Among a wide range of electrode surface modifiers,
carbon nanotubes and electropolymerized dyes as well as their combination are of practical interest.

Novel electrodes based on the polyaminobenzene sulfonic acid functionalized single-walled carbon
nanotubes (f-SWNT) and electropolymerized dyes (aluminon or bromocresol purple) for the simultaneous
guantification of natural phenolic antioxidants (flavanones (hesperidin and naringin) as well as ferulic acid and
vanillin (Fig. 1)) have been developed.
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Figure 1. Natural phenolic antioxidants under consideration.

The dyes under consideration form non-conductive polymeric coverage that is confirmed by cyclic
voltammetry data. Therefore, -SWNT layer has been drop-casted on the surface of glassy carbon electrode
(GCE) prior to dyes electropolymerization in order to provide sufficient conductivity and high surface area of the
electrode. The conditions of potentiodynamic electropolymerization have been optimized on the basis of
voltammetric response of target analytes (flavanones for polyaluminon-based electrode and ferulic acid and
vanillin in the case of poly(bromocresol purple)-modified electrode). Aluminon electropolymerization have to
performed in basic medium from 100 yM monomer solution by 10-fold potential cycling from 0.1 to 0.8 V at
potential scan rate of 100 mV s. In this case, statistically significant increase of the naringin and hesperidin
oxidation currents with the peak potential separation of 207 mV has been obtained. Poly(bromocresol purple)
layer have to be deposited by 10-fold potential cycling from 0.1 to 1.2 V with the scan rate of 100 mV s from 25
MM monomer in phosphate buffer pH 7.0. The well-resolved oxidation peaks of the ferulic acid and vanillin with
potential separation of 170 mV as well as increase of the oxidation currents have been obtained on the
poly(bromocresol purple)-modified electrode. The electrodes created have been characterized with SEM and
complex of electrochemical methods. The polymeric coverage presented by folded structure with pores and
channels that significantly increase the effective surface area in comparison to GCE and f-SWNT/GCE. The EIS
data show statistically significant decrease of the charge transfer resistance for the electrodes with polymeric
films than that for the GCE confirming increase of the electron transfer rate on the modified electrodes.

The electrodes fabricated have been applied for the simultaneous sensitive determination of natural
phenolic antioxidants under conditions of differential pulse voltammetry. The linear dynamic ranges of 0.10-2.5
and 2.5-25 yM have been obtained for the flavanones with the detection limits of 0.020 and 0.029 uM for
naringin and hesperidin, respectively. Direct simultaneous quantification of ferulic acid and vanillin is possible in
the ranges of 0.1-5.0 and 5.0-25 pyM for both analytes with the detection limits of 72 and 64 nM, respectively.
The electrodes selectivity in the presence of typical interferences and other natural phenolics has been proved
that is important advantage over existing methods. Simultaneous voltammetric quantification of natural phenolic
antioxidants in real samples (citrus juices and vanilla extract) has been successfully realized.
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In my short introductory presentation, | will briefly outline the main vectors for using of computer
modelling in materials science, catalysis and medicine: what can computational chemistry give for
understanding the nature of chemical compounds? The selected aspects of mechanisms of chemical reactions,
kinetics and thermodynamics as well as role of metal center, substituents, and noncovalent interactions on
properties and reactivity of chemical compounds would be discussed.
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The problem of computer-aided optimal reaction conditions’ selection based on the desired reactants and
products is attracted special attention in connection with the successes in the field of automatic synthesis
planning, recently. The reaction conditions are a rather complex object for quantitative structure-property
modeling, starting with the incompleteness of the data presented in the chemical databases (information about
the reactions not obtained is not published, the absence of any combination of conditions in relation to the
reaction means only that no one tried this option or did not publish such information, but not that the reaction
does not go under such conditions), and ending with the possibility of carrying out the reaction with the whole
list of conditions and the huge size of the conditions’ space in general.

In this paper, we propose the new approach based on atrtificial neural network — the likelihood ranking
approach. The main idea of the proposed approach is based on ranking the combinations of conditions
according to their potential applicability to the reaction, determined on the basis of the calculated mean
likelihoods of the conditions’ combinations, so that the conditions in which the reaction was actually carried out
(taken from the literature) are as high as possible in the predicted list of conditions. It was tested on the
carefully curated dataset of hydrogenation reactions from Reaxys database. The set of predicted conditions
included temperature, pressure, type of additive (acid, base or catalyst poison), catalyst, presented as
categorical variables. The roles of chemical compounds were assigned automatically.
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Figure 1. Cumulative histograms of the percentage of test sets reactions for which at least one of experimental
reaction conditions were found within the top of a sorted list of predicted conditions of size K. Note that
prediction of pressure is ignored on the histograms c and d

Proposed approach was tested prospectively (on the reactions firstly published in 2017-2019) and
retrospectively (on the random reactions moved from the remaining dataset) and it was shown superior
performance to null model, which predicts conditions based on their popularity in training data, as well as over
nearest-neighbor approach (it ranks possible conditions based on similarity of corresponding reactions to a
given one). For hydrogenation reactions, previously proposed approach of Gao et al. [1] (as well as it's
reimplemented and retrained on our training set version with some changes) have shown mediocre
performance.
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Calculations and experimental data show that the composition of multicomponent organic crystals is
often significantly complicated: in practice, instead of heterodimers, structures containing water or other
included molecules are realized. Hydrogen peroxide, being the closest homologue of water, is one of the most
important biologically active molecules [1]. Due to its small size and exceptional ability to form hydrogen bonds,
it can easily enter into almost any living structure.

Hydrogen bonds pattern in crystallohydrates and peroxosolvates of organic molecules were investigated
in [1]. Main attention was paid to the donor (DH bonds) produced by H20/H202 molecules. In the presented
work we focused on the acceptor hydrogen bonds formed by these molecules. In contrast to peroxosolvates in
which acceptor bond is not realized in about 50% crystals, in isostructural crystallohydrates there is almost
always one acceptor bond. The analysis of the Cambridge Crystallographic Database and the data that was
obtained by us previously [2] show that acceptor bond in cases of crystallohydrates is often the shortest (strong)
intermolecular bond.

As an example of the diversity of the networks of H-bonds formed by water/hydrogen peroxide molecules
in crystals with organic coformers, nitrofurantoin (Figure 1) crystallohydrates/peroxosolvates have been studied
in detail. These crystals were computed in the PBE-D3/6-31G** approximation using the CRYSTALL17 program
[3]. The energy of intermolecular hydrogen bonds has been estimated according to several empirical
approaches described in [4].
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Figure 1. Nitrofurantoin crystallohydrate (left) and peroxosolvate (right). Values of energies were estimated
using the [5] approach.
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The results of a comprehensive geometrical and topological analysis of 3D coordination networks in 33
790 coordination polymers (including MOFs) were presented [1]. We have found relations between topological
descriptors and free space of the networks, and have revealed topological types that promote high porosity of
metal—-organic frameworks and network flexibility (breathing).

The adsorption properties of MOFs correlate with the structural flexibility. To address this, the full tensor
DFT analysis of the second-order elastic constants for 22 either rigid or flexible MOFs assembled from rod
secondary building units (rod MOFs) was performed [2]. It was shown that the geometrical-topological features
of the coordination framework predetermine the general form of the elastic tensor. Thus the breathing behavior
for six rod MOFs of the MIL-53, MIL-118, and CAU-10 families is caused by compliant geometrical-topological
patterns and ligand-ligand interactions. The proposed classification of the geometrical-topological patterns into
compliant and noncompliant can be used to search for and to design breathing MOFs.

Three new breathing electrically conductive rod MOFs based on a tetrathiafulvalene (TTFTB) linker with
La®", 44 rod MOFs of rare earth metals with tetracarboxylate ligands of flat rectangular shape, and 29 other
MOFs with the TTFTB ligand were topologically characterized. These MOFs crystallize with different topologies
containing distinct T—1 stacking sequences of the ligand. Notably, their transport properties correlate rationally
with the stacking motifs: longer S/S contact distances between adjacent ligands coincide with lower electrical
conductivities and higher activation energies. Overall, these rod MOFs demonstrate how tuning the
intermolecular interactions control their conductivity.

For crystals of two chain coordination polymers based on polynitrile ligand a transformation to
isostructural 3D coordination polymers was studied using X-Ray diffraction and the theoretical topological
approach [4]. Applicability of the topological approach to predict possible networks of solid-state reaction
products based on the crystal structures of initial compounds was demonstrated.

Topological approach was also extended to analysis of porous hydrogen-bonded organic frameworks
(HOFs) [5]. Self-assembly of a rigid and planar ligand unexpectedly gives rise to undulated two-dimensional
(2D) honeycomb layers and finally generates three polycatenated HOFs with record complexity. These
materials show unique stepwise adsorption behaviors under a certain pressure originating from the movement
between mutually interwoven hexagonal networks. Meanwhile, high chemical stability, phase transformation,
and preferential adsorption of aromatic compounds were observed in these HOFs. The results would help to
understand the self-assembly behaviors of HOFs and shed light on the rational design of HOF materials for
practical applications.

References
[1] Shevchenko A.P., Alexandrov E.V., Golov A.A., et al. ChemComm 2020, 56, 9616.
[2] Alexandrov E.V., Goltsev A.V., Eremin R.A., Blatov V.A. J. Phys. Chem. C 2019, 123, 24651.
[3] Xie L.S., Alexandrov E.V., Skorupskii G., Proserpio D.M., Dinca M. Chem. Sci. 2019, 10, 8558.
[4] Dmitrienko A.O., Buzin M.1., Setifi Z., et al. Dalton Transact. 2020, 49, 7084.
[5] Li Y.-L., Alexandrov E.V., Yin Q., et al. J. Am. Chem. Soc. 2020, 142, 7218.

Acknowledgements. This work was supported by Russian Science Foundation (project No 18-73-10116) and
Ministry of Education and Science of Russian Federation (project No 0778-2020-0005).

117


mailto:aleksandrov_ev1@mail.ru

A FAMILY OF ETHYL N-SALICYLIDENEGLYCINATE DYES STABILIZED BY INTRAMOLECULAR
HYDROGEN BONDING: PHOTOPHYSICAL PROPERTIES AND COMPUTATIONAL STUDY

Alkhimova L.E., Babashkina M.G.?, Safin D.A.%

tUniversity of Tyumen, Tyumen, Russia
2Université Catholique de Louvain, Louvain-la-Neuve, Belgium
Student
l.e.alkhim@gmail.com

The photophysical properties of a family of ethyl N-salicylideneglycinates, namely ethyl N-
salicylideneglycinate (1), ethyl N-(5-methoxysalicylidene)glycinate (2), ethyl N-(5-bromosalicylidene)glycinate
(3), and ethyl N-(5-nitrosalicylidene)glycinate (4), were studied recently [1-3]. 1-4 correspond to a class of N-
salicylidene aniline derivatives, which are characterized by enol-imine and keto-enamine tautomerization due to
a volatile hydrogen atom that can migrate from the OH group to the imine N-atom. Such an intramolecular
proton transfer can influence photophysical properties. With all this in mind, we have probed photophysical
properties of 1-4 in different non-polar and (a)protic polar solvents as well as upon gradual addition of NEts,
NaOH, and CHsSOsH [3].

We have also applied the DFT calculations to study the enol-imine—keto-enamine tautomerization. It was
established that all the tautomers of 1-4 are characterized by high electron-donating properties [3]. Both the
carbonyl and hydroxyl oxygen atoms in 1-4 as well as the oxygen atoms of the NOz group in 4 were found to be
the most pronounced nucleophilic centres for the enol-imine tautomers. For the keto-enamine forms the
electron density is mainly located on the carbonyl oxygen atom attached to the aromatic ring, alongside with
both oxygen atoms of the NO:2 group in 4, while the carbonyl oxygen atom of the carboxyl group becomes less
nucleophilic [3]. The electrophilic centres are spread over the CH=N-CH2 and CH-NH-CH: fragments for the
enol-imine and keto-enamine tautomers of 1-4, respectively [3]. The calculated absorption spectra of the fully
optimized ground state geometry of all the three tautomers of 1-4 were found in good agreement with
experimental spectra [3].
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Figure 1. Synthesis and tautomeric forms of 1 (R = H), 2 (R = OMe), 3 (R =Br) and 4 (R = NOy).

All the tautomeric forms of 1-4 were probed in silico as ligands with a series of SARS-CoV-2 proteins. It
was established that both the cis- and trans-keto-enamine tautomers exhibit larger affinity towards the applied
SARS-CoV-2 proteins in comparison with the enol-imine tautomers for 1-4. This finding allows to conclude that
the binding energy between the corresponding N-salicylidene aniline derivatives and proteins can be tuned
through the formation of tautomers by using different solvents as a reaction medium.
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The studies of composition and characteristics of stable gas condensates (SGC), which are commercial
gas by-products, and products of their processing on a zeolite catalyst, showed that SGC is a promising
feedstock for the gasoline production. It was found that the main components in the composition of various
SGC are Cs-C7 hydrocarbons [1]. However, the zeoforming process mathematical model creation, based on the
data obtained during the processing of SGC is complicated by their multicomponent composition. That's why for
creation of zeoforming process mathematical model the pure light hydrocarbons (n-pentane, n-hexane and
n-heptane) was processed on a laboratory catalytic unit. The zeolite with ZSM-5 structure used as the catalyst.
The test was carried out in the temperature range 648-698 K with a 25 K step, a pressure of 0.25 MPa, and a
feedstock flow rate of 2 h'l. Individual hydrocarbon composition analysis of the obtained products was carried
out by gas chromatography. The resulting individual product composition was aggregated and formalized.
Substances with the lowest concentrations are combined into pseudo-components.

The first stage in creating a mathematical model of a chemical technological process is the development
of a kinetic description. Based on the process products composition analysis, as well as theoretical
representations of the mechanism of transformation occurring at high silica zeolite type ZSM-5 the list of
theoretically possible reactions was formed. The list contains chemical reactions occurring during zeoforming of
n-pentane, n-hexane and n-heptane, upon which the formalized scheme was drawn up for the transformation of
substances on a zeolite catalyst. The scheme presented in Figure 1.
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Figure 1. Formalized scheme for the light hydrocarbon feedstock transformation on a zeolite catalyst.

The complete list consists of 865 theoretically possible reactions. For each reaction, the thermodynamic
parameters were calculated in the Gaussian software package [2].

The analysis showed that out of 865 theoretically possible reactions, 777 reactions are
thermodynamically possible. For the kinetic description of hydrocarbon’s transformations on the surface of the
ZSM-5 type zeolite catalyst, 140 equations of chemical reactions that link n-pentane, n-hexane and n-heptane
with intermediate components and reaction products, according to the proposed scheme, were compiled
(Figure 1). For each component the differential equation of chemical reaction rate, according to the law of mass
action was formed. Based on differential equations, that describe the rates of chemical reactions, an ordinary
differential equations system for 50 individual reaction components and pseudo-components was compiled.

Thus, a kinetic mathematical model of light hydrocarbon feedstock zeoforming was developed, which
allows predicting the composition of the resulting product.
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RNA is a polymer molecule involved in the coding, decoding, regulation and expression of genes.
MicroRNA is involved in transcriptional and post-transcriptional regulation of genes by RNA interference. The
missing regulation can affect oncogenes or tumour suppressor genes mediating cell cycle regulation, apoptosis,
senescence, metabolism, angiogenesis and metastasis. MiRNA shows a high influence regarding gene
expression and protein formation. RNA is used for the development of novel high-technological medicines
including anti-age and anti-cancer drugs. To enter a cell, microRNA must overcome biological barriers in the
form of aggressive biological media, such as gastric juice, a physical barrier in the form of mucus in the
intestine, and tight junctions of the intestinal walls. To increase the bioavailability of RNA, protection in the form
of targeted drug delivery systems is required. Chitosan is one of the most potential materials for such carriers
due to many unique physicochemical and biological properties, among which one can distinguish its
biocompatibility, low cost, and mucoadhesion (the latest property is especially useful because it leads to the
temporary opening of dense compounds in the membrane of the cells of the mucous membrane). Due to the
presence of an amino group, chitosan can be easily modified to give it the required properties, for example,
solubility or a certain biological activity. The amino group can undergo acylation, reactions with aldehydes and
ketones, alkylation, grafting of the polymer of the side groups, chelation of metals, the formation of quaternary
ammonium salts, the formation of hydrogen bonds with polar atoms and other reactions. Thus, it is possible to
obtain modified chitosan that have a set of required properties (antibacterial, antifungal, antiviral), combined
with hypoallergenicity, biological compatibility and biodegradability.® In addition to the amino group, chitosan
has two hydroxyl groups at the C2 and C6 atoms glucopyranose. Owing to these groups, a number of reactions
become possible for chitosan, as well as for cellulose: etherification, graft copolymerization, as well as O-
acylation, formation of hydrogen bonds with polar atoms and other reactions.
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Figure 1. Stricture of chitosan.

The experimental study of chitosan is complicated by the strong dependence of its properties on the
degree of acetation and the length of polymer chains. Therefore, molecular dynamics (MD) can act as a tool for
studying such materials. Currently, there is no unified force field (FF) for calculating the structure and properties
of chitosan and microRNA. In order to develop such a FF, in this work, we calculated the geometries and
charges of chitosan residues using quantum chemical methods (B3PW91 / 6-311G (d, p) and HF / 6-31G *).
The quality of the force field was assessed based on the analysis of conformational of exocyclic groups,
pyronose ring and glycoside bonds. The FF constants of their bonds and angular parameters were estimated
using modern a variant of the hamiltonian replica exchange method. The obtained values are verified by
comparison with the results of the experiment and calculations in the joint venture GROMOS 56ACARBO_CHT.
The found molecular parameters were used to modify FF AMBER, which was supplemented with residues of
unmodified, protonated, and acylated chitosan. A new model of chitosan was used to assess the geometry and
thermos - dynamics properties of RNA - chitosan complexes.
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Covalent organic frameworks (COFs) consisting of heterocyclic molecules become to attract a lot of
attention due to the possibility of flexible variation of their properties. The properties depend on the selected
moiety, on the type of fusing between moieties and on the size of the obtained nanomaterials. Typical examples
of such COFs are tetraoxa[8]circulene (TOC) based nanosheets, which are planar two-dimensional (2D) porous
sheets with the space group symmetry P4/mmm. The unique structure of the polymers allows metal atoms to be
embedded regularly and separately, providing promising new features and expanding the applications of such
materials.

In this work, we theoretically study a series of new organometallic porous sheets based on two-
dimensional tetraoxa[8]circulene polymers doped with alkali or alkaline-earth metals. The results show that the
localization of metal atoms depends on the pore size: polymer with larger pores promotes the localization of
metal atoms in its plane. All organometallic structures are energetically stable. The interaction with s-metal
atoms changes the electronic structure of TOC sheets from semiconducting to conducting due to n-doping. Ca-
doped TOC demonstrates a high density of states in the vicinity of the Fermi level and induced
superconductivity. Using the ab initio Eliashberg formalism we find that TOC-Ca polymer are phonon-mediated
superconductors with a critical temperature of 14.5 K. This value is within the range of typical carbon-based
superconducting materials. Moreover, calculations reveal a unique open-shell singlet ground state in the TOC-
Ca complex with the Ca atom and TOC being doublets. Therefore, combining proved superconductivity and the
long spin lifetime in doublet Ca such materials could be an ideal platform for realization of quantum bits [1].
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Figure 1. Structure and properties of organometallic polymers based on tetraoxa[8]circulene and calcium
atoms. DOS, o?F(w), A(w) and w are phonon density of states, Eliashberg spectral function, electron-phonon
coupling and frequency, respectively.
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The diffusion stages of two possible sequences of the Bigenelli reaction with the participation of
hydroxyproline-containing podands as chiral inductors, at which the stereocenter of the dihydropyrimidinone
product is formed, have been modeled [1].
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Figure 1. Studied podands, n = 0.2 (a) and modeling of the (b) approach of urea (orange color) to the formed
podand intermediate with covalently bound acetoacetic ether and benzaldehyde (purple color);
(c) benzaldehyde (blue) to podand (purple). All reaction components and THF as a solvent are present in the
simulated system.

The method of metadynamics was used to study whether the diffusion stage of the reaction, at which the
stereocenter is formed, can be stereodifferentiating for the entire sequence of Bigenelli reaction, that is, whether
the approach of reagents is carried out predominantly from the Re or Si side due to the conformational features
of chiral inductors, [2]. In this case, the conformational state of the podands varied depending on the degree of
protonation and the length of the oxyethylene chain, corresponding to those found earlier [3,4]. It was found that
in the course of metadynamics, the obtained conformations of the podands change a bit.

Thus, for each podand in each proposed sequence of condensation reaction, the ratios R : S of the
emerging products were determined according to the energy minimums of the systems under consideration,
obtained in the course of metadynamics, which can be used to clarify the sequence of stages and the reaction
mechanism with the participation of the chiral inductors.
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The parent (bearing only hydrogen substituents) compounds of p-elements, representing isoelectronic
homologues of alkanes and featuring the combination of elements of group 13/14/15 in one compound, are of
high interest due to their potential use as single-source precursors for ternary materials, which can be used in
small band gap optical devices [1]. Such parent compounds can also find application in construction of new
inorganic polymers, which are highly desirable [2], as they represent the alternatives to the established organic-
based polymers. So far, several Lewis acid and/or Lewis base stabilized parent compounds, containing binary
combinations of group 13/15 and 14/15 elements, were synthesized [3]. In order to expand the element chain
and obtain ternary parent group 13/14/15 element compounds, unknown up to now, the concept of donor-
acceptor stabilization can be used.

In this report the results of computational study (B3LYP-D3/def2-TZVP level of theory) of complexes of
PH2BH:2E'H2, PH2E'H2BH: and E'H2PH2BH: (E' = C, Si, Ge) with Lewis acids are presented. The donor-acceptor
complexes in the most cases are not the stable ones: upon geometry optimization they convert to cyclic
structures or substituent migration occurs. In case of LA = EXs (E = B, Al, Ga; X =F, Cl, Br, 1), there is a strong
tendency of one of the halogens to occupy bridging position or to migrate to the acceptor atom of the chain.
Pentafluorophenyl-substituents of LA = E(CeFs)s (E = B, Al, Ga) in some cases reveal the same reactivity,
becoming bridging or migrated. For LA = M(CO)s (M = Cr, Mo, W) and Fe(CQO)4, there are additional interactions
between acceptor atom of the chain and carbonyl groups or the transition metal with formation of six- and four-
membered cycles, respectively. In the cases of only donor-acceptor complex formation (without any other
reactivity), the stability of complexes was evaluated by comparison of the equilibrium constants of this process
and dimerization of free 13/14/15 chains. It is established that the stabilization by Lewis acid is possible only for
PH2CH2BH2. As a result, we propose complexes of PH2CH2BH: with GaFs, Cr(CO)s, Mo(CO)s, W(CO)s and
Fe(CO)4 for further experimental investigation. For other chains additional stabilization by Lewis base is
required.
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The development of new coordination compounds with two or more physical properties that are
promising for practical application are urgent problem of modern coordination chemistry and physical chemistry.
Application of elements with Ln"' ions in such compounds is justified by the unique properties of such ions, i.e.
their ability to exhibit slow magnetic relaxation (Single Molecule Magnetism, SMM, or Single lon Magnetism,
SIM) [1] along with luminescence [2]. The influence of Ln"" surroundings on magnetic relaxation rate due to
exchange coupling between Ln"' ions and, mostly, transitional metal ions via the mechanism of quantum
tunneling of magnetization (QTM) is one of the intensively studied problems [3,4]. The most interesting effects
were found for magnetically diluted Ln complexes with slow magnetic relaxation [5,6,7]. Additionally, long-range
magnetic ordering was found in the Ln"' coordination polymers [8].

This work presents the computational study of the properties of novel trimethylacetate 1D-polymers with
Dy"Cd"> and Yb"'Cd': cores. High-level ab initio SA-CASSCF/SO-RASSI/SINGLE-ANISO calculations of
electronic structures and magnetic properties of these compounds were performed. The computations were
done for smaller structural fragments of individual spin centers (Figure 1). Scalar relativistic effects were taken
into account using the DKH2 Hamiltonian. Complexes exhibit the properties of field induced SMMs. The
calculated temperature dependence of magnetic susceptibility coincide well with experimental data (Figure 1).
Based on the analysis of the relaxation of magnetization and high-level ab initio calculations, the predominant
relaxations mechanisms were proposed for DyCd:2 (the sum of Raman and QTM mechanisms) and YbCd: (the
sum of the direct and Raman mechanisms) complexes.
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Figure 1. (left and center) The structures of DyCd2 and YbCd2 core units used in calculations; (right) The
experimental and calculated temperature dependence of magnetic susceptibilities of two compounds.
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Currently, the planning of the chemical synthesis of any compound, in particular, medicinal compounds,
is an extremely important task. Modern methods of drug development, such as virtual screening, docking, de
novo design, allow the generation of many molecules with the necessary biological activity and other properties.
One of the problems is that some of the promising molecules cannot move to the next stage of development
due to the problem of their synthesis. In this work, we present an approach to planning forward chemical
synthesis (from reagents to products) based on the Monte Carlo tree search method. In contrast to the
traditional retrosynthetic approach, the forward synthesis method makes it possible to predict the path of
synthesis not only of the target molecule, but also of molecules similar to the target one. This is due to the fact
that gradually approaching the target molecule, at each stage, the algorithm predicts many compounds that
could potentially have similar properties.

The developed tool consists of several main blocks: a database of molecules and reaction rules, modules
for virtual reactions generation, and heuristic algorithms for fast search based on similarity metrics. The
developed approach uses commercially available chemical compounds as initial reagents and rules of reaction
transformations to generate new products. Generation of reactions proceed using the Virtual Reactor [1], which
allows the generation of chemically correct structures. Monte Carlo tree search methods allow you to effectively
navigate the vast space of chemical compounds, finding the best solutions in the optimal time.
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Figure 1. Predicted synthesis path for bevantolol by developed algorithm.

Developed approach vas validated based on reference pathways of drug molecules, extracted from
USPTO database. One predicted path presented on Figure 1.
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Today virtual screening together with chemoinformatics and molecular docking methods is widely used in
early stages of drug design. One of the approaches is a structural search based on known physiological targets,
which are a complex of a reference ligand with a receptor, obtained by X-ray structural analysis or NMR. The
use of such complexes allows one to get information about localization of the binding site on the receptor, as
well as about the set of amino acid residues of the macromolecule where the interaction takes place, as well as
about chemical nature of these interactions. The use of a macromolecule for flexible docking, which ligand
binding area is pre-organized to the reference ligand, allows a directed structural search among libraries of
various compounds.

A certain methodological problem is a choice of the region of interaction on the receptor, namely their
models containing several recurring binding pockets. For example, a complex of acetylcholine-binding protein
(AchBP) with nicotine (PDB ID 1UW6) obtained by X-ray structural analysis contains 10 physiologically identical
nicotine binding sites. Meanwhile, the analysis of this complex by means of PLIP 2.2.0 software shows the
difference between the “positions” of the reference ligand in them in terms of the set of interacting amino acids
and types of chemical bonds with them.

The aim of the study was to compare the results of nicotine redocking at 10 binding sites of the
macromolecule (PDB ID 1UWS6) in flexible docking mode using Autodock Vina and iDOCK programs. As a
criterion for the integral assessment of the degree of similarity between the predicted posture of the ligand and
the posture in the original complex the PScore indicator was used. In its calculation the coincidence of amino
acid residues of the macromolecule (and the types of interactions with them) where the ligand interacts in the
native and predicted posture are taken into account. A PScore value of 100% corresponds to a complete
match. The results of 10 repetitions of docking are presented in Table 1.

Table 1.
PScore values (%) for binding sites
Indicator
1 2 | 3 | 4 | 5 | & | 7 8 9 10
Vina results
Average 70,75 | 46,25 10,56 | 82,14 | 64,14 | 59,16 | 72,17 | 39,35 | 83,36 | 41,78
The best 84,6 87,5 72,2 85,7 83,3 83,3 78,6 86,7 91,7 64,7
iDOCK results
Average | 44,62 37,15 | 22,78 | 61,41 | 39,18 | 30,84 | 47,14 | 40,02 | 58,33 | 43,54
The best 92,3 71,4 61,1 85,7 83,3 83,3 78,6 86,7 91,7 82,4

It was found that following 10 repetitions of docking both programs were able to predict the position of the
ligand closely resembling the initial one. The maximum PScore score was 64.2 - 91.2% for Vina and 61.1 -
92.3% for iDOCK. At the same time, the topology of some binding sites, in particular Ne 2, 3, 5, 6, 8, was such
that the average results of assessing the similarity of native and predicted postures were underestimated. The
minimum figures were 10.5 - 64.4% for Vina, 22.7 - 40.0% for iDOCK. However, taking into account the
relatively high value of the maximum PScore for these sites, it can be concluded that, with a sufficient number
of repetitions, both programs are able to predict a ligand position close to the native one, even for sites with
difficult topology.

Thus, for macromolecules containing several repeating binding sites, it is advisable to carry out a
preliminary assessment of these sites to select the optimal search space for docking in order to reduce the
cost of computing power for re-running.
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Post lithium-ion batteries are hot topic in the field of electrochemical energy storage systems. Such
batteries are promising counterparts for expensive lithium-ion batteries (LIBs). Many different variants are
proposed, from sodium-ion batteries which are already commercialized [1], till exotic aluminum-ion batteries
[2,3]. Nevertheless, any new battery demands new materials. The theoretical search for new crystalline
materials with ion conductivity is the goal of this study.

Here we apply a stepwise theoretical screening procedure, which is consists of geometrical-topological
analysis of free space in solids, bond valence site energy calculations of migration energies, simulation of ionic
conductivity by using the kinetic Monte Carlo algorithm and quantum-chemical simulation of ion transport within
the Density Functional Theory. We have analysed the Inorganic Crystal Structure Database (ICSD) and
selected all ternary and quaternary Na*, K*, Ag*, Mg?*, Ca?*, Sr?*, Zn?>* and AI** oxides and chalcogenides
which theoretically possess ionic conductivity [4,5].

All results were uploaded to the https://batterymaterials.info web site as a searchable database (Figure
1). The BatteryMaterials database also contains the experimental data gathered from the literature (articles,
books, patents etc.). The following main parameters are specified in the database: type of the working ion,
dimensionality of migration map, theoretical and experimental (if available) ion migration energy, theoretical and
experimental (if available) capacity, conductivity etc. The structural .cif file can be downloaded for each entry.
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Figure 1. An example of https://batterymaterials.info search page.
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We propose two coarse-graining approaches to compute the solubility of sparingly soluble drug
compounds in supercritical carbon dioxide [1,2]. The motivation of such a study lies in the fact that a sufficient
percentage of the presented in the market active pharmaceutical ingredients have poor aqueous solubility
leading to problems with their bioavailability. Supercritical technologies, useful nowadays for solubility
enhancement (for example, supercritical micronization, cocrystallization), require fast and accurate methods for
preliminary solubility estimation to assist when choosing the appropriate state parameters for the experimental
procedures. The approach of the solubility calculation is based on the thermodynamic route consisting of the
sublimation and solvation processes. We propose to take the sublimation data from the experimental data,
available in the literature. We compute the solvation free energy with the help of the classical density functional
theory and the molecular dynamics simulation of the Lennard-Jones fluid. Such coarse-graining of the solvent
and solute molecules can be justified since the studied systems do not have any specificity in the intermolecular
interactions. Thus the main contribution to the interactions is the Van der Waals forces, which can be modeled
via the Lennard-Jones potential. The functional, proposed within the classical density functional approach
consists of the hard-sphere contribution, interparticle attraction in the mean-field approximation, and the
external potential, representing the solute particle. Solving the Euler-Lagrange equation leads to the equilibrium
density profile. The solvation free energy can then be obtained as the difference between the grand
thermodynamic potentials of the perturbed and non-perturbed fluids. Fitting the solute and solvent critical points
using the WCA equation of state to the known from the literature ones allows us to obtain the parameters of the
intermolecular interaction potential. These are the only input parameters, needed for the solvation free energy
computation with the proposed method. The coarse-grained molecular dynamics simulation is based on the
simulation of the Lennard-Jones fluid, whose parameters of the intermolecular potential we determine via the
rule of the corresponding states. We have taken the critical parameters of the Lennard-Jones fluid from the
literature data, obtained by the grand canonical Monte Carlo simulation. The solvation free energy is then
determined using the Bennett Acceptance Ratio approach. The results of the proposed approaches are in
decent agreement with the literature experimental solubility data and predict the location of the crossover points
[3,4]. The computation process is much faster than that of the fully atomistic computer experiments while the
number of the input parameters is lower than that required to estimate solubility with the equations of state.
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This work is devoted to a simulation of the glutathione peroxidase-1 (GPx1) catalytic cycle (Figure 1).
Enzymes of glutathione peroxidase family metabolize hydrogen peroxide (H202) and lipid peroxides (RHO>),
preventing oxidative stress of body cells. [1] For instance, GPx1 catalyzes reduction of H202 in cytoplasm and
mitochondria as follows. A selenocysteine residue a, being a part of the GPx1 active site, undergoes oxidation
by a hydrogen peroxide molecule. This leads to a formation of an oxidized enzyme form b with an SeOH group.
After that a cofactor molecule, glutathione (GSH), attacks the oxidized residue providing the reduction of an
active site to moiety with a sulfur-selenium bond c. Finally, the complete regeneration of an active site takes
place with another glutathione molecule, its attack leads to a breaking of a Se—S bond giving rise to the initial a
form.

In our previous work we demonstrated that selenium outer electronic shell is sensitive to its immediate
environment. [2] For this very reason, firstly, we take into account the influence of neighbouring amino acid
residues — glutamine and tryptophane that are also present in the active site and form hydrogen bonds with
selenium atom. The vacant coordination spots are filled with water molecules, since they can incorporate inward
enzyme in real systems. It is important to emphasize that the water saturation is performed using explicit
solvent simulation. Although it is more time-consuming but we believe this is crucial for better prediction of
thermodynamic properties.
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Figure 1. The catalytic cycle of hydrogen peroxide reduction by GPx1.

The choice of selenium-containing glutathione peroxidase as an object for our investigation was driven by
their prevalence in human body over sulfur-containing analogues. Moreover, there is a selenium-containing
potential drug Ebselen [3] showing high anti-inflammatory, antioxidant and cytoprotective activity. It is being
under controlled clinical trial at the moment. [4] Thus, the investigation of ours might shed light on some
mechanistic features of the GPx cycle and is capable to assist in finding the optimal route to the new generation
antioxidant drugs.
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It is well known that carboxylic RCOOH and phosphinic RR'POOH acids exist in gas, solution and in solid
states as hydrogen-bonded complexes. Such acids containing XOOH group (X = C, P) can participate in
hydrogen bonding both as donors (by XOH moiety) and acceptors (by X=0 moiety). Thus, such molecules form
various homo-complexes (dimers, trimers etc.) as well as hetero-complexes XOH---B (B — base) or X=0---HA
(HA — acid). Carboxylic RCOOH and phosphinic RR'POOH acids and their hydrogen bonded complexes are
widely explored by experimental techniques such as IR and NMR spectroscopies as well as by quantum
chemistry methods [1,2].

The amount of published information by moving down a group in the periodic table (from P to As atom, as
an X atom) from phosphinic RR'POOH acids to arsinic R2AsOOH acids is dramatically decreases. Most
commonly used arsinic R2AsOOH acids for vast research interests are diphenylarsinic or dimethylarsinic acid
(also well known as cacodylic acid), which are stable compounds and exist observed both in solution and
crystalline states [3]. Ability of arsinic acids R2AsOOH to form hydrogen-bonded homo- and hetero-complexes
and features of their electronic shells that lead to diverse crystalline polymorphs, is practically unexplored area
or research [4].
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Figure 1. Hydrogen-bonded complexes formed by R2XOOH acids: complex with a water molecule (left) and
homo-dimer (right).

At the same time compounds with general formula RR'XOOH (where X = Sb, Bi), those can be named as
stilbinic R2SbOOH and bismuthinic R2BiOOH acids, are not presented in literature at all. Moreover, there is no
sufficient evidence of such acids being synthesized in the first place, same can be said about absolute absence
of theoretical works in this area of study.

This work is devoted to the quantum-chemical investigation (MP2/def2-TZVP) of geometries, electronic
structure and thermochemistry of stilbinic R2SbOOH and bismuthinic R2BiOOH acids both in vacuum (e=1) and
in isotropic polarized media (¢=40, 81) compared to stable arsinic R2AsOOH acids.
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Imidazole and its derivatives are used in production of drugs, powder paints and agricultural chemicals
[1,2]. 2-methylimidazole can be obtained by the interaction of acetaldehyde, glyoxal and ammonia in an
aqueous solution [3]. The reaction does not require a catalyst, and the reagents and solvent are widely
available. Currently, the mechanism of this reaction has been insufficiently studied. In the literature there are no
data about the effect of solvent molecules on reaction pathway of 2-methylimidazole formation, but there are
articles about solvent effect on similar reactions [4]. The study of the reaction mechanism of the formation of 2-
methylimidazole by experimental methods is complicated, however, quantum-chemical methods can provide
the required information.

The structures of all initial and intermediate substances as well as reaction products were optimized.
Transition states (TS) for all stages of the reaction of acetaldehyde, glyoxal and ammonia without explicit
solvent molecules were found. Also, TS for all stages of the reaction with the participation of one and two
explicit water molecules and methanol molecules were found. Geometry optimization of all the structures was
carried out using the Gaussian’16 program package installed at the ANNEMARIE — Cluster of the Philipps-
Universitat Marburg. Calculation with the B3LYP-D3/6-311G(d,p) level of theory was used. The geometries of
the stable conformers for each molecular structure and transitional states were optimized in the solution by
using the PCM model. The thermochemical data were recalculated by using the low-frequency corrections and
correction from gas with the pressure of 1 atm to solution with a concentration of 1 mol 1" by using the
GoodVibes script. The calculation scheme that adequately describes the experimental data was proposed [5].

All stages of the interaction of acetaldehyde, glyoxal, and ammonia were divided by types: nucleophilic
addition (AG* ~ 33.7 kcal mol™, AH# ~ 22.2 kcal mol™?), dehydration of aminoalcohols (AG* ~ 45.2 kcal mol™,
AH* ~ 45.9 kcal mol™), hydrogen transfer (AG* = 29.4 kcal mol™, AH* = 29.4 kcal mol™). The investigation
showed that the enthalpy of activation decreased by 25 — 30 kcal mol™ and the Gibbs activation energy
decreased by 20 — 25 kcal mol™ when one water molecule was included into the TS structure. When two water
molecules were included into the TS structures, the enthalpy of activation and the Gibbs energy of activation
decreased by 35 — 40 kcal mol™ and 30 — 35 kcal mol™, respectively.

The enthalpy of activation decreased by 27 — 32 kcal mol™, the Gibbs activation energy decreased by
22-27 kcal / mol when one methanol molecule was included into the TS structure. The enthalpy of activation
and the Gibbs energy of activation decreased by 47 — 49 kcal mol™ and 34 — 37 kcal mol™ when two methanol
molecules were included into structures.

The barriers had decreased when the number of solvent molecules in the structure of transition states
increased. It occurred due to the formation of stable six- and eight-center cycles providing proton transfer.

The most probable reaction pathway was determined. The highest barriers (AG* = 23.4 kcal mol™, AH* =
22.0 kcal mol™) were observed for the cyclization stage. This was the rate-limiting stage. Cyclization proceeded
according to the Sn2 type. In this step, the increase of the number of water or methanol molecules from one to
two led to an increase in the Gibbs activation energy and the enthalpy of activation.
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Azulene has become a popular structure for the study of its photophysical properties due to its
fluorescence against the Kasha's rule. This unique feature allows the use of azulene derivatives in bioimaging,
as well as as organic light-emitting diodes (OLED), molecular switches, etc. It is important to study how the
spatial and donor-acceptor properties of substituents in azulene affect the color and intensity of absorption and
phosphorescence of its derivatives. This knowledge will create the ability to control these properties: "select” the
radiation channel and "adjust" the color of the emission. However, there is a problem, because a simple
simulation of absorption and emission spectra using the time-dependent density functional theory (TD DFT)
does not allow to observe in the spectra the bands corresponding to existing transitions, to reproduce the
correct ratio of their intensities, this method does not describe the vibrational resolution. We use a method
based on the Frank-Condon principle for estimating the intensity of transitions between the vibrational levels in
a molecule. This computational approach makes it possible to solve both problems outlined above. [1]

In this work, we have studied two series of azulene derivatives: with a donor methoxy group (—OCHs) and
an acceptor cyano group (—CN) introduced to each carbon atom of the azulene system consecutively. For these
series, absorption and fluorescence spectra corresponding to the transitions between ground and first and
second excited singlet states were calculated. The obtained spectra show that the shape of the lines and their
intensity agree with the experimental results. In addition, the shifts of the maxima and the changes in the shape
of lines in the spectra as well as the fluctuations corresponding to the most intense transitions were analyzed.
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Spiropyrans are a promising type of organic molecular switches that act based on reversible
isomerization reaction. The properties of closed spirocyclic (SP) and opened merocyanine (MC) forms differ
significantly that allows to create a wide range of smart materials based on them [1]. Currently, special interest
is attracted by cationic spiropyrans’ derivatives due to the possibility of hybrid multifunctional materials design

[2].

Spiropyrans’ properties strongly depend on the electronic effect and location of substituents in the 2H-
chromene moiety that allows tuning systems’ characteristics quite accurately [3]. The bright examples of this
strong dependence are compounds 1 and 2 containing electron-donating methoxy group and electron-
withdrawing conjugated 3H-indolium substituent. In general, the compounds of this type are characterized by
the strong bathochromic shift of absorption maxima of both SP and MC forms due to elongation of the
conjugation chain. Therefore, they attract great interest as molecular switches perspective for applying in
molecular electronics and bioimaging. The spiropyrans 1 and 2 are characterized by different thermodynamic
stability of their MC form in solutions and crystallizes in SP and MC forms respectively [4].

In this work the relative stability of different spiropyrans’ isomers and bonds’ character near the Cspiro—O
bond have been investigated using DFT approach to explain the nature of the aforementioned effects. Firstly, it
was established that anion affects significantly the relative energies of different forms, and the comparison with
experimentally observed phenomena indicates the importance of taking anion into account anyway. In the case
of compounds 1 and 2, the energy gaps (AEtwt) between cis-isomer and SP form are 6,53 and 3,54 kcal/mol
respectively. The trans-isomer of compound 2 is more stable than the corresponding one for spiropyran 1 (11,2
and 7,37 kcal/mol respectively). To understand more clearly the influence of different substituents
rearrangement on the Cspio—O bond reactivity (and ability of compounds to transform at ambient conditions)
NBO analysis has been performed. It indicates that second-order interactions’ energy between O(1') atom and
aromatic system of the 2H-chromene moiety (particularly with C(9") atom) is much higher in the case of
spiropyran 2 (Est = 134,69 kcal/mol) compared with 1 (Est = 55,24 kcal/mol). For interaction O(1)-C(2,2")
energies are very close (13.09 kcal/mol in compound 1 and 13.63 kcal/mol for 2). In spiropyran 2 multiplicity of
0O(1)-C(9") bond is close to double. Such disbalance in bonds’ energies leads to easier Cspiro—O bond cleavage
that is in agreement with experimentally observed equilibrium between SP and MC.

Thus, the bonds’ nature in the spiropyrans 1 and 2 were investigated. The imbalance in electron density
was observed in O(1')-C(9') bond localization area, which leads to the destabilization of the SP isomer of
compound 2.
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Nitrogen monoxide is a signaling molecule involved in the regulation of cardiovascular tone, neural
transmission, apoptosis, and immune defense. Dinitrosyl iron complexes (DNICs) with sulfur-containing ligands
are natural NO carriers that allows to consider them as perspective drugs. The advantages of DNICs as NO
donors are the presence of two pharmacologically active fragments and low barrier to NO generation. In vivo
DNICs can interact with plasma proteins containing thiol groups. The most common serum protein is albumin
which is the main carrier of metabolites, hormones, ions and drugs. It can also bind coordination complexes of
metals, in particular, a number of DNICs.

In this work the computational study of cationic complex [Fe(NO)2(SC(NH2)2)2]" (1) with bovine serum
albumin (BSA) was carried out. The 3D structure of BSA was taken from the Protein Data Bank (PDB ID: 4f5s).
The molecular and electronic structure of complex 1 in water was studied using DFT calculations at the
B3LYP/6-311+G(2df,2p) level of theory with the polarizable continuum solvation model SMD. Three stable
conformations of 1 (c1-c3) were found (Figure 1, a). For each conformer blind docking with rigid ligand
geometry was performed. As a result of the docking procedure six low-energy binding sites (Figure 1, b) had
been predicted at the interface between domains IA and IIA and domains IlA and 11B of BSA [1]. Sites 1 and 4
are located near Cys34 containing the free SH-group.
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Figure 1. (a) The conformations of complex 1, (b) six binding sites of complex 1 on the surface of BSA [1],
(c) RMSDs of the protein and ligand positions after 10 ns MD simulation of the BSA-1 complex in site 1.

The stability of the docked ligand positions on the protein surface was explored using the molecular
dynamics (MD) simulations of the protein-ligand complexes with explicit TIP3P water molecules in a cubic box
at 300 K. The required force field parameters related to the iron bonds and angles were obtained from the DFT
calculations of compound 1. The found value of the Fe-N force constant is close to the P-O bond constant in
phosphate group, whereas the value of Fe-S force constant is much lower. The force constants for the angles
S-Fe-S, N-Fe-N and S-Fe-N are lower than for the angles in phosphate group. The MD simulations of the
protein-ligand complex at site 1 showed that this complex is stable on the albumin surface for 10 ns (Figure 1,
c). This supports the experimental observations [1] that BSA can efficiently bind DNIC 1 that helps to prolong
NO donation.
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Advanced photochemical oxidation technologies based on heterogeneous photocatalysis processes with
semiconductors are the most preferred purification methods. They offer the possibility of applying natural and
renewable solar energy to purify water, air, and surfaces from organic pollutants (such as drugs, particularly
paracetamol), making these processes environmentally friendly and economical.

Bismuth titanate pyrochlore Bi2Ti2O7 is stated to be a perspective photocatalyst [1,2]. Several strategies
are known to enhance the photocatalytic activity of the single material photocatalysts in visible light, e.g., the
optimization of crystal structure, surface area, morphology; the manipulation of native defects; doping to adjust
the optoelectronic properties.

In the present work, combined ab initio and experimental investigation were performed. All calculations
were conducted by means of the DFT using the PAW method as implemented in the VASP. The GGA-PBE
formalism was used to describe exchange-correlation effects during geometry optimization. Doping in the
pyrochlore structure was simulated by the substitution of 25 at.% Bi atoms with Al, Ga, In, Sc. We employed the
screened Coulomb hybrid HSEO3 exchange-correlation functional to accurately calculate the total and partial
density of states, the band structure, and optical parameters of doped models. The group-lll elements doped
pyrochlore Bi2MxTi2O7 (M = Al, Ga, In, Sc) photocatalysts were obtained by a coprecipitation method [2].
Characterization of the properties of the compounds by a complex of physicochemical methods (XRD, SEM-
EDX, TEM, DSC, dynamic light scattering method, low-temperature physical method nitrogen sorption, diffuse
scattering spectroscopy) was carried out. The ability to decompose organic dye RhB and paracetamol in
agueous solutions was revealed during the photocatalytic tests under visible light irradiation.
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Figure 1. Electronic structure and experimental absorption spectrum of the Bi1slnosTi2O7 pyrochlore.
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The accuracy of quantum chemical modeling of any reaction strongly depends on the completeness of
the conformational ensemble of all considered molecules and transition states (TSs). The absence of one of the
low-energy conformations in the ensemble can significantly affect the computed molecule’s energy and distort
the results of modeling the reaction. Overlooking the optimum TS so that the best located is only 1 kcal/mol
above the correct value can lead to an error in the predicted ratios of reaction products exceeding 50%. Thus,
adequate modelling of a chemical reaction requires thorough conformational analysis of all key TSs and
intermediates (see [1-2] for examples). However, for the majority of practically important molecules, the problem
of conformational search is complicated by the presence of fused and/or free cycles, which conformations
always interconvert by changing several dihedral angles. This problem makes the traditional approach—ring-
making Monte-Carlo, based on random choice of dihedral angles—ineffective. To our knowledge, there is only
one algorithm called TLC [3] which effectively solves the problem of sampling conformations of cycles. This
method employs the geometric approach to conformational search by generating cycle conformers strictly
satisfying given constraints on bond lengths and valence angles. However, TLC can not be applied to polycyclic
frameworks, making it inapplicable to most common organic molecules.

We propose the algorithm that greatly generalizes the scope of TLC to molecules with one or several
fragments containing free and/or fused cycles. We also developed a user-friendly implementation of this
algorithm that will be made open source by September 2021. Besides applicability to fused cycles, we aimed to
make generated conformers useful for further geometry optimization, therefore, detection of unwanted Van-der-
Waals atomic overlaps was implemented. In order to eliminate detected overlaps, our implementation attempts
to change as little dihedral angles as possible. Given that these angles are chosen properly, the chances of
successful elimination of VdW contacts become a lot greater. Moreover, the algorithm can be applied for
conformational search of TSs by constraining interatomic distances for closing and breaking bonds [4].
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Figure 1. Comparison of proposed algorithm with meta-MD and traditional Monte-Carlo by speed for different
number of cycles in molecule (the left plot, note the logarithmic scale on time axis) and only with MTD by
diversity of generated conformers (the right plot).

Figure 1 compares performance of proposed algorithm with meta-MD sampling implemented in recent
conformational search code CREST [4]. Our algorithm shows itself as a better global sampling method due to
significantly higher average RMSD of generated ensemble. Moreover, our implementation clearly outperforms
meta-MD by at least an order of magnitude making possible sampling of one hundred reasonable conformers of
five fused cycles without parallelization in a couple of minutes!
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Superatom molecular orbitals (SAMOSs) have recently attracted significant interest [1] especially in the
case of highly symmetric Ceo molecule revealing their delocalized and well-oriented nature allowing one to
realize a well-controlled overlap between adjacent molecules and therefore promoting so called nearly free
electron states (NFE) for effective electron transfer in organic materials. SAMOSs of the free Ceo molecule has
been rather widely studied, while SAMOs of the adsorbed molecules has not been known, in spite of its
importance in a practical application, for instance, in weak electron-phonon interaction responsible for cooling of
hot carriers [2]. Moreover, study of Li@Ceo molecule is especially interesting with respect to SAMOs [3],
because its energy is relatively close to the Fermi level with possible contribution to transport and optical
properties.

Employing density functional theory (DFT) calculations and scanning tunneling microscopy (STM), we
directly show the spatial and energetic distribution of the delocalized superatom molecular orbitals (SAMO) of
Li@C60 and their features depending on Li position inside the fullerene cage and coupling with the Cu(111)
surface. Real STM images exhibit isotropic and delocalized nearly free electron like states in Li@C60 islands.
They are compared and discussed in terms of theoretical results and simulated STM images.
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STM images of the Li@Cso monolayer.
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One of the most successful synthetic approaches in organic chemistry, directed at producing new carbo-
and heterocyclic systems, are dipolar cycloaddition reactions. Here we studied the formation of isoxazoles from
nitrile oxides by addition of benzyl vinyl ether (Figure 1, left). The products of these transformations, substituted
isoxazoles, are can be used in pharmacology and in the synthesis of some commercially available drugs. [1-3]

In this work we performed guantum-chemical modeling of the cycloaddition reaction of benzyl vinyl ether
to substituted nitrile oxides (R = H, Br, Me, OMe, NO2). We modeled the structures of reactants, pre-reaction
and transition states, final products of cycloaddition reaction, calculated total electronic energies and
thermodynamic functions (enthalpy, Gibbs free energy) of compounds. For both pathways (Figure 1, left),
thermodynamic and kinetic parameters were compared. The substituent effect was evaluated by performing a
Hammet study in silico (Figure 1, right).
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Figure 1. Left: model reaction mechanism; right: the Hammet plot in which A:¥ along both reaction pathways
are compared.

DFT calculations were performed with ORCA 4.2.1. Geometry optimizations and vibrational frequencies
calculations were performed at two levels of the theory: B97-3c and PBEO-D4/def2-TZVP. The range-separated
hybrid functional wB97X-V and def2-TZVP was also used for single point energy evaluations at optimized
geometries. The SMD approach was used to simulate the reaction medium (benzene solution).
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Deep eutectic solvents (DESs) were discovered as a new class of green solvents and attracted high
interest of researchers in various fields of science. Multiple hydrogen bonding between DES components leads
to formation of eutectic mixture with significantly lower melting point in comparation with initial compounds [1].
Currently, new DESs are developing by experimental approach that consumes time and resources [1,2]. To the
best of our knowledge, there is no general theoretical method presented in the literature of DES components
selection or eutectic point prediction algorithm successfully applied to DESs. Hence, the aim of our research is
to identify the limitations and possible opportunities of the eutectic point prediction methods in context of DESs
based on machine learning approach.

The most relevant method for eutectic point prediction is COSMO-RS model that allows solid-liquid
equilibrium modelling. This approach was applied to limited number of DESs in the literature to predict their
eutectic points [2,3]. However, we showed that COSMO-RS model had poor prediction ability related to DESs.
An experimental dataset of 117 DESs was used to compare experimental values with predicted ones by
COSMO-RS model. Our results showed that COSMO-RS model could predict DES melting point in 72% of
cases with low accuracy. One more disadvantage of COSMO-RS model is requirement to know the enthalpy of
fusion for each DES compounds. However, only limited number of experimental fusion enthalpy values are
presented in the literature.

To solve this problem, we propose melting point prediction algorithm based on machine learning
approaches. An experimental dataset of 200 DESs is used to train the model. Thermodynamic properties of the
initial compounds, several chemoinformatic descriptors, as well as o-profile and activity coefficient calculated
with COSMO-RS model were used as descriptors to predict the eutectic melting point. To analyze the impact of
each descriptor we used linear regression model that allowed us to reduce the descriptors number to 5.
Preliminary results obtained by random forest regression model showed good correlation between the predicted
and experimental data for melting points (R?> ~ 0.938) (Figurel). Notably, fusion enthalpies of the initial
compounds were not used in this prediction.
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Figure 1. Comparative results of melting point (Tm) prediction by COSMO-RS model and machine learning (ML)
approach.

Our results showed that COSMO-RS model could predict DES melting point in limited number of cases.
Whereas the machine learning approach allowed to predict DES melting point with more accuracy. This
approach is also perspective as does not require the knowledge of experimental fusion enthalpy which is
difficult of access. Linear regression model allowed us to determine the most impactful descriptors and random
forest regression allowed to achieve good correlation between the predicted and experimental data. To improve
our model, we are planning to use evolutionary machine learning algorithms and validate our model by
experimental approach.
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Nowadays chemistry tries to solve actual environmental problems. Particularly, there is a certain request
for an emission of different volatile compounds reduction, creating new sustainable methods of water
purification and energy production. In all these cases scientists can reach the solution using deep eutectic
solvents too [1]. Deep eutectic solvents (DESs) are mixtures based on donor and acceptor of hydrogen bond.
Such interactions cause the much lower melting point of DES comparing with the individual components. In
fact, DESs rep-resent a new wide-spreading kind of solvents, it made mostly from quaternary ammonium salts
(especially choline chloride) and different HBDs likewise glycerol, urea, and ethylene glycol. Fortunately,
developing in this field of searching variety of components state the possibility to construct relevant solvent in
exact conditions.

Herein we consider the ability to separate mixtures of alcohols with its acetate esters (ethyl acetate, n-
propyl acetate, n-butyl acetate) using choline chloride — 1,2-ethanediol and choline chloride — 1,2-propanediol
deep eutectic solvents. Tie-lines were obtained at temperatures 293.15 K and 313.15 K and atmospheric
pressure. The compositions of coexisting organic and DES phases are determined by 1H NMR-spectroscopy.
The extraction performance was characterized with distribution coefficients and values of selectivity for used
alcohols. NRTL model was applied to correlate LLE in these systems.
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Regioselective hydrogenation of unsaturated carbonyl compounds is one of the most relevant questions
in modern manufacturing, especially like fragrance, production of bioactive compounds [1-2]. Unfortunatelly, in
the related industries, e.g. pharmaceutical, regioselectivity could be insufficient: there may be hundreds of
stereoisomers of compound, but only one or several have required bioactivity. The main idea of the current
work is the design and theoretical verification of functionalizing ligands that would form layer on the platinum
surface that would discriminate different stereoisomers of chiral compounds during adsorption.

Seven condensed pyridine derivatives were proposed as orienting ligands. The idea is in strong
adsorption by three nitrogen atoms and special ‘book’ conformation, by which these molecules would form
suitable layer on the platinum surface.

N” ONTXTON N"ONTY N N° N7 00 N
X = -CHy-, -S-, -NH- Y =-OH, -F X=C,Si

Figure 1. Studied orienting ligands.

Structures of the considered molecules was optimized by methods PM6, B3LYP/6-31G(d,p),
thermodynamic functions of formation were calculated. The (100) platinum surface was modeled by symmetric
clusters Ptss, Ptes, Ptioo, Which corresponded to tetragonal double-layer 6x6, 8x8, 10x10 parts of platinum
surface. Structures of clusters were optimized by PM6, BPW91/CRENBS.

Two ligand molecules were placed on the platinum surface, the structure was optimized by PM6. Based
on the analysis of the structural and energy characteristics of the complexes, ligand A/S was chosen as the
most promising orienting ligand. For it more resource-intensive modeling by BPW91/6-31G(d,p)/CRENBS was
carried out.

To simulate the coadsorption two amino acids (proline, alanine) and two unsaturated ketones
(pantolactone, 3-methylhex-4-en-2-on C7H120) were considered as the latter. Amino acids were proposed
because it was found that the interaction energy of various unsaturated ketones with a modified surface is
insufficient for their adsorption. Thus, the catalytic reaction with these reagents should slow down significantly.

It was found that the energy of the adsorption complexes of a platinum cluster, a layer of orienting
ligands, and an additional molecule is determined by the chirality of this additional molecule. For proline, the
adsorption energy of D-isomer varies within 8-23 kcal/mol, depending on the relative position of the OL and the
chiral molecule (PM6 calculations). At the same time, the adsorption energy of L-proline is only in the range of
6-13 kcal/mol. The significant difference of adsorption energies demonstrates that the proposed OL structures
ensures the effective discrimination of different enantiomers and can be prospective for the development of
stereoselective catalysts for the reactions of bifunctional amino derivatives.
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A quantitative analysis of relationships between structures of 5-benzyluracils and efficiency of inhibitors
deoxyuridine triphosphatase (dUTPase) was made by the program GUSAR 2019 (General Unrestricted
Structure Activity Relationships) [1-2]. Biological data from ChEMBL [3] were used for creation of QSAR
models. In general 6 statistically significant QSAR-models (R?rs> 0.6, R?1s> 0.5, Q%> 0.6) for prediction of I1Cso
values for various 5-benzyluracils for dUTPase were created based on MNA- and QNA-descriptors, as well as
consensus of their combinations. The statistical characteristics of some of the models we constructed are
presented in the Tablel. These models can be used for quantitative prediction of potential anti-tumor drugs
against dUTPase. Atoms and structural fragments of the studied structures influencing on increase and
decrease of dUTPase inhibition were identified by GUSAR 2013 visualization of quantitative “structure-activity”
relationships in the created models. The results of structural analysis of the contribution of the different
functional groups in the activity of dUTPase inhibition can be considered in the molecular design of active
substances of known anticancer drugs in order to enhance the efficiency of their inhibitory action dUTPase. As
a result of the virtual screening of the ChEMBL database using consensus models M3 and M6, 10 potential
dUTPase inhibitors have been identified.

Table 1. Characteristics and prediction accuracy of 1Cso values for consensus-models M1-M6. plCso activity in
TrS1 and TrS2 lies in the range-7.523 — -3.733.

Trainingset | Models [ N | R°ws | Ras | F [ sD. | @ | V
QSAR model based on QNA-descriptors

TrS1 M1 108 | 0.932 0.637 13.639 0.439 0.694 15

TrS2 M4 113 | 0.932 0.701 16.941 0.443 0.691 12
QSAR model based on MNA-descriptors

TrS1 M2 108 | 0.950 0.547 11.863 0.390 0.761 20

TrS2 M5 113 | 0.946 0.706 11.673 0.409 0.740 20

QSAR model based on QNA- and MNA-descriptors
TrS1 M3 108 | 0.946 0.576 12.345 0.411 0.735 17
TrS2 M6 113 | 0.946 0.674 11.110 0.425 0.719 18

N — number of structuresinthe training set; R?rws - a multiple coefficient of determination calculated for
compounds from the training set; R?rs - a multiple coefficient of determination calculated for compounds from
the test set; Q? — a cross-validated R? calculated during leave-one-out cross-validation procedure on data of the
training set; F — Fisher's coefficient; SD —standard deviation; V- the number of variablesin the finalregression
equation.
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One of the modern trends in the design of energetic materials is synthesis of compounds with improved
thermal stability and mechanical sensitivity. Fused heterocyclic structures agree with this demand. Additionally,
these compounds often have a high density, which is beneficial for energetic performance. Recently,
Starosotnikov et al. [1] reported the synthesis of the series of N-bridged 6,8-dinitrotriazolo[1,5-a]pyridines,
including 6,8-dinitro[1,2,4]triazolo[1,5-a]pyridine (1) and 6,8-dinitro[1,2,4]triazolo[1,5-a]pyridin-2-amine (2).
Compounds 1 and 2 show high thermal stability evidenced by thermal decomposition onsets at 281 and 339 °C,
respectively. This preliminary characterization is the only information available about their thermal stability.
Thus, the motivation of present work is to study the kinetics and mechanism of thermal decomposition of novel
compounds 1 and 2.

Thermal decomposition of 1 and 2 in a condensed phase was studied using differential scanning
calorimeter (DSC) at the heating rates of 0.5-10 °C min?. In experiments at atmospheric pressure both
compounds vaporize prior to decomposition. Thus, the elevated nitrogen pressure of 2.0 MPa has been applied
allowing to suppress the evaporation and to observe the thermal decomposition. Thermokinetic analysis was
performed on non-isothermal data using isoconversional and model-fitting techniques.

Thermal decomposition of 1 and 2 was also investigated theoretically using the quantum chemical
calculations with the novel high accuracy method DLPNO-CCSD(T)/aug-cc-pVQZ [2]. The considered primary
reactions include the radical bond cleavage C-NO2 (R1), nitro-nitrite rearrangement (TS2), different hydrogen
transfer reactions (TS3), and several ring-opening routes. The results of calculations show that nitro-nitrite
rearrangements of 1TS2 and ,TS2 are the most favorable reaction for both compounds from an energetic point
of view (Figurel). However, comparison of the rate constants for molecular and radical channels shows that this
conclusion is not true for the full temperature range, and at temperature near 230 °C the radical decomposition
channel became to dominate. These results will be discussed in the presentation and compared with the
experimental kinetic findings.
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Figure 1. Competitive reactions in decomposition mechanisms of 1 and 2. The activation energy values are
given in kcal mol™? and pre-exponential factors are in s™.
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Study of heterogeneous equilibria, especially in multicomponent systems, is a fundamental problem of
chemical thermodynamics that nowadays attracts attention of scientist due to its theoretical and practical
importance. On the one hand, phase equilibria, and liquid-liquid equilibria in particular, are the theoretical basis
for many separation and purification processes, which are closely related to synthesis of various compounds
both in laboratory and in industry. For this reason, mixtures containing compounds, that are capable of reacting
with each other, are especially interesting. A good demonstrative example of such kind of systems are different
mixtures containing acid, alcohol, ester and water, where esterification reaction is possible. Moreover, all the
compounds of such systems are important for industrial purposes because they are used as solvents by
production of cellulose, plastics etc.

On the other hand, interest to liquid-liquid equilibria in multicomponent systems is bind not only with its
experimental study but with the opportunity to describe obtained data and to predict a phenomenon of splitting
theoretically as well.
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Figure 1. Phase diagram for system amyl alcohol — amyl acetate — water at 20 °C: e — experiment,
A — UNIFAC, — — NRTL.

The object of our study are different quaternary systems acetic/propionic acid + alcohol (butanol/
pentanol/hexanol) + corresponding ester + water [1-6]. In this work, some approaches for modeling liquid-liquid
equilibria (UNIFAC, NRTL) were observed and compared in relation to investigated mixtures. An attempt to
apply method of artificial neural network for describing liquid-liquid equilibria in ternary and quaternary systems
was made as well.

References
[1] Trofimova M.A., Misikov G.Kh., Samarov A.A., Prikhodko 1.V., Toikka M.A. Journal of Chemical
Thermodynamics 2021, 161, 106515.
[2] Toikka M.A., Vernadskaya V., Samarov A.A. Fluid Phase Equilibria 2018, 471, 68—73.
[3] Trofimova M.A., Toikka M.A., Toikka A.M. Fluid Phase Equilibria 2012, 313, 46-51.
[4] Toikka M.A., Samarov A.A., Toikka A.M. Fluid Phase Equilibria 2014, 375, 66—72.
[5] Samarov A.A., Toikka M.A., Toikka A.M. Fluid Phase Equilibria 2015, 385, 129-133.
[6] Reynel-Avila H.E., Bonilla-Petriciolet A., Tapia-Picazo J.C. Fluid Phase Equilibria 2019, 483, 153-164.

Acknowledgements. The calculation of the compositions of liquid-liquid equilibrium using the models (UNIFAC
and NRTL) and experimental results were carried out with financial support from the Russian Science
Foundation (project No 20-73-10007). Application of the method of artificial neural networks to describe liquid-
liquid equilibria was supported by the Russian Foundation for Basic Research (project No 19-03-00375 A).

144


mailto:i.ivanov@spbu.ru

THEORETICAL EVALUATION OF NEW PROMISING SOLID ION CONDUCTORS
FOR MULTIVALENT METAL-ION BATTERIES

Morkhova E.A.%23 Kabanov A.A.134 Leisegang T.%5, Blatov V.A.12

!Samara Center for Theoretical Materials Science, Samara State Technical University, Samara, Russia
2Samara Center for Theoretical Materials Science, Samara University, Samara, Russia
3 Institute of Solid State Chemistry and Mechanochemistry SB RAS, Novosibirsk, Russia
“P. N. Lebedev Physical Institute of the Russian Academy of Sciences, Samara, Russia
SInstitute of Experimental Physics, Energy Materials, TU Bergakademie Freiberg, Freiberg, Germany
eliztimofeeva@mail.ru

The current trend in battery materials science is the search for new ionic conductors, which can replace
lithium materials in ion batteries because of depletion of lithium resources, ecological and political issues [1]. A
possible solution is multivalent metal-ion batteries, fuel cells or gas sensors. The multivalent metal-ion batteries
have many advantages, such as abundance and low cost of raw materials and a higher theoretical capacity
compared to lithium-ion batteries, higher safety and reduced environmental impact, which attracted the
significant interest to multivalent ion batteries in the last decade [2].

We have applied a combined stepwise theoretical approach to search for solids with high ionic
conductivity of multivalent working ions (WI) among ternary and quaternary Mg?*, Ca?*, Sr2*, Zn?* or Al** oxides
and chalcogenides. The search procedure has included high-throughput screening of the Inorganic Crystal
Structure Database (ICSD) based on geometrical-topological analysis, bond valence site energy calculations,
simulation of ionic conductivity by using the kinetic Monte Carlo method and quantum-chemical simulation of ion
transport within the Density Functional Theory. As a result, we have found 52 promising potential Mg?*, Ca?*,
Sr2*, Zn?*, or AI** ion conductors (Table 1).

Table 1. The number of new promising ternary and quaternary cationic conductors with various compositions.

Total number | Total number o . L

WI- . The most promising structures with values of migration

environment of structures | of selected ion energies (Em, eV) of WI
in ICSD conductors 9 m

Mg-O 2778 8 MgsNbsO11 (0.41 eV), Mg3\/ez\(/?l[(§]4)3 (0.90 eV), MgGe03(0.91

i MgM2Ses (M=Ho (0.46 eV), Er (0.45 eV), Tm (0.42 eV), Yb
Mg-S,Se.Te 111 3 (0.50 eV), Lu (0.38 eV)), MgLasAlS7 (0.71 eV)

Ca-O 4171 4 CaNb204(0.44 eV) [3]

Sr-O 2234 7 SrCr204(1.69 eV) [3]

i ZnM204 (M=V (0.55 eV), Fe (0.54 eV), Cr (0.70 eV)), ZnP20s

Zn-O 782 9 (0.68 eV) [4]
Zn-S,Se,Te 778 11 ZnMzSes (M=Al (0.88 eV), Yb (0.81 eV)), ZnCaOsS (0.86 eV)

Al-O 4346 3 AlFe204 (1.00 eV), AIVO3 (1.02 eV) [5]
Al-S,Se, Te 416 7 Alo.33Sm3sSiS7 (0.60 eV), Als.9SnTeg.s92 (0.99 eV)
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This work is devoted to the study of solvation processes in the lithium-air batteries. These devices are
considered a promising alternative to commercially successful lithium-ion batteries due to their high theoretical
specific capacity. Because of the complexity of the oxygen reduction reaction mechanism and occurring side
processes, particularly connected with the electrode and electrolyte degradation, optimization of lithium-air
batteries is highly complicated. Thus, the directional design of electrode materials, electrolytes, and catalysts is
an urgent scientific problem, which can be solved including with the help of computer simulations [1, 2].

In this work, we have studied the effect of an ionic liquid on the structure and stability of solvation shells
around a number of ions participating in both the oxygen reduction reaction and parasitic processes. lonic
liquids are organic salts that are liquid at room temperature and possess a set of unique properties: non-
volatility, high oxygen solubility, non-flammability, and high stability, which make them promising as electrolytes
for various electrochemical systems [3], in particular for lithium-air batteries [4].

We obtained the structural characteristics of the solvation shells of ions: Li+, 02-, 022-, CO32- in an
electrolyte based on dimethoxyethane (DME) containing different amounts of the ionic liquid PYR14TFSI. This
ionic liquid was chosen as the most studied experimentally in the context of lithium-air batteries [4]. The
potentials of mean force (PMF) of Li+ and O2- ions in electrolytes with different amount of the ionic liquid was
calculated, which allow characterizing the kinetics of Li+ and O2- association reaction, which is one of the clue
stages of the oxygen reduction reaction, and directly affects its mechanism.
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We proposed and developed a concept of conjugated Quantitative Structure-Property Relationship
(QSPR) models for the simultaneous prediction of several properties linked by strict mathematical relationships.
The developed conjugated models were applied to the modeling:

(1) the logarithm of the prototropic tautomeric constant, which can be expressed as the difference
between the acidity constants of two related tautomers [1];

(2) the reaction rate constant, pre-exponential factor, and activation energy which are related by the
Arrhenius equation;

(3) the selectivity constant, which can be expressed as the ratio of two competing reaction rate constants.
These mathematical relations are integrated analytically into the ridge regression algorithm.

The developed conjugated QSPR models have some practically beneficial properties that classical
QSPR models do not have. In the case of tautomerism reactions, the proposed approach makes it possible to
simultaneously predict the equilibrium constant of tautomerism and acidity of tautomers. Moreover, the
conjugated models can predict acidity for major and minor tautomers [1]. In the case of the reactions occurring
through the competing mechanisms of bimolecular elimination and bimolecular nucleophilic substitution
reactions, the developed conjugated QSPR models simultaneously predict the fraction of one of the products
and the rate constant of competing reactions. Finally, the conjugated approach based on the Arrhenius
equation allows us to build a model for predicting the activation energy without using direct experimental data
on it during training models.
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Nanozymes are nanomaterials with enzyme-like characteristics. Nanozymes were discovered as a way to
eliminate the disadvantages of natural enzymes, such as high cost, low stability and difficulty of storage. They
have proven themselves in biosensors, cancer theranostics, and environmental protection. Today there are
various types of nanozymes that have been discovered by trial-and-error strategy.

The enzymatic activity of nanozymes depends on the fundamental characteristics of the element, its
shape, size, porosity, etc., as well as the conditions of analysis. These dependencies are difficult to discover
using theoretical approaches, for which we use machine learning methods.

In this work, we used metal oxide and metal-based nanozymes, because after reviewing a lot of
literature, we saw that this class is often used in articles and it is not complicated in terms of synthesis, and the
moiety built on their basis can be easily extended to other types of nanozymes.

We assembled a database of 200 samples based on existing articles on nanozymes. Our database
contains predictors and response. The predictor is the independent variable of the predictor. In this work, we
use four groups of predictors: element constants, physical material properties, synthesis and analysis details.
The response is the dependent variable predicted by the model. The response is the enzymatic activity, which
will be predicted quantitatively, namely the Michaelis constant (Km).
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Figure 1. Concept.

Missing data in the features were filled in using the k-nearest neighbor method, with 80% of the data
available. We chose a random forest regression model as our machine learning model, which is capable of
analyzing a large amount of nonlinear data. The model showed an accuracy of 0,7. An open platform DiZyme
with a built-in replenishable database with a visualizer and predictive model was created. With its help,
scientists will be able to predict the enzyme-like activity of the particles they need.
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One of the promising areas of modern energy technologies is the development of fuel cells, among which
solid oxide fuel cells (SOFCs) occupy a special place. Their advantages are the absence of expensive catalysts
in the design, resistance to carbon monoxide poisoning, the ability to use with various types of fuels with high
efficiency, as well as low product toxicity [1]. The main efforts to improve SOFCs are currently aimed at
reducing their high operating temperature (700-1000°C), which is required to increase the mobility of O% ions in
a solid electrolyte.

Yttria-stabilized zirconia (YSZ) is one of the most commonly used solid electrolytes utilized in SOFC
production due to its high ionic conductivity and stability in oxidation and reduction reactions. The influence of
composition and temperature on the diffusion of oxygen ions in YSZ has been studied in detail experimentally
[2,3] and theoretically [3,4], but another important factor — the external electric field — has been completely
ignored in previous studies. In this work, we study the mobility of charge carriers in YSZ and its dependence on
the external electric field by the method of classical molecular dynamics.

The model system was a 5x5x5 cubic supercell of crystalline ZrO2 oxide doped with Y203 with three-
dimensional periodic conditions imposed. The number of Y3* ions varied in various computer experiments from
30 to 136. For every two Y3* ions, one oxygen vacancy was created in the crystal lattice, which is necessary to
maintain electroneutrality. Modeling was carried out using the LAMMPS program and the interaction between
the oxygen and metal atoms of the doped oxide was described by the sum of the classical pair potential of
Buckingham and the Coulomb potential. The parameter set was taken from the study [5], where it was
successfully applied for the atomic interaction simulation in YSZ. The total simulation time was up to 2 ns, with
an integration step of 0.1 fs. To ensure thermodynamic equilibration, the initial 100 ps trajectory fragment was
not taken into account in calculating the diffusion parameters.

It was found that in the temperature range 873-1273 K, the crystal with a 3% molar fraction of yttrium
oxide has the highest ionic conductivity, which is consistent with the experiment [2]. The activation energy of the
diffusion of O% ions increases with an increase in the Y203 content, from 0.45 eV at 4.6 mol.% to 0.61 eV at
15.7 mol%, which is consistent with the data obtained by other theoretical methods (0.2-0.9 eV).

It is shown that the application of an electric field forces the O% ions to diffuse against the direction of the
electric field vector, which leads to a significant increase in the MSD of the ions and vacancies relative to the
initial position, and, consequently, an increase in the O? diffusion coefficient from 1.7 x 10"'* m?%s in the
absence of a field to 5.2 x 101! m?/s at a field strength of 0.02 V/A. The vacancy diffusion coefficient increases
from 1.4 x 10° m?/s to 3.42 x 108 m?/s under the same conditions. The activation energy upon application of an
electric field decreases at a Y203 content of 4.6 mol% and a temperature of 1073 K from 0.45 eV in the
absence of a field to 0.32 eV at a field strength of 0.08 V/A. The applied electric field is potentially capable of
lowering the diffusion activation energy and, thus, improving the characteristics of SOFCs by decreasing their
operating temperature. Thus, for a 1 mm thick dielectric layer, the imposed potential of 200 kV can be
equivalent to a 250 K temperature increase. However, in the case of a static field, a severe decrease in the
operating temperature requires an extremely high strength value which is unrealistic with a standard SOFC
design.
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Thanks to theoretical research, an integrated approach is being implemented in the study of complex,
multi-stage processes. For example, for the Bingel reaction [1], all participants in the process were optimized
according to the first stage and the modeling of elementary acts was carried out. Quantum-chemical
calculations were carried out at the theoretical level B3LYP/6-31G(d) using the example of the reaction of
addition of halomethylketones (CI-K and Br-K) to fullerene (Figure 1), as a model.

N Ceo Hal-K-
— —
O Hal DpBU DBU
Hal-K toluene, rt toluene, rt

Figure 1. Synthesis and chemical structures of the mono-adduct 2-{1-benzyl-2-[cyclopropane[1f, 2f] [60]
fullerene]-2-hydroxyethyl}-1H-isoindole-1,3 (2H) -dione (1) and bis-adduct 2,2'-[bicyclopropano [60] fullerene
bis(1-oxy-3-phenylpropane-1,2-diyl)] bis(1H-isoindole-1,3(2H)-dione) (2).

The results of the DFT study for the first stage are displayed in Figure 2. Some overestimation of the
theoretically found activation energy should be attributed to the imperfection of the basis set.
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Figure 2. Energy profile of the first stage of fullerene cyclopropanation with chloromethylketone (blue) and
bromomethylketone (red).

As seen in Figure 2, the activation energy in the case of bromomethylketone is 5 kcalxmol™ higher than
that with chloromethylketone. In general, the reaction takes place under kinetic control. The considered
interaction is accompanied by the formation of nine regioisomers of di-addition 2, which were studied at the
same theoretical level. It was found that the most thermodynamically stable and, accordingly, predominantly
formed in the course of the reaction are the equatorial (e', e") and trans-3 isomers. The calculation results agree
with the experimentally established regularities [2].
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It is a known fact that animals brain works by transferring information between great amount of neurons
via electrochemical impulses. Here the question arises about the possibility of creating an artificial material in
which charge transport between molecules would reproduce the signal transmission in the neural network and,
therefore, would reproduce the behavior of the network of neurons at the molecular level. Such material, if it
was considered as a computing system (artificial neural network, ANN), would allow achieving a high density of
computational elements, their three-dimensional organization and high computational efficiency.

To function as an ANN, the molecules of such material (referred hereafter as a neuromorphic material)
must have the following properties: (i) high ability to intermolecular charge transfer; (ii) a certain function of the
"summation" of signals from different sources; (iii) the ability to adapt the positions of intermolecular contacts to
react to the most important signals. The search for materials capable to appear neuromorphic properties is the
main goal of this study. Because the molecules involved in electron transfer processes are known in nature, we
consider here known organic semiconductors belonging to the class of dicyanovinyloligothiophenes, as well as
a number of biomimetic structures, which are derivatives of porphyrins and quinones, as components of the
charge carrier chain. In this work, the simulation of charge transfer in amorphous materials consisting of
oligomers of these molecules is conducted.

"Cell body"

"Axon terminal"

"Dendrites" A

Figure 1. Possible structure of neuromorphic material molecules by analogy with the structure of a neuron.

For this purpose, the geometric and electronic structure of the molecules under consideration was
calculated by the DFT method at the B3LYP/6-31G(d,p) level. The OPLS-AA force field parameterization for
oligomers was carried out on the basis of quantum-chemical calculations. Then, the packing of the amorphous
material consisting of these oligomers was simulated by the molecular dynamics method in the GROMACS
program. In the obtained fragment of the material, the parameters of the electron transfer were calculated in the
software package VOTCA. Electronic coupling elements were evaluated by the semi-empirical ZINDO method
and the charge dynamics simulation was finally conducted using the kinetic Monte Carlo method.

On the basis of the results obtained the structures of monomers, which can be the most promising from
the point of view of charge transfer, have been established. In the simulated materials, paired coupling
elements and transfer rates are calculated for each pair of molecules; the mobility of charge carriers and the
trajectory of charge transfer are estimated. It was concluded that hole transport predominates in most modeled
material fragments.
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Nowadays, acetic acid esters (acetates), such as propyl acetate, butyl acetate, and amyl acetate, play an
important role in various industries. They are widely used as flavorings in the perfume and food industries, and
are also solvents of many organic compounds [1]. Moreover, recent studies have shown that the addition of
acetates to biodiesel improves its operational and environmental properties, which means that it is necessary to
modernize the technology of biodiesel production, which includes the processes of synthesis and purification of
esters [2].

The effective design of the esterification reaction, as well as the separation processes, requires a
guantitative description of the phase and chemical equilibria. Experimental information about the properties of
many systems is limited due to the large variety of existing organic compounds. In this regard, local composition
models were developed to describe the physical and chemical properties of various systems using a small
number of parameters. One of the most popular models is the UNIversal Functional Activity Coefficient or
UNIFAC. This model allows us to calculate the excess Gibbs energy and activity coefficients based on the
concept of group contribution. The basic equation of this model includes the combinatorial component (the
difference in the shapes and sizes of molecules) and the residual component (the difference in the energies of
intermolecular interactions) (Figure 1).

This work is devoted to the study of the chemical equilibrium of systems with the reaction of esterification
of acetates: propyl acetate, butyl acetate, amyl acetate at 45°C. The activity coefficients of the components of
the reaction systems were calculated using the UNIFAC model. Based on the obtained data, the system
component activities and the thermodynamic equilibrium constants were calculated, and the thermodynamic
and concentration constants were compared.
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Figure 1. UNIFAC equations.

References
[1] Shibasaki-Kitakawa N. Roadmaps of Japan: Future Energy Systems Based on Feasible Technologies
beyond 2030 (Book Chapter). 2016, 463-468.
[2] Sami Al et al. Bioresource Technol. 2011, 102 (21).

Acknowledgements. This work was supported by the Russian Science Foundation (project No 21-13-00038).

152


mailto:alinasenina77@gmail.com

ELECTRONIC STRUCTURE, STABILITY, SODIUM DIFFUSION AND EXTRACTION
IN LOW-SYMMETRY IONIC CONDUCTORS NaMFe(MoOa)3 (M=Mg, Ni)

Serdtsev A.V.%, Medvedeva N.I.1
nstitute Solid State Chemistry RAS (Ural Division), Ekaterinburg, Russia

Young Scientist
alexander.serdtsev@urfu.ru

Rechargeable sodium-ion batteries attract significant attention due to their good electrochemical
properties and the high availability of low-cost sodium materials. Currently, intensive studies are devoted to the
search for new electrolyte and cathode materials with fast sodium diffusion, high voltage, and long
charging/discharging cycles as a cheaper alternative to replace lithium-ion batteries [1-3]. Recently, low-
symmetry molybdates isostructural to a-NaFe2(MoOa4)s and (B-NaFez(MoOa4)s were proposed as perspective
ionic conductors. NaMgFe(MoOa)s (isostructural to a-NaFe2(MoOa4)3) and NaNiFe(MoOa4)s (isostructural to -
NaFe2(MoOa4)3) have structural channels filled with sodium atoms. Both compounds have the same chemical
composition and mixed occupancy of [M/Fe] (M = Mg, Ni) site as NASICON molybdates, and belong to space
group P-1 (Z=2).

We present the results of first-principles simulation of the electronic structure, stability, sodium diffusion
and (de)intercalation mechanism in NaMgFe(MoOa)s (isostructural to a-NaFe2(MoOa)s) and NaNiFe(MoOa4)s
(isostructural to B-NaFez2(MoOa)s). All calculations were performed in the Vienna Ab-initio Simulation Package
(VASP) [4,5]. Using the GGA+U approach, we studied arrangement of [M/Fe] atoms and stability of these
compounds, as well as performed comparison with the similar NASICON-type molybdates. Most possible
[M/Fe] arrangements and stable phases were predicted. The electronic structure was calculated for possible
phases using GGA and GGA+U, and a strong dependence of the band gap on the value of U was established.
We calculated barriers for all sodium pathways in a-NaFe2(MoOa4)s and (3-NaFe2(MoQa4)s structures and found
that they are slightly higher than in the corresponding NASICON phases (~1 eV).

Our results demonstrate that low-symmetry molybdates NaMgFe(MoO4)s and NaNiFe(MoOa4)s have
diffusion and redox properties similar to the known NASICON-type compounds, and can also be promising
cathode materials for sodium-ion batteries.
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The increased interest in water clusters is caused by their role in a number of important atmospheric
properties and processes. As a result, the multimolecular complexes of water, which are found everywhere in
the Earth’s atmosphere, make a significant contribution to the climate formation and change [1-4].

(H20), clusters are formed due to the combination of n water molecules with hydrogen bonds. For the
same n, two types of isomerism can be formed: (1) the isomerism of the oxygen “skeleton” (that is the structure
formed by oxygen atoms) and (2) the isomerism of the hydrogen bond network for the same skeleton, which is
due to the fact that the formation of the most favorable hydrogen bond in a cluster obeys the rules similar to the
Bernal-Fowler rules for an ice crystal. Two types of isomerism are shown in Figure 1, which demonstrates
some isomeric structures of the (H20)s cluster, which differ in the oxygen skeleton (Figure 1a) and the network
of hydrogen bonds for the same oxygen skeleton (Figure 1b).

(a) (b)

Figure 1. (a) — book, cage, and prism conformations of the oxygen skeleton of (H20)s;
(b) — examples of orientational isomers in the prism conformation (H20)s.

In this work, we study the effect of orientational isomerism of small neutral water clusters on their
thermodynamic functions and concentration in the gas phase. All possible isomeric structures for (H20),
clusters with n from 2 to 6 are considered. The thermodynamic parameters of clusters are determined directly
by quantum chemical calculations.

The initial structures for the calculation are generated using the original program: first, from plane graphs
with n vertices, those that can be transformed into a three-dimensional oxygen “skeleton” are selected, then for
each oxygen “skeleton” all possible orientation isomers for which the Bernal-Fowler rules for water clusters are
fulfilled are generated.

For each cluster structure under consideration, optimized geometry, vibrational frequencies and
thermodynamic quantities (total energy Eiwt, energy taking into account zero-point vibrations Ewt + ZPE,
standard internal energy U%aosk, Gibbs energy G%ossk and enthalpy H%esk) are calculated using quantum
chemical methods. The thermodynamic parameters of the reaction of the formation of a water cluster from
individual molecules nH20 — (H20),, as well as the equilibrium constant of this reaction and the concentration
of clusters in the gas phase are calculated.

Additionally, the energy distribution of clusters and the dependence of the energy parameters of clusters
on their geometry are studied.

When calculating the concentrations, all possible orientational isomers are taken into account, which
makes it possible to obtain new results in comparison with the generally accepted approach, when the
concentration is calculated only for a few of the most energetically favorable structures.
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Polymeric materials with adaptive properties can be created, for example, by using hydrogen bonds for
association between monomer building blocks. As we can see, spatial alternation of proton-donating NHz (D)
and proton-accepting C=0 (A) groups in the formamide molecule leads to the regioselective formation of an
AD-DA homodimer by two hydrogen bonds N—H---O or an endless polymer chain (Figure 1).

2 1
R A0 R

NS N 2
R'N0-H" R

X

Figure 1. Structural formula of formamide homodimers with various substituents R1, R2 (up) and two
alternative types of self- association of the formamide-molecule (down), blue cube is D, green cube is A.

Thus, substituted homodimers of formamide can be considered as a part of monomeric block of
supramolecular compound.

Such way of association has some sufficient advantages. On the one hand, by varying the set of
substituents R and R? (from H to EDG, EWG), we can vary the strength of hydrogen bonds in a wide range [1].
The chemical nature of these groups and their electronic structure, determines the strength and influence of
individual hydrogen bonds on each other in the final non-covalent binding. It is important to note that hydrogen
bonds in such homodimers affect each other, therefore the strength of a system of two hydrogen bonds is not
equal to the algebraic sum of the strengths of each of the bonds taken separately [2]-[5]. On the other hand,
hydrogen bonds, possessing the properties of reversibility and directionality, give the corresponding properties
to the polymeric material, contributing to it's adaptive nature.

This work is devoted to the ab initio quantum-mechanical calculations (MP2/aug-cc-pVDZ level of
theory) of geometric parameters and electron density distribution of substituted formamide homodimers with R,
R2=H, EDG, EWG, sterically hindered substitute.
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Lanthanide compounds are effective luminescent dopants for producing light-transforming materials, are
used in manufacturing of emitters, are applied in detectors for detecting low water content in ethanol, in full-
color tunable luminescent lyotropic liquid crystals. The main characteristic property of lanthanide adducts is
luminescence — ligands, acting as antennas, absorb light energy, then, as a result of intramolecular transfer,
pass it to the resonance levels of the lanthanide ion, causing luminescence [1].

In our work we present research results of the electronic structure of the ground and excited states of two
adducts with the general formula Eu(hfac)s(L)2, formed by the trivalent complex Eu(hfac)s and two molecules L
= HMPA, TPPO (figure 1). Both compounds possess intense luminescence, the adduct Eu(hfac)s(TPPO):
demonstrates high light stability in polymer materials and provides intense triboluminescence [2].

Quantum chemical calculations were performed within DFT approximation using the FireFly 8.1. All
calculations implied the B3LYP5. The Eu atom was described by a basis set augmented by an effective quasi-
relativistic core potential (ecp52mwb). The other atoms were described by the 6-311G*.

Eu(hfac)s(HMPA):2 Eu(hfac)s(TPPO):
Figure 1. Calculated geometric structure of adducts in trans-isomer form.

The HOMO-LUMO energy gap under comparing different compounds is determined not only by the
structure of the lower unoccupied molecular orbitals, but also by the higher occupied MOs. The weak
absorbance of the groups N(CH3)2 in a region of 220-350 nm of the adduct Eu(hfac)3(HMPA)2 should lead to
significant differences in the luminescence intensity relative to the adduct Eu(hfac)3(TPPO)2, but the
experiment has shown that the intensity is weaker by only 5-10%. The disadvantages of the groups N(CH3)2
are compensated for by the low energy gap value and lower density of excited states, that broadens the
absorption region of the ligands hfac [3].

In the absorption spectrum of the adduct Eu(hfac)s(TPPO)2 the band was found in a region of 240-290
nm caused by the vibrational structure of the phenyl groups, which corresponds to the transition *Aig—B1u of
the benzene molecule. The obtained excitation spectra showed that for the adduct Eu(hfac)3(TPPO)2 the
corresponding excitation bands of phenyl groups are observed, from which the energy is transferred to the
ligand (hfac) levels. The excitation spectra of the adduct Eu(hfac)3(HMPA)2 contain the broadened, relative to
the adduct Eu(hfac)3(TPPO)2, excitation band of the ligands hfac. The main band in the absorption spectra of
two adducts with maxima at 301.4 nm and 304.8 nm is assigned to the transitions w3-4* of the ligands hfac,
respectively.
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Mesoionic compounds are aromatic heterocycles with separated positive and negative charges. For
these compounds, one formula cannot describe the electronic structure correctly. It is important to note that
some compounds containing mesoionic rings are liquids. For example, 3-metylsydnone has a melting point
about 36 °C, rather large dipole moment of 7.3 D, and a dielectric constant equal to 144 [1]. Such properties
give a possibility of using some mesoionic compounds as super polar media similar to ionic liquids. However,
mesoionic liquids (ML) do not contain free ions because they can be used in areas, where ions may be an extra
constraint.

The understanding of chemical reaction mechanisms in ML requires the knowledge of intermolecular
interaction, which takes place in their molecules. Computer simulations are crucial due to the limited
experimental study of ML structures. In this paper, the special cases of intermolecular interaction were
considered using the DFT calculation. The attention was focused on some structures with the sandwich
geometry (Figurel.0.). One of them is 3-metylsydnone (I on Figure 1), which has been investigated earlier in the
paper [1]. In addition, the two hypothetical mesoionic structures (Il and 1V on Figurel) and their pairs were
investigated. They do not exist since the proton easily transfers from nitrogen to oxygen atom. However, they
can be compared to identical covalent structure Il.

The aim of this work is to implement the DFT calculations of mesoionic compounds geometry and
analyze the surfaces of sandwich pair potential energy. The results presented in the framework of this study
were performed using the GAMESS program [2]. The B3LYP and the long range-corrected B3LYP version
named CAM-B3LYP [3] functionals were chosen. The 6-311++G** basis set were used. All calculations were
made for the gas phase. The optimized structures were tested with vibrational frequency analysis. The
sandwich pair binding energy was defined as: Evina = E (pair) — 2E (one molecule)

The obtained main features of sandwich pair potential energy surfaces are identical for all studied
structures (Figure 1.V.). First, if the rotation angle in the pair is 0°, the binding energy is always positive at any
distance between molecules. Second, if the distance between molecules is fixed, the minimal energy point is in
rotation angle with the value of 180°. Third, there exists a distance, for which Enind is negative. It is a local
minimum point of potential energy surfaces. We propose to call this geometry a “mesoionic pair”.

— 0° torsion angle
K (j/ (j/ — 180" torsion angle
H3C . V.

distance

Ebmd

Figure 1. 0: sandwich pair, I-IV: The structures under study, V: The main features of potential energy surfaces
for the investigated systems.

The mesoionic pairs can be observed at a distance of 3.4 A for the structure |, and 3.9 A for structures III
and IV using B3LYP functional. According to B3LYP calculations, the binding energies of mesoionic pairs are
equal to -3.728, -1.578, -2.977 kcal/mol for the structures I, Ill, and IV, respectively, and we can conclude that
the addition of another cycle to the system leads to the increase in binding energy. When using CAM-B3LYP
instead of B3LYP, the binding energy of mesoionic pair decreases to -15.041 kcal/mol for structure Ill. The
energy minimum in pair of covalent molecules Il is -0.394 kcal/mol, and it is less than the binding energy of its
mesoionic analogue Ill, for which Ebinda = -1.578 kcal/mol. Hence, the mesoionic structure is more likely to form
the intermolecular pair than its covalent analogue.
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Most of the known substances have low solubility and bioavailability. There are several ways to change
the solubility, for example: changing the crystalline form or changing the molecule itself. A large number of
natural compounds are capable of manifesting polymorphism and solvatomorphism. In solvatomorphism
(pseudopolymorphism) the crystal structures of one substance differ, among other things, in their elemental
composition due to the inclusion of solvent molecules. It is known that the difference in crystal structures can
significantly affect the properties of a compound in the solid state (solubility rate, reactivity, stability,
compressibility, etc.). Moreover, the presence of solvent molecules in solvatomorphs can significantly increase
the toxicity of the drug. Thus, the creation of new drugs requires a comprehensive study of the crystalline forms
of a substance, including polymorphic modifications, salts, cocrystals, hydrates and solvates [1]. That is why,
understanding the form is important in the design of crystalline materials and using of computational methods
for characterizing, quantifying and predicting various properties of solid active pharmaceutical ingredients
continues to develop fast [2].

The object of study in this work is betulin (33, 28-dihydroxy-20 (29) -lupene), a pentacyclic triterpene
alcohol of the lupane type, obtained from birch bark. It has a pronounced biological activity as an anti-
inflammatory, antitumor, antiviral agent, and therefore it has been widely studied recently. However, there is no
information about its crystal structure and the structures of solvatomorphs are described mainly using
crystallographic approach [3,4]. The physicochemical properties of betulin have been studied insufficiently. The
aim of this work is to study the molecular and crystal structure of betulin and its solid forms using computational
methods, systematize previously obtained data on solvatomorphs and interpret them in terms of interaction
energies.

In this work, a comparative analysis of the known structures of betulin solvates is provided, the torsion
angles of the molecule in solvate forms are analyzed. The calculation of the gas-phase molecular structure was
carried out, the energy profiles were constructed. Based on the work carried out, nine possible conformers of
the molecule were identified, of which two are realized in known structures according to the CSD search.
Statistical analysis of possible interactions in new structures was performed using the method of constructing
full interaction maps (FIM). The energies of bonds and crystal lattices of the known structures of betulin have
been calculated. Crystal structure analysis was performed using energy characteristics. The data on the nature
of the formation of existing forms are analyzed, classes of organic substances for obtaining new forms are
proposed.
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A number of physicochemical properties of molecular crystals are directly determined by the features of
noncovalent bonds such as the halogen [1], chalcogen [2], pnictogen bonds. The mechanical properties of
crystals such as the ductility, softness, brittleness or elasticity are no exception [3, 4]. Understanding the nature
of electrostatically driven noncovalent bonds is directly related with an idea of anisotropy of electronic features
of the outer atomic shells.

The quantum electron pressure function QEP(r) [5] was used as a characteristic of electron density in
real space of crystals under pressure. Physically QEP(r) characterizes the variation of the internal energy under
a local deformation that changes the volume of a small element of the electron continuum without changing its
shape.
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Figure 1. The change of Quantum Electronic Pressure along the CI...Cl halogen bond under the hydrostatic
compression of Clz crystal (o-hole on the left).

A comparison of the behavior of the quantum electron pressure function for noncovalent bonds in the
series of Hal2 and HalC(NO3)s crystals, where Hal = Cl, Br, |, modeling under the external hydrostatic pressure
were carried out. It was found that QEP(r) allows the identification of both electrophilic and nucleophilic regions
(Figure 1), as well as the relationship between the behavior of the function for non-covalent bonds of the crystal
and the crystal mechanical properties [6]. In addition, the function IQPF(r) [5] was considered, which makes it
possible quantitative comparison of characteristics of the noncovalent bonds under the pressure.
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A prospective approach to enhance an effectiveness of drugs is particles size reduction down to
nanoscale [1]. A common phenomenon in the production of drug nanoparticles is the appearance of new
polymorphic modifications with different biomedical properties [2].

A new method for obtaining nanoparticles has been developed [3]. The method consists of sublimation of
initial drug powder, transfer of drug molecules by carrier gas flow and condensation of gas mixture on the
surface, cooled with liquid nitrogen. Series of experiments on obtaining of antibacterial drug dioxidine
nanoparticles was carried out [4] (Table 1). According to the X-ray powder diffraction data, the phase
composition of the obtained nanopatrticles depends on the flow of the carrier gas.

Table 1. Phase composition of dioxidine nanoparticles depending on the CO: flow

Flow of CO,, The ratio of condensation rates Phase composition | Particle size,
mole/hour COq/dioxidine nm

0 0 TH=7:1 41480
0,2 1,85 TM=2:1 120124
0,45 4,16 TM=1:1 118123
1,00 9,24 TM=2:3 108122
4,5 41,63 TIN=3:2 56+11
10,0 92,50 TIN=3:2 51+10

The purpose of this work is to explain the observed dependence of the triclinic (T) and monoclinic (M)
crystal phase dioxidine ratio on the carrier gas CO: flow. DFT B3LYP/(aug)-cc-pVDZ calculations using
program ORCA were made for formation of dioxidine dimers in absence and in presence of various amounts of
CO2 molecules. Structure of T dimer corresponds to molecular packing in the triclinic crystalline form, structure
of M dimer corresponds to monoclinic crystal form. Thus, formation of the most thermodynamically stable dimer
leads to consequent nuclei formation and thereby, consequent nanocrystallites formation. T dimer was
established to be more stable than M dimer in absence of COz. In presence of CO> more stable conformations
of M dimer exist, which leads to formation of monoclinic phase.
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Figure 1. Fragments of the triclinic and monoclinic crystalline forms (on the right) and calculated geometries of
consequent dimers and its dimerization energies (on the left).
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Nanoparticles (NPs) and subnanosized clusters of metals are catalysts for many important chemical
processes, including highly selective organic synthesis, utilization of exhaust gases, and production of
renewable fuels. At low nuclearity (n < 150), the properties of NPs are extremely dependent on their structure
and shape. This is a serious problem for the theoretical prediction of the structure, physicochemical properties,
and reactivity of NPs Modern methods of quantum chemistry in this range of nuclearities are characterized by
high computational costs, and the existing classical empirical pair and metallic potentials (Lennard-Jones,
Gupta, Sutton-Chen, EAM, etc.) are not able to accurately reproduce the structure of the global minima of NPs
and the energy distribution of their local minimums. The more flexible and comprehensive potentials can be
elaborated using the modern neural network (NN) algorithms. In the current work, we propose a new approach
to presenting data for constructing the NN potential (NNP) for predicting the energies of Mgn clusters (n = 20-
25). Depending on the cluster nuclearity, NNPs have to describe different atomic environments. In this work,
methods of finding of the signatures of atomic environment for varying cluster nuclearities are of special interest
and their use for predicting the energies of structures of large nuclear values are considered. The input data for
the neural network are the symmetry functions proposed earlier [1], which allow describing the position of each
atom by functions independent of the coordinate system. In distinction from the above NN, our NN
implementation uses so called “phantom atoms” (PA) i.e. matrices with zero values of symmetry functions
describing the absent atoms during training the NN on smaller nuclearities. PA do not affect the predicted
structures, but allow one to train NN for several different nuclearities at once. The NNP was trained on the
limited set of DFT optimized structures and energies available for n=18-20 and was applied for prediction of the
cluster structures in the range of n=21-25. The obtained results were compared with the test set of the DFT
optimized structures of the same nuclearitiy. Figure 1 demonstrates comparison between the predictions of NP
and the DFT results for the cluster Mgzs.
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Figure 1. Comparison between the per atom binding energies of Mgzs predicted by neural network and the DFT

(BP86/6-31G(d)) results. Black points — randomly generated structures. Red points — optimized local minima
and global minima (GM).
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Dihydroquercetin (DHQ) is a flavonoid compound and industrially produced as an active pharmaceutical
ingredient. It has a wide spectrum of pharmaceutical activity including anti-oxidant [1] and anti-inflammatory [2].
Quercetin is very similar to DHQ structure and was tested in vitro on E.Coli Enoyl-acyl carrier protein reductase
(ENR). It showed the inhibition capacity of this protein [3]. Investigation of the possibility of DHQ to suppress
E.Coli growth in vivo and prediction of the action mechanism by in silico methods were aims of our study.

The moderate activity of DHQ against E.Coli was found in the agar diffusion test. The growth inhibition
zone of DHQ was 14+0.8 mm. The crystalline structure of ENR was obtained from RCSB Protein Data Bank
(PDB ID: 1C14) [4]. We performed re-docking of triclosan and docking of DHQ into one site of ENR in
SwissDock. AG values were -7.5 kcal/mol for triclosan and DHQ. Molecular dynamics (MD) simulation was
done of the docked protein-DHQ complex with a length of 100 ns in NPT ensemble. The complex is stable
during MD simulation, the minimum distance between ENR and DHQ did not fluctuate significantly. The
interaction map between DHQ and ENR amino acid residues is presented in Figure 1.
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Figure 1. Interactions between DHQ and ENR in the major conformation of the complex from MD simulation.

Thus, the moderate antibacterial of DHQ was found in vivo and the potential mechanism of inhibition was
investigated by in silico methods. This mechanism could be similar to well-known agent triclosan but DHQ has a
better safety profile [5]. Additionally, screening via cheminformatics methods of other bacterial targets is
interesting.
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Red (A2l — X2Z*) and violet (X?Z* — B?Z*) bands of CN radical have been studied extensively both
experimental and theoretical methods since the registration of the emission spectrum of a radical in the
interstellar medium [1]. The overwhelming majority of works are devoted to the identification and interpretation
of vibrational-rotational frequencies, the creation of an exhaustive database containing very highly excited
transitions with large values of the quantum numbers v and J. The presence of A - doubling was experimentally
recorded for the first excited A2l state, and the parameters of doubling (p, q) were determined in work [2].
These parameters are given for the values of the quantum vibrational number v, which takes values from 0 to
22. However, at the moment there are no works aimed at identifying the nature of doubling (the 2%* state, which
has the greatest interaction with the A2 state, has not been identified). This question can be answered by
obtaining non-adiabatic matrix elements of spin-orbit, §;, and electron-rotational (£, - uncoupling) interactions.
By transforming the functions of intramolecular interaction using the Van Vleck contact transformations, it
becomes possible to estimate the contribution from each pair of interacting states A2l — (1-5)?Z* to the
parameters p and q and, thereby, to establish the dominant interaction responsible for the origin of doubling.
Thus, the aim of this work was to obtain potential curves of electronic states A2, (1-5)2Z*, as well as non-
adiabatic matrix elements of intramolecular interaction using nonempirical calculations.

Ab initio calculation of the electron energy was carried out by the method of the SA-CASSCF method in
the active space of 10 orbitals. Further consideration of dynamic correlation was carried out using the method of
configuration interaction (MR-CISD). The description of both atoms of the CN radical was carried out using aug-
cc-pwCVQZ — DK full electronic basis set. All electronic structure calculation were done used MOLPRO
software package

Analysis of the obtained matrix elements of the spin-orbit and electron-rotational interactions for pairs of
interacting states A2l — (1-5)?Z* showed that the strongest is the interaction of the A2[ state with the B2X" state
in the range of internuclear distances in region R € 0.8 to 1.3 A. With an increase in the internuclear distance, a
decrease in the contribution from this interaction and an increase in the influence of (3-5)?Z* electronic states
are observed. The calculation of the A - doubling parameters and comparison with the known experimental
values (in the region of v = 0 - 6) demonstrated good agreement between the two data sets.
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Non-covalent adaptive modern materials are often built from monomers, associated with hydrogen
bonds. The properties of such materials are largely defined by the strength of these interactions. However, the
evaluation of a single hydrogen bond strength is often a quite complicated task, especially for complexes with
multiple hydrogen bonds. Thus it is necessary to use indirect methods — estimations of energies based on
values of measurable spectral parameters (IR and NMR) [1,2].

In this work we investigated complexes ROH--*NCsHsR’ (where R = CHs_nFn, n=0,.,3R = NOZ, F,
C=N, CH3, OCH3, see Figure 1) by means of quantum chemistry. We calculated equilibrium geometries of the
model complexes, energy of complexation and spectral IR parameters at B3LYP/6-311++g(d,p) level.

P Rl
R—O—H------- N//—/\>

R=CH_F,n=0,..3
R'=NO_, F,C=N, CH_, OCH_

Figure 1. Scheme of the studied complexes.

The sensitivity of IR parameters (stretching vibration frequencies and intensities) to the strength and
geometry of hydrogen bonds were investigated. It was shown that the change of proton-donating group
vibrational frequency is suitable for qualitative estimations of hydrogen bond properties.

References
[1] Tupikina, E. Y. et al. Correlations of NHN hydrogen bond energy with geometry and 1 H NMR chemical shift
difference of NH protons for aniline complexes. J. Chem. Phys. 2019, 150, 114305.
[2] Badger, R. M. & Bauer, S. H. Spectroscopic studies of the hydrogen bond. Il. The shift of the O-H vibrational
frequency in the formation of the hydrogen bond. J. Chem. Phys. 1937, 5, 839-851.

Acknowledgements. This work was supported by grant of the President of the Russian Federation number MK-

946.2020.3. Computational resources were provided by Computer Center of Saint-Petersburg University
Research Park (http://www.cc.spbu.ru/).

164


mailto:aatitova1210@gmail.com

MODELING THE EFFECT OF ORDER AND DISORDER IN METAL ALLOYS
ON THE RATE OF HETEROGEHEOUS ELECTRON TRANSFER

Tuzov D.A.,* Nazmutdinov R.R.!
IKazan National Research Technological University, Kazan, Russia

Student
mr.hulkbuster@gmail.com

The electronic structure of disordered systems attracts attention for a long time [1]. Recently the
electrochemical behaviour of ordered and disordered PtCo alloys at the oxygen reduction was addressed both
experimentally and theoretically [2]; the ordered electrode surface was found to be catalytically more active.
However, some general aspects of redox activity of ordered (disordered) electrodes are still poorly understood
so far. In this work we present a simple and robust model which is aimed at predicting qualitatively interesting
trends in the kinetics of outersphere electron transfer across ordered and disordered bimetallic alloys with
different composition. We consider a monoatomic wire consisting of N atoms of two different type (N amounts to
several hundreds) with free boundary conditions, as well as with ring closure. The electronic structure of such a

system is treated in the framework of Hiickel method. The atom ionization energy (& ) and coupling constant
(B) are used as input parameters. An original code has been written for matrix diagonalization with the help of
Matlab program package. Disordered configurations were generated randomly with subsequent averaging of
calculated characteristics. The primary attention is paid on the density of electronic states (DOS), as this
quantity (especially in the vicinity of the Fermi level) is an important contribution to the rate constant of
heterogeneous electron transfer (ET) in the non-adiabatic (weak coupling) regime [3]. Another key quantity in
the ET kinetics is the effective resonance integral (Vi) which originates from the electrode — reactant orbital
overlap [3]. The Vit values were estimated on the basis of perturbation theory [4]. In our approach the electrode
wave function near the Fermi level is treated in terms of free electrons restricted by a one-dimensional potential
and depends on the HOMO energy of the electrode which plays the role of work function. A reactant is modeled
as a hydrogen-like ion for simplicity. The preliminary results point to a higher redox activity of ordered
electrodes as compared with disordered ones.
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QSPR (Quantitative Structure-Property Relationship) is a modern research tool [1], where the chemical
structure of organic compound is characterized with formal descriptors and regression model is built to relate
the structure with properties of the compound. It has a number of applications in pharmaceutical industry,
development of novel materials, etc. Amongst these materials are ionophores for potentiometric sensors. The
mathematical prediction of ionophores’ properties is very perspective due to long and laborious procedure of
experimental procedures, such as synthesis and characterization of each new membrane active compound.
The number of proposed anion-selective ligands for membrane ion sensor is much smaller than that for cations
because of the following reasons: inorganic anions have widely different shapes (unlike spherical cations),
denser solvate shells of anions, some forms exist only in narrow pH range. The development of the sensors
with selectivity towards hydrophilic anions, like, e.g. carbonate has specific problems. Since ion sensors with
PVC-plasticized membranes are widely employed in routine analytical procedures as a convenient and
inexpensive tool for activity assessment, an attractive opportunity would be to create a model that could predict
the selectivity of ligand towards carbonate without real synthesis and characterization of the corresponding
sensors.

In this work, based on 48 ligand structures suggested in literature for carbonate sensing we have
developed a model for prediction of logK (HCO3-/Cl-). Substructural Molecular Fragments (SMF) were used to
describe the structure of compounds, where fragments were considered as sequences of bonds and atoms.
The Projection on Latent Structures (PLS) method was used to calculate the regression model. The obtained
model was tested in prediction of selectivity of several newly synthesized ligands. The details on the results will
be provided in the presentation.
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Figure 1. The QSPR modeling of the selectivity of potentiometric
sensors towards HCOs' in the presence of CI'.
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Copper and palladium compounds have proven to be highly efficient catalysts for cross-coupling in
organic chemistry. As one of the leading examples, Sonogashira reaction was studied to understand the
reaction mechanism in further details and to find approaches for the rational catalyst design. Electrospray
ionization mass spectrometry (ESI-MS) is an extremely accurate and express method, however, challenging
data analysis is a limiting factor. Indeed, data-rich spectra are hard to analyze without automation. The main
problem is that chemical structure is not determined in routine ESI-MS. As the determination of mechanisms of
catalytic reactions is generally impossible without structural information, we aimed to boost ESI-MS with
guantum chemical methods that allow nowadays de novo structure determination.

Identification of copper (I) chloride, palladium (ll) chloride, and the mixture of palladium and copper
chlorides in acetonitrile spectra was carried out manually and by a newly script designed to reproduce the
results of manual heuristic peak identification. Spectra in both positive and negative modes were analyzed.
Pronounced clustering of Cu and Pd chlorides in the spectra was observed, as well as binding of impurities
(ligands: O2, N2, etc.) and redox processes (Cu(ll) and Pd(l) formation).

Born-Oppenheimer MD (BOMD) revealed conformational mobility of [CunClmLz]*~ and [PdnClmL-]*~ under
the conditions of the mass analyzer chamber at the temperature of the nebulizer gas (200 °C). Low-energy
conformers of particular ions were found, the nature of chemical bonds in these conformers was determined
with Bader’s topological analysis of the electronic density. Binding modes with impurity ligands were determined
with BOMD and the structures were refined by DFT modeling.
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Figure 1. Left: optimized structure of [CusCls]™; middle: Laplacian contour map and (right) charges and
Laplacian in bond critical points in [Cu-N=N]".

Calculations of low-energy conformers were carried out by meta-dynamics and molecular dynamics with
GFN2-xTB Hamiltonian, geometry optimizations were performed at the OLYP-D3(BJ)/ma-def2-SVP level. The
ZORA method was used to obtain electronic density distribution for the analysis within the QTAIM in AIMALL
program. All DFT calculations were performed in ORCA 4.1.2.
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Dioxadet is a small molecule from the class of alkylating ethylenimines which was developed and is being
actively studied at the NMRC of Oncology, St. Petersburg. It has been experimentally proven that dioxadet is an
effective antitumor agent. The drug has passed the second phase of clinical testing, is approved for production
and use in clinical practice. Compared to other compounds of its class, dioxadet is less toxic and has fewer side
effects [1].

The improvement of the drug is hindered by the almost complete lack of accurate information about the
mechanism of its action. Therefore, this study is devoted to the physicochemical interaction of dioxadet with the
phospholipid bilayer as a model of the cell membrane, namely, the answer to the question of how the drug
penetrates a biological cell through its membrane at the very first stage of the drug's action.

All simulations were performed using the GROMACS 2018 package. The dioxadet molecule is
parameterized in ATB Builder. For comparison with the experimental results, a lipid bilayer consisting of
distearylphosphatidylcholine (128 DSPC) molecules with 1 dioxadet molecule in water (SPC) was modeled at a
temperature of 300 K and a constant pressure of 1 bar. During the first 5 ns, the dioxadet molecule settled on
the membrane from the water and practically did not move during the entire simulation time of 600 ns. To obtain
more theoretical information about the behavior of dioxadet under conditions close to the human body,
simulations were performed with membranes composed of DOPC and DSPC lipids at a temperature of 310K.
The DSPC membrane in contrast to DOPC membrane has an ordered structure at chosen temperature.
Because of this difference different results were obtained: dioxadet penetrates under the surface of the DOPC
membrane.

The free energy of solvation of dioxadet in water was calculated by the Bennett acceptance ratio method
and amounted to -19 £ 0.5 kCal/mol. 20 intermediate states were used for each of Coulomb and van der Waals
interaction decoupling (100 ns to each simulation). Also, the free energy profile of dioxadet's penetration
through the membranes by the umbrella sampling method (60 windows of 100 ns each) was calculated. A
potential barrier was found in the middle of each studied membrane. The profile of diffusion coefficient and
permeability were estimated for both DSPC and DOPC membranes. In general, it is shown that the membrane
is permeable to dioxadet molecules.
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Figure 1. Free energy of desolvation of the dioxadet molecule in water.
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Mesoionic derivatives of tetrazoles represent an interesting for thermodynamic study class of organic
substances, since they can be used as components of highly efficient fuels and thermally destructible systems,
due to high positive values of heats of formation, thermal stability and high nitrogen content. Moreover, these
substances are widely used in organic synthesis in cycloaddition reactions [1]. Also, the relevance of the
development of theoretical methods for calculating the thermodynamic parameters of tetrazole derivatives is
explained by the complexity of the experiment due to their explosiveness. In this work we present the results of
theoretical thermodynamic study of 1,3-di-tert-butyltetrazolium-5-aminide (TBU) and 1-methyl-3-tert-
butyltetrazolium-5-aminide (ME).

The standard thermodynamic functions (entropy, heat capacity, reduced enthalpy and reduced Gibbs
energy) of TBU and ME in the ideal gas state were calculated using the statistical thermodynamics approach in
temperature range (0 — 1000) K. Geometry optimization and calculation of normal vibrational frequencies were
done using the DFT/B3LYP/6-311G+(3df,p) level of theory. Standard enthalpies of formation of TBU and ME in
the ideal gas state at T = 298.15 K were calculated using the isodesmic reactions approach in the framework of
composite quantum chemistry method G4 [2]. Standard thermodynamic properties of the substances in the
ideal gas state at T = 298.15 K are represented in Table 1.

Table 1. Standard thermodynamic properties of the substances in the ideal gas state at T = 298.15 K

° 298 o 298 yo 298~ o
vam AZBGe AZBH° /T AZ8G® /T AH:. , keal-molt

cal-mol?t-K™1
TBU | 65.9+0.7 | 1275+13 | 37.1+04 90.4+0.9 424 +0.9
ME |47.0+05|109.3+1.1| 27.6+0.3 81.7+0.8 65.4+0.9

To calculate standard sublimation enthalpies of tetrazole derivatives modified electrostatic potential
model was proposed. To train and test model a dataset of 44 CHN organic compounds was divided into training
and test sets in a ratio of 4:1. The search for the optimal feature space was performed using correlation
analysis and exhaustive feature selection, which was done by optimization of mean MSE over k-folds cross-
validation. Molecular surface properties were calculated using DFT/B3LYP/6-31G+(2df,p) level of theory. The
final parametric equation is:

0
A Hog = 1.535:104+ (SA)? + 1.274+ (070" v)*S + 4.147-1072+[1-V + 10.41-p —0.2069-Vs2 —11.08

were SA — the volume of molecular surface, A?; 0% — the degree of variability of the potential on the molecular
surface, kcal>>mol=2; v — a measure of the balance between positive and negative extrema on the molecular
surface; I1— local polarity measure, kcal-mol™; V — molecular volume, A3; p — estimated density, g-cm=3; Vs —
average value of the potential at the molecular surface, kcal-mol=.

The RMSE and MAE for training and test sets are 1.65 and 2.1, 1.32 and 1.37 kcal-mol™ respectively.
Adjusted R? for training set was calculated to be 0.72. The maximum deviations for test and training splits are
4.57 and 4.09 kcal-mol™. According to k-folds cross-validation the RMSE and MAE of proposed model are 1.97
and 1.62 kcal-mol™ respectively. To substantiate the possibility of using the obtained model for calculating the

standard sublimations of TBU and ME the principal component analysis was used. According to the proposed
parametric equation the standard sublimation enthalpies of TBU and ME at T = 298.15 K were calculated to be

28.6 + 2.1 and 24.1 + 2.1 kcal -mol~ respectively. Corresponding values of the standard enthalpies of formation
of TBU and ME in crystalline state are 13.8 + 2.3 and 41.3 + 2.3 kcal -mol* respectively.
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The conditions of stability of heterogeneous systems are the central place in classical and modern
chemical thermodynamics. The general formulation of these conditions applies to both absolutely stable and
metastable states. Indeed, a separate formulation for these two types of equilibrium requires knowledge of the
state diagram and general conclusions cannot be obtained (see e.g. [1]). Accordingly, the calculation of the
location of binodals, as the boundary between stable and metastable states, faces a lot of difficulties, and this
task requires the use of model approaches. This problem is connected with a set of other tasks of the theory of
phase transitions including molecular dynamic simulation. On the other hand the limit of absolute stability /
instability has a clear mathematical formulation and can be presented in some equivalent forms [2]. In
thermodynamics this border is determined as a spinodal. Depending on the number of components it may be
spinodal curve, spinodal surface or spinodal manifold. However, the experimental determination of the spinodal
location is also a complex procedure, since, as a rule, the loss of stability of the system, the spinodal
decomposition occurs before reaching the spinodal itself. Thus, the problem of analyzing and determining the
boundary of absolute stability remains relevant, including in the light of the need to fully characterize the
structure of state diagrams.

In recent years, a number of studies have been carried out on the analysis of the spinodal and its location
using molecular dynamics (MD) simulation. In particular, spinodals in vapor—liquid systems were considered,
e.g. in [3]. In this work, the spinodal estimation (for pure substances) was carried out on the basis of molecular
dynamic simulation using the density profile of the vapor—liquid interface. In our work we also used the density
as one of the main factors but the objects of the studies were binary systems propyl acetate — water and ethyl
propionate — water with liquid phase splitting. Thus we consider the spinodals in liquid-liquid systems. The MD
permitted to consider changes and singularities in both density and self-diffusion. Materials Studio and
GROMACS software had been used. Models of the fluid states of propyl acetate and ethyl propionate that
correctly describe the density and diffusion coefficients by the MD method are developed. The Figures 1 and 2
demonstrate some results for propyl acetate — water systems.

1b

Figure 1. Propyl acetate (green) and water (red/white) associated molecules in the MD cell: 1a - 10, 1b — 80
mol % of ester (dots — propyl acetate molecules).

The analysis of the radial distribution functions allowed us to obtain results that are sufficiently
(qualitative) consistent with the available estimated data for the spinodal (experiment or calculation using the
NRTL model). The report also discusses the prospects for the development of methods for evaluating the
parameters of spinodal and stability of fluid systems based on MD.
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Metal-organic frameworks (MOFs) are constructed from metal ions coordinated by organic linkers. Due to
their highly regular crystal structure with the large cavities possible, this class of compounds has a great
potential applications in catalysis, sorption, chemical sensors, etc.

This work is devoted to the synthesis of compounds based on cobalt(ll) and 1,4-
diazabicyclo[2.2.2]octane N,N'-dioxide (odabco) — a rare ligand for coordination chemistry, interesting for its
conformational lability and electroneutrality, which makes it possible to design cationic MOFs purposefully [1].
The combination of odabco with the magnetic and redox-active Co(ll) ion uncovers a great variety of
multifunctional or stimuli-responsive materials. The possibility of the torsion angle Co-Oodabco-Oodanco-CO Change
almost in the 0°...180° range makes the structure of the product easily tuned by synthetic conditions.

A chain-like acetate-containing coordination polymer [Cos(odabco)2(OAc)s] (1; OAc = acetate) was
synthesized in the mixture of DMF and AcOH at 80°C. On the contrary, a two-dimensional coordination polymer
[Co2(OACc)2(odabco)sz](NOs)2 (2) was obtained in DMA at 120°C. Thus, a temperature and solvent composition
affect the structure of the forming metal-organic framework.

A 3D metal-organic framework [Co(odabco)s](NOs)2 (3) was obtained in the mixture of DMF and water,
slightly acidified by HNOa. Increasing the acid concentration by one and a half times in the similar synthetic
system leads to one-dimensional MOF [Co(Hodabco)2(odabco)s](NOs)4 (4), which contains partially protonated
and, thus, non-bridging odabco ligands. Therefore, the acidity of the reaction mixture shows the reasonable
impact on the structure of the product.

A layered Co(ll) formate [Co(H20)2(HCOO)z]-odabco (5) was crystallized with the high yield from the
acidified mixture of DMF and H20 at 70°C. Odabco molecules in this structure are not coordinated, while
HCOO-ligands are formed during the hydrolysis of the solvent. Increasing the concentrations of reagents twice
while fixing the rest of synthetic parameters gives a three-dimensional
[Coz(odabco)s(H20)(NO3)](NO3)3-3.65H20 (6) also with the high yield. This example shows a remarkable effect
of the reactant concentrations on the structure and composition of odabco-based MOF. The last compound 6
contains large channels with a size of 4 x 6 A2, in which the anion exchange is possible. Several experiments
on environmental pollutants adsorption by 6 were performed. For example, a full substitution of guest nitrates
by iodide-anion was achieved, and the corresponding adduct [Coz(odabco)s(H20)(NO3)]Is-1.5H20 (6-1) was
successfully characterized by single-crystal XRD.

Figure 1. Localization of iodides in cavities in 6. Dotted lines indicate Codganco-l distances of less than 4.1 A.
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The active research of dipyrromethene compounds is due to the broad prospects of their application in
specific high-tech devices acting as fluorescent labels, optical sensors, probes, and photosensitive cells. The
most promising representatives of this family are boron fluoride complexes of dipyrromethenes (BODIPY).
Active laser media created on their basis (PM567, PM597) are characterized by intense radiation in the visible
region of the spectrum and are successfully produced by a number of commercial firms. Nevertheless, in
numerous publications mainly synthesis techniques are described, while there are not enough works on
studying the relationship between structure and properties, which significantly complicates their application in
other modern technologies. In this regard, the purpose of this work is to spectroscopic study the
photoprocesses occurring in dipyrromethene complexes with different structures during their interaction with
optical radiation in order to establish the possibility of using these compounds in modern optical devices.

The structures of some investigation compounds are shown in Figure 1. These complexes were
synthesized in Institute of Solution Chemistry of the RAS (lvanovo). The structure of complexes is confirmed by
elemental and chromatography analysis [1]. Spectral-luminescent characteristics measured on spectrometer
CM2203 according to standard procedures. Fluorescence, phosphorescence, luminescence excitation and
emission lifetimes in the frozen (77 K) non-degassed ethanol were measured by the spectrometer Cary Eclipse.
Laser experiments were carried out by the second and third harmonic of Nd:YAG laser.

H;C ICH3 Ph Ph
\)*\.\. /:Q /'J‘ ) S N.:: —“(\
— ) T S—| I— ] Dam
NN "N::'\,/ \;‘:}N\B/N\:‘
Hi«C F F CHs Ph F F Ph
3 4

Figure 1. Structural formulas of coordination complexes of dipyrromethenes.

The results obtained on the study of spectroscopic and lasing properties indicate the possibility of
creating laser active media based on the studied alkyl BODIPY (1) with high photostability and lasing efficiency
[2]. Binuclear bis (alkyl-substituted) BF2-dipyrromethenates (2) exhibit a temperature dependence of the
fluorescence intensity, which can be used in the development of optical sensors to determine the temperature
in the range of 300-80K [3].

The introduction of halogen atoms into the dipyrromethene ligand decreases the fluorescence efficiency
and leads to the appearance of phosphorescence due to an increase in the yield of intersystem crossing by the
‘heavy atom” mechanism, which makes it possible to use such complexes to create sensory and
photosensitizing media for singlet oxygen [2]. The use of Zn (ll) and Cd (Il) and ligands with meso-aza-
substitution as a complexing agent increases the efficiency of nonradiative processes and the yield of triplets,
decreases the lifetime of excited states, and increases molecular photostability. The quantum vyield of
phototransformations for the studied compounds upon irradiation of the second (532 nm) and third (355 nm)
harmonics of Nd:YAG laser radiation is on the order of 10-°, which will make it possible to successfully use
these compounds in the optical devices.
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Inorganic fluorides have got a lot of applications due to their unique properties. Solid solutions in the
system BaF:—LaFs are known as solid electrolytes for fluoride ion batteries. They are operated in non-ambient
conditions which range of working temperatures is about 300 °C. Understanding the behavior of the system at
working temperatures of such batteries is of a great interest.

Phase diagram of the system BaF.—LaFs is presented in work [1]. There are three areas on the diagram.
Two of them are related to solid solutions that occur in the system with compositions that can be written as

BaixLaxF2+x (X < 0.52) which has a fluorite-related structure with Fm 3 m space group (s.g.) and Lai.yBayFay

(y < 0.14) which has tysonite-related structure with P3¢l s.g. The third one is a two-phase area which is a
mixture of above mentioned solid solutions.

In present work we applied flux-assisted method [2] to synthesize samples. Sodium nitrate is used as a
flux and sodium fluoride as a fluorinating agent. Typical reaction can be described by following equation:

(1-x)Ba(NOs)2 + xLa(NO3)s*6H20 + (2+x)NaF — BaixLasFz:x + (2+x)NaNOs + 6xH20

All samples were obtained with 5 fold molar excess of the fluorinating agent and 10 fold molar excess of
the flux with different exposure time. Synthesis temperatures were varied between 350 °C to 450 °C. Samples
were characterized by X-ray powder diffraction phase analysis (Bruker D8 Advanced diffractometer CuKa
radiation), scanning electron microscopy (Carl Zeiss NVision 40) equipped with an prefix for energy dispersive
X-ray analysis (Oxford Instruments XMAX).

We have synthesized two series of samples at 350 °C and 450 °C and adjusted lanthanum fluoride
content with step of 10 % mol. to investigate the phase formation. When the nominal lanthanum content is
under 40 % mol. two cubic phases are presented in the sample. There are pure BaF2 and fluorite-related solid
solution according to calculated cell parameters. When the nominal content of LaFs is more than 50 % there are
also two phases in the sample. One of them is fluorite-based solid solution and second is pure LaFs. No
tysonite-related solid solution is formed.

Also effect of exposure time on phase composition has been studied. According to experimental data it is
established that only 60 minutes are needed to reach the equilibrium at 450 °C.
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According to the European Committee, Rare Earth Elements (REEs) are critical for the industry. The
main global supplier of REEs is the People’s Republic of China, with a global market share of approximately
70% [1]. The Russian Federation has a strategic reserve of a valuable resource contained in the depths of the
Kola Peninsula in the form of fluorapatite and in the product of its processing, which is industrial phosphoric
acid [2].

The extraction of REEs from phosphoric acid solutions has specific features, which are high acidity of
solutions, low content of target components, and the presence of iron and titanium impurities. The most
effective method of metal recovery and separation is solvent extraction using di-(2-Ethylhexyl)phosphoric acid
(D2EHPA) as an extractant.

As well as the valuable component, impurity elements (iron and titanium) pass into the organic phase,
interact with the extractant and reduce its capacity by the REEs. To get a pure solution, it is required to
implement the stage of the purification from Fe and Ti. Previously, a method for isolating an extract of rare earth
elements with an iron content of less than 0.1% was obtained [3].

The purpose of this research was to find an effective solution for obtaining a REEs extract that does not
contain titanium impurities. To accomplish the task, it was necessary to describe the chemical reaction of
titanium re-extraction, select a re-extractant, determine the effective re-extraction parameters, and obtain
individual metal compounds.

As a re-extractant, oxalic acid was chosen, which forms strong complexes with titanium ions. To
determine the effective purification parameters, the dependences of the degree of titanium recovery on the
concentration of oxalic acid, the time of the process, the mixing rates, the relative content of the aqueous and
organic phases and the temperature were studied. The results of the experiments are presented in Table 1.

Table 1. Effective parameters of purification of REEs extract from titanium impurity

Parameters Numerical value Units of measurement
D2EHPA concentration in kerosene 50 %

C2H>04 concentration 0.25 Mol/l

Vorg/Vag phase ratio 0.5

According to the tangent of the slope angle of the logarithm of the degree of approximation to equilibrium
as a function of time, it was found that an increase in temperature by 20 °C only increases the speed of the
process by 1.5 times, which characterizes the process in the diffusion region, which corresponds to the
calculated value of the activation energy equal to 2.8+0.4 kJ.

The enthalpy of the reaction of titanium with D2EHPA is determined based on the obtained metal
distribution coefficients between the aqueous and organic phases, and equal to 16.5+0.6 kJ/mol. The reaction is
endothermic, i.e., it proceeds with the absorption of heat. Thus, an increase in the temperature in the reaction
zone shifts the equilibrium in the direction of obtaining reaction products.

To increase the degree of purification of solutions from titanium, a multistage counter-current contact of
the extract and oxalic acid is used. The higher the number of stages of oxalic acid re-extraction, the higher the
degree of titanium recovery. The optimum is reached after 14 stages when the mass fraction of titanium
(relative to REES) is less than 0.9%, and its concentration in the organic phase is reduced by more than 10
times with the REM content unchanged. Moreover, the removal of impurity metals makes it possible to increase
the capacity of the extractant for REEs by 2-2.5 times.

Based on the obtained data, a scheme for the extraction and separation of REEs was compiled. Its
products are individual purified compounds with the content of the target component from 83 to 95% and the
content of non-rare earth impurities at the ppm level.
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Halogen bonding (XB) is one of the types of non-covalent interactions actively studied in recent years.
XB is an electrostatic interaction between a nucleophilic, electron-rich center and a region of positive potential
(o-hole) that exists on the surface of a covalently bonded halogen atom [1]. Usually as XB acceptors can be
anions, 1 -systems and atoms with lone electron pairs, however, as shown in the work [2], a metal atom can

also act as a nucleophilic center.

In this work cocrystals of [PPN][AUCIz] ([PPN]* - bis(triphenylphosphine)iminium cation, (CeHs)sP)2N")
with halomethanes were studied. In all cases the halomethane---chloride and halomethane---gold(l) interactions
were detected. The presence and nature of the contacts were confirmed by X-ray diffraction data and DFT

calculations.
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Figure 1. Cocrystals of [PPN][AuCl2] with halogenmethanes.
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The development of atom-effective and energy-efficient approaches to the creation of carbon-carbon
bonds is one of the most important tasks for organic synthesis. In particular, catalytic reactions (including C-H
activation) are efficient methods for the synthesis of molecules with a complex structure from easily available
starting compounds. The recent discovery of the directing group assisted C-H activation has triggered a rapid
development of this field. In the case of aromatic compounds, substituents with donor atoms (e. g. pyrazole,
carboxylic, and ketone functions) act as directing groups to provide high selectivity of C-H activation in ortho-
position under chelation-assistance mechanism [1]. Inclusion of alkenes or alkynes in these reactions proved to
be efficient approach to synthesis of a wide range of heterocycles with various biological and optical properties.

The reaction of the oxidative coupling of aromatic carboxylic acids with acetylenes is an efficient direct
approach to isocoumarin and naphthalene derivatives, which are of great interest for application in the
development of photoactive materials. Earlier, we have found that selectivity of the reaction is strongly
dependent on the nature of the supporting ligand at the rhodium atom [2]. For example, the pentamethyl
derivative [Cp*RhClz]2 predominantly gives isocoumarins, while the non-methylated complex [CpRhlz]n
produces naphthalene derivatives (Figure 1). However, the disadvantage of the reaction is low reactivity of
carboxylic acids with electron-withdrawing groups (such as NO2, CFs, COOH, etc.)

(@]
R, [Rh]-cat R
; OH // [Cu] or [Ag]-salt 2
+
K organic solvent, t°C
R, Rz
Acids: benzoic acid, p-nitrobenzoic acid, p-methoxybenzoic acid,
p-chlorobenzoic acid, 1-naphthoic acid, fluorene-1-carboxylic acid, . )
dibenzofuran-4-carboxylic acid, 1-pyrenecarboxylic acid and others. [Rh]-cat: or R;: Ph, Et, Me
Rh R,: Ph, Et
Cl,
/A

R,
[Cu] or [1\2] I( u] or Aé| R2
ﬁL sd L RhX -+ alkyne RhX salt
Rz
R,

Figure 1. Synthesis of isocoumarin and naphthalene derivatives.

In the present work, we perform comprehensive screening of solvents and additives to optimize the
reaction conditions for electron-deficient carboxylic acids. With the optimized conditions in hand, we were able
to expand the substrate scope and synthesize novel isocoumarins and PAHs. The mechanism of catalytic
reactions as well as photoactive properties of compounds prepared will be also discussed.
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The interest in the chemistry of the heavier analogs of carbene has not decreased over the past years. At
present, a lot of stable metallylenes derived from different heterocycles have been described. The N,N-
heterocyclic analogs of carbenes based on various diimines are the most studied today. But there are
practically no data concerning O,N-heterocyclic metallylenes.

This report presents the synthesis of new O,N-heterocyclic germylenes, stannylenes, and plumbylenes
bearing N-(R)-substituted o-amidophenolate backbone. o-Aminophenoles, being redox-active, can be used as
reservoirs of electrons for bond-making and bond-breaking reactions. They can support the multi-electron
changes required to promote group- or atom-transfer processes. Thus, introducing such a ligand system to the
heavier carbene analog center allows imparting new redox reactivity to the metallylenes. The report discusses
the molecular and electronic structure of low-valent germanium, tin, and lead derivatives containing various di-
and tetradentate o-amidophenolate ligands. X-ray analysis of Ge(ll) o-amidophenolates shows that they are
monomeric in the solid-state. This behavior is in contrast to the situation observed for related stannylenes and
plumbylenes. The appearance of the aromatic system in the five-membered chelate cycle of O,N-heterocyclic
germylenes, and associated compounds is shown. The presence of several reaction centers leads to various
reductive or oxidative transformations of the studied compounds. Reactions in which O,N-heterocyclic
germylenes, stannylenes, and plumbylenes are involved as acids or Lewis bases are considered.
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Figure 1. The reactivity of new metallylenes.
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The chemistry of metal complexes based on redox-active ligands has been intensively developed over
the last several years. More and more unusual chemical transformations are becoming available because of the
ability of the ligands to undergo reversible redox transformations within the metal coordination sphere.
Variations in the substituents in the ligand have a significant effect on both the redox properties of catecholate
complexes [1-2] and their chemical behaviour, biochemical activity [3]. The five-coordinated antimony
catecholates are of particular interest, due to their ability to further coordinate various donor substituents.

In our work, the influence of the ligands form with the aldimine fragment on the complexation of antimony
catecholate complexes was shown (Figure 1).

tBu tBu K3Fe(CN)g (5 eq.)
3
OH  MeOH OH KOH (1 eq. ) o
RNH, Et,O
tBu OH tBu OH
Yo
N LV
Q‘(\ @ Q‘(\ 0®% ?P
tBu tBu tBu
O\ /O O\G O\
/Sb\th /SbPth /SbPh3
tBu 0o Q0 tBu tBu o tBu o
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HN? N SNH NR
|
R R R X=Br,Ph

Figure 1. Synthesis of catechols, quinones and antimony complexes

It was found that when using catechol by the substitution reaction in the presence of bases, six-
coordination complexes of antimony are formed. When carrying out reactions with catechols, the products of
symmetrisation catecholate complexes were found, which were obtained by counter synthesis. When using the
oxidized form of ligands (o-quinones), five-coordination catecholate complexes of triphenylantimony (V) were
isolated by the oxidative addition reaction.
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Metal-organic frameworks are perspective objects for investigation due to their porous structure. MOFs
are applied to gas adsorption, catalysis and gas separation. Identification of the composition of metal-organic
frameworks is often a quite complicated task. Principal methods of identification are X-ray diffraction analysis
requiring single crystals of MOF and CHNS-analysis. However, application of both methods request specific
laboratory equipment. This fact determines the interest to elaboration of alternative methods of MOFs
identification, among which titrimetric methods are at the top. In this work, complexometric titration used for
determination of the metal mass fraction in metal-organic frameworks based on Cu?*, Zn?*, Co?* and Mg?* as a
cations, trimesate, terephthalate, phthalate and 4,4’-bipyridine as a linker[1].

Table 1. Information of some MOFs synthesized.

Name Cation Linker Solvent
NICS-4 Mg?* trimesate H-0, EtOH
Cutere5 Cu?* terephthalate H-O, DMF
HMHH-6 Cu?* 4,4’-bipyridine, H20, EtOH
terephthalate

Zntere Zn?* terephthalate H-O, DMF
B34 Co?* 4,4’ -bipyridine H-20, EtOH
CuNO3-7 Cu?* phthalate H20

Wet mineralization was chosen as the method of sample decomposition. After heating with concentrated
nitric acid pH was increased by ammonia buffer solution and then standard complexonometric titration was
applied. It shown that complexometric titration can be used to determinate the mass fraction of metal in metal-
organic frameworks with Cu?*, Co?* and Mg?*.
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Zinc (Zn) is one of the vital elements, it takes part in all types of metabolism, is part of 7200 enzymes, it
plays an important role in the synthesis and stabilization of protein and nucleic acid structures, plays an
important role in the process of cell growth and division, the formation of antioxidant status as a protector of free
radical reactions' 2, etc. Recently, more and more biochemists, biologists and physicians have noted a feature
when using metal-containing drugs for the treatment of tuberculosis - at relatively low concentrations (in
contrast to organic drugs), a stable effect of suppressing the growth of mycobacteria is observed. Thus, the use
of coordination compounds of transition metals opens up the prospect of creating a new generation of anti-
tuberculosis drugs. The purpose of this work was to develop methods for the synthesis of zinc complexes with
2-furancarboxylic acid (2-HFur) and additional N-donor ligands (pyridine (Py), 2,2'-bipyridine (2,2'-bpy), 4-
phenylpyridine (phpy), 2,9-dimethyl-1,10-phenanthroline (neocuproin, nec), 2,9-dimethyl-4,7-diphenyl-1,10-
phenanthroline (Bathocuproin, bathcup).

Mono- [Zn(fur)2(2,2-bpy)] (1), [Zn(fur)z(bathcup)] (2), [Zn(fur)2(nec)] (3) and binuclear complexes

[Znz(fur)a]n (4), [Zn2(fur)a(phpy)z] (5), [Zn2(fur)a(py)z] (6). All compounds were isolated as single crystals and their
structure was determined by X-ray diffraction.

Figure 1. [Zna(fur)a(py)2 Figure 2. [Zn(fur)2(2,2'-bpy)]

The antibacterial activity of compounds 1-6 was determined in vitro against the non-pathogenic strain of
Mycolicibacterium smegmatis. The M. smegmatis test system exhibits a higher degree of drug resistance than
M. tuberculosis; therefore, the selection criterion is a substance concentration of <100 ug / disc. The results of
the trials obtained correlated with the first-line drugs for treatment of tuberculosis with isoniazid (100 ug / disc)
and rifampicin (10 pg / disc). Complexes 1-3 and 5 showed similar bioactivity (about 45 g / disc) * 5; the
smallest 4 and 6 (about 500 mcg / disc). Thus, the tests carried out have shown that additional N-donor ligands
introduced into the complex are capable of both increasing the biological activity (bipyridine) and decreasing
(pyridine).
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1,8-bis(dimethylamino)naphthalene (DMAN) 1, also known as naphthalene «proton sponge» attracts the
attention of researchers for many years due to its outstanding high basicity combined with low nucleophilicity.
Multiple reported methods of DMAN derivatization are generally based on electrophilic substitution, while
organometallic approaches are way less developed. Here we report the preparation of organoboron derivatives
of DMAN — perspective precursors for the synthesis of organic superbases.

Direct iridium-catalysed borylation of DMAN 1 with B2Pin2 was successfully used for the preparation of
meta-disubstituted boronic ester 3a and corresponding acid 3b (Scheme 1). Second borylation occurs much
faster making it impossible to obtain monoborylated derivative 2a selectively, however, usage of the excess of
B2Pinz gives 3a with high yield and 100% selectivity.

H,  clog
Me,N  NMe, B,Pin, Me,N  NMe, Me,N  NMe; Me,N™ + ‘NMe,
[IrOMeCOD], _KOH /“\
B
dtb “2)HCIO, . OO
hexgr:/e BPin PinB BPin 2) * (HO),B B(OH)2
1 50°C, 48h 2a 3b

Scheme 1. Synthesis of meta-diboronic derivatives of 1,8-bis(dimethylamino)naphthalene.

Ortho-, para-monoboronic and peri-diboronic acids were prepared by the treatment of suitable
organolithium reagent with B(OMe)s or BFs followed by hydrolysis. Noticeably, peri-diboronic derivative undergo
spontaneous transformation into cyclic anhydride 6. Our attempts to obtain ortho-diboronic acid failed due to the
strong steric repulsion between B(OMe)2 and NMe:z groups, leading to the deborylation.

Me,N  NMe, MezN + NMez MezN + NMe2 MezN N vale2
B(OH),
Li 1) BXs Et,0,-20°Ctort (
2) 1M HCIOq4(aq.)
X=F,0OMe o \ Y \
4b 5b 6

Scheme 2. Synthesis of ortho- and para- 1,8-bis(dimethylamino)naphthalenylboronic acids.

Esterification of obtained boronic acids with pinacol occurs smoothly leading to the formation of
correspondic esters 4a and 5a with quantitative yield.

Me,oN NM Me,N NMe MesN NMe
2 ©2 Me:N NMe, 2 2 Harsh reaction 2 2

SOANNG® QT ==—

BPin 1
4a 5a
Scheme 3. Ortho- and para- 1,8-bis(dimethylamino)naphthalenylboronic pinacol esters; Deborylation of ortho-
derivatives.

Surprisingly, under conditions of typical for arylboronic acids reactions such as Suzuki cross-coupling,
halodeboronation, Chan-Lam amination, oxidative hydroxylation and Petasis borono-Mannich reaction, para-
and meta-boronic acids and their esters show no reactivity. At the same time ortho-boronic acid undergo
complete sterically facilitated deborylation due to the above metntioned repulsion of B(OMe)2 and NMe2 groups.
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Phthalocyanines have a unique structure that includes four isoindole fragments, due to which these
complexes exhibit linear and nonlinear optical properties. Based on the above, compounds of this class can be
used to create nonlinear optical materials that protect human eyes and optical devices from laser radiation.
Compared to their monomeric counterparts, ball-type phthalocyanines show greater interaction between macro
rings, which is reflected in the properties [1]. Therefore, such compounds have promising applications in
semiconductors, liquid crystals, and solar cells. Compounds of this structure absorb light in the long-wave
region of the spectrum, so they can be considered as promising complexes for photodynamic therapy [2]. In
addition, their absorption is shifted to the red region of the spectrum, where the transparency of biological
tissues is higher, which expands the therapeutic possibilities of the method. However, the compounds of this
structure are prone to uncontrolled aggregation, which makes it very difficult to work with these compounds,
since most studies are performed in organic and aqueous solutions. It was also demonstrated that the
aggregation is significantly influenced by structural parameters of the dimers, such as relative slippage, tilting
and rotation of the macrocycles, while distortions and increase in distance between the phthalocyanine planes
lead to suppression of the aggregation [3].

In this work we present methods for the synthesis of phthalocyanines with complex structures, such as
clam-shell and ball-type phthalocyanines, and study their fluorescent properties.

The synthesis was carried out in iso-amyl alcohol solution at the boiling temperature of the solvent using
a reflux condenser. Nitriles of various structures and four-water magnesium acetate were used as starting
compounds.
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Figure 1. Sunthesis ball-type and clam-shell magnesium phthalocyanines

All the compounds were isolated from the reaction mixture, purified, and their structure proved by mass
spectrometry and electron absorption spectroscopy The choice of the oxy-benzene fragment as a bridging
substituent was due to the fact that in this case the benzene rings are bound flexibly by oxygen bridges, which
causes their high mobility.
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Planar binuclear phthalocyanines are macroheterocycles of the porphyrazine family consisting of two
phthalocyanine rings sharing a common aromatic spacer, thus forming a new extended system of -
conjugation. Absorption maxima of planar binuclear phthalocyanines are red-shifted, and they are as stable as
their mononuclear analogs. Thus, such compounds are of increasing importance due to their potential use in
non-linear optical and data storage devices, as laser dyes and IR-marks. Binuclear phthalocyanines sharing
benzene, naphthalene or pyrazine linkers are well known. But as far as we know binuclear phthalocyaninenes
bearing heteroaromatic bridging fragment with convenient site of modification are unpresented in literature.

Herein we report the synthetic route to novel binuclear phthalocyanines sharing a common carbazole
spacer. Initial compound - carbazole tetranitrile 1 was obtained throughout 6 step synthesis starting from ethyl
acetoacetate. To increase yields of target complexes, it was then transformed to the bisdiiminoisoindoline form,
which is more reactive in statistical condensation reaction. Binuclear complexes 3-5 demonstrate an intense
absorption up to 721 nm hypsochromically shifted in comparison with the earlier described planar binuclear
complexes sharing common benzene and naphthalene rings.

For the series of obtained complexes 3-5 singlet oxygen quantum yields were measured in DMF using
1,3-diphenylisobenzofuran (DPBF) as a chemical O trap. And for binuclear phthalocyanine 3 the mechanism
of photodegradation under longer irradiation time and without *O2 trap was studied using MALDI TOF mass
spectrometry.

At the next stage the benzyl protection group was successfully removed from 9H-carbazole moiety of
complex 3. Thus, complex 6 prospective for further structural modification via nucleophilic substitution, Ullmann
or Buchwald-Hartwig coupling reactions was obtained.
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The new deposition method (Figure 1) of rhodium onto oxide carriers was applied to prepare
Cas[Rh(OH)s]2/TiO2 (Catalyst 1) and Rh/TiO2 (Catalyst 2) photocatalysts for hydrogen evolution reaction (Figure 1).

NaOH
Tio :

KsRhCl, gg"min> [Rh(OH)¢]* solution — 2 [Rh(OH)¢]>/TiO, pulp C;E:ic::z. Cas[Rh(OH)el,/Tio, EYOH . ri/Tio,

I5°C Cat. 1 Cat. 2

Figure 1. Preparation procedure of Cas[Rh(OH)s]2/TiO2 (Catalyst 1) and Rh/TiO2 (Catalyst 2) photocatalysts.

Catalyst 1 consists of particles of Cas[Rh(OH)e]2 with average diameter 2.5 nm which are evenly
distributed onto TiO2 surface according to EDX, HAADF TEM and DRS. The treatment of Catalyst 1 with
ethanol results in reduction of rhodium with the formation of 2.5 nm Rh particles. Both catalysts are active in
hydrogen evolution reaction from 10% ethanol/water solution which proceeds under 380 nm irradiation (Figure
2). During the process Cas[Rh(OH)s]2 undergoes reduction to metallic rhodium, nevertheless, in such situation
particles are attqached to the surface of TiO2 stronger than in a case of Catalyst 2 which results in higher
activity of Catalyst 1 in HER. The activity of both catalysts strongly depends on rhodium loading: 1 wt.%
samples are not active due to light filtering by Rh nanoparticles, the decreasing of Rh loading results in
increasing of activity which maximum is achieved when rhodium loading is 0.1% for Catalyst 1 (3.3 mmol-h*-g"
1) and 0.05% for Catalyst 2 (2.4 mmol-ht-g'). On the other hand, the activity per rhodium loading is increasing
with the decreasing of amount of metal down to 0.01 wt.% achieving 21 and 18 mol-h-grn? for Catalyst 1 and
Catalyst 2 correspondingly which are order of magnitude higher than those described earlier in the literature.
The cycling test showed the stability of both catalysts for at least 5 runs.
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Figure 2. The rate of HER per gram of catalyst (A, C) and per gram of rhodium in catalyst (B, D) for
Cas[Rh(OH)g]2/TiO- (A, B) and Rh/TiO; (C, D) respectively.
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Radium is a radioactive alkaline earth element with the chemical properties very similar to calcium,
strontium and barium. Because of the radiotoxicity of radium, it is necessary to determine its activity in drinking
water. However, due to the low activity of radium in agueous media, the techniques of pre-concentration and
selective separation are used in analytical methods. There are works describing the sorption of radium on a
thin-layer MnO2-CTA sorbent, which is a layer of manganese dioxide deposited on a cellulose triacetate film [1],
[2]. The purpose of this work was to deposit a layer of manganese dioxide on the surface of a macroporous
sorbent and to study the fundamental possibility of sorption of radium on it.

To apply manganese oxide to the sorbent surface, a sample of resin weighing 2.5 g was placed in a
plastic test tube and mixed with a 0.1 M solution of potassium permanganate with a volume of 30 ml for 24 h.
pH of the solution is 9. Then the solution was separated from the sorbent on the filter, the sorbent surface was
washed with a solution weak hydrochloric acid. Then the resin was kept in a drying cabinet for 24 hours at a
temperature of 50 ° C to remove moisture residues. The presence of a layer of manganese dioxide on the
surface of the sorbent was established visually and using an optical microscope (Fig.1).

a) b)
Figure 1. Image of the resin from an optical microscope a) before applying a layer of manganese dioxide and
b) after applying a layer of manganese dioxide.

MN202 resin is spherical brown beads, after mixing with potassium permanganate solution the resin
has acquired a dark purple color. This allowed us to visually assess the presence of manganese on the sorbent
surface. Experiments on the sorption of ?2°Ra were carried out on the obtained sorbent. Sorption experiments
were carried out on a ??°Ra solution obtained from an isotope generator based on ??’Ac. The degree of sorption
was 90%.
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Multicomponent salt systems based on salts are of great practical importance for the creation of
multifunctional materials, such as electrolytes for chemical current sources, heat-accumulating and heat-
conducting compositions, as well as for the theory of ionic melts. [1-2]

The study of the three-component mutual system was carried out by the DTA method [3]. The initial
reagents BaBrz2, KBr, K:WQ4, BaWO4 were previously prepared. The potassium and barium bromides were
melted, and the potassium and barium tungstates were calcined for 40 minutes at a temperature of 700-750 °C.
The square of the compositions of the three-component mutual system is shown in Fig. 1. At the Kz point, the
BaBr: + K2WOs —» BaWOs + 2KBr exchange reaction takes place. The presence of a double compound of the
dystectic melting type in one of the binary systems and the calculation of the Gibbs energy at the K2 conversion
point suggests the following variant of splitting the system into simplexes. The secant KBr-BawO4 and D:-
BaWOs divide the system into three simplices: KBr - K2WO4-BaBrz, and KBr - D1 - BaWO4 and D1 - BaWOs-
BaBr2. To confirm the partition, the KBr - BaWOa4 quasi-binary system was experimentally studied. The
characteristics of the quasi-double eutectic point e 725 °C, 95 % KBr.) are determined.
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Figure 1. Three-component mutual system K, Ba || Br, WOa.

For the experimental study of the triple mutual system K, Ba || Br, WOs in the stable triangle KBr - K2WO4
- BawOs4 according to the rules of the projection-thermographic method [4], the polythermal section AB in the
field of crystallization of potassium bromide was chosen. The study of the AB section determined the
temperature of the triple eutectic point at 586°C and the projection of the point on the section (the ratio of the
components K2WO4 and BaWO; at the triple point). The composition of the triple eutectic point is determined by
studying the section originating from the KBr vertex and passing through the projection point.
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The unique physicochemical properties of cyclometalated iridium(lll) complexes — in particular, their high
thermodynamic and kinetic stability and intense phosphorescence - make it possible to consider these
compounds as potential photosensitizers when creating effective photovoltaic devices. To use iridium dyes in
dye-sensitized solar cells, it is necessary to broaden the absorption spectrum of the complexes and to increase
the extinction coefficients. We assume that the use of perimidines (one of the most -donor heterocycles) as
ligands in cyclometalated iridium(lll) complexes will significantly expand the absorption spectrum and enhance
the extinction coefficients of the dyes.

Herein, we synthesized several cyclometalated iridium(lll) complexes with 2-arylperimidines acting as
ether cyclometalated or ancillary ligands (scheme 1).
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Scheme 1. Cyclometalated iridium(lll) complexes in this study.

The complexes exhibited high molar absorptivity in the visible spectral range and were successfully
tested in solar cells.
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The metalcarboranes, and first of all, cobalt and iron bis(dicarbollides) have shown the promise of their
use in various fields, from medicinal chemistry to the creation of new materials. In this regard the development
of methods for their functionalization is very important [1].

In this work the propionitrilium derivatives of cobalt and iron bis(dicarbollides) were prepared by the
reaction of cesium salts of the parent bis(dicarbollide) anions with propionitrile in the presence of tert-butyl
bromide. The nucleophilic addition reactions of alcohols, thiols and amines to the —N*=C triple bond of the
prepared nitrilium derivatives were studied and a series of imidates, thioimidates and amidines were

synthesized as mixtures of E and Z-isomers.
M=Co, Fe

X=0
M=Co, R=Me, Et, iPr, Bu
M=Fe, R=Et

X=S
M=Co, R=Et, Bu, Hx

X=N, M=Co
R=Me,, Ety (CH,CH,),0, (CHy)s,
(H)Me, (H)Et, (H)Pr,
(H)(CH,);0H, (H)(CH2);NMe,,
(H)(CH,);0Me
@CHOBHQB
Figure 1. The synthetic route to the nitrilium derivatives of cobalt and iron bis(dicarbollides) and the study of the

nucleophilic addition reactions to them

The hydrolysis of propionitrile derivatives of cobalt and iron bis(dicarbollides) led to the charge-
compensated iminols, the treatment of which with triethylamine resulted in anionic amides [2].

M=Co, Fe

@cH OBHQB

Figure 2. The hydrolysis of the nitrilium derivatives of cobalt and iron bis(dicarbollides)
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Today, metallurgical gas emissions are a serious problem. For cleaning from harmful gaseous impurities,
the most effective method of gas sorption on solid materials is used. Many studies by domestic scientists have
shown that one of the most promising solid sorbents are manganese materials with high selectivity towards
H2S.

The aim of this work is to determine the kinetic regularities of the sorption of hydrogen sulfide by solid
sorbents exhibiting obvious oxidizing properties, to determine the mechanism and to identify a number of
specific characteristics of the sorption heterogeneous process.

In this work, we studied the kinetics of sorption of ferromanganese ore with a specific surface area of 110
m?/g. The ore includes manganese, silicon, aluminum, and iron. According to the results of X-ray phase
analysis, it was determined that the composition of the ore includes such phases as a mixture of oxides of iron
(1) and (l11), takanelite and quartz.

As a result of the experiment, kinetic dependences of changes in the concentration of hydrogen sulfide in
samples at various temperatures (255, 280, 298 K) over time were obtained. When processing the obtained
kinetic curves, a linear dependence of the logarithm of the concentration of hydrogen sulfide (InC) on the
sorption time was obtained, the value of the sorption activation energy Ea = 3.9 kJ/mol was calculated,
according to which the limiting stage, which is a chemical reaction, was determined.

In order to reveal the catalytic action of iron (Ill) oxide, we carried out the sorption of hydrogen sulfide on
model samples of manganese (IV) oxide and on iron (lll) oxide. An experiment on iron oxide showed that it
does not exhibit sorption properties with respect to hydrogen sulfide. The kinetic dependences of sorption on a
mixture of oxides were used to calculate the activation energy Ea = 18.6 kJ/moal.

To confirm the catalytic action of iron oxide, the elemental composition of the ore was determined before
and after contact with hydrogen sulfide. The results indicate the appearance of sulfur in the composition of the
ore, which indicates the occurrence of another stage of the sorption process - chemisorption, nhamely, the redox
reaction, which is catalyzed by iron (1) oxide.

The results of X-ray phase analysis demonstrate the appearance of a new hydrated crystalline phase
Mn203 « 2H20, which is absent in the initial samples. Based on the analysis of the products of sorption
absorption of hydrogen sulfide, the process is expressed by a chemical redox reaction: 2MnO2 + H.S = S +
Mn203 + H20.

In order to determine the contribution of iron (Ill) oxide as a catalyst to the sorption process, the thermal
effect of hydrogen sulfide sorption was determined, which was -69.44 KJ/mol, and the Bronsted-Polyani ratio
was used to calculate the degrees of catalyst coverage with the initial hydrogen sulfide and chemisorption
products through experimentally obtained expressions and were 61 = 0.23 and 62 = 0.07, respectively.

As a result, the established features of the catalytic process of H2S sorption by ferromanganese materials
contribute to the creation of a promising catalyst for the implementation of catalytic reactions on an industrial
scale.
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In the work published last year, we reported the existence of isotypic fluorotrifluoroacetate complexes of
lanthanides with the general formula Naz[Lne(us-F)s(n2-CFsCOO)12], Lh = Nd, Tb and their crystal structure [1].
These compounds were obtained in trifluoroacetic acid from Lnz(CQOz3)s in the presence of NaF.

In this work the possibility of synthesizing individual fluorotrifluoroacetate complexes of lanthanides has
been shown for the first time and their crystal structure has been studied. In contrast to the island structure of
heteronuclear ionic complexes [1] chain structure [Luz(uz-F)(n2-CF3COO0)4(H20)s](CFsCOO) (1) is formed.

Luz(COs)s was dissolved by heating in concentrated 90% trifluoroacetic acid. To the resulting solution
was added a 0.75 M aqueous solution of hydrofluoric acid with vigorous stirring. The resulting solution was left
in a desiccator over phosphoric anhydride. With complete removal of the solvent, it is possible to isolate
compound | in the form of crystals suitable for X-ray diffraction analysis.

According to X-ray diffraction data, the compound crystallizes in the triclinic system, space group P -1,
with unit cell parameters a = 7.9158 (19) A, b = 21.271 (4) A, ¢ = 26.307 (7) A, a = 84.803 (11) °, B = 87.675
(12) °, y = 85.232 (10) °, V = 4393.6 (18) A3, Z = 2. In contrast to the island structure of heteronuclear ionic
complexes, an individual complex forms a chain structure. Each chain is formed by Luz(CFsCOOQO)4 dimers.
Metal atoms in dimers are linked by four bidentate trifluoroacetate groups. The dimers are linked to each other
by bidentate fluorine ions. The coordination environment of each lutetium atom is complemented to a
guadrangular antiprism by three oxygen atoms of water molecules. The coordination number of the metal is 8.
The structure contains uncoordinated anions and acid molecules. Each solvate particle participates in the
formation of three hydrogen bonds with two oxygen atoms of the water molecules included in the coordination
environment of lutetium atom of one chain and with the oxygen atom of the water molecule coordinated by the
lutetium atom of the neighboring chain (Figure 1).

Figure 1. Crystal structure of [Luz(p2-F)(n2-CF3COO0)4(H20)3](CFsCOO0).
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Metal phthalocyanines (MPcs) are of significant interest as active layers of chemical sensors due to their
thermal and chemical stability, ability to form thin films and change their conductivity depending on the
composition of the gaseous phase [1]. Thin films of phthalocyanines have reversible sensor response to various
gaseous analytes at room temperature with a reasonably low response time. The ability of phthalocyanine films
to change their conductivity in different gas media can be used for the production of low cost portable
chemiresistive sensors.

Introduction of various substituents into the phthalocyanine macrocycle can considerably change the
films’ structure and morphology and, therefore, affect their electrical, optical and sensing properties.
Introduction of halogen substituents causes a decrease in the electronic density of the aromatic macrocycle and
an increase in the oxidation potential of the MPc molecule. This leads to a better sensor response to reducing
gases, such as hydrogen or ammonia. It was shown in previous works that the sensor response of films of
fluorosubstituted phthalocyanines was higher compared to their unsubstituted analogues [2]. However, the
works on investigation of the effect of other halogen substituents in MPc molecules on the sensor properties
were not found in the literature.

In this work, the sensor response of thin films of ZnPcXs (X=F, Cl in peripheral and nonperipheral
positions) films toward gaseous NHs (0.1-50 ppm) was investigated by chemiresistive method in the presence
of various interfering gases (Fig.1). The structure of tetrahalogen-substituted zinc phthalocyanines and their thin
films were examined by spectroscopic (IR, Raman, UV-VIS) and X-ray diffraction methods. The assignment of
the most intense bands both in IR and Raman spectra was performed on the basis of DFT calculations.
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Figure 1. (a) Real-time sensor response of a ZnPcCls-p film to ammonia, measured at RH 10 % and 25 °C. (b)
Dependence of the sensor response of ZnPcF4-np, ZnPcFs-p, ZnPcCls-np, and ZnPcCls-p sensing layers on
ammonia concentration.
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The design and syntheses of coordination polymers have attracted great attention of scientists all over
the world. The number of polymers are growing very fast, due to its potential wide application in photochemistry,
heterogeneous catalysis and adsorption. This is made possible by the incredible variety of the structures.
However, the prediction and obtaining of the desired MOFs is still a fundamental scientific problem, since a
large number of factors, such as the coordination preferences of metal ions, the role of multifunctional linkers,
solvents, and temperatures in the synthesis, affect the nature of coordination and formation of structures in
different ways. There are different strategies in synthesis of MOFs, for example using two types of ligands —
carboxilate and N-donor. As a special case — using imidasole-like ligands with modified (-NOz, -Br, -NH...)
terephthalic acid as a secondary ligand are shown good performance for gas adsorption, catalysis and
luminescence. One of these ligands is 1,3-bis(2-methyl-imidazolyl)propane (bmip), due to its flexible alkyl
group, it becomes possible to obtain unusual, complex structures with the necessary textural and functional
characteristics [1, 2].

In this work were obtained and characterized two pairs of isostructural metal-organic coordination
polymers based on Cd, bmip and nitro-/bromo-terephtalate anions (bdc-X, X=-NOz, -Br) as ligands:

[Cd(bdc-X)(bmip)] and [Cds(bdc-X)s(bmip)z].

Fresh [Cd(bdc-X)bmip] crystallized with diamond topology and have 2-fold-interpenetrating structure with
void volume about 35%. However, the replacement or removal of the solvent leads to dramatic changes in the
structure of the framework. Using Et20, EtOH or air we obtained isomeric structure with diamond topology, but
4-fold interpenetrating structure with lower void volume. These flexible structure of compound create interesting
behavior in sorption of Cz-hydrocarbons and luminescence properties. So, usually in the series CzHz, CzHa,
C2He, a regular decrease in sorption capacity is observed due to an increase in the size of hydrocarbons.
However, in the case of the obtained compounds, the maximum sorption capacity is observed in the case of
C2Ha, which is clearly associated with the structural changing during the adsorption process.

Moreover, the luminescence properties are unusual too. We observed a normative change in the
emission maxima depending on Aex. This complex behavior is caused by the complex structure of the resulting
framework. Thus, by changing the Aex, we can get different colors emitted, including white.

[Cds(bdc-X)3(bmip)2] crystallyzed into rigid layers formed by the building blocks of Cds, interconnected by
anions of terephthalic acid derivatives. These layers, in turn, are combined into a three-dimensional structure
using the bmip ligand. The bmip ligand in a compressed position can give the possibility of obtaining the effect
of opening the gate during the sorption of gases or vapors. We have shown, that using different solvents, we
had obtained a different structures with different luminescence and sorption properties.

\\//
Figure 1. 1,3-bis(2-methyl-imidazolyl)propane (bmip)
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Titanium compounds are biocompatible and therefore could be used in medicine [1]. The study of
titanium compounds with organic ligands and their role in the human body is an important practical task. For
example, it was found that titanocene dichloride has an anti-cancer effect [2], and the biological role of titanium
(1) and (IV) citrate complexes was studied [1, 3].

The synthesis and crystal structure of the sodium hexatrifluoroacetotitanate (IV), the first mononuclear
complex of titanium (IV) and monobasic carboxylic acid described using the X-ray crystallography method, is
outlined in this paper. The composition of its thermal degradation products is also discussed.

Colorless crystals of the product, which is extremely unstable in air, were obtained as a result of a new
synthesis. Titanium (IV) tetrachloride was dissolved in a mixture of trifluoroacetic acid — trifluoroacetic anhydride
in an argon atmosphere and sodium trifluoroacetate was added to the resulting solution. Then the resulting
solution was kept in the desiccator at a reduced pressure over the phosphoric anhydride.

A fragment of the crystal structure of the sodium hexatrifluoroacetotitanate (V) is shown in Figure 1. The
compound has a structure consisting of corrugated layers connected to a three-dimensional framework by
means of hydrogen bonds. Inside each layer, a pair of sodium atoms and a titanium atom bound together by
trifluoroacetate ions alternate in a staggered pattern. Two crystallographically independent titanium atoms have
a distorted octahedral environment, which consists of six oxygen atoms of the bidentate groups (CF3COO)".
The coordination environment of the two sodium atoms is also a distorted octahedron, but it is composed of
oxygen atoms of both trifluoroacitate ions and neutral trifluoroacetic acid molecules. The third sodium atom has
an irregular polyhedron with eight vertices.

Figure 1. Fragment of the crystal structure of Naz[Ti(CF3COOQ)s]-2CF3:COOH (fluorine atoms omitted).

In addition, it was found that when decomposed in vacuum, this compound makes it possible to obtain
complex fluorides of the TiF4 — NaF system.
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The vast majority of proton sponges including the parent 1,8-bis(dimethylamino)naphthalene (DMAN)
usually exist in the so-called in,in-conformation (Fig. 1a, left), in which the methyl groups are turned outside and
axes of the nitrogen free electron pairs point inside the inter-nitrogen space [1]. An electrostatic repulsion
between the electron pairs and steric repulsion of the four methyl groups strongly destabilize the neutral base.
The protonation by an acid AH results in the formation of a strong (NHN)* hydrogen bond (chelated cation H*;
Fig. 1a, middle) which removes the electrostatic and steric strains and thus provides a considerable decrease in
Gibbs free energy, causing an exceedingly high DMAN proton sponge basicity (pKa = 12.1 [2]). In aprotic media
protonated proton sponges usually exist as an ion pair with the acid’s residue A~. The somewhat hypothetical
in,out-protonated form of unsubstituted DMAN (Fig. 1a, right) is an elusive short-lived intermediate state on its
protonation pathway [3,4].

POOH-containing acids (R2POOH, (RO).POOH) are strong proton donors (f.e, pKa(Ph2POOH) = 2.32)
which are known to form strong H-bonds in self-associates [5]. We have studied 1:1 and 1:2 complexes of
DMAN with several POOH acids in polar aprotic medium by *H NMR (Fig. 1b; solvent: DMSO, 298 K). Despite
the huge difference in the basicity of the acid and the base we found evidence for the facilitated exchange
between neutral and protonated base, indicating the unusual stabilization of the in,out-conformation of
DMAN-H* presumably due to the formation of a short strong NHO hydrogen bond with the Ph2POO™ anion. This
hypothesis was further supported by the results of low-temperature *H and 3!P{*H} NMR measurements
(solvent: liquefied gas mixture CDF3/CDCIF2, 100 K) and quantum-chemical calculations (DFT) including the
potential energy profile for the protonation pathway in 1:1 and 1:2 complexes.
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Figure 1. *H NMR spectrum of an equimolar mixture of DMAN and Ph.POOH in DMSO at 298 K.
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This work is devoted to the development of a technology for growing bulk single crystals based on barium
hexaferrite (BaFe12019) in which iron atoms are partially substituted by titanium atoms.

Single crystals were grown using the spontaneous crystallization from sodium based flux. The choice of
sodium oxide as a solvent was due to the fact that it is not incorporated into the crystal structure of barium
hexaferrite.

The initial components for the charge preparation were iron oxide Fez0s, titanium TiO2 and barium
carbonates BaCOs, sodium Na2COs.

To prepare the charge, the initial components were taken in stoichiometric ratios according to the formula
BaFe10Ti2019 with the addition of 26.6 mol. % sodium carbonate and mixed using an agate mortar. The resulting
mixture was placed in a platinum crucible and heated to a temperature of 1300 ° C. The crucible volume was
100 ml. The total weight of the charge was 50 g. After melting, the resulting solution was kept at the maximum
temperature for 24 hours. Isothermal holding is necessary for good solution homogenization. The furnace was
cooled at a rate of 4.5 ° C/ h to a temperature of 1000 ° C below which the cooling rate was not controlled.

The crystals separation from the solvent was carried out by boiling in an aqueous solution of nitric acid.

The elemental composition of the grown crystals was determined using an Oxford INCA X-max 80 X-ray
fluorescence spectrometer installed on a Jeol JSM 7001F electron microscope. The obtained crystals were
certified using a Rigaku X-ray diffractometer, model Ultima IV, by the powder method. For this, a small piece
was broken off from a bulk single crystal and ground in an agate mortar.

Figure 1 shows photographs of bulk barium hexaferrite single crystals with the brutto formula
BaFe11.1Tio.9O19.

X-ray diffraction showed that all the crystals obtained have a single hexagonal ferrite phase with a
magnetoplumbite structure. According to the X-ray fluorescence analysis data, the brutto formula was
calculated.

Figure 1. Singe crytals of brium ferrite compositio BaFll.lTi0.89019.

As a result of the work, the growth parameters for ferrite BaFe11.1Tio.9O19 bulk single crystals using
spontaneous crystallization from a sodium based flux were developed. The obtained single crystals sizes vary
in the range from 2 to 10 mm. The maximum substitution degree of iron with titanium that was achieved in the
experiment using current charge composition was x (Ti) = 0.9.
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Homogeneous Pd catalysts with N-heterocyclic carbene ligands have received ubiquitous application as
a very powerful tool for promoting numerous organic reactions owing to the high variability of their steric and
electronic parameters combined with well-defined binding with Pd species, as well as the great diversity of
possible frameworks.

Palladium-catalyzed reactions are often carried out in the presence of strong oxygen-containing bases,
including alkali metal hydroxides and alcoholates, which can decompose Pd/NHC complexes by O-NHC
coupling to form azolones and palladium black. This process can lead to deactivation of catalytic systems,
which is a very important problem for homogeneous catalysis of PA/NHC complexes in strongly alkaline media

[1].

To solve the problem of deactivation of Pd/NHC complexes by O-NHC coupling, we proposed a new
approach to stabilize the metal-ligand bond, based on the use of 3-RNH-substituted (R = acyl, aryl, alkyl) 1,2,4-
triazole-5-ylidene, which have NH-acidity in an alkaline medium. Deprotonation of the 3-RNH group of the NHC
ligand with a strong base leads to the formation of anionic Pd/NHC complexes, which have increased
resistance to O-NHC coupling, compared to complexes with non-ionizable NHC ligands [2]. The negative
charge of the ionized group conjugated with an aromatic NHC core suppresses undesirable O—NHC coupling
reactions.
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Figure 1. Strong base-induced decomposition of common Pd/NHC complexes via O—NHC coupling (top) and
deprotonation of new RNH-substituted complexes provided high stability in alkaline media.

New Pd/NHC catalysts have been developed using the proposed approach to stabilization of Pd/NHC
complexes in the presence of strong oxygen-containing bases. In the model Suzuki-Miyaura reaction in the
presence of KOH, the obtained complexes showed high activity and, in the catalyst recycling mode, provided
higher (1.5-2 times) TON values than similar complexes without the RNH group.
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1,5-Diaza-3,7-diphosphacyclooctanes are synthetic available bidentate phosphine ligands. Easy variation
of the substituents on heteroatoms allows to tune the steric and electronic properties of the cyclic ligands. In the
current research a wide row of 1,5,3,7-diazadiphosphacycloctanes containing pyridyl moieties linked to the
phosphorus atom via flexible ethylene spacer have been obtained. It was found that
diazadiphosphacyclooctanes can form mono- and dinuclear copper(l) complexes. The structure of copper (1)
complexes I-IV depends on substituents on N-atoms, stochiometric ratio of the reaction and counter ion nature
[1]. The reaction of 1,5-diaza-3,7-diphosphacyclooctanes with gold (1) halides led to the formation of complexes
V-VII [2].
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Figure 1. Complexes of Cu (l) and Au (1) with P-pyridylethyl-substituted 1,5-diaza-3,7-diphosphacyclooctanes.

All complexes exhibit moderate luminescence in the solid state. Mononuclear complexes | and binuclear
complexes Il exhibit blue emission with Amax= 480 nm. Dinuclear complexes Il exhibit green emission with Amax
=525 nm. In the emission spectra of hexanuclear complexes IV two emission bands are recorded, the
luminescence of these complexes is visualized as white. The luminescence of complexes IV is sensitive
towards the temperature changes. Binuclear gold (I) complexes V exhibit luminescence with maxima in the
range 496-573 nm and sensitive towards the molecules of organic solvents. Macrocyclic dinuclear gold(l)
complexes VI-VII display a greenish emission with the maxima in the emission spectra at ca. 540 nm.
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Introduction: Cationic metal-organic frameworks (MOFs) deserve a great interest in such applications
as anion selective sorption, detection and post-synthetic functionalization. The targeted synthesis of cationic
frameworks can be achieved if the uncharged ligand is used. This class of ligands is mainly represented by N-
donors (bipyridyls, imidazole derivatives etc.), which form unstable complexes with oxophilic cations, and
therefore are more often used as auxiliary "bridges" in mixed-ligand frameworks. On the opposite, N,N’-dioxides
can form more stable coordination compounds with a wide range of metal centers, due to the presence of O
donor atoms [1-2]. Such bridges have been poorly studied in the MOF chemistry.

Results and conclusions: 1,4-diazabicyclo[2.2.2]octane-N,N'-dioxide (odabco) is quite unique ligand
which combines the electroneutrality with aliphatic backbone and corresponding conformational lability [2-4].
Using this ligand, a series of Zn(ll) and Ln(lll) metal-organic frameworks were synthesized and structurally
characterized. Zn(ll)-odabco compounds possess great diversity and the structural features of the target
network can be predictably designed by tuning the synthetic conditions, especially solvent nature and the anion
templation. All the characterized Zn(ll) frameworks demonstrate high UV/vis transparency due to the absence of
light-absorbing moieties and, therefore, are perfect building blocks for matrices perspective for photochemical
applications as well as for materials with tunable photoactivity.

On the contrary, Ln(lll) coordination compounds usually demonstrate intensive luminescence which is provided
by the cation electronic structure. In this work, new cationic MOFs constructed by Ln(lll) and odabco were used
as fluorescent sensors on nitrate and nitrite anions by the “turn-off” mechanism. The detection limit for NOs™ is
near 10° M in DMF solution, what suggests a perfect sensor for the nitrate in the biological and environmental
samples.

(@) (b) (©)

Figure 1. View along the channels in coordination networks: [Zn2(u-O)(odabco)s]?* (a, pcu topology);
[Zn(odabco)2]?* (b, bct topology); [Tb(odabco)s]** (c, pcu topology). H atoms are not shown.
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Thiocarbamide (Thio) is a classical ligand, which widely used in the analysis and technology of platinum
metals. Thio demonstrate a reducing properties and in an acidic environment can be oxidized to [S2C2(NH2)4]?*,
which in turn can interact with platinum metal halides.

Dark red crystals were obtained by the reaction of «RuCls» with [S2C2 (NH2)4] X2 (X=ClI, Br) in conc. HBr,
the structure of which was established by X-ray studies. The compound
[(NH2)2CSSC (NH2)2]2[Ru'VBrs]Br2+3H20 crystallizes in orthorhombic syngony, sp. gr. Cmcm, a = 11.6462(3), b
= 13.9943 (4), ¢ = 16.9225 (5) A, V = 2758.04(13) A3, Z = 4. The compound is isostructurally [(NH2).CSSC
(NH2)2]2[0s'VXe] X2¢3H20 (X = Cl, Br) [1].

In a,a-bis(dithiobisformamidinium) cation the S-S bond is single with a length of 2.0282 (12) A. The cation
assumes the most energetically favorable gauche-conformation, and thiocarbamide fragments retain a flat
structure. The cations [(NH2)2CSSC(NH2)2]** and complex anions [RuBrs]>form a system of hydrogen bonds
with Br-ions and water molecules (Fig. 1). Two cations are combined in a cycle by two Br-ions, which form 4
hydrogen bonds with NHz2-groups of cations. The cycles are linked to each other like water molecules by
hydrogen bonds N-H---O---H-N (Fig. 2).
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Fig. 1. Sctucture of [(NH2)2CSSC(NH2)2]2[RuBrs]Brz-3H20 Fig. 2. The system of hydrogen bonds
References

[1] O.V. Rudnitskaya, E.V. Dobrokhotova, E.K. Kultyshkina, P.V. Dorovatovskii, V.A. Lazarenko, V.N.

Khrustalev, Inorganica Chimica Acta, 2019, 484, 352-356.

Acknowledgements. This work was supported by the RUDN University Strategic Academic Leadership
Program.

200


mailto:dobrokhotova-ev@rudn.ru

REDOX-ACTIVE PHTHALOCYANINE SANDWICH COMPLEXES WITH
RARE EARTH METALS AS PROMISING BIOSENSOR PROTOTYPES

Domareva N.P., Alekseeva A.Yu.!, Botnar A.A.%, Erzunov D.A.%, Tikhomirova T.V.%, Vashurin A.S.?

llvanovo State University of Chemistry and Technology, lvanovo, Sheremetevsky Avenue, 7
domarevanat@gmail.com

In recent decades, the chemistry of phthalocyanine complexes has developed intensively, where the
most promising structures are sandwich molecules with lanthanide ions as a complexing metal [1]. In such
complexes having two macrocyclic ligands, a strong m-m-interaction is observed that allows electron transfer
and is in several redox forms (neutral-radical, reduced, oxidized), which allows you to act as promising
components of multi-color electrochromic displays, sensors and biosensors, conductor materials.

The use of diphthalocyanines of lanthanides with macromolecular structures is becoming promising in
various fields and techniques. For example, high-sensitivity detection of albumin using diphthalocyanine-based
sensory devices will diagnose inflammatory processes, diabetes mellitus, liver disease [2].
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Figure 1. Changes in UV-vis for LuPcz in a THF solution (c = 1.2x10° mol/L) in the presence of phe-
nylhydrazine (c = 3.3x10* mol/L) for 4 min. Insertion: In(co/c) versus the reaction time of LuPc:2 with
phenylhydrazine.

Therefore, the purpose of this work is to study the kinetics of redox processes for homoleptic
diphthalocyanine structures. It should be noted that there are few reports of kinetically controlled redox
reactions involving diphthalocyanines in the literature. Thus, by the spectrophotometric method, the redox
properties of double-deck phthalocyanine complexes of lanthanides (Er, Yb, Lu) were investigated depending
on the ion radius of the metal (Fig.1). At the first stage, the aggregation behavior of complexes in solution was
investigated. Next, the ability of sandwich structures to redox transitions with the addition of an
oxidizing/reducing agent was spectrally studied. At the final stage, kinetic dependencies were established and
an effective process constant was calculated [3].

It has been found that since the lutetium ion has the smallest radius, this leads to a stronger m-17
interaction of the two phthalocyanine ligands and, as a result, a more complete redox process with the addition
of a reducing agent. On the other hand, ytterbium and erbium ions have a larger ion radius and a larger
distance between macrocycles. This leads to the fact that the reduction process of diphthalocyanines proceeds
more difficult with the formation of a mixture of neutral and anionic forms. A study of the kinetics of model
reactions involving small redox-active agents and diphthalocyanins will predict their sensory properties for
determining biologically important molecules, for example, albumin.
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Due to the high solubility in common organic solvents, intensive absorption and luminescence in visible
region subphthalocyanines are prospective materials for photoactive layers of solar cells. Introduction of
electron-withdrawing groups results in their high stability to oxidation by atmospheric oxygen.

Halogen-substituted subphthalocyanine complexes were obtained using modified template approach.
Complexes 1a-d show intense absorption and luminescence maxima, shifting bathochromically from 550 to 600
nm in a row 1c<la<ld<1b.
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Figure 1. Synthesis of target boron subphthalocyanines.

Novel low symmetry A2B alkyl and aryl-substituted subphthalocyanines 2a-c, containing reactive CN
groups were obtained in relatively high yields using statistical condensation reaction. All by-products: mono- 3,
bi- (4) and trinuclear (5) complexes, were separated and characterized. A2B compounds 2a-c can be further
modified by cyclization with other substituted phthalonitriles. Nonlinear optical properties of compounds 1 - 3
were compared by Z-scan technique. A2B compounds demonstrate higher nonlinear response than
symmetrically substituted ones.
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Of all the triarylantimony derivatives of the general formula Ar3SbX2 (where X is an electronegative
ligand bound to the antimony atom through a heteroatom), one of the least structurally characterized
compounds are tris(5-bromo-2-methoxyphenyl)antimony derivatives [1].

Tris(5-bromo-2-methoxyphenyl)antimony bis(2-bromobenzaldoximate), bis(2,3,4,5,6-
pentafluorobenzoate) and bis(4-methylphenylsulfonate) were obtained by the oxidative addition reaction from
tris(5-bromine -2-methoxyphenyl) antimony, tert-butylhydroperoxide and, respectively, oxime, carboxylic acid or
sulfonic acid at a molar ratio of reagents 1:1:2 in diethyl ether. After recrystallization of the solid residue from a
benzene—octane (2:1) mixture, crystals suitable for X-ray diffraction analysis were obtained in a yield of up to
98%. This synthesis method is one-stage and is characterized by mild reaction conditions (20 °C, 12 h).

(2-MeO-5-BrCsHz)3Sb + 2 HX + t-BUOOH — (2-MeO-5-BrCsHz)3sSbX2 + t-BuOH + H20,
X = ON=CHCsH4Br-2 (1), OC(O)CsFs (2), 0OSO2CsH4CH3-4 (3).

According to X-ray diffraction data, in molecules of tris(5-bromo-2-methoxyphenyl)antimony derivatives,
antimony atoms have a distorted trigonal-bipyramidal coordination with oxygen atoms of oximate, carboxylate,
and sulfonate ligands in axial positions (Figure 1). Triarylantimony sulfonate is a solvate (2-MeO-5-
BrCesHs)3Sh(0S02CeH4CHs3-4)2 - PhH (3) after recrystallization from benzene. In the triarylantimony
dicarboxylate molecule, the -CeFs fragment is disordered over two positions with an atomic occupancy of
0.41/0.59.

Figure 1. Structure of compound 1.

Equatorial substituents in tris(5-bromo-2-methoxyphenyl)antimony dioximate are farther from the central
atom than axial ones. The opposite is observed in triarylantimony disulfonate, while in the dicarboxylate the
distance of the substituents from the antimony atom is practically the same. The antimony atom is deviated from
the equatorial plane [Cs] by 0.073 (1), 0.056 (2), and 0.051 (3) A. Planar aryl rings are rotated around Sb—Ceq
bonds in such a way as to minimize intra- and intermolecular interactions. The OSbC axial angles deviate from
180° and are 169.1(1)° (1), 176.2(1)° (2) and 169.72(9)° (3). The obtained structures contain intramolecular
contacts Sb-"N=CH (1), Sb--O=C (2), Sb---O=S (3), as well as Sb--*O(Me) contacts. The formation of the crystal
structure of the compounds is due to the presence of hydrogen bonds of the type H---O=C, H---O=S, H---O-N,
H---F, H---Br and CH-Tr-interactions.
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Halogen bonding (XB) — together with other types of noncovalent interactions — has exponentially
emerged as an important concept in supramolecular design and crystal engineering, synthetic coordination
chemistry, polymer science, XB-involving catalysis, medicinal chemistry, and human physiology. To date, metal-
involving two-center XBs have been recognized for Ni", Pd", Pt", Au, and Au'. In a few instances, a M" center
and the adjacent coordinated non-metal atom function as an integrated XB acceptor to give three-center
bifurcated p2-X---[Pt",CI] (X = Br, 1) and p2-I---[Pt",C] linkages. In this work, we found that simultaneous action of
the d;2-orbitals of two positively charged rhodium(l) centers provide sufficient nucleophilicity to form three-center
XBs with o-hole (ch) donating iodine(l)-based organic species [1].

The [RhX(COD)]2 (X = CI, Br; COD = 1,5-cyclooctadiene) complexes were co-crystallized with various
iodine(l)-based XB donors to give corresponding co-crystals 1-5 studied by single-crystal X-ray diffraction
(XRD; Fig. 1). Upon analysis of noncovalent forces in the XRD structures of the obtained adducts, we
recognized hitherto unknown ArF(uas-1)---[Rh2Clz] and RE®WS(p2l)--\[Rh,Rh] XBs involving iodine centers of ch
donors and [Rh2Xz] metal cores of the rhodium(l) complexes (Fig. 1). We examined the geometric and energetic
features of the detected contacts using the combined experimental and theoretical approaches. The
noncovalent XB nature of the observed interactions was confirmed theoretically by the DFT calculations via
several computational tools (QTAIM, DFT energies, NCI and EDD plots, MEP surfaces, ELF analysis).

Figure 1. The Arf(ua-1):--[Rh2Clz] and REWS(u2-1)---[Rh,Rh] interactions in 1 (a), 2 (b), 3 (c), 4 (d), and 5 (e). The
XBs are given by dotted lines and thermal ellipsoids are shown with the 50% probability.

In this work, we found the first example of the three-center XB that involves simultaneously two metal
centers functioning as integrated XB acceptor toward iodine(l)-based ch donors. Moreover, we performed the
assembly through two- or more metal-involving XBs exploring the potential of --:[Rh2Cl2]---I1(ArF)I---[Rh2Cl2]--- or
tetrafurcated ArF(u4-1)---[Rh2Cl2] interactions.
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Chemotherapy is one of the methods of oncological diseases treatment. Therefore, large scale studies
are being carried out, the purpose of which is to create new anticancer drugs that have lower dose-dependent
side effects in comparison with cisplatin and its analogues [1]. In particular, one of the promising classes of
compounds is mixed-ligand complexes of endogenous metals with polypyridine ligands. There are data on
mixed-ligand Cu(ll) complexes based on 1,10-phenanthroline and its derivatives (Casiopeinas®), which have
shown high cytotoxic activity [2]. An equally important factor for research is the biological activity of the ligands
themselves. Tetrazoles are known pharmacophores that are capable of forming stable coordination bonds with
metal ions. That is why the appropriate ligands were selected for research.

A series of mixed-ligand manganese(ll) complexes [Mnz(phen)zL4(OAc)z2] (1), [Mns(bipy)2L4(OAC)2] (2),
[Mnz2(dmbipy)zL2(OACc)2] (3), and [Mn(dmphen):L2] (4), where L — 5-phenyltetrazolate anion, phen — 1,10-
phenantroline, bipy — 2,2’-bipyridine, dmbipy — 4,4' -dimethyl-2,2" -bipyridine, dmphen — 4,7-dimethyl-1,10-
phenanthroline, has been synthesized. The complexes have been characterized by elemental and powder X-
ray diffraction analysis, and IR spectroscopy. Crystal structures of complexes have been determined by
single-crystal X-ray diffraction analysis. The UV-vis spectroscopy has been applied to study the behavior of the
compounds in solution. The effect of the compounds on viability of HepG2 and Hep-2 cell lines has been
investigated. The antimicrobial activity of complexes and ligands has been investigated against Escherichia coli,
Staphylococcus aureus, Penicillium italicum and Colpoda steiinii.

Although the ratio M:polypyridine:HL = 1:1:2 was used in the synthesis of complexes 1-4, synthesized
compounds have different composition: Mn(Il) complexes 1, 2 — trinuclear with 3:2:4 ratio, Mn(ll) complex 3 —
binuclear with 1:1:1 ratio, in turn, Mn(ll) complex 4 — mononuclear with 1:2:2 ratio. In the complexes listed
above, HL act as monodentate (L, coordinated by N2 atom) or bidentate ligand (coordinated by N2 and N3
atoms) or even as a counterion. UV—vis spectroscopy has revealed that the complexes 1-4 are stable enough
during 48h in water-ethanol solution. The cytotoxic activity of the ligands, metal salts and the obtained
complexes was studied on the human cell lines Hep-2 (laryngeal carcinoma cells) and HepG2 (hepatocellular
carcinoma cells) using an IN Cell Analyzer 2200 device (GE Healthcare, UK). Among the series of compounds,
the most pronounced cytotoxic properties are exhibited by Mn(ll) complex with 4,7-dimethyl-1,10-
phenanthroline and 5-phenyltetrazole (ICso = 5.7 £ 0.6 uyM, HepG2). Among polypyridine ligands, cytotoxic
activity is observed only for 4,7-dimethyl-1,10-phenanthroline, but toxicity is enhanced in the complexes of
Mn(ll) with 5-phenyltetrazole. All complexes showed no fungistatic activity against P. italicum and no
bacteriostatic activity against St. aureus. Slight inhibition of E. Coli growth compared to reference drugs was
observed under the influence of complexes 1, 2 (inhibition zone = 7-10 mm). In a series of complexes, the most
pronounced protistocidal activity is observed for the [MnLz(dmphen)z] complex (C = 5.6 + 0.15 pg/ml).
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Figure 1. Effect of complex [MnLz(dmphen):] (4) on the viability of Hep2 and HepG2 cells determined by dual
staining with Hoechst 33342/propidium iodide
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Phthalocyaninates of rare-earth metals represent a special subgroup of compounds of this class due to
the high specificity of the displayed properties, and, as a consequence, and the scope of their application [1].
The preparation of such complexes opens up the possibility of using luminescent active atoms due to the
removal of quantum prohibitions on the manifestation of high-energy light emission processes, which, in turn,
make it possible to use materials based on such compounds as highly efficient second-generation sensitizers
[2-3]. The structure of the ligand used has a strong effect on the described properties of the resulting
coordination compounds. Thus, an important factor is the modeling of the structure of the used ligand, taking
into account the nature of the substituents for the full disclosure of the energy potential of the introduced
luminescent active center.

The paper presents data on the preparation and study of the properties of rare-earth phthalocyaninates
of mono- and double-deck structure with cyanophenoxyl- substitution at the periphery. Compounds were
obtained by condensation in a high-boiling solvent and template fusion, and in the first case, the target objects
were not detected due to the course of polymerization processes. The complexes were isolated and purified
using column and gel permeation chromatography. The structure has been proven by NMR, IR spectroscopy,
elemental analysis, MALDI-TOF mass spectrometry. The spectral properties were studied, the maximums of
light absorption in the visible region and the extinction coefficients were found, and the concentration ranges of
the aggregation stability of the complexes in various organic solvents were determined. For sandwich
structures, the kinetics of redox processes occurring upon the addition of hydrazine or bromine has been
studied, and the constants of these processes have been calculated. For monophthalocyaninates, the spectral-
luminescent properties have been investigated, the quantum yields of fluorescence and its lifetimes have been
determined. For complexes of both types, the effect of the structure of the peripheral substituent and the central
metal atom on the properties is shown.
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Figure 1. Absorption and emission spectra of lanthanide complexes (left) and fluorescent quenching (right)
curve
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Volatile magnesium complexes are demanded as precursors for the obtaining MgO thin films, manifesting
a high secondary electron emission coefficient, by means of chemical vapor deposition (MOCVD). To prevent
the formation of MgF2, such precursors must be fluorine-free. Typically, B-diketonate ligands provide an
effective platform for the creation of volatile metal complexes. However, a magnesium atom in such an
environment is coordinatively unsaturated, which leads to oligomerization and complicates the use of
complexes as precursors. One of the solutions to this problem is mixed ligand complexation (MLC). This work
develops research in the field of MLC magnesium with non-fluorinated B-diketonates: acetylacetonate ion
(acac) and dipivaloylmethanate ion (dpm).

A new polymorphic modification [Mg(tmeda)(dpm)z] (tmeda = N,N,N',N'-tetramethylethylenediamine) was
discovered, which explains the inconsistency of the rate of transfer of substance in the MOCVD process and
the differences in the literature melting temperatures. The thermal properties of the new polymorph in the
condensed phase were studied by DSC and the saturated vapor pressure was measured by the flow method.
The phase composition of the product was studied depending on the purification method.

An approach was found to obtain [Mg(tmeda)(acac):] (fig. 1), which turned out to be unstable on air. The
related complex with 2,2'-bipyridyl (bipy) is stable in the condensed phase but decomposes in chloroform to
form [Mg(acac)]s. This was confirmed by 1H-NMR and XRD data of the [Mg(acac)2]3-2CHCIs precipitate.
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Figure 1. Structure of [Mg(tmeda)(acac)2]
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For the first time, complexes [Mg(Q)(dpm)2] with amino alcohols were obtained: Q = dmae (N,N-
dimethylaminoethanol), mae (aminoethanol) by the substitution reaction of aqua ligands in [Mg(H20)2(dpm)2].
The synthesis of the complex with dmae occurs in hexane, and the excess in stoichiometry of amino alcohol
can be included in the composition of the forming crystals due to hydrogen bonds with the [Mg(dmae)(dpm):]
molecules. For the synthesis of [Mg(mae)(dpm):], amino alcohol must be used as a solvent. The complex can
have both mononuclear and binuclear structures due to the bridging functions of mae ligands (fig. 2).
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Figure 2. Structures of mononuclear (a) and binuclear (b) [Mg(mae)(dpm)]
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The luminescence of high-Z octahedral cluster complexes [MsXsLe]> (M = Mo, W; X = CI, Br, I; L =
organic or inorganic ligand) is quenched by molecular oxygen with the formation of singlet oxygen O2. This
feature can potentially be used in blue-light or X-ray-induced photodynamic therapy [1] and antibacterial
coatings [2]. Molybdenum clusters are more studied than tungsten ones since effective methods of synthesis
from simple substances have been developed for them [3]. There are several main methods of obtaining
tungsten bromide cluster complexes. The first is a multi-step method based on the reduction of WBrs with
elementary tungsten or aluminum to WBrs, followed by thermolysis to polymer [WeBrsBra]- [4]. The second
method is the reduction of WBrs with bismuth yielding compound (BiBr2)2WeBri4. However, WBFrs is obtained
from W(CO)s, which significantly increases the cost of the process [5]. The third method involves the direct
interaction of stoichiometric amounts of elementary substances of tungsten and bromine at high temperatures,
which requires special equipment using a two-zone furnace [6]. Therefore, we have developed a new synthesis
method of (N(C4Ho)4)[WeBri4] from W, Br, Bi to develop the chemistry of tungsten bromide cluster complexes.

(a) (b) (c)
Figure 1. The structure of anion [WsBrs(NCS)s]* (a), [WsBris] (b), [WesO12Bre]® (c).

The report discusses a new approach to the synthesis of bromide cluster complexes with the anion
[WeBrsBre]> from simple substances. A mixture of pentanuclear cluster complexes [WsBris]” and [WsBrizOJ is
formed as by-products. Substitution of external bromide ligands is discussed. The synthesis of a cluster
complex with a new type of cluster core {WsO12}* is reported.
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The passage of a gas bubble through the interface of two immiscible liquids is poorly understood. During
the period of passing this boundary, the bubble can capture and float a drop of a heavier liquid. The process is
considered on the example of the matte - slag boundary, and the conditions for the matte drop to float up
together with the bubble are established. This is of practical importance, since it is known that the transfer of
matte droplets into slag by flotation is one of the main processes leading to losses of valuable metals during
pyrometallurgical processing of sulfide ores, including platinum and gold, which are in matte and slag in the
form intermetallic compounds [1]. Irregularly shaped particles of intermetallic compounds of gold and platinum,
containing impurities of various metals, and found in the surface layers of the slag, are associated with floating
matte droplets. Gold and platinum are dispersed. Their sizes are 5-7 microns and in rare cases reach 20
microns. Evaluation of adhesion at the interface between a drop of Au-matte and a solid particle of Pt-matte
showed that this value is high and comparable, for example, with the calculated values for Fe-Cr.

In order for the bubble to "tear off" the matte droplet from the sulfide melt and float up with it in the slag,
two conditions must be met. 1. The droplets are held on the bubbles by interfacial tension, which can be called
the cohesion force. To prevent the drop from breaking away from the bubble, the adhesion force of the matte
drop with the bubble must be greater than its gravity. 2. The buoyant force applied to the bubble must be
greater than the gravity of the drop. Otherwise, the droplet bubble will sink.

Evaluation of the interfacial tension at the matte boundary required to calculate the adhesion force of a
matte drop with a bubble was carried out on the basis of photographs obtained with a Tescan Vega 3 scanning
electron microscope after cooling from a temperature of 1300°C of platinum sulfide and gold-containing
materials. The photographs were also used to determine the angles characterizing the interphase boundaries.

Calculations showed that for the slag and matte we studied experimentally, the maximum possible radius
of a matte droplet held by the cohesion force on the surface of the gas bubble is about 4 mm. The size of the
bubble that lifts the matte drop can be even smaller than its size. The possible sizes of floating matte droplets
are very significant, which is consistent with the noticeable loss of valuable components.
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Transition metal complexes based on hybrid chelate ligands have unique properties due to the
combination of hard (for N-side) and soft (for P-side) electron-donors. In such species, the difference in the
donor properties between the two different ligand arms provide the hemilability of the ligand since the group
with the weak interaction with the metal center being more likely to dissociate from the metal center, which lead
to a vacant coordination site at the metal center and so can allow for effective coordination and transformation
of substrate molecules in the homogeneous catalysis conditions [1].

Thus, in this study, we have prepared different types of hybrid phosphorus and nitrogen-based ligands:
the N- and P- substituted a-phosphinoglycine derivatives [2] and unsymmetrical benzothiazole- or pyrazole-
based PCN pincer systems [3] (see figure 1). The obtained ligands are able to react with nickel precursor to
form active species, which oligomerize ethylene into a wide range of even-numbered olefins (mainly Cas-Cao
fractions).
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Figure 1. Hybrid phosphorus and nitrogen-based ligands for nickel catalyzed ethylene oligomerization.

Moreover, DFT calculations were performed to explore the mechanism of ethylene oligomerization
catalyzed by generated organonickel active species. The obtained results revealed that the steric influence of
the ligand plays the key role on the nickel catalyzed ethylene oligomerization. Thus, when a-phosphino-a-amino
acids are applied as ligands, sterically less loaded substituents are required both at the phosphorus and
nitrogen atoms in order to obtain low molecular weight ethylene oligomers. Thereby, N-(pyrazin-2-yl)-a-
diphenylphosphinoglycine was found to be selective to but-1-ene, with turnover number (TON) value 2493.

While, preliminary activated complexes (B2"2PCN)NiX (X = F, Br) containing an oxo-bridged benzothiazole
side-arm demonstrated high catalytic activity in ethylene oligomerization (up to 200 x 10® molczrs-molnit-h™)
with formation of butenes as main products. The comparison of their performance with the results obtained for
more rigid pyrazole-based analogues (P"PCN)NiX (X = F, Br) demonstrates a positive effect of the flexibility
modification of the ligand and reduced N-donor basicity, which favors dissociation of the N-side arm and its
rotation around the bond connecting the two pincer sides. The benzothiazole side-arm remains uncoordinated,
generating a vacant coordination site which is a prerequisite for the obtainment of a more active catalyst [4].
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Transition metal chalcogenide halides (TMCH) are the coordination compounds with formula of MxQyHalz,
where M = transition metal (M = Mo, W, Re, Nb etc.), Q = S, Se, Te, Hal = F, Cl, Br, I. Frequently oxygen is
included in composition. Vanadium in coordination compounds can form ions with different electronic
configurations which corresponds to intermediate oxidation states, which may be interesting as from new
formation of a new structures point of view, as from magnetic and electro-physical properties perspective.
However, despite the variety of structures of TMCH in the literature at the moment only one vanadium
chalcogenide halide is described — thiobromide V4S¢Brs [1]. To expand the list of vanadium chalcogenide
halides (VxQyHal;) we've started the search for new compounds in this systems and firstly in the «V-Se-I»
system.

In the present work a series of synthesis were performed to obtain new vanadium selenide iodides by
reaction between elements and known binary compounds in evacuated ampoules.

As a result of a work a series of a new coordination vanadium oxide selenide iodides with the same O-
centered tetranuclear complex {Va(us-O)(u2-Sez)a(p2-1)214} were obtained. The resulting complexes are
presented by compounds with various dimensionalities of coordination array — 0D, 1D, 2D. Complex core
{V4OSesls} is new for chemistry of vanadium. In the center of complex a V4O is located, in which vanadium
atoms occupy the vertex positions of distorted tetrahedral around oxygen. Between themselves vanadium
atoms additionally bonds by four bridging p2-Se2 groups and two bridging y2-l groups. In the present work the
synthesis, structures of a new vanadium oxide selenide iodides with same structural fragment {ViOSesls},
results of DFT calculations of complex core and magnetic properties for some of the obtained compounds are
discussed
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Solid solutions based on the complex oxide Lai1xRExGaosSb1.506 are promising phosphors for visible light
LED [1,2]. The complex oxide LaGaosSb1.506 belongs to the structural type of rosiaite, in which La3+ ions are
located in octahedral voids between layers formed by (Ga/Sh)Os octahedra connected in six-membered rings
(fig. 1). A feature of this structure is the large distance between La3+ ions, which reduces the probability of
nonradiative energy transfer from an excited to an unexcited ion and increases the threshold concentration of
luminescence quenching. With a decrease in the ionic radius R of the REE in the LnGaosSb1.50s series, the
distance between the layers of the (Ga/Sbh)Os octahedra decreases and the structure becomes destabilized, as
a result of which the existence of this series of compounds is possible only at RE = La-Th. In this case, the
change in the lattice parameter with RE radius decreasing is much weaker. The aim of this work was to
investigate the possibilities of isovalent substitution of LaGao.sSbh1.50e with different RE.

To synthesize phosphors for white light sources, it is necessary to create LaixLnxGaosSbi1s0e solid
solutions, in which different RE ions are used as activators. We have successfully synthesized a continuous
series of single-doped solid solutions Lai1xRExGaosSb1s0s (RE = Ce - Th, x = 0 - 1), as evidenced by a
monotonous decrease in the lattice parameters. lons of the end of the REE series (Dy, Er, Tm), that don’t form
REGao.5Sb1.50s, are perspective activators for LED but their insertion leads to discontinious solid solutions. For
solid solutions Ln = Dy or Er we obtained single-phase samples only at an Ln content of 5 to 25 mol. %, failed
to synthesize solid solutions with an Er content of 50 mol. % (fig. 2). For Tm doped samples we observed
impurities starting with 15% Tm. This result can not be explained only in terms of a decrease of the average RE
ionic radius. It was assumed that the stability of the rosiaite layered structure is provided by electrostatic
stabilization by strong polarization of O-anions by Sbh+5 ions [3]. We suppose that the rosiaite layered structure
destabilization occurs not only due to a general decrease in the distance between the (Ga/Sb)Os layers of the
crystal lattice, but also due to the arising structural distortions when the rare-earth ions of a small radius (Dy, Er,
Tm) are located in neighboring positions.
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Figure 1. Lattice parameter change for continuous Figure 2. XRD patterns of discontinuous solid
solid solutions Lai-«Pr«Gao.sSb1506 solutions Lai-xErxGao.sSb1.506

Thus we have found that the possibilities of doping complex LaixLhxGaosShi150e oxide with small REE
ions are significantly limited. At the same time, we managed to obtain solid solutions of double, in which we
were able to achieve RE concentrations up to 5% Dy, 5%Tm in one sample and triple doping up to 4% Eu, 7%
Th, 7% Tm. Nevertheless, the enclosed REE concentration limits exceed those required for practical application
of these compositions as luminescent materials.
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We succeeded in synthesizing a series of 1-R-5-(N-tert-butyl-N-oxylamino)-
pyrazoles LR (R = Me, Et, n-Pr, i-Pr, n-Bu). The reaction of [Cu(hfac)z] with LR gives / \
rise to a variety molecular and polymeric chain heterospin complexes. N\

Chain polymeric [Cu(hfac)2L5] at room temperature undergoes to irreversible N
solid-phase transformation into binuclear [Cu(hfac).L¥]> (Figure 1). In case of A é,'
complex [Cu(hfac).L""]. the heating provokes a series of sophisticated
transformations into the chain polymeric [Cu(hfac)2L"P™®*] containing coordinated LR
diamagnetic pyrazolone L"“® (Figure 2). It is the first example of such
transformation for copper-nitroxide complexes.
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Figure 1. Phase transition of [Cu(hfac)2LE]into [Cu(hfac)-LF]>, dependence pei(T).
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Mixed-metal lanthanide complexes represent a relatively new field of objects that are actively studied due
to their application as color-tunable emitters, white light sources, luminescent thermometers and chemical
sensors. The performance of these materials is determined by the efficiency and kinetic parameters of
excitation energy transfer in the ligand-lanthanide!-lanthanide? system, and the efficiency of energy transfer
from one lanthanide ion to another depends significantly on the distance between metal atoms in the structure.

In this work, we have synthesized a series of mixed-metal complexes [(Ln'xLn21.xL133(H20)2], where Ln?,
Ln? = Eu, Tb, Gd, and HL! = 1-(1,5-dimethyl-1H-pyrazole-4-yl)-1,3-butanedione, HL? = 1-(1,5-dimethyl-1H-
pyrazol-4-yl)-4,4-difluoro-1,3-butanedione  [1], HL® = 1-(1,5-dimethyl-1H-pyrazol-4-yl)-4,4,4-trifluoro-1,3-
butanedione. Small distance between the lanthanide ions in the structure and the behaviour of lanthanide
luminescence decay curves indicate presence of excitation energy transfer from Th3* to Eu®*. A model of one-
sided energy transfer was developed and used in order to take into account the energy transfer in the fitting of
the decay curves, which led to a precise description of the experimental data.
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Figures 1,2. Correspondence of the developed fitting model to the experimental data, using data for complex
[Euo.25Tho.75L.23(H20)2] as an example.
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Luminescent materials are an integral part of many manufacturing industries such as LEDs, monitors,
glowing paints and many more. Organo-inorganic hybrids based on layered rare-earth hydroxides are one of
the new promising materials for the manufacture of phosphors. These compounds have become popular
because of their increased photostability relative to organic phosphors and their increased excitation range
relative to inorganic phosphors. In this work, the dependence of the photoluminescence intensity of an organic-
inorganic composite based on Gd-Eu on the content of Eu ions in the system was investigated.

Layered Gd-Eu hydroxides were synthesized using controlled double-jet precipitation at a constant pH =
8 [1] with the molar ratio of europium ions to the total content of rare earth ions in the layered hydroxide of 0.01;
0.1 and 0.15. After precipitation, the suspension was filtered, and the precipitate was washed with distilled
water and absolute isopropyl alcohol. The washed precipitate was dried at 50 °C for 24 hours. 2 g of the dried
precipitate was intercalated in 1 dm? of a solution of sodium salt of terephthalic acid with a concentration of
0.042 mol/dm3. Intercalation was carried out in an autoclave at a temperature of 90 °C for 24 hours. After
intercalation, suspension and sediment in it were subjected to the same treatment as after precipitation.

The synthesized hybrids were investigated by photoluminescence spectrometry with excitation by UV
radiation with a wavelength of 256 nm.
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Figure 1. The photoluminescence spectrum of hybrids containing 1 (1), 10 (2) and 15 mol. % (3) Eu ions.

The maximum photoluminescence intensity occurs at a wavelength of 612 nm. With an increase in the
content of Eu ions, the intensity of photoluminescence also increases, despite the fact that the intensity of
luminescence of similar oxide systems begins to decrease after the content of Eu ions is more than 10 mol%
[2]. Further work will be aimed at studying the mechanism of energy transfer in the system and at expanding the
range of the content of Eu ions.
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It is known that vanadium complexes are insulin-mimetics that affect the components of enzymes
responsible for carbohydrate metabolism in the body. This is due to the effect of vanadium compounds on the
activity of glucose-6-phosphate dehydrogenase. [1]

Until now, the mechanism and reactions of the interaction of vanadium-containing complexes with
carbohydrates and their phosphate derivatives remain unclear. The use of complex compounds of vanadium
(IV), (V) is promising due to their stability, low toxicity, and they can also be easily excreted from the body. [2]

In this work we studied the interaction of vanadium citrate complex Ki[V202(CeHsO7)2]*4H20 (1) with
carbohydrates of various structures - glucose, maltose, and phosphorus-containing compounds - carbohydrate
glucose-6-phosphate and alcohol - 3-glycerophosphate.

The interaction of aqueous solutions of carbohydrates and complex 1 at pH ~ 6-7 led to the production of
complex compounds of vanadium (V). Each complex was isolated as a colored crystalline powder from
aqueous solutions containing the original complex and a dissolved carbohydrate. The solutions were kept at
25°C; after a few days, crystalline precipitates formed on the bottom and walls of the vessels. The interaction
with phosphate-containing alcohols occurs in a similar way. All the compounds obtained have good solubility in
water and are insoluble in organic solvents and are air-stable.

By IR-spectroscopy, UV-spectrometry, *H and *C NMR, CHN-analysis was found, that the binuclear
citrate complex of vanadium (IV) is not destroyed during the reaction and is capable of oxidizing to the citrate
complex of vanadium (V), forming complex compounds with carbohydrates. [Fig.1] According to the studies
carried out, the complexes have the composition K4[V202(CeHsO7)2Rn], n=1-2. [Fig. 2]

K4[V3()_7_((‘6I-1607)2]"41130 + Carbollydrate (R) — K4[\/v202(C6H607)2Rn]

Figure 1. General reaction.
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Figure 2. Resulting compounds.
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Chiral titanium(IV) and vanadium(V) salen complexes were found to catalyse the synthesis of cyclic
carbonates from carbon dioxide and epoxides. Reactions could be conducted at room temperature and 50 bar
pressure of carbon dioxide or at 100°C and atmospheric pressure with catalyst concentrations as low as
0.1 mol% and co-catalyst (tetrabutylammonium bromide) concentrations as low as 0.5 mol%. The cyclic
carbonates formed were racemic and a mechanism is proposed which relies on Lewis base catalysis to activate
the carbon dioxide rather than Lewis acid catalysed activation of the epoxide as more commonly proposed for
catalysis by metal complexes

Keywords: salen ligand; carbon dioxide; cyclic carbonate; vanadium; titanium
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Figure 1. Formation of cyclic carbonates from carbon dioxide and epoxides.
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Some organoantimony(V) acylates show the antibacterial, antifungal, antitumor activities. That's have
been of great interest to researchers studying the organoantimony(V) compounds [1-3]. Also it may be used to
synthesize amides [4].

Exchange reaction between organoantimony(V) dihalides and silver carboxylates or three-component
reaction (oxidation addition) of organoantimony(lll) with hydrogen peroxide / organic peroxide and Brgnsted
acid is often used to study of this compounds [5].

We have attempted to synthesize tris(2,6-dimethoxyphenyl)antimony biscarboxylates (Fig. 1; Scheme a,
b).

Hypotetical reaction pathway

Ar3Sb + 2Ar[C(O)OH] + H,0, » Ar;Sb[OC(O)Ar], + 2H,0  a

Ar = [2,6-(OMe),CgHa)

Hypotetical reaction pathway

Ar3SbBr, + 2RC(0)OAg > Ar;Sb[OC(O)R], + 2AgBr b

Ar = [2,6-(OMe),CgHs]; R = 2,6-(OMe),CgHs, 3-(CsHyN)

AraSb + 2Ar[C(O)OH] + H,0, »  [Ar;SbOH][ArC(0)0]-2H,0 ¢
-ArC(O)OH
Ar = [2,6-(OMe),CqHal 1c
ArsSbBr, + 2RC(O)OAg »  [Ar;SbOH][RC(0)O] d
-2AgBr
Ar = [2,6-(OMe),CsHs]; R = 2,6-(OMe),CgHs{1d}, 3-(CsH N)2d} 1d, 2d

Figure 1. Reaction scheme for the synthesis of tris(2,6-dimethoxyphenyl)antimony acylates
and tris(2,6-dimethoxyphenyl)hydroxoantimony acylates

Monocarboxylate complexes were obtained instead of the expected triaryl antimony dicarboxylates (Fig.
1; Scheme c, d). All complexes displays an anionic part, the deprotonated carboxylic group and a cationic part,
the protonated tris(2,6-dimethoxyphenyl)antimony.

The structure of 1lc¢, 1d, 2d was established by infrared spectroscopy. Molecular weights of two
complexes determined by cryoscopic method suggest that they are monomeric and undissociated in CHCls.
Structure of 1c characterized by X-ray monocrystal diffraction. The antimony atoms display a defective
tetrahedral (ranges in bond angles CSbC 105.45(14)-116.81(15)° and CSbO 97.34(13)-109.36(13)°)
environment with additional intra-ion Sb...O (shortest intramolecular contact 2.864 A) contacts.
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Nitriles are important building blocks that are widely used both in the laboratory and industry. Electrophilic
or nucleophilic additions or asymmetric dipolar cycloaddition to the triple bond of nitriles are often an
indispensable tool for the creation of various functionalities [1-3]. However, utilization of nitriles in organic
synthesis is often difficult due to their inert nature, which even allows some of their related compounds to be
applicated as synthesis media. Efficient electrophilic (or nucleophilic) activation of nitriles can be achieved upon
their coordination to electron-poor, high-oxidation-state (or electron-rich, low-valent) metal centers [2,4].

Here we report that 2-pyridylselenyl halides undergo facile coupling with a triple CN bond of unactivated
nitriles (Figure 1).
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| + R—=N > @\\\N 3| CHs Cl
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1
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Figure 1. Synthesis of 3-5.
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Figure 2. Ball-and-stick representation of crystal structure of 3, demonstrating attractive Se---N interactions.
Grey and light-grey spheres represent carbon and hydrogen, respectively.

Unprecedented heterocyclization allowed the preparation of novel class of cationic 1,2,4-selenadiazoles
in remarkably high yields. Cationic 1,2,4-selenadiazoles form supramolecular dimers in the crystal via Se:--N
chalcogen bonding (Figure 2) [5].
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Recently, isocyanide gold complexes attracted attention due to their intriguing photophysical properties.
Luminescent gold(l) isocyanide complexes can be potentially used as sensors, probes and memory devices. [1]

Here we present a facile and efficient method for the preparation of gold(l) isocyanide compounds in
high yields under mild conditions. In previous works, similar isocyanide gold complexes were prepared from
organometallic Mg [1] or Li [2] precursors under inert atmosphere and subzero temperatures. Here we describe
a more convenient procedure: all reactions were performed at room temperature under air. In most cases,
target gold(l) isocyanide complex was easily isolated by slow crystallization in excellent yields (Figure 1).

(CH3),S-AuCl  + NEC

NaBPh, 14 \i
CHj

CH,4 CH,3
1 (90%) CHj 3 (88%)
n=c—au—d )
S
CHy
2 (90%)

Figure 1. Preparation of gold(l) isocyanide complexes.

Novel approach allowed us to prepare several new aryl- and heteroaryl gold(l) isocyanide complexes.
Interestingly, the latter organogold(l) isocyanide complexes were found to exist in several polymorphic
modifications in the solid state. Crystallization of complexes under various conditions afforded different
polymorphs: dimeric, trimeric, tetrameric or even higher nuclearity forms. Self-assembly in the solid state was
driven by the aurophilic interactions between gold(l) centers.
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Silver films and nanoparticles are the most commonly used metal antibacterial agents. This gives rise to
interest in the development of effective methods for their deposition onto the objects of nonplanar geometry,
such as medical implants. It has been recently shown that the traditional wet chemistry methods can lead to the
inclusion of impurities in the material composition, which affect the observed biological characteristics [1]. The
promising alternatives are metal-organic chemical vapor deposition (MOCVD) and related methods.

However, MOCVD of silver-containing materials is much less developed than for other noble metals [2].
The most likely reason is a very limited set of silver volatile compounds (precursors) that meet the requirements
for thermochemical properties. The main problem is the trend the form polymer structures of Ag(l) complexes
with anionic ligands that traditionally used for MOCVD precursors (beta-diketonates, carboxylates). Polymeric
compounds usually exhibit low volatility and thermal stability.

To reduce the structure dimensionality, the introduction of bulky substituents into the anionic ligand
and/or additional neutral ligands are proposed. In this work, we implement both approaches for silver(l)
complexes with beta-diketonate ligands (RC(O)CHC(O)R’). The aim was to reveal the influence of the
modification of ligands and metal coordination environment on the structure and thermal properties of the
complexes.

First, a series of monoligand beta-diketonate Ag complexes with C(CHs)s, C(OCH3)(CHz)2 and C2Fs
substituents instead of common CFs, CHs were produced. These compounds were characterized by elemental
CHN analysis, *C-NMR and FT-IR spectroscopy, single crystal XRD. It was shown that the introduction of bulky
terminal substituents in diketonate ligand transforms the layered polymeric structures (2D) to chain coordination
polymers (1D). The structural organization of the chains depends on combination of substituents, but the Ag-C
bonds are typical for all the structures (Fig. 1a). Inclusion of solvent molecules (MeCN, PhMe) to fill Ag
coordination sphere is also characteristic for these compounds. TGA has shown that the structure with the
longest Ag...Ag distances (the least tense) is the most thermally stable.

For some beta-diketonates, heteroligand Ag complexes with 1,5-cyclooctadiene (cod) were prepared. If
Ag(beta-dik):cod ratio is 1:1, these complexes are molecular; if this ratio is 2:1, the layered coordination
polymers are formed due to bridge function of cod-ligand (Fig. 1b).

Figure 1. Ag(l) coordination polymers: (a) [Ag(‘BUCOCHCO'BuU)]- (b) [Ag2(cod)('BUCOCHCOCF3)2]«.
Hydrogen atoms are omitted for clarity.
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N-heterocyclic carbenes (NHCs) are of ever-growing interest due to their enormous potential as
organocatalysts as well as ligands for metal-based catalysts.! Strong o-donicity makes saturated NHCs
versatile ligands with the ability to bind not only to d-block transition metals, but also to more electropositive
rare-earths. Catalytic properties of NHC-ligated rare-earth complexes are perspective but still underdeveloped
due to a mismatch between the hard rare-earth metal center and the relatively soft Lewis base nature of NHCs
possibly leading to the dissociation of NHCs in the presence of other Lewis bases (e.g. THF). Polydentate NHC-
ligands bearing anionic functions can be designed and successfully employed for the synthesis of metal
complexes possessing strong metal-ligand bonds, which, in turn, prevents undesired competition between
Lewis bases.

In the present work, bulky N-phenoxide fragments were chosen as substituents on the nitrogen atoms
adjacent to the carbene carbon. Rare-earth metal phenoxides are easily prepared and stable. At the same time,
they can serve as suitable pre-catalysts for the polymerization and hydrofunctionalization reactions.
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Figure 1. Synthesis of scandium halides

A series of NHC pincer pro-ligands was prepared in excellent yield using a general three-step approach.
In particular, a new expanded-ring NHC (er-NHC) precursor was designed and prepared. The compound has
shown diastereotopic behavior in chloroform-d solution. Reactions of the compound with the scandium tris(alkyl)
Sc(CH2SiMes)sTHF2 afforded corresponding scandium halides. It has been shown that a scandium-NHC
complex converts into a scandium-coordinated formamide within a short period of time.

Finally, the first example of scandium alkyl bearing pincer-type NHC ligand was obtained. The compound
adopts a dimeric structure where each scandium atom is six-coordinate with a slightly distorted octahedral
geometry. Synthesized compounds turned out to be active pre-catalysts for the polymerization of isoprene and
1-alkenes and hydrofunctionalization of unsaturated substrates.
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Artificial photosynthesis is one of the effective way to store solar energy (SE), which uses the principles
of chemical reactions involved in oxygenic photosynthesis (OFS) for photoinduced water decomposition. In the
process of OFS in the oxygen releasing active center of photosystem II, water is oxidized by single-electron
oxidizers — cation radicals P680+- - by reaction: 4 P680++ + 2 H:O — 4 P680 + Oz + 4H+.

This four-electron concert process is catalyzed by a manganese cofactor Mn4sOsCa the enzyme water:
plastoquinone oxidoreductase, which oxidizes water in the OFS. In artificial photosynthesis other transition
metals can perform the function of a manganese cofactor: Co, Ni, Fe, Ru, etc. Recently, much attention has
been paid to the development of stable high-activity catalysts for the oxidation of water in artificial
photosynthesis to create effective converters of SE into the energy of chemical bonds.

Ruthenium complexes with organic ligands show low activity due to the presence of organic ligands that
oxidize faster than water and low stability due to the presence of a labile bond Ru-O-Ru.

To create an active and stable ruthenium catalyst, the following approaches have been investigated:

1) replacing organic ligands in complexes with inorganic ligands;
2) replacement of oxygen bridge between ruthenium cores with nitrogen bridge;
3) the use of anti-cations in the synthesis of Li*.

In this work, a new inorganic binuclear complex of ruthenium with a nitrogen bridge and Li* anti-cations
was synthesized Lis[Ru2(u-N)CI8-2H2Q] (1). Its structure was studied by the method of PCA, physicochemical
and catalytic properties in the reaction of water oxidation in artificial photosynthesis. The bond Ru-N (1.71 A) is
shorter than Ru-O (1.86 A) in its oxygen analog Lis[Ruz(u-O)Clio-2H20]. In dilute aqueous solutions CI- ions are
substituted with OH- and H20. In acidic solutions, complex 1 is stable, in the IR-spectra a peak (Ru-N-Ru) is
preserved with v = 1075 cm for several days. Reduction of 1 in 3 M HCI solution occurs in the coordination
sphere of the tetra-nuclear cluster RusN2Os™ (m/z = 512.28), which catalyzes the four-electron oxidation of water
with formation of Oz:

2 [RUV-N-Ru] + 2 H20 = 2 [Ru"-N-Ru"] + Oz + 4 H*,

Catalytic oxidation of water by a single-electron oxidizer (NH4)2Ce(NOs3)s also occurs by a four-electron
mechanism:

4CeV+2H0=4Ce"+ 02+ 4 H"

ESI-mass spectrometry analyses of water oxidation reaction products are consistent with kinetic studies.
Nitride catalyst activity RusN20s* (TOF = 0.33 ¢1) ~ is 3 times higher than that of similar oxygen bridged catalyst
(TOF = 0.12 c1). The number of revolutions of the nitride catalyst RusN2Os* (TON = 360) ~ is an order of
maghnitude higher than ruthenium complexes containing organic ligands and labile bonds of Ru-O-Ru.
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0D organic-inorganic halides of ns? metal ions (Pb?*, Sn?*, Sb*") have recently gained attention as highly
efficient broadband light emitters [1-3]. In these ionically bonded materials the photoluminescence (PL) are
mainly centered at metal halide anions while the role of organic cations consists in the isolation of the ns? metal
ions. At the same time, the coordination of organic ligands may strongly affect the properties of metallic
luminescence centers, leading to high quantum yield photoluminescence (PLQY) and tunable optical properties
metal-organic halide complexes.

A new luminescent series trans-Pb(DMTU)4BrxClz2-x (DMTU = N,N'-dimethylthiourea, x = 0, 0.5, 0.61, 1.0,
1.73, and 2.0) was obtained by direct grinding of PbBr2 and PbCl. together with N,N'-dimethylthiourea, as well
as by the hydrothermal method. Their absorption, excitation and photoluminescence spectra and thermal
stability have been studied. The samples trans-Pb(DMTU)4Br2, trans-Pb(DMTU)4Cl2, trans-Pb(DMTU)4BrCl,
trans-Pb(DMTU)4BrosClus, trans-Pb(DMTU)4Br1.73Clo.27, Pb(DMTU)4Bros1Cli.3e under UV-light excitation exhibit
a bright broadband green emission with a high PLQY. When heated in air, the compounds first melt without
decomposition, and then undergo thermal decomposition at 187-197 °C.

A (B)

Figure 1. The compounds Pb(DMTU)4Cl2 and Pb(DMTU)4Br2 under day light (A, C) and UV-light excitation
365nm (B, D), respectively

Taking into account the determination error, it can be stated that the replacement of bromide ions with
chloride ions in general has a small effect on the quantum yield, the value of which usually lies in the range of
70-90%. The high PLQE of complexes can be explained by the formation of strong hydrogen bonds N-H---X (X
= CI, Br), which impart rigidity to the structure. The broad peak, large Stokes shift and long lifetime of PL
suggest that the (PL) of trans-Pb(DMTU)4Br«Cl2-x samples should originate from self-trapped exciton (STE)
3Pi—1S, transition.
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Halogen bonding (XB) is actively investigated type of noncovalent interactions, where an electrophilic
area on covalently-bound halogen interacts with some nucleophilic center [1]. In most cases, the nucleophilic
center is associated with lone pair or T-system on nonmetal atoms. Nonetheless, it was shown d® metal centers
in square planar complexes can also be nucleophiles due to sterically evaluable lone pairs on d-2 orbitals, for
example, in the formation of the C—I---Pd" and C—I---Pt" XBs [2].

In the Pt" > Pd" > Ni" row the nucleophilicity decreases, and the formation of the C—I---Ni" XBs is
complicated. In this work we show that it is possible in the case of strongly o-donating ligands, which increase
the energy of d;2 orbitals. The C-I--Ni" XBs (Figure 1) was achieved in the cocrystallization of
sym-triiodotriflurobenzene  taken as I-centered electrophile  with  nickel(ll)  nitrosoguanidinate
trans-[Ni(NH=C(NMe2)NN(O))2] [3] and nickel(ll) dithiocarbamate [Ni(Et2NCSz)2] [4]. The formation of the C—
I--Ni" interactions was detected by single-crystal X-ray diffraction experiments and confirmed by following
density functional theory calculations.

Figure 1. The C—-Ni" XBs.
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Earlier [1-3], the effect of an excess of phosphate ions on the degree of precipitation of barium and
lanthanide phosphates, as well as on the phase composition and particle size of the resulting phosphates, was
studied. In this work, the effect of lanthanide chlorides present in the melt on the precipitation of barium and
strontium phosphates was determined.

To determine the conditions required for complete removal of barium, the initial phosphate-to-barium
molar ratio in the melt was set at 0.5; 1.2; 1.8; 2.4 and 3.5. The residual barium content in the melt was
determined by the mass spectroscopy. Precipitated phosphates were subjected to X-ray powder diffraction
analysis. Particle size was determined by laser diffraction and examples of particle size distribution curves for
precipitates formed in (Na-K)Cl+LaCls+BaCl. based melts are shown in Fig. 1. The precipitates consisted of
particles ranging from 0.1 to 100 microns. Increasing the initial (Ba/La):PO4*" ratio resulted in increasing particle
size. The results of the X-ray powder diffraction analysis of phosphates are presented in Table 1.

Conttentt / %
w

N

100 1000

Particle size / pm

Figure 1. Particle size distribution curves for barium phosphate precipitated from (Na-K)Cl+LaCls+BaCl. based
melts at 1023 K. Initial (Ba/La):PO4* ratio was 0.5 (line 1); 1.2 (2); 1.8 (3); 2.4. (4); 3.5 (5).

Table 1. Precipitation of strontium and barium phosphates from alkali chloride based melts.

(Ba/La):PO4* ratio Solid Phase Composition
0.5 BasLa>O7, LaPOg4
1.2 NazBasLaz(PO4)sCl2, LaPO4, LasPO7
1.8 NazBasLaz(PO4)sCl2, LaPO4, NasCe(POa)2, LasPO7, La20s
2.4 NazBasLaz(P04)sCl2, LaPO4, LasPO7, La20a4, NasP207, NaBaPO4
3.5 NaBaPOas, NasP20O7
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The luminescence of lanthanide complexes with organic ligands is widely studied in connection with their
use as luminescent thermometers, OLEDs, sensor materials, and for the protection of banknotes and securities.
Most of the works of lanthanide complexes with organic ligands are devoted to B-diketonates and aromatic
carboxylates of rare earth elements (REE). The complexes of lanthanides with heterocyclic carboxylic acids is
significantly less studied. At the same time, these compounds have good absorption properties and photo - and
thermal stability. To create a well-luminescent lanthanides complexes, it is necessary to minimize the number of
OH -, CH-and NH-bonds in the complex molecules, which contribute to the effective quenching of the
luminescence of REE ions. Deprotonated ion TDA®* does not contain CH-, NH- and OH-groups that cause
luminescence quenching.

Previously, the structure of europium and gadolinium triazoldicarboxylates in our laboratory was
described [1], where, thanks to the replacement of the solvent with a DMF-water mixture, it was possible to
remove intra-sphere water molecules that cause vibrational quenching of Eu®* luminescence.

In this work, the optimal conditions for the production of crystals {(NMezH2)}[Sm(TDA) (HCOO)]*nH20
were described. It was shown that the pH of the solution should be 1.5, and the optimal synthesis temperature
is 160 °C. The crystal structure of this compound was described by X-ray diffraction. Two series of complexes
of mixed metals samarium-gadolinium and samarium-terbium with 1,2,3-triazole-4,5-dicarboxylic acid:
{(NMe2H2)(Sm1xGdx(TDA)(HCOO)}; {(NMezH2) (Sm1xThx(TDA)(HCOO)} were synthesized and characterized.

The luminescence spectra of the excitation and emission of these compounds were recorded. In the
luminescence spectra of the Sm-Gd series, Sm?* ion transition bands and ligand phosphorescence bands were
observed, while for the Sm-Tb series, the Sm** and Th** bands were observed together. The single-phase and
isostructural properties of the compounds were confirmed by X-ray diffraction.
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The preparation of complex compounds with benzotriazole derivatives is a promising direction due to
their wide application in pharmacology and medicine as drugs, since these compounds exhibit of biological
activity. Studies show that due to the structure of benzotriazole derivatives and the presence of several nitrogen
atoms, it is possible to obtain a variety of structures. In addition, some complex compounds with benzimidazole
derivatives have luminescent properties, but they are poorly studied.

In this work, a number of complex compounds of rare earth metals (Eu(lll), Tb(lll), Sm(lll), Dy(ll1), Gd(lll))
with  1-(1H-benzimidazol-1yl-methyl)-1H-benzotriazole (L) was synthesized. The complexes have been
characterized by elemental and powder X-ray diffraction analysis, and IR spectroscopy. The crystal structures
of some complexes have been determined by single-crystal X-ray diffraction analysis. In the compound
[Tb(L)2(H20)(NOs3)z]n one ligand molecule is coordinated in a bidentate-bridging mode by the nitrogen atoms of
the triazole and imidazole rings to form a polymer chain. The second ligand is coordinated monodentately by
the nitrogen atom of the imidazole ring. The coordination sphere of the metal ion is supplemented by six oxygen
atoms of three nitrate ions and one oxygen atom of a water molecule, thus the coordination nhumber of the
central atom is 10 (fig. 1).

Figure 1. Structure of the polymeric chain in the complex [Th(L)2(H20)(NO3)3]n.

The excitation and emission spectra, lifetimes of the excited states, and quantum yields of the ligand and
obtained complexes have been investigated. In emission spectra of lanthanide compounds complete or partial
energy transfer from the ligand to the emission level of the metal is observed. In the case of the europium(lll)
complex a complete energy transfer occurs, and in the samarium(lll), terbium(lll), and dysprosium(lll)
compounds there are partial transfer (fig. 2).
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Figure 2. Emission spectrum of the complexes [Eu(L)2(H20)(NOs3)s]n and [Th(L)2(H20)(NO3)s3]n.
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Nickel complexes based on nitrogen-containing ligands have deserved increasing attention as versatile
catalysts for a wide range of organic transformations, including ethylene oligomerization and polymerization.
Variation on the ligand nature at the nickel center leads to fine tuning of homogeneous ethylene oligomerization
products. However, the generation of catalytically active nickel complexes with nitrogen-containing ligands are
traditionally based on the use of flammable and toxic precursors [1,2]. Encouraged by the principles of "green
chemistry”, we are developing an alternative new electrochemical approach for obtaining organonickel
catalysts, based on a-diphenylphosphinoglycines and 2,2'-bibenzimidazoles. The use of the electron as an
“universal” and “inexhaustible” reagent is the main advantage of the electrochemical techniques applied for
preparation of chemical compounds of different classes.

Thus, this work represents the electrochemical properties of the ligands (a-diphenylphosphinoglycines
and 2,2'-bibenzimidazoles) themselves and the bidentate nickel complexes based on them (Figure 1).
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Figure 1. Cyclic voltammetry of ligand (2,2'-bibenzimidazole and a-diphenylphosphinoglycine) in the presence
of increasing amounts of nickel dibromide

The electrochemical reduction of 2,2' bibenzimidazoles allows obtaining their deprotonated form, suitable
for complexation with nickel precursor, which open up new possibilities in coordination chemistry. In the case of
the a-diphenylphosphinoglycine ligand at a potential of -2.2 V, the formation of a new reduction peak was
observed when the amount of nickel salt was increased, indicating the formation of a new complex based on
the a-diphenylphosphinoglycine ligand, which is in agreement with literature data for similar systems [3].
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The creation of artificial bone tissue substitutes is still a challenge for medical inorganic materials
science. The field of bioinductive materials has received abundant development since such materials can bind
to both bone tissue and soft tissue after surgical operations. In that field, bioinductive materials generally based
on amorphous or crystalline phases of the Na2O—-CaO-SiO>—P20s system are more preferred. Known methods
for obtaining materials in this system, included melting and glass homogenization or using a sol-gel technique,
are economically costly and multi-stage. An aqueous solution of sodium silicate Na20+nSiO2 which could be
used as a binder of biocompatible ceramic materials based on powders of synthetic calcium phosphates (CP) in
the Na2O—CaO-SiO2—P20s system allows to eliminate these disadvantages.

This work aimed to obtain a biocompatible ceramic material based on synthetic calcium phosphates and
the aqueous solution of sodium silicate with a given phase composition in the Na.O—-CaO-SiO2>—P20s system
intended for use in medicine.

In the research, highly concentrated suspensions consisting of dispersion medium and dispersed phase
were prepared. Synthetic calcium phosphate powders (hydroxyapatite, tricalcium phosphate and
pyrophosphate) were used as a dispersed phase. The aqueous sodium silicate solution with the silica module
(SiO2/Na20) = 2,87 was used as a dispersion medium. The composition of the initial powder mixture was
adjusted by adding calcium oxide CaO and sodium carbonate Na2COs.

Pre-ceramic semi-finished products in the form of blocks were obtained by moulding in silicone moulds,
and simple 3-dimensional layered geometric shapes were obtained by extrusion moulding using a syringe. The
samples hardening occurred spontaneously both due to polycondensation of an aqueous sodium silicate
solution and because of air-drying:

Na20+nSiO: + (2n-1) H20 + 2H* — 2Na* + nSi(OH)4
nSi(OH)4+ — (HO)3SiO(Si(OH)2)n-2 OSi(OH)s + (n-1) H20

Ceramic materials after firing at 1000°C consisted of sodium-calcium silicate NasCasSisO1s and B-
rhenanite B-NaCaPOa. The geometric density of materials for all samples after firing at 1000°C was 0.76 — 0.78
g/cm?, and the compressive strength was 2.5 — 3.5 MPa.

To sum it up, the highly concentrated suspensions based on synthetic calcium phosphates and the
aqueous sodium silicate solution can be recommended for porous composite biomaterials preparation with both
defined geometry and a porous architecture of implants using extrusion 3D printing. The approach proposed in
the current work allows one to achieve a given phase composition of composite biocompatible ceramic
materials in the Na.O—CaO-SiO>—P20s system.
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Cobalt (Il) tris-phenanthroline perchlorate and similar salts with polyiodide anions were synthesized and
structurally characterized. In crystals, complex cations are packed through numerous C—H---mm and 1r---1T
contacts, while iodine-containing anions are isolated and interact with the Tr-system of aromatic ligands.
Spontaneous oxidation of cobalt (I1) tris-phenanthroline with iodine leads to a crystalline product containing a
triply charged complex cation, triiodide anions, and molecular iodine. In the crystal, the anions and iodine
molecules form a framework of iodine atoms by halogen-halogen interactions, while complex cations are held in
this framework by C — H - I and | - 11 contacts and are not directly interact with each other. The study gives
some insights into the nature of interactions that can occur when dye-sensitized solar cells containing tandem
iodine and cobalt redox mediators operate.
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One of the main tasks of modern transition metal chemistry is the development of new powerful and
environmentally friendly methods for producing of new highly efficient low-cost homogeneous catalyst systems
based on complexes of group VIl 3d-metals (iron, cobalt, nickel) for the processes of oligomerization and
polymerization of ethylene using the electrochemical techniques with combination of coordination chemistry
principles [1].

This study aims to optimize the conditions of sustainable electrochemical generation of complexes of
nickel and other group VIII 3d-metals for application as homogeneous catalytic systems for ethylene
oligomerization process [2,3]. Figure 1 represents the scheme of the electrochemical synthesis of
N-heterocyclic carbene complexes of nickel based on imidazolium and benzimidazolium salts and a-phosphino-
a-amino acid derivatives [4]. The synthesis takes place at room temperature and does not require the
supporting electrolyte (since imidazolium salts and a-phosphinoglycine derivatives are an excellent conducting
material). Electrochemical approach represents the direct and highly reliable method for obtaining
organometallic compounds starting from metal plate and Imidazole derivatives or N- and P- substituted a-
phosphinoglycine systems, while classical methods involve multiple reaction stages and additional reagents.
Moreover, the use of the electron as an “universal” and “inexhaustible” reagent is the main advantage of the
electrochemical techniques applied for preparation of chemical compounds of different classes [5].
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Figure 1. New sustainable electrochemical methods for generation of catalytically active systems based on
group VIII metals for ethylene oligomerization
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Nowadays the development and the implementation of green energy sources is becoming extremely
important. Here, H-B-Al203 is regarded as an attractive material for the use as a proton conducting solid
electrolyte (SE) in low-temperature fuel cells. Thus, the aim of this work was to study the phase composition,
structure, and transport properties of H-B-Al2Oz ceramics. Precursor of Na20-6.5Al203 composition was
manufactured via pyrolysis, compacted into the membranes (h=5mm, d=30mm) at pressure 10 tons/cm? and
annealed at 1520 °C for 2 hours. H-B-Al20s SE was obtained by ion exchange technique of Na-B-Al2Os
membrane in HNOz and H20 at room temperature. lon exchange was controlled in water using conductometry
(inoLab Cond7110) and in acid using atomic emission spectroscopy (ICPE-9000). The degree of substitution of
Na* for H* in an acidic medium was calculated. Structure of H-B-Al2Os SE was examined by XRD (SHIMADZU
XRD-6000), hydrostatic weighing (RADWAG WAS 220/X), SEM and EDX techniques (Hitachi S-3400N). The
transport properties of SE were investigated using EMF method in the cell shown in Fig. 1 at three different
initial concentrations of hydrochloric acid and potassium hydroxide (0.1, 0.2, and 0.4 N).

Combined
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/

Figure 1. Installation diagram for the experiment.
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The Na* to H* exchange results in the peaks intensity enhancement in the XRD pattern without shifting
their positions. The resulting diagram corresponds to the protonated p-alumina phase. Via SEM and EDX it was
found that both - and B"-alumina are present in the SE structure. Na* is exchanged by a H* in the B-alumina
phase only, no substitution occurs in sodium B"-alumina phase. The density was measured by hydrostatic
weighing before and after the exchange. Diffusion and self-diffusion coefficients were calculated from the EMF
data for the proton and potassium cation. The values obtained correlate well with the literature [1]. It was
suggested that proton transport is carried out through the H-B-alumina and CI- transport takes place through
sodium B"-alumina.
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Chlorosilanes have an important practical application, in first regard, as sources for semiconductor
materials of different types [1]. The silane oxide films play a crucial role in the production of these systems. The
direct reactions of chlorosilanes oxidation at ambient conditions is a poorly controlled process that does not
lead to the formation of a homogeneous film. Besides, such an oxidation leads to the hydrolysis of the sample,
because it is difficult to dry the oxidation gas completely [2]. Nevertheless, it was showed that in the near-
surface area thin layers of various molecular structures, having properties that are not available at standard
conditions, can arise [3]. In this work the oxidation process of tetra-, tri-, di-chlorosilanes by atmospheric air in
combination with the thin layer generation and in-situ IR study was carried out.

For generation of thin layers combined with the IR spectral control of this process in-situ, the following
procedure conducted in the argon box was used. The sample was placed under a Teflon gasket (1 mm thick)
on a KBr optical window to prevent falling into the optical beam. Then the gasket was covered by another
window, and both windows were placed in the holder for spectra recording. Spectral measurements were
carried out for a certain time, during which the sample was left between the windows in the open air at ambient
conditions. The spectra recording was repeated every day for a month.

In Fig.1 the dynamic of spectra changing in time for SiCls (left side) in comparison with its liquid and gas
spectra (right side) is shown. The spectrum 1 was recorded in 10 minutes, spectrum 2 — 7 days, spectrum 3 —
21 days, and spectrum 4 — one month after sample preparing. The main results of experiments confirm that
chlorosilanes, which are very sensitive to oxygen and water vapor action, remain intact in the generated system
for a long time, although the layer composition changes. In spectrum 1 the bands of liquid (at 603 cm™) and gas
state (at 620 cm™?) of SiCls are observed. In spectra 2-4 the intensity of gaseous band in series decreases and
disappears in spectrum 4. At the same time, the intensity of silicon oxide bands at 1075 and 803 cm™ grows.
The bands, assigning to O-H stretching vibrations, which can appear owing to hydrolysis, were not detected at
all.
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Figure 1. Spectra fragments of SiCls in Si-Cl stretching region

The IR spectra of tri- and di-chlorosilanes recorded in time show similar features. The initial silanes are
capsulated in the silicon oxide film, forming on the optical window, and their spectra remain with minor changes
for a long time. The bands of O-H bond vibrations are absent in all recorded in time spectra. The band
intensities, assigning to silicon oxide film, grow while the ones belonging to silanes decrease. It means that the
oxide film is sufficiently flexible for oxygen penetration, but the hydrolysis of silanes does not occur.

Thus, it can be resumed that at silanes oxidation-hydrolysis process in the generated thin layers with the
atmospheric oxygen and water vapor forms a silicon oxide film that contains encapsulated silanes, and this film
protects substances from further destruction of initial structure.
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Nowadays, titanium-based alloys are the most widely used materials for the manufacturing of implants
and other devices for orthopedics and reconstructive surgery. Nevertheless, a special surface functionalization
is required here to improve biocompatibility and impart antibacterial properties. This can be achieved
simultaneously by using film heterostructures based on Ir and Ag/Au, which have improved biocide effect [1]
and high corrosion resistance in biological media. For this purpose, we propose metal-organic chemical vapor
deposition (MOCVD) as a precision method that allows obtaining coatings on complex shapes objects.

This work was focused on obtaining of metal Ir coatings on Ti alloy (VT-6) and TiNi substrates by
MOCVD. Recently, the hetero-ligand Ir(I) complexes with beta-diketonate derivatives have been declared as
suitable volatile precursors, but they are not sufficiently investigated [2]. Herein, we presented a series of
complexes [Ir(cod)(L)] (cod = cyclooctadiene-1,5, L = different anionic ligands) to study the impact of the
terminal substituents and metal coordination environment on the thermal properties of the precursor (Fig. 1).

L=diketonate L=p-ketoiminate L=pB-ketohvdrazonate

Ne (1
B : = Ne | 10 11
L | hfac | tfac | ptac | btfac | acac | thd L | i-acac | Mei-acac | Mei-tfac
R! |CF; |CF; |CF; |CF; CH; | ‘Bu R |H CH; CH; k| dmb
1 A )
R* |CF; |CH; |Bu | Ph CH; | 'Bu R! | CH; CH; CF; e s

Figure 1. Hetero-ligand complexes [Ir(cod)(L)], studied in this work.

The complexes were synthesized in inert atmosphere with approximately 80% yields. Complexes 3 and
4, 7-11 were obtained for the first time. The compounds were characterized by elemental analysis, IR and H
and 3C NMR, and powder XRD. The thermal properties of complexes were investigated by differential scanning
calorimetry, thermogravimetry and tensiometry. The sublimation thermodynamic parameters were calculated.
The volatility row of the complexes is following: L=1>2>3>4>5>9>6>7>8>4,

Compound 5 was selected for more detailed investigation and coating preparation. The suitable MOCVD
parameters were determined based on tensiometry and in situ mass-spectrometry data. To obtain the coatings
with developed morphology, oxygen was applied as a reagent gas. The effects of the deposition temperature
(290-350 °C) and amount of introduced oxygen (2-8 I'h't) on the composition (Ir, Ir + IrO2) and microstructure of
the samples were studied. It allowed obtaining Ir coatings by MOCVD on Ti-based alloys for the first time. To
assess the biocompatibility, the toxicity of the Ir/Ti, Ir/TiNi samples to human fibroblast cells was examined in
dynamics. The results obtained were explained based on the coating microstructures.
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Hexarhenium octahedral complexes based on {ResQs}>*** (Q = S, Se or Te) cluster cores have been
attracting a great attention over the last decades. The general formula of such complexes can be denoted as
[{ResQs}Ls]™, where L = organic or inorganic apical (outer) ligands. While the cluster core is a stable unit of the
complex, apical ligands can be substituted or modified by various chemical reactions. This feature makes it
possible not only to obtain new cluster complexes, but also to affect their physicochemical properties. Moreover,
the judicious choice of outer ligands allows considering hexarhenium cluster complexes as attractive building
blocks for supramolecular arrays. In 2019, our group reported two new complexes with six sulfite apical ligands
[{ResSs}(S03)6]*% and [{ResSes}(SO3)e]'*~ [1]. To the best of our knowledge, they became the first examples of
octahedral metal cluster complexes with so high negative charge. In addition, these complexes exhibit a bright
red photoluminescence and can form colloids with Gd3* ions, which possess great values of magnetic relaxivity
[1]. In present work, we introduce our latest advances in studying reactivity and properties of these specific
clusters.

It was found that reactions of [{ResQs}(SOs)s]** (Q = S or Se) with neutral organic coordinating species L
led to formation of mixed-ligand uncharged complexes with the [{ResQs}Ls(SO3)] composition. It should be
noted that there are not so many examples of hexarhenium octahedral clusters with such ratio of apical ligands,
so the further study of ligand exchange reactions in [{ResQs}(SOz3)6]'°~ complexes can widely extend the number
of apically heteroleptic Res cluster compounds. In addition, it turned out, that sulfite clusters have a great affinity
to alkali earth metals. Insoluble crystal powders containing Ba?*, Sr?* and Ca?* cations and [{ResQs}(SOz)s]**
anionic units were obtained from aqueous solutions. Some details on syntheses, structures and
physicochemical properties of the above-mentioned compounds will be presented at the conference.

M = Sr?*, Ba?*
—_—

M;[{Re;Qz}{S0;)]-nH,0 Q=s, e
L
— — [{RegQg}L5(SO;)]
CaZ
Ca,Na,[{RegS:}(SO;)¢]-nH,0 ‘T

[{Re¢Qg}(50;)¢]** (Q =S or Se)
Figure 1. Reactions of [{ResQs}(SO3)e]'% (Q = S or Se)
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In this work the supramolecular assembly of binuclear cyclometallated complexes [Pt(CAN)(u-N"S)]z
(C"N - 2-phenylbenzothiazole and 1-phenylpyrazole derivatives, NS - 2-mercaptopyridine and 2-
mercaptobenzothiazole, 2-mercaptobenzimidazole, 2-mercaptobenzooxazole derivatives) adducts with
haloarenes (1,4-diiodotetrafluorobenzene, 1,1'-diiodoperfluorobiphenyl) via a halogen bond was demonstrated.
When 1,4-diiodotetrafluorobenzene is used, trimers of the Pt" type ---Pt"---I(AreneF)l---Pt"--- are formed, while
the addition of 1,1'-diiodoperfluorobiphenyl leads to the formation of polymer chains ---Pt"---I(AreneF)I---Pt"---_ It
was found, that due to Pt" — Pt" orbital interaction, the basicity of the outer d-?[Pt"] orbitals increase, which leads
to the binding of the iodine atom to the o-hole. According to DFT and NBO calculations, the interaction energy
(Arene) | -+ dz? [Pt"] is estimated from —12 to —8 kcal/mol, which is accompanied by a significant contribution of
donor — acceptor interactions, indicating moderately strong halogen bonds in the supramolecular adduct
performing important structure-forming function. The data obtained by CV, %Pt NMR and molecular
spectroscopy show that halogen bonds are retained in solution.
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Over the past two decades, the field of application of gold-containing materials has been steadily
expanding due to the fact that coordination compounds of gold exhibit unique catalytic, light-emitting,
pharmaceutical and other practically useful properties [1-3].

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 [4]; 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.

CNR
Cl—Au-S — > Cl—Au—C—=N—R - - -
CCh ciN{Dcl caNnDBr  cEN -
1 RT, 15 min 2a—c a b c

Figure 1. Scheme of the synthesis of gold (I) halide complexes with isocyanide ligands.

According to X-ray diffraction data, all the complexes obtained have a linear structure of the coordination
sphere of the metal center, which is in good agreement with the existing concepts of the structure of gold(l)
complexes. In the structures of complexes with halogen-substituted aromatic isocyanides, the formation of
supramolecular 1D polymers can be traced (fig.2).

Br
[ S — Cl Au

Au

w -

Figure 2. Fragment of the structure of compound 2b.

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 exhibit photoluminescence in the range of 400-500 nm, which corresponds to the
spectrum blue.
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Nickel compounds are widely used in the battery and power generation industries because of their high
electrical conductivity, thermal and chemical stability, and low cost. An increase in the specific surface area and
porosity of nickel hydroxide and oxide makes it possible to accelerate the catalytic reactions of materials due to
an increase in the contact area with the electrolyte and the length of the three-phase boundary (TPB) in the
SOFC anode [1]. Traditional methods for producing nickel hydroxide and oxide include electrochemical and
chemical precipitation. The latter method involves the use of hydrothermal synthesis and hydrolysis in a urea
medium at elevated temperatures [2], which increases the cost of obtaining materials. The controlled double-jet
precipitation (CDJP) is a promising method to produce metal hydroxides from aqueous solutions. It makes it
possible to control the properties of the precipitates obtained by varying the synthesis parameters and the
modification of solutions of metals and a precipitant.

Nickel hydroxide was obtained by simultaneous dropwise of aqueous solutions of nickel nitrate and
sodium hydroxide into the reaction volume while maintaining the pH value at 8 with constant stirring. The
experiments were carried out in the absence and presence in the starting reaction volume of sodium nitrate (at
a concentration of 1 mol/L). The resulting precipitates were dried in air at room temperature and calcined at 500
°C in a muffle furnace. The samples were studied by laser diffraction on an Analysette 22 NanoTec plus
(Fritsch). The surface parameters of the synthesized oxides and hydroxides were studied using a Nova 1200e
gas sorption analyzer (Quantachrome) by the BET method.
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Figure 1. Average particle diameter

It was found that the addition of sodium nitrate to the initial reaction volume increases the average
particle diameter of the precipitates after drying and calcining to oxides (Fig. 1). This can be explained by the
partial negative charge on the particles, which are formed as a result of the selective absorption of NO3z™ ions.
As a result, some OH- ions cannot interact with the particle and increase its size, and therefore the number of
particles in the system increases in comparison with the sample synthesized without the introduction of sodium
nitrate - from 6-10% to 2:10%? pcs. The abrupt change in the average diameter during heat treatment is
explained by the decomposition of agglomerates during drying and coalescence of particles during heat
treatment. The specific surface area of the oxide obtained with the addition of sodium nitrate was 72 m?/g,
which is higher than the value for the oxide obtained without the addition — 28 m?/g. Sodium nitrate can act as a
surface stabilizer and prevent the disappearance of pores in the material.
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Nowadays, rhodium complexes are widely spread in homogeneous catalysis. Most of them are based on
cyclopentadienyl ligand, which supports rhodium atom in a catalytic cycle. Indenyl ligand is isolobal to
cyclopentadienyl one and can also be used as a supporting ligand. Although the numerous examples of indenyl
rhodium complexes have been used in catalysis [1,2], they are poorly suitable for most of C-H activation
processes due to weak indenyl-rhodium bond. This problem can be solved by indenyl functionalization, such as
introduction of methyl substituents into the indenyl ligand [3,4]. However, the methylated indenes are not
available, because their synthesis requires multi-step procedures.

Herein we report a simple approach to tetrahydrofluorenyl rhodium complexes, which are more stable as
compared with unsubstituted indenyl analogs. In particular, complexes with different auxiliary ligands: alkene,
halogen, bipyridyl, cyclopentadienyl, arene, and dicarbollide were synthesized (Scheme 1). The halide
derivatives 2a,b showed high catalytic activity in numerous catalytic processes of C-C and C-N bond
construction (Scheme 2). X-ray structures and mechanistic details of some processes will be also discussed.
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Scheme 2. The investigated catalytic reactions
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Cyclometalated Pt(ll) and Pd (lI) complexes have been attracting attention due to their unusual
photophysical properties depending on variable weak interactions [1]. Such weak interactions as intermolecular
-1 stacking and metal orbitals overlap usually cause bathochromic shift in emission bands in comparison with
the isolated monomeric species [2,3]. This feature affects luminescent intensity and color tunability. However,
being neighboring metals in one group, Pt(ll) and Pd(Il) surrounded with the same ligand environment
demonstrate distinct photophysical behavior. Metallophilic interaction in Pd(Il) complexes in contrast to Pt(ll)
species is significantly more distance-demanding, thus resulting in a far less examples in the literature [4]. In
this regard, the study and comparison of square-planar complexes based on Pt(ll) and Pd(ll) are of high
interest.
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Figure 1. Synthesis of the binuclear complexes

In this work we describe preparation of binuclear [M(N*N~C)].CN(BARF) and [M(N*C"N)].CN(BARF)
(M=Pt, Pd) complexes and compare their photophysical properties. N*N*C and N*C”N ligands were chosen in
terms of scaffold isomerization. The results obtained reveal the significant difference between aggregation
capacity of the objects.
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Cyclometallated complexes of platinum metals have been used as photosensitizing dyes in DSSC.
However, the improvement of the device requires knowledge of how the variation of ligands or metals affects
the target optical and electrochemical characteristics of the dye and its stability. Among metal-based dyes
iridium(l1l) complexes appeared to be the most stable and they have been successfully examined in solar cells
while their rhodium(lIl) analogues have not.

In line with this, the aim of the work was to disclose how the replacement of iridium (ll1) by rhodium(lll) in
heteroleptic cyclometalated complexes affects their optical and redox properties, and to identify correlations
between substituents in the B-diketonate ancillary ligand and the above-mentioned properties of the complexes.
For this purpose, two similar sets of cyclometallated rhodium (lll) and iridium (Ill) complexes with 2-
phenylpyridine and various aromatic p-diketones were synthesized. The resulting compounds were
characterized by *H NMR, high-resolution mass spectrometry, and X-ray diffraction.
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Scheme 1. Synthesis of cyclometallated complexes.

UV-Vis spectroscopy showed noticeable shifts of the long-wavelength maxima in the spectra of the
complexes upon the variation of the substituents in B-diketones while the change of the metal dramatically
altered the UV-Vis spectra. In turn, the variation of B-diketones resulted in just a modulation of redox potentials
of the complexes and considerable shifts were achieved by the change of the central ion.
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Halogen bonding (XB) is a type of intermolecular interactions, where halogen atoms serve as
electrophilic centers [1]. This type of interactions is actively investigated in recent years and can be employed in
material science, catalysis, and biochemistry of halogen containing compounds.

XB may be formed both between electroneutral particles and ions. Diaryliodonium cations [Arzl]* are
typical cationic XB donors toward halide and pseudohalide anions. For thiocyanate anion SCN-, only few
examples of interionic XBs with I-centered cationic electrophiles were reported [2-4].

Although selenocyanate SeCN~ is an analog of thiocyanate, no interionic XBs with SeCN~ were reported,
and halogen bonds involving this nucleophile are known only with neutral iodine(l) XB donors [5].

In this work, we reported synthesis and crystallization of diaryliodonium thiocyanates [Ar2[]SCN [6-7] and
selenocyanates [Arz21]SeCN. In solid state, the XB supported interionic interactions (Figure 1) were found by
single-crystal X-ray diffraction experiments. The existence and nature of noncovalent interactions were studied
by following theoretical calculations.
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Figure 1. Heterotetrameric supramolecular aggregation in diaryliodonium thiocyanates and selenocyanates.
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Spier's catalyst, which is a 0.1N solution of H2PtCls « 6H20 in isopropyl alcohol [1], has been widely used
in hydrosilylation [2] and dehydrocondensation [3] reactions.

It was noted [4] that during storage of the Spier's catalyst, acetone, HCI, and H2PtCls appear in its
composition. This indicates a partial reduction of Pt to Pt'. With prolonged storage, the content of HCI and
acetone increases; therefore, an absorption band in the region of 1705 cm-1 appears and intensifies in the IR
spectrum, and the reduction of Pt and Pt" proceeds even deeper (to Pt%, as evidenced by the release of
metallic platinum. Thus, platinum can be present in the catalyst in several forms.

The results of studies of the Spier's catalyst with a two-week exposure allowed informing the authors of
[5] that the Spier's catalyst contains in its composition the complex H [(CsHe) PtCls].

We prepared, by analogy with Spier's catalyst, a solution of hydrogen hexachloroplatinate in 2-octanol.
Changes in its composition on heating were observed by IR spectrometry, 13C NMR spectroscopy, and GLC.

After 11 hours, a black precipitate was observed - metallic platinum. The study of the reaction mass by IR
spectrometry made it possible to record an intense absorption band in the region of 1712 cm, which is
characteristic of v for the C = O bond. A chemical shift in the region of 208 ppm appeared in the 3C NMR
spectrum, which also confirmed the formation of octanone-2. This fact was also confirmed by GLC. The
formation of octene-1 and octene-2 was not confirmed by any of the above methods of analysis. Based on the
foregoing, we propose the following reaction scheme (Fig. 1).

t°C
H,PtCls*6H,0 + 2CH3;CHOH(CH,)sCH; — Pt¢ + 2CH;3C(O)(CH>»)5;CHj3 + 6HCI + 6H,O
Figure 1.
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One of the important and rapidly developing directions of modern medicine is non-invasive diagnostics of
bronchopulmonary, cardiovascular, gastrointestinal and other diseases. The change of the composition of
components released during exhalation can point to the presence of a disease. For example, ammonia
concentration more than 1 ppm indicates renal failure in nephritis, atherosclerosis of renal arteries, toxic
affections of kidneys and other diseases [1-2]. Among numerous organic semiconductors, thin films of
fluorinated phthalocyanine (MPc) derivatives are of considerable interest as active layers of chemiresistive
sensors because of their high thermal and chemical stability combined with their unique electronic properties.
Introduction of various substituents into the phthalocyanine macrocycle can significantly alter the films structure
and morphology and in its turn leads to the change of their electrical and sensing properties. It is known that the
influence of F-substitution on the orientation/morphology of the obtained films of investigated phthalocyanines
will allow to change and improve their conductivity and sensor properties.

In this work, tetrafluorosubstituted and hexadecafluorosubstituted metal phthalocyanines MPcFx (x = 4,
16; M=Co, Cu, Fe, Pd, VO, Pb) were investigated. Structures of single crystals of MPcFx were also determined
(fig. 1). Thin films of the investigated metal phthalocyanines deposited by organic molecular beam deposition
were studied as promising chemiresistive active layers for the selective detection of low concentrations of
ammonia (0.1-50 ppm). A combination of spectroscopy methods and X-ray diffraction techniques were used to
reveal the effect of F-substituents on the phthalocyanine thin films structure. Sensor properties of MPcFx films
toward gaseous NHsz (0.1-50 ppm) were studied by chemiresistive method and also compared to those of
unsubstituted MPc to reveal the effects of F-substituents on the sensing performance. The sensor properties of
the films before and after annealing, toward ammonia in the presence of CO2 and vapors of water and volatile
organic compounds as well as in a gas mixture simulating exhaled air were investigated. All investigated films
demonstrated fully reversible sensor response toward ammonia, had rather low response and relaxation times
and low detection limits. It was shown that MPcF4 films demonstrated the best sensor response to ammonia in
the presence of some interfering gases and were promising active layers for chemiresistive sensors for the
detection of ammonia in exhaled air.

CoPcF,

Figure 1. Molecular packing of CoPcF4 and VOPCcFa.
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Calix[4]arenes in the cone conformation are attractive polydentate ligands for formation of discrete
supramolecular structures (clusters) with both of d- and f-elements displaying different functional properties, for
example, monomolecular magnetism (SMM) [1-3]. The using of the upper rim substituted macrocycles, the
involvement of chelating co-ligands in the coordination sphere and a varying of nature of metallic cluster core
(Scheme 1) make possible to control the magnetic properties of resulting metal clusters.

This work reports on the synthesis and study of the structure of homometalic manganese and
heterometallic manganese/lanthanide clusters based on (thia)calix[4]arene (X=CH2, S) and their upper rim
derivatives bearing substituents of different nature (R = -H, -tBu, -Adamantyl, -NO32). In addition, the influence of
chelating co-ligand (pyridylmethanol, bipyridine, phenanthroline) on the magnetic properties of the obtained

metal clusters will be discussed.
/ ’ control on\
—) - magnetic

chelating co-ligand properties

v  1Ne

nature of macrocycle nature of the metallic

cluster core
upper rim substituted
calix[4]arenes

Scheme 1. Design of new magnetically active clusters using calix[4]arenes (X = CHz) and thiacalix[4]arenes
(X = S) containing different substituents on the upper rim (R = tBu-, Adamantyl-, H, -NO2) and chelating
co-ligands.
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pH value is a crucial parameter for biological systems, playing a vital role in physiological processes,
such as transmission of nerve impulses, ion transport and protein metabolism. It is therefore possible to detect
cancer and Alzheimers among other diseases, based on intracellular pH measurement.
Nowadays there is a significant demand for high precision in vivo pH-sensors development in the field of
biochemistry and pharmacology. [1,2]

In the course of our research we have designed, synthesized and investigated the photophysical
properties of Ir(lll) phosphorescent complexes (Figure 1), demonstrating a linear pH-dependency of the
analytical signal. In our study we have exploited the Férster resonance energy transfer (FRET) mechanism to
create a sensor for in vitro pH-measurements based on phosphorescence lifetime imaging (PLIM). Moreover,
hydrophilic oligoethylenglycol fragments were introduced to the CN-ligand structure of the Ir(lll) complex
(donor), along with a pH-sensitive NN-ligand (acceptor). The NN-ligand absorption band undergoes a significant
shift once the pH is changed, which in turn alters FRET-pair spectral overlap.
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Figure 1. Ir(lll) phosphorescent complexes, demonstrating a FRET-based luminescence pH-dependency
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Half-sandwich rhodium complexes with cyclopentadienyl ligands are widely used as catalysts for various
organic transformations, most notably for activation of C-H bonds in arenes.[1,2] Herein we describe the
synthesis of new rhodium catalyst for such reactions. The intriguing feature of this catalyst is the bulky planar-
chiral cyclopentadienyl ligand, which was constructed from four molecules of tert-butyl-acetylene (Figure 1).

Bu
~,BU
ol tBu@ v’ 'Bu substituents in the rigidly fixed
| “jh” T RA l 40eq '‘BUC=CH Rh Bu ring may provide for chemo- and
- Sa” N EtsN, CH,Cl, / \ regioselectivity

\_\"/60-65% Y the planar chirality of the ligand.

Figure 1. Formation of (‘BusCp)Rh(cyclooctadiene).

Oxidation of the rhodium(l) complex (‘BusCp)Rh(cyclooctadiene) with chlorine or bromine gave the
rhodium(lll) complexes (‘BusCp)RhX2 (X = CI, Br) in high yields (Figure 2). The X-ray diffraction studies
revealed that complexes are monomeric despite having unsaturated 16-electron metal centers. The racemic
chloride complex had been separated into enantiomers by the preparative thin-layer chromatography in the
presence of R-phenylglycinol.

By t t OH t
~Bu Bu\tBu | tBy_ Bu Ph>___/ Bu\tBu
tBu—@t cl, tBu@ ; %tsu H,N tBu@
gl T = S =y
N Hexane Rh l Rh Enantiomer Rh
—=\/— Cl, ' Cly discrimination Clp 20%
i N / 16 valence electrons TLC. then HCI 0
85% » then ee > 99%

Figure 2. Synthesis and structures of Rh(lll) halide complexes with 'BusCp ligand.

Complex 'BusCpRhCI2 catalyzed the reactions of O-pivaloyl-phenylhydroxamate with unsubstituted
ethylene and acetylene giving the corresponding heterocycles in excellent yields (Figure 3). Similar reactions
with substituted substrates such as 1-hexene and 1-hexyne gave low yields of products with moderate
enantioselectivity.

O tBl.l 0
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Figure 3. Catalytic performance of the complex '‘BusCpRhCl2 in annulation of O-pivaloyl-phenylhydroxamate
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Coordination polymers derived from transition metals have been of ever-growing interest as materials
with different properties of value. We report synthesis and characterization of discrete dinuclear heteroleptic
complex [Cdz(u1,3-NCS)2(NCS)2(L")2]*4MeOH (1-4MeOH), where L' is the product obtained by hydrolysis of one
of the 2-PyC(Ph) groups of the parent Iligand 1,2-diphenyl-1,2-bis-((phenyl(pyridin-2-
yl)methylene)hydrazono)ethane (L). Complex was synthesized from a mixture of Cd(NOs)2:4H20 and NH4sNCS
in methanol. Using of EtOH and iPrOH as reaction media, crystals of the discrete dinuclear heteroleptic
complex [Cd2(u1,3-NCS)2(NCS)2(L)2] (2) and polymeric complex of the composition [Cd3(NCS)s(L)]n (3),
respectively, were obtained (Figure 1). Solvents used act as a structure-directing medium, yielding various
types of complexes with the same reagents. Bulky helical ligand L in the isolated complexes shows an
uncommon example of quasi-aromatic Mobius motif due to different types of Tr-interactions in each complex. At
the same time the Cd" atom does not directly participate in delocalization [1].

1) €d(NO,);
2) 2 NH,NCS
l MeOH, 60 °C l EtOH, 60 °C l iPrOH, 60 °C
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Figure 1. Synthesis of Complexes.
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Cyclometalated complexes of iridium(lll) can be used as dyes in solar cells, where they interact with an
iodine-containing redox mediator. The study of these components in the liquid phase seems to be a difficult task
while in the solid state, assuming the same nature of the charge transfer processes, it is rather easy to inspect
these components by a powerful single-crystal X-ray analysis. For this purpose, cyclometalated iridium(lll)
complexes based on benzimidazole ligands containing halogen substituents combined with polyiodide anions of
various architecture were selected.

Experimental work was carried out in two steps. We synthesized bromo-substituted (in the para- and
meta-positions) 2-arylbenzimidazoles (Scheme 1), 4,4'-dicarboxy-2,2-bipyridine and dipyrido[3,2-a:2',3"-
c]phenazine as ancillary N-donor ligands. A series of cyclometalated iridium(lll) p-chloro-bridged dimers
(Scheme 2) and cationic heteroleptic complexes was obtained (Scheme 3) and characterized by *H, 3C NMR,
high-resolution mass spectrometry and X-ray diffraction.
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Scheme 1. Synthesis of 2-arylbenzimidazoles.
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Scheme 2. Synthesis of dimeric chloride cyclometalated iridium(lll) complexes.
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Scheme 3. Synthesis of cationic heteroleptic iridium(lll) complexes.

The cationic complexes were mixed with different iodine species and the resulting crystalline salts were
studied by X-ray analysis and Raman spectroscopy.
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Near-IR luminescence is currently attracting interest due to important technological applications in
telecommunications and visualization. Ytterbium coordination compounds (CCs) are among the most promising
NIR emitters because narrow emission bands. In our laboratory, it was found that the lanthanides CCs with 2-
(tosylamino)-benzylidene-N-(aryloyl)-hydrazone demonstrate a high NIR luminescence QY (up to 1.4%), high
absorption (up to 30000 (M<cm)-1), but low solubility, that results only in the one OLED emissive layer material
demonstrated electroluminescent efficiency up to 50 yW/W [1-2]. To further optimize the properties of these
compounds, we examined the effect of ligand halogenation on the solubility of these compounds (Fig.1a).
Moreover, we studied the effect of the substitution by electron-donating and electron-acceptor fragments
(Fig.1b) on the charge carrier mobility and, consequently, the OLED performance of the corresponding
ytterbium with 2-(tosylamino)-benzylidene-N-(aryloyl)-hydrazones.

o)
I N—NH
S—NH —N 0
H \ R NPh2 cb:
o HN Ry H,L" 4 RS R
N N
YN YN Y \, Y \,
Ry S o ¢} [}
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Figure 1. The structural formula of a) aryloyl-substituted b) halogen-substituted derivatives of 2-(tosylamino)-
benzylidene-N-(aryloyl)-hydrazones (HzLR).

The synthesis of the lanthanides CC was carried out by the reaction.
LNn(OH)3(ex+2H2LR — Ln(LR)(HLR) + 3H20 Q)
Ln(LR)(HLR)Eor + KOH — K[Ln(LR)2]Eton) 2)

The composition of the obtained compounds was determined from a combination of data from *H, 3C
NMR spectroscopy, IR spectroscopy, TGA, and elemental analysis.

The lanthanide CCs with aryloyl-substituted ligands, obtained by reaction (1), possess a lower solubility
than is required for use in OLED (5 g/L). The potassium salts of the CCs were obtained by reaction (2). Some of
them achieved the required solubility. To obtain a host-free emissive layer the heteroleptic CCs based on the
one electron-acceptor and one electron-donating ligand were obtained by two methods: a) complex mixing or b)
ligand mixing. The Yb and Lu complexes composition in the solution was investigated by 1D and 2D NMR
spectroscopy showing the presence of the heteroleptic CC. Testing of ytterbium complexes in OLED shows that
the highest efficiency up to 120 yW/MW was measured for heteroleptic CC K[Yb(LNP"2)(LNONPM] - This
electroluminescence spectrum at the same time demonstrates NIR emission for the most part.

All halogen-substituted CCs, even obtained by the reaction (1), possess high solubility in THF,
acetonitrile, and DMSO. It was also shown that the solubility increases with an increase in the number of
halogen-substituents and with a decrease in their atomic mass. Thus, Ln(®'LF)(HB'LF) shows the greatest
solubility (up to 21 g/L in THF). NIR luminescence shows that the CCs QYs reach up to 1.9%. Both of these
properties make it easy to test ytterbium complexes in OLED, showing an efficiency up to 140 pyW/W for
Yb(BrLH)(HBrLH).
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Layered hydroxides of rare earth elements (LRH) of the general formula Lnz2(OH)sNOs-nH20 are
promising materials for the creation of luminescent materials [1]. The ability of these substances to intercalate
makes it possible to synthesize hybrid materials with flexible optical properties when organic sensitizers of
luminescence are introduced into the structure of LRHs [2]. The organic component intercalated into these
compounds provides excellent optical functions, and the inorganic component provides stabilization, as well as
thermal and radiation protection of the organic molecule. They can be used to create LEDs, photoluminescent
pigments for paints, paper, plastics, etc. This work is devoted to the synthesis and study of the properties of a
hybrid phosphor system based on layered Gd-Tbh hydroxide nitrate using salicylate and terephthalate ions with
different contents of Tb®" as a sensitizer.

For the synthesis, agueous solutions of gadolinium-terbium nitrate Gd1xTbx(NO3)z were prepared, where
x = 0.01; 0.1; 0.5 mol fraction, as well as 5 % ammonia NH4OH used as a precipitant, the initial reaction volume
of ammonium nitrate NHsNO3 and sodium terephthal CsH4(COONa). and salicylate CeH4(OH)COONa used as
sensitizers. The preparation of layered (GdixTbx)2(OH)sNOz-nH20 (hereinafter GdTbx) was carried out as a
result of the co-precipitation reaction by controlled double-jet precipitation (CDJP) at a constant pH of 8.0. The
resulting precipitates were filtered, washed with water and alcohol, and air drying at room temperature and at
50 °C for 24 h, as described in our article [3]. Then, hydrothermal intercalation of salicylate ions was carried out
at 120 °C for 12 h to obtain hybrid materials intercalated with terephthalate (GdTbxTA) and salicylate
(GdTbxSA), followed by filtration and washing with water and alcohol, air drying at room temperature and at 150
and 40 °C for 24 h, respectively. The structure and optical properties of the resulting materials were studied
using X-ray diffraction, optical microscopy, FT-IR and luminescence spectroscopy.

The structure of the GdThx samples synthesized by the XRD method was identified in accordance with
the results of other studies [3] as layered Gdz(OH)sNOs-nH-0; the study of the powders by FT-IR spectroscopy
confirmed the results of X-ray phase analysis. XRD analysis and IR spectroscopy of the dried powders after
intercalation indicate the successful introduction of organic guests into the interlayer space. Optical microscopy
illustrates the formation of near-spherical particles that are not prone to change in shape or aggregation during
drying.

The photoluminescence spectra of the hybrid materials GdTbSA and GdTbTA demonstrate their ability to
absorb UV radiation with radiation in the visible spectrum. A characteristic feature of such a combination of a
matrix-luminescent center as Gd3*-Tb® is the presence of intense luminescence in the green region of the
spectrum with a maximum at 540 nm. Comparison of the intensities of the photoluminescence spectra of hybrid
and layered precursors makes it possible to draw a conclusion about the efficient transfer of energy from the
sensitizer ions to the luminescent centers. It should be noted that the absorption wavelength ranges for hybrid
phosphors are different: when the layered precursor is intercalated with TA? ions, absorption occurs in the
range of 250-315 nm, while during intercalation with SA" ions, this range is found to expand to 375 nm. The
study of the dependence of the photoluminescence intensity on the terbium content x in the composition of the
hybrid material also revealed differences due to the type of sensitizer. For the GdTbXTA system, it was found
that the maximum intensity of the "green" radiation (excitation at Aexx = 254 nm, which corresponds to the
highest UV absorption) is achieved at 10 mol %, however, the luminescence of the GdTbxSA system (Aexc = 360
nm) is most intense at a content of 1 % terbium.
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B-diketonates of boron difluoride attracted the attention of researchers in connection with the discovery of
interesting properties that can facilitate their use in the production of functional materials: intense luminescence
of solutions and crystals, large Stokes shift, the ability to form excimers and exciplexes, as well as size-
dependent and mechanochromic properties [1]. The behavior of the phosphor in the polymer matrix differs from
the behavior in the crystalline state and solutions due to various forms of aggregation. Therefore, it is of interest
to study the luminescence of polymer composites with 3-diketonates of boron difluoride.

Compounds for doping polymer composites can be polymethine dyes based on B-diketonates of boron
difluoride, which can be used as photosensitizers in photography, fluorescent probes, polymerization initiators,
active and passive components for tunable lasers and nonlinear optical materials [2].

The conditions for the interaction of methyl methacrylate (MMA) with
2,2-difluoro-4-(p-dimethylaminostyryl)-6-phenyl-1,3,2-dioxaborine (Figure 1) were selected and a procedure was
developed for purifying the polymerization product from excess dye by transferring it into a water-soluble salt.

fHe
N
9 e
NS

NP
/N
F F

Figure 1. 2,2-difluoro-4-(p-dimethylaminostiryl)-6-phenyl-1,3,2-dioxaborine

In the course of the work, it was found that the 2,2-difluoro-4-(p-dimethylamino-
styryl)-6-phenyl-1,3,2-dioxaborine complex has catalytic properties in the polymerization of methyl methacrylate.
The polymerization time of methyl methacrylate with 7 mg (0.5%) benzoyl peroxide at 85 °C is 1.5 times longer
than the polymerization time of the aforementioned compounds with 1 mg of the dye. Polymerization also takes
place without adding other catalysts and initiators to the system, but the reaction rate is about 5 times lower
than with the additional presence of benzoyl peroxide.

Luminescence spectroscopy revealed the presence of boron difluoride benzoylacetonate fragments in
the polymers, which proves the incorporation of the dye into the polymer chain. It is known that this polymethine
dye is capable of cis-, trans- isomerization. The process goes through a triplet state in which the 1-electrons of
the double bond are not paired. This leads to the formation of a biradical, which is in the environment of methyl
methacrylate. Possible processes can be associated with rotation around the C-C bond and pairing of electrons
with the formation of the cis isomer, pairing of electrons with the formation of the trans-isomer, initiation of
polymerization of methyl methacrylate with incorporation into the polymer chain.

In the time-resolved luminescence spectra of the reaction products at a low concentration of the dye
(0.14%), the monomer and excimer luminescence of BAcCBF: fragments prevails. With an increase in
temperature to 90 °C and a high concentration (0.98%), a luminescence of an exciplex with a
N, N-dimethylaniline fragment and a chelate cycle of BAcBF2. The intensity of monomeric luminescence
decreases. The intensity of excimer luminescence at a temperature of 90 °C is equivalent to the intensity of
exciplex luminescence. At a concentration of 0.98%, excimer luminescence predominates.

Thus, it can be concluded that 2,2-difluoro-4-(p-dimethylaminostyryl)-6-phenyl-1,3,2-dioxaborine is both a
catalyst for the MMA polymerization reaction and one of the monomers. The resulting reaction products exhibit
monomeric, excimer and exciplex luminescence.
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A halogen bond (hereinafter XB) exists when there is evidence of attraction between an electrophilic
region on a halogen atom in one molecular fragment and a nucleophilic region in another or the same molecular
fragment, as defined by IUPAC [1]. Molecular iodine is a classical XB donor, and halide complexes of transition
metals are actively studied XB acceptors.

The prediction of crystal structure is challenging problem, which may be solved by investigation of
isostructural crystals demonstrating similar packing features and intermolecular interactions in them. In this
work, a series of five isostructural cocrystals trans-[MI2(ABCeHs-4-X)2]-2l2 (M = Pd; X = CI, Br, I; AB = CN; M =
Pt; X = Br; AB = CN, NC) were investigated by X-ray diffraction experiments following by theoretical calculations
[2]. In the solids, the supramolecular aggregation is supported by the I-I--:I-M and C—X---I-I XBs (Figure 1).

I1s 123
Eﬁ.

M=Pd; X=Cl, Br, I; AB=CN
M = Pt; X =Br; AB=CN, NC

Figure 1. Environment of the trans-[Pdl2(4-BrsH4sNC)z] complex molecule in adduct with 12 (upper). Common
scheme of the complex environment in the cocrystals (lower).
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INVESTIGATION OF THE CATALYTIC PROPERTIES OF OCTASUBSTITUTED COBALT
PHTHALOCYANINES CONTAINING 2-CARBOXYPHENYLSULFO-
AND 3-CARBOXYPHENYLSULFO-GROUPS
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Metallophthalocyanines (MPc), being thermally stable, readily available and cost-effective, are extremely
attractive for use as catalysts[1]. For example, the oxidation of thiols by oxygen, catalyzed by cobalt
phthalocyanine complexes, received considerable attention[2]. Phthalocyanine-based catalysts are used to
remove mercaptans from oil fractions and alkali sulfides from wastewater.

The aim of this work is to study and compare the catalytic activity of a number of octosubstituted
carboxylic acids of cobalt phthalocyanine (Fig.1) with different positions of the carboxyl group.
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Figure 1. Research objects:
a - tetra-4 - (2-carboxyphenylsulfo)- tetra-5-benzotriazole-cobalt phthalocyanine
b - tetra-4 - (3-carboxyphenylsulfo)- tetra-5-benzotriazole-cobalt phthalocyanine

The catalytic properties were studied on the example of the oxidation reaction of 2-mercaptoethanol.

For the experiment, a solution of 2-mercaptoethanol (2-ME) was taken, as well as a solution of copper
salt with a high concentration. The reaction was carried out by blowing oxygen from the air.

During the reaction, samples of 1 ml were taken and placed in a solution of copper sulfate. Immediately
after this, the oxidation product (disulfide) was separated using dichloromethane. The electronic absorption
spectra of each sample were then taken.

The relations of changes of the catalytic activity of phthalocyanines when replacing the 2-
carboxyphenylsulfo group with the 3-carboxyphenylsulfo group are given.
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Main group E-H bond activation is one of the topical issues of modern organoelement chemistry.
Dehydrocoupling of silanes and alcohols in the presence of a basic catalyst is an important method of
alkoxysilane synthesis [1-3]. Dehydrocoupling of phenylsilanes and hexafluoroisopropanol in the presence of
EtsN has been studied in low polar solvents [4-5], however such reaction in solvent-free system is also of great
interest. In this work we present recent kinetic and mechanistic studies of the solvent-free dehydrocoupling of
silanes (Ph2SiH2, PhSiHs, PhMeSiH2) and various alcohols (MeOH, CFsCH20OH (TFE), (CF3)2CHOH (HFIP)) in
the presence of NEts. Depending on the alcohol acidity different mechanisms of the reaction have been
proposed (Figure 1): less acidic MeOH is not able to be deprotonated by EtsN to form a real catalyst — alkoxide-
anion, so trimolecular noncovalent complex silane-MeOH-EtsN should be generated first (Figure 1, right).
Variable temperature kinetic studies have shown different temperature behavior for the reaction rate constant in
the case of TFE and MeOH, which supports the mechanisms proposed.

HOR = TFE, HFIP HOR = MeOH
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Figure 1. Proposed mechanism of base-catalyzed dehydrocoupling of silanes and alcohols of high (left) and
low (right) acidity.
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The development of the scientific basics for the novel membrane materials manufacturing for
electrochemical power units i.e. low temperature fuel cells (FC) efficiently working up to 300 °C is a serious
scientific problem related to hydrogen energy shift. Polyantimonic acid (PAA) is characterized by high
conductivity and thermal stability can be regarded as a prospective proton conducting material. So the goal of
the current work was the investigation of the structure, phase stability, and protonic conductivity of PAA based
solid electrolytes.

PAA was synthesized using the controlled hydrolysis of SbCls in the tenfold excess of water. Then the
precipitate was treated by 1n HCI and again washed with distilled water until the negative reaction to clorine
ions. Then using 10 and 20 wt.% of fluoroplastic as a binder the cylindrical solid electrolytes (SE) of 30 mm in
diameter and 5 mm in thickness were formed by cold uniaxial pressing. Structure of the formed membranes
was investigated by thermo-XRD (SHIMADZU XRD-6000), SEM and EDX (Hitachi S-3400N) techniques, STA
technique, Raman spectroscopy and hydrostatic weighting. The conductivity of SE in the range 60-300 °C was
investigated by electrochemical impedance study in the dry nitrogen, room air and presence of humidity.

Using STA and XRD it was shown that the structure of SE correspond to crystalline Sb20s5x3H20. STA,
Raman spectroscopy and thermo-XRD showed that the temperature increase results unit cell shrinkage and
crystallinity decrease from ~91 to 75% because of step by step water removal. According hydrostatic weighting,
SEM and EDX data, fully dense membranes were obtained, where a binder do not cover PAA grains enabling
the ion transport though the grain bulk. Via impedance spectroscopy it was shown that PAA is a great protonic
conductor in a presence of moisture. The temperature dependence of conductivity of PAA is complex due to
prolonged water losses and the increase of carrier charge mobility with temperature increase.
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Temperature is a key parameter in many fields of the research area. Luminescence-based temperature
sensing is a solution for those applications in which traditional (mechanical, electrical, or IR-based)
thermometers struggle [1]. Amongst luminescence thermometers, ruthenium(ll) complexes are undoubted
leaders in terms of compilation of factors such as sensitivity, chemical inertia, and high values of the lifetime of
the excited state [2-3]. One of the most important advantages of such complexes is their emission in the red
region of the spectrum. It is preferable for bioimaging purposes since the emission will pass with less absorption
through the living tissues [4].

Despite the high sensitivity of these complexes to temperature, the limitation for them is the simultaneous
sensitivity to molecular oxygen. This sensitivity is explained by the phenomenon of triplet-triplet annihilation of
the excited state with triplet oxygen. Earlier it was shown that the contribution of dynamic quenching can be
reduced, for example, by placing the phosphor in a polymeric shell [1,2]. In this work, branched tert-butyl
fragments were added to the structure for these purposes. Simultaneously, the introduction of donor fragments
should lead to an increase in the sensitivity of the phosphor to temperature due to an increase with the
accessibility of the 3MC excited state [2,5].
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Figure 1. Scheme of synthesis of obtained compounds.

Thus, the purpose of this research was to obtain and characterize ruthenium(ll) complexes using NMR
and mass spectrometry methods. The absorption, emission, excitation spectra were carefully measures, as well
as the dependence of the lifetimes on the temperature in the solution.
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Developments in the management of high-activity waste (HAW) show that approaches to the release of a
number of long-lived radionuclides from the total mass of waste have significant benefits. The cost of final
disposal of waste under this approach can be reduced by 50-60%. Given that caesium and strontium are
secreted in the form of pure concentrates, studies aimed at developing the composition of borosilicate glass
with an increased content of these radionuclides are very relevant.

The aim of the work is to obtain and investigate the properties of borosilicate glasses with high inclusion
of SrO and/or CsO and to assess their compliance with safety requirements.

As part of the work, 10 compositions of glass were synthesized on the basis of borosilicate matrix, which
includes: B203, Li2zO, Na20, Al203, SiO2, CaO, MnOz2and SrO and/or Cs20 with 10 to 30 mass.%. Synthesis
temperature - 1100-1150 °C, isothermic aging time - 1.5-2 hours, with further aging of glass at a temperature of
420 °C, for 2 hours synthesized glass studied by methods of x-ray analysis (XRA). electron microscopy (SEM),
X-ray spectral microanalysis (RSMA), differential thermal analysis (DTA). The method of hydrostatic weighing
determines the density of glass, calculated molyar volume.

According to the results of the XRA, all synthesized glasses are X-ray, and according to SEM and RSMA
- homogeneous, the estimated compositions of the glass correspond to the compositions of the analysis.

It is shown that with the increase in the content of SrO and/or Cs20, the density of the glass
increases linearly. The most dense are samples containing SrO, the smallest - Cs:0.

It has been established that when the SrO content in the glass increases, the molar volume practically does
not change, which indicates that the packaging of the glass mesh with the increase in the content of SrO
practically doesnot change.

Analysis of the data of the DTA (with linear heating up to 1000 °C) showed that the glass temperature of
all samples is in the area of temperatures 450-500 °C.

To determine crystallization resistance, samples were subjected to isothermic aging for 200 hours at 550
degrees Celsius. % of SrO and/or Cs20 after exposure, according to the results of the RFA, remained X-ray,
and samples of glass with 30 masses. % of inclusions crystallized with the formation of phases
SrSiO 3, CsAISiO4 and CsBSiz0es.

The chemical resistance was assessed by the express method (T = 100 °C, 5 hours). Was found to be a
loss of mass, samples containing 10 and 20 masses. % SrO and 10 masses. % Cs20 = 0.2%, the largest loss
of the mass of glass containing 30 masses. Cs20 is 0.47%.

As a result of the work it is shown that borosilicate glass containing 10 and 20 masses. % SrO and 10
masses. % of Cs20 is homogeneous, high in thermal, crystallization and waterproof and meet safety
requirements.

Glass containing 10 and 20 masses. The amount of SrO and Cs20 have a high crystallization stability,
but when tested for water resistance, the value of their mass loss is = 0.4 masses. % all samples of borosilicate
glasses with the inclusion of 30 masses. % of the research does not meet the safety requirements of the HAV
burial.
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Processing of salt runoff from the catalyst production of Gazpromneft-Omsk JSC with the production of
various commercial products meets the requirements of the global trend for the transition to a closed-cycle
economy. Salt solutions contain a mixture of mainly sodium sulfate and ammonium. One of the solutions for the
purification of salt effluents from ammonium ions is struvite [1]. The process of struvite deposition from highly
concentrated mixed salt solutions is poorly understood and has become the subject of research in this scientific
work.

The study was performed using the scientific equipment of the Central Research Center "High-Tech
Chemical Technologies and Physico-Chemical Research" of PNRPU using the inductively coupled plasma
method (ICAP 6500 Duo spectrometer, Thermo, USA, with iTEVA software), X-ray phase analysis (XRD-7000,
Shimadzu, Japan, with XRD 6000/7000 Ver software.5.21 and the JCPDSPDFI database), IR-Fourier
spectroscopy (Nicolet 380, Thermo, USA).

In the complex processing of salt runoff, the struvite deposition process is carried out before the
conversion of the salt solution. Struvite synthesis proceeds according to the reaction equation

(NH4)2SO4 + 2Na2HPO4 + 2MgCl2 + 2NaOH + 12H20 = 2MgNH4PO4-6H20 + Na2SO4 + 4NaCl

A solution having the composition was used, % mass: (NH4)2S04— 2.19; Na2S04— 3.79; NHisNOs — 0.25;
NaNOs — 2.21; H20 — other. In accordance with the composition of struvite, its precipitation was carried out by
mixing equimolar Mg, N, and P amounts of salt solution (without dilution) and reagents: MgNH4PQO4-6H20 for
magnesium and Na:HPO4 for phosphate, the pH value was regulated by NaOH solution. The conditions
favorable for the synthesis of struvite are established: when mixing reagent solutions, the required amount of
Mg?* ions is recommended to be introduced into the initial salt solution, and a Na2HPO4 solution containing the
amount of NaOH necessary to achieve the specified pH value is poured into it with intensive mixing. The
maximum saturation of struvite with NH4* ions was achieved at pH 9.2-9.8, but similar results were obtained at
pH 8.5 — 9.2, the mixing time of the reagents was 0.7-1.0 m with intensive mixing, and the duration of sediment
retention in the mother cell was up to 10 minutes. Struvite precipitate, washed from the soluble reaction
products with water at the water ratio/the precipitate 0.2 (under centrifugation conditions) contains practically no
impurities of sodium and potassium salts.

In order to improve the economic performance of the process, the problems of replacing expensive
MgCl2-6H20 salts with enriched carnallite KCIMgCl2-6H20 and Na:HPO4 with a product of neutralization of
technical phosphoric acid (73% HsPOs), technical crystalline soda ash (99% Na.COs) with blowing off the
released CO:2 were solved. The replacement of reagents did not lead to a decrease in the quality of the resulting
struvite.

Struvite is a long-acting fertilizer, and has a number of corresponding advantages over traditional
fertilizers [2]. According to [1], struvite is recommended to be used as a complex NPMg-fertilizer after its
granulation with the use of a 10% aqueous solution of sodium metasilicate as a hinder.
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1. The creation of C—P bonds via intermolecular hydrophosphination reactions of unsaturated
substrates is a promising, atom-efficient route to a number of valuable phosphorus-containing compounds.
Despite the progress achieved in this field, the substrate scope remains limited and predominantly involves
activated olefins and ubiquitous phenyl- and diphenylphosphine. Addition of PHs to alkenes and alkynes is a
simple and convenient synthetic route to a variety of primary, secondary and tertiary phosphines.

2. The first example of intermolecular hydrophosphination of para-substituted styrenes, 2-
vinylpyridine and phenylacetylene with PHs catalyzed by metal-NHC adducts [(MesSi)2N]2M(NHC)x is described.
The reactions of styrene with PHz proceed under mild conditions in close-to-quantitative yields to afford
exclusively anti-Markovnikov product and allow for the chemoselective synthesis of primary, secondary and
tertiary phosphines. The possibility of chemoselective sequential alkylation of phosphine with various para-
substituted styrenes has been demonstrated, and a number of new asymmetric secondary and tertiary
phosphines were obtained and characterized (Figure 1).
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Figure 1. Reaction scope for alkylation of PH3 catalyzed by NHC-M-amido complexes (M = Ca, Yb(ll),
sm(ll).
3.

4, The use of polyfunctional alkene substrates such as para-divinylbenzene allowed to synthesize
a series of new phosphine products (1,4-bis(2-phosphinoethyl)benzene, 4-vinylphenylethylphosphine and bis(4-
vinylphenylethyl)phosphine). Taking advantage of the high chemoselectivity of the addition of phosphine to
double bonds, the formation of desired reaction products can be achieved by varying the initial ratio of the
reagents. The Lewis base coordinated to the metal center (NHC vs. THF) had crucial effect on catalytic activity
in styrene hydrophosphination with PHs [1-2].

5.
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Medical imaging technology is widely used both in medical diagnostics and in disease monitoring,
surgical interventions and research. The development of contrast agents that can be determined by two or more
imaging methods is of great interest. The possibility of using Lu202SO4:Ln%* compounds as multifunctional
contrast agents for medical imaging was indicated in [1].

In this work, we investigated the possibility of creating a series of solid solutions of Lu20.SO4:Eu3*
(1.3.5.7 mol%) by coprecipitation method, studied the morphology of powder particles and their optical
properties.The synthesis was carried out according to the procedure described in [2].

To determine the phase composition of the samples, we used a BRUKER D2 PHASER X-ray
diffractometer with a linear detector LYNXEYE (CuKa radiation, Ni-filter). The crystal structure was refined
using the Rietveld method in the TOPAS 4.2 program. The structure studies show that the parameters and the
unit cell volume of the compound increase monotonously with increasing Eu®* ion content, which indicates the
formation of a continuous series of substitutional solid solutions in the indicated concentration range (Fig. 1 b).
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Figure 1. XRD pattern (a), crystal parameters (b) and emission spectra (c) of Lu202S04:Eu®* samples

During the research we also find out that the size and shape of the obtained particles are very related to
synthesis time. At the minimum synthesis time we obtained spherical particles with average size between 300
and 350 nm, and the particle size distribution is close to the normal (Gaussian) distribution. With increasing
synthesis time, the average particle size increases, and their size distribution becomes more heterogeneous.

Doping with Eu®* ions allows the compound to show very strong luminescence in the red region.
Luminescent spectroscopy was performed on a Fluorolog-3 spectrofluorimeter (Horiba Jobin Yvon). The study
of the luminescent properties of a number of samples upon excitation of light at 270 nm showed that strong
peaks in the regions of 610-620 and 690-710 nm are present in the emission spectra of the samples (Fig. 1 c).

The study of X-ray contrast properties was carried out on a YXLON MU2000-D industrial computer
tomograph with a radiation power of 100 kV. During this study it was clarified that the test substance has the
ability to absorb x-ray radiation.
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Ruthenium (1) polypyridine complexes are used as sensitizers in DSSC (Dye Sensitized Solar Cell). In
solar cells, dye molecules adsorbed on the surface of a wide-gap semiconductor absorb electromagnetic
radiation, become excited, and an electron is transferred to the conduction band of the semiconductor. There
are two types of ligands in the structure of the complex: "donor" ligands, which are responsible for the
absorption of light, and a ligand with "anchor" groups (for example, with carboxyl, phosphoryl, or sulfone
groups), with the help of which covalent bonding to the semiconductor surface occurs. Ruthenium complexes
absorb well solar radiation in the visible and near-IR ranges and have suitable redox potentials for cell
operation. However, they do not have good stability, which reduces the cell life. The introduction of a
cyclometallated fragment (a five-membered ring with a covalent metal-carbon bond) into the complex increases
the stability of the complexes.

Nevertheless, with an increase in the stability of the complexes, their optical and electrochemical
properties deteriorate. Therefore, the efficiency of thiocyanate complexes has not yet been achieved for
cyclometallated ones. To fine-tune the properties of the complexes, we propose various methods for modifying
the donor ligand, such as changing the substituents in the aryl and benzimidazole fragments, expanding the
conjugated system, and changing heteroatoms.

In this work we introduce Ru (Il) complexes with various 2-aryl-1,3-azoles and dimethyl ester of 4,4 -
dicarboxy-2,2"-bipyridine (dmdcbp) with a general formula Ru(L)(dmdcbp)2PFs. All the complexes are
characterized by NMR, UV-vis and luminescence spectroscopy, and cyclic voltammetry (CV), for some
complexes crystals for X-ray structural analysis are obtained. Several complexes are mildly hydrolyzed and
tested in a solar cell. It is shown that the obtained complexes are suitable for operation in a cell. The efficiency
obtained depends non-monotonically on the donor properties of the substituents.
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Heterospin solids based on Cu(ll) complexes with stable nitroxides are known to demonstrate reversible
magnetostructural phase transitions upon various external stimuli (temperature, pressure or light) [1-3]. Due to
this reason, they potentially could be utilized as spin-sensors or switches. Phase transitions are provoked by
the transformations of the Cu(ll) environment, resulting in the anomalies of the magnetic properties. We present
unusual transformations in the solid state of heterospin Cu(ll) hexafluoroacetylacetone (Cu(hfac)z2) complexes
with pyrazolyl-substituted tert-butyl-nitroxide (L), accompanied by bond breaking.

The procedure for the synthesis of molecular complexes [Cu(hfac):L]. and polymeric chain [Cu(hfac)zL]-
is described elsewhere [4]. [Cu(hfac):L]> could form two polymorphic modifications ([Cu(hfac).L]>-1 and
[Cu(hfac)2L]2-11). These modifications differ by packing of nearly identical centrosymmetric cyclic binuclear
molecules formed as the result of nitroxide bridging function. [Cu(hfac)zL]2-l crystals are stable below 257 K,
and at room temperature (~293 K) they demonstrate chemo-mechanical activity. Moreover, an attempt to
activate this process by heating up to ~313 K resulted in a second transformation manifested by the color
change. In order to understand the nature of the observed transformations magnetochemical and variable
temperature SC XRD (200-315 K) experiments were conducted.

We performed SC-SC transformation and succeeded in crystal structure determination of [Cu(hfac)zL]2-I
and [Cu(hfac)zL]2-Il. It was found that modifications | and Il could reversibly transform one into another upon
temperature variation. Temperature increase above ~293 K provokes transition of [Cu(hfac):L]z-1 into
[Cu(hfac)2L]2-1l. We managed to solve structures of the generated new phases inside [Cu(hfac):L]2-II too. XRD
data proved that the initial molecular dimer [Cu(hfac):L]2-ll transformed to the polymeric chain compound
[Cu(hfac)-L]~. This unique phase transition requires severe structural distortions, Cu—N bonds breaking and
new Cu-N and Cu-O bonds formation. Furthermore, it was found that after 5 hours of the experiment
reflections from [Cu(hfac).L]- started to weaken and reflections of another new phase appeared. We were lucky
to solve the structure of this new phase. All the transformations revealed by SC XRD are in agreement with
magnetochemical data and presented below.
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Figure 1. Scheme of the [Cu(hfac)zL]z-l1<>[Cu(hfac)zL]z-1l—-[Cu(hfac).L]-—[Cu(hfac).L*]- transformation.
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Derivatives of the closo-borate anions [BioH10]? and [Bi2H12]> are currently attracting great attention as
compounds that are promising for use in diagnostics and *°B neutron capture therapy of oncological diseases.
[1-2]. One of the most interesting classes of such compounds are closo-borates with pendant functional groups.
Convenient starting substances for their synthesis are derivatives of the anions [BnHn]? (n = 10,12) with cyclic
substituents of the oxonium type [3-4].

In this work, it was shown that the interaction of salts of the anion [BioH11]™ or [B12H12]% (in the presence
of BF3-Et20) with various crown ethers (12-crown-4, 15-crown-5, 18-crown- 6), monosubstituted derivatives with
a substituent in the equatorial position are formed. These reactions take place both with normal heating and
with exposure to microwave radiation. The second method is much more preferable, since it allows the target
reactions to be carried out in a short time (10-15 minutes) and in high yields (86-92%).
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Figure 1. Synthesis of the derivatives of [BioH10]* 1 [B12H12]* anions with crown-ethers.

The obtained compounds can be used for the synthesis of closo-borates with pendant functional groups
by opening the cyclic substituent. Varying the introduced crown ether makes it possible to change the length
and structure of the resulting spacer chain and, accordingly, the properties of the target boron-containing
derivative. The obtained derivatives of closo-borate anions can be promising for *°B-NCT of malignant tumors.
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To realize high-power performance, Li-ion batteries require stable, environmentally benign, and
economically viable non-carbonaceous anode materials capable to operate at high rates with low strain during
charge-discharge. In this work, we report on the synthesis, crystal structure and electrochemical properties of a
new titanium-based member of the MPO4 phosphate series adopting the a-CrPQOa structure type®23.

a-TiPO4 has been obtained by a thermal decomposition of a novel hydrothermally prepared fluoride
phosphate, NH4TiPO4F, at 600°C in H2 atmosphere. The crystal structure of a-TiPOs is Rietveld-refined from
powder X-ray diffraction data and verified by electron diffraction and high-resolution scanning transmission
electron microscopy, whereas the chemical composition is confirmed by infrared, X-ray energy-dispersive,
electron paramagnetic resonance and electron energy loss spectroscopies (Figure 1).

Exp.
—— Calc
— Diff.

Peaks

o
[

Intensity, r.u.

Rik - L " n 1

Figure 1. a) Rietveld refinement of a-TiPO4 b) ED patterns of a-TiPO4 along three main zone axes. c) a-
TiPOas crystal structure along the [010] axis. d) Enlarged fragment of a-TiPOs crystal structure. e) [010] ABF-
and f) HAADF-STEM images as well as g) [001] HAADF-STEM image of a-TiPOa4. Enlarged representative
fragments are given on the insets with corresponding crystal structure projections (Ti, P and O atoms are
designated with dark red, green and light red spheres, respectively).

Carbon-coated a-TiPO4/C demonstrates reversible electrochemical activity ascribed to the Ti**/Ti?* redox
transition delivering 125 mAh/g specific capacity at C/10 in the 1.0-3.1 V vs. Li*/Li potential range with an
average potential of ~1.5 V exhibiting good rate capability and stable cycling with volume variation not
exceeding 0.5%. Below 0.8 V the material undergoes a conversion reaction further revealing capacitive
reversible electrochemical behavior with average specific capacity of 270 mAh/g at 1C in the 0.7-2.9 V vs. Li*/Li
potential range. This work suggests a new synthesis route to metastable Ti-containing phosphates holding
perspective to be used as negative electrode materials for metal-ion batteries.
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The rapid development of microelectronics has led to the situation that at the moment attempts to
miniaturize CMOS devices are faced with more complex problems. One of the ways to solve these problems is
the creation and development of new molecular materials, which should become the basis for a qualitative leap
in the miniaturization of logic elements and could lead to the creation of molecular electronics, for example,
multiple-state resistive (MRS, memristive) materials. It has been shown that Lindquist polyoxometalate (POM)
decorated with organic moieties could be excellent candidates for the creation of materials acting as molecular
tunnel junctions. [1]

Lindquist polyoxovanadates {Ve} grafted by tris(alkoxo) ligands provide great possibilities of structural
modifications. Recently it has been shown that approach of ‘click’ chemistry can be efficiently utilized for the
synthesis of {Vs}-Organogold hybrid structures, demonstrating very intriguing electronic characteristics in terms
of their application as memrisistive junctions. [2] Current work is aimed at the expanding the range of similar
molecular hybrids by including Pt(ll) center with coordinated Pincer-type tridentate ligands of different nature

(Fig. 1).
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Figure 1. Synthesis of {Vs}-Pt(ll) molecular hybrids

The {Ve}-Pt(ll) hybrids obtained could be anticipated of great interest for potential use as molecular
junctions. The incorporation of Pt(ll) center could provide electronic effects, which is severally tuned by the
nature of pincer ligand, while the flat square-planar structure of Pt(ll) moiety should lead to the enhanced
adsorption on surfaces (Au (111), graphite, etc.) due to non-covalent interactions and efficient electric
interaction between them.
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Rare-earth elements (REE) are a pivotal raw material for most knowledge-intensive industries due to their
specific magnetic, optical, and electrical properties. In ores containing lanthanides and yttrium, REE are found
in low concentrations in the presence of numerous impurity compounds. When processing such ores, complex
multi-component solutions with extremely low pH values are formed. Extraction is widely used as the method for
obtaining REE from these solutions since it allows their concentration and separation. In Russia that ranks
fourth worldwide in terms of rare-earth elements reserves [1], REES' main source is apatite, which has been
systematically introduced in the production of mineral fertilizers.

Solutions of phosphoric acid obtained after the sulfuric acid leaching of apatite contain up to 0.1% REE
and were chosen as the object of research. Solvent extraction using di-2-ethylhexylphosphoric acid (D2EHPA)
as the extractant was studied as well as solid-phase extraction using Levextrel resin impregnated with
D2EHPA. D2EHPA, being a cation-exchange extractant, is able to interact and form organic complexes not only
with REE but also with impurity compounds of iron (3+), the content of which in the phosphoric acid solutions is
several times higher than the content of REE. Thus, in addition to the kinetic aspects of REE extraction on the
example of yttrium, the research considered also the kinetics of iron (3+) extraction.

To identify the limiting stage of the extraction process, the influence of the extraction conditions was
studied. Experimental data has shown that during the solvent extraction of yttrium, the stirring rate has a greater
effect on the equilibrium ratio than the temperature. Thus, the limited stage is diffusion. At the same time, the
limiting stage of the iron (3+) extraction changes with increasing temperature: at a temperature of up to 300 K,
the limiting stage is the chemical reaction; at a temperature of 305 K to 333 K, the extraction rate is limited by
diffusion (Figure 1). For better separation of yttrium and iron, it is feasible to conduct extraction at a temperature
of up to 300 K, when the limiting stages are different. The extraction time should not exceed two minutes since
the equilibrium of yttrium extraction is achieved faster than the equilibrium of iron (3+). Such decision makes it
possible to increase the separation coefficient for Y/Fe to 23.2.

0,0030 0,0032 0,0034 0,0036

Figure 1. The dependence of In(k) on the reciprocal temperature for a) yttrium, b) iron.

It takes much longer to establish the equilibrium in the case of solid-phase extraction. To reduce the
required time from 2 to 1 hour, it is necessary to increase the temperature to 330 K. The extraction rate is not
significantly affected by the temperature and intensity of stirring. The experiment was carried out at the ratio of
the sorbent mass and the volume of the solution of 1:10 to ensure the extraction degree of yttrium of at least
80%.

In contrast to solvent, during solid-phase extraction, it is impossible to create non-equilibrium conditions
for reducing the degree of iron (3+) extraction into the sorbent. Nevertheless, it is significantly lower and does
not exceed 9%, while in solvent extraction it is up to 20%, which is explained by the different configurations of
the extractant in the matrix. The calculated activation energy of solid-phase extraction is distinctive for gel
kinetics. In other words, the process is limited by diffusion in the grain. By and large, solid extractant has an
undoubted technological advantage since it reduces the dependence of the extraction degree on both
temperature factor and the stirring ratio.
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The application of luminescence is widespread. It's used in electronics (for example, OLEDs), biology,
optics, and medicine. Among the variety of luminescent compounds, phosphorescent transition metal
complexes attract exceptional interest, due to its longer lifetimes and larger Stokes shifts.

Herein we demonstrate synthesis of new pincer N*C"N-ligand and its platinum(ll) complexes. The ligand
1,3-bis(1-phenyl-1H-phenanthro[9,10-d]imidazol-2-yl) benzene was obtained by heating of phenanthrene-9,10-
dione, aniline, and isophthaldehyde at 70 °C (figure 1). The reaction yield was slightly over 42%.

NH, H
o
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H
o
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NACAN

Figure 1. Synthesis of N*C”N ligand.

Based on this ligand, a series of platinum(ll) complexes were obtained. The complex [Pt((1,3-bis(1-
phenyl-1H-phenanthro[9,10-d]imidazol-2-yl)benzene)CI] was synthesized from K3[PtCls] in an acetic acid
solution under reflux. The following functionalization of the complex was carried out with the replacement of the
chlorine atom by acetonitrile and pyridine with Ag[PFs] without access to light at RT (figure 2a). The obtained
complexes were caracterized by using NMR-spectroscopy, mass-spectrometry, and XRD analysys. The
luminescence properties of all compounds were studied. In dichloromethane solution, the complexes luminesce

in the blue-green region of the visible spectrum (figure 2b). The nature of excited state was also studied by
means of DFT method.
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Figure 2. a — Structures of the obtained complexes; b — luminescence spectrum in DCM.
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Nowadays organoelement compounds are widely studied because of their potential application in various
fields of science, technology and biomedicine. Organometallic compounds have advantages over purely
organic compounds in application as catalyzers and reagents in organic synthesis, as photo-catalyzer in the
degradation of polymeric materials as carbon dioxide absorbers and as solar cells elements. The
organoelement compounds exhibit antioxidant, antitumor, antimalarial, and antibacterial activities and find out
an application against leishmaniasis and hepatitis C. Also antimony derivatives are widely used for the
synthesis of metal-containing macromolecular compounds that have fungicidal and biocidal property, heat
resistance and radioresistance

The present research reports complex research of the heat capacity organic derivatives of pentavalent
antimony PhsSbXz, where X are organic ligands —~OC(O)Ph, ~OC(O)C2Hs, —OC(O)C=CPh -OC(O)C1oH1s, and
—-Ph. By methods adiabatic vacuum calorimetry (AVC) and differential scanning calorimetry (DSC) the
temperature dependence of the heat capacity understudy compounds were determined in the wide temperature
range.

Heat capacity of samples was measured over the range 6-300 K in a BKT-3.0 fully automatic adiabatic
vacuum calorimeter with liquid helium and nitrogen used as cooling agents. The measurements were carry out with
an error not exceeding +2% at T = (5 to 15) K, £0.5% between 15 and 40 K and +0.2% in the range from 40 to
300 K. The phase transition temperatures are measured within
about £0.01 K and the enthalpies of transformations with the error of +0.2%.

Thermal behavior of samples in the range from 300 K to decomposition temperatures was investigated
with the differential scanning calorimeter DSC204F1 Germany, Netzsch Geratebau. The determined values
correspond to an error of £0.5 K in temperature and £1% in the enthalpy of transition.

The phase transitions were identified, and their thermodynamic characteristics were defined and
analyzed with according to composition and structure. As a result, the interpretation of influence of ligands was
made. For some compounds from investigative rank transition from glassy to over-cooled state was revealed.

The thermal stability of the compounds under study was determined by the method of thermogravimetric
analysis. It was done using thermal microbalance TG209F1, Germany, Netzsch Geratebau.

The complex of standard thermodynamic functions (heat capacity C%, enthalpy H°(T)-H°(0), entropy
SO(T), and Gibbs energy G°(T) —H°(0)) was calculated over the range from T — 0 to the onset decomposition
temperatures for the compounds. The energy of combustion, standard enthalpy of combustion, formation
enthalpy, formation entropy, Gibbs energy of formation of substances in the crystalline state at T = 298.15 K
were calculated.

Multifractal treatment of low-temperature heat capacity was made as a result topological structure of the
compound was established and the chain-layered structure topology of the compounds under study was
defined. Debye characteristic temperatures were calculated and structure hardness of samples was evaluated.

As results practically dependences type as thermodynamic properties vs composition were established.
They allow to predict the thermophysical properties for compounds of its class.
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Recently, a zinc(ll) complex with a 4-(2-hydroxyphenyl)pyrimidine derivative containing a short
intramolecular OH---N hydrogen bond was published, it exhibit excitation-wavelength depending emission in the
solid state [1]. This unique effect is a result of a number of processes caused by photoexcitation: intramolecular
proton transfer, thermally activated delayed fluorescence and emission with violation of Kasha'’s rule.

The purpose of the work is to synthesize and study the photoluminescent properties of zinc(ll) complexes
with a new 4-(2-hydroxyphenyl)pyrimidine derivative. Zinc(ll) halide complexes with 2-[6-(1H-pyrazol-1-yI)-
pyrimidin-4-yllphenol (HL) were synthesized by a reaction of ZnXz with HL in 1.1:1 molar ratio (Fig. 1, left).
According to the X-ray single crystal analysis the zinc(ll) chloride and bromide complexes have binuclear structure
[Zn2(HL)2X4], the iodide complex has mononuclear structure [ZnHLIz]. In [Zn2(HL)2X4] complexes coordination core of
zinc atom is a distorted square pyramid (ZnN2Clz). The coordination core in the iodide zinc(ll) complex is more typical
for zinc(Il) complexes, it is distorted tetrahedron. The compound HL and the discussed complexes contain a short
intramolecular OH---N hydrogen bond, the distance O...N is about 2.6 A.
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Figure 1. Synthesis of zinc(ll) halide complexes (left). Photophysics properties of [ZnHLI2] (right).

Photoluminescent properties of obtained complexes and the compound HL were investigated in the solid
state and in solutions (Fig. 1, right). The solid-state emission of [Znz(HL)2X4] (X = Cl, Br) complexes depends on
excitation energy. When excited by 240-360 nm “red” emission is observed (for [Zn2(HL)2Cl4] Aem = 640 nm, for
[Zn2(HL)2Br4] Aem = 660 nm), meanwhile lower energy excitation (460-480 nm) leads to «yellow» emission which
has maxima at 585 and 600 nm, correspondingly. This tendency is not so pronounced for the iodide zinc(ll)
complex, at various excitation wavelengths in the luminescence spectra of this complex there is only one broad
emission band at 570-580 nm.

The emission of HL in solutions depends on polarity of a solvent. In DMSO solution there are two
emission bands with maxima at 410 and 530 nm, in acetone solution there is emission band with a maximum at
400 nm. The emission of the synthesized iodide zinc(Il) complex is observed only in acetone. Depending on the
excitation, in the emission spectrum of the complex three bands can be observed at 390, 460 and 520 nm. It is
assumed that the band at 390 appears due to partial dissociation of the complex and belongs to the ligand
spectrum. Two other bands belong to the zinc(ll) iodide complex itself.
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Nitrogen monoxide (NO) is one of the most important molecules that affect various biochemical and
physiological processes in vivo. In medicine, medications based on exogenous NO donors are widely used.
Their action is aimed at the release of molecule nitric oxide in a free form. However, there are disadvantages of
these drugs as additional activation, the development of effect of the tolerance. Therefore, an important
direction in medical and biochemical fields is the synthesis and study compounds that can efficiently deliver NO
and have minimum disadvantages.

Dinitrosyl iron complexes (DNICs) with functional sulfur-containing ligands are perspective compounds
for using them as exogenous NO donors. DNICs generate NO spontaneously during hydrolysis. It is known that
in aerobic solutions oxygen is incorporated into various bonds in the structure of the complex. Based on this
fact, there are various reaction paths which will lead to the formation of the number of products [1].

In this work we studied mononuclear cationic complex wi