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SCIENTIFIC PROGRAM  

The scientific program of the X Scientific-practical conference with international 

participation "Supercritical Fluids (SCF): Fundamentals, Technologies, Innovations" 

include: 

8 plenary lectures (40 min), 8 key lectures (30 min), 38 oral reports (20 min), 25 oral 

reports by young scientists (10 minutes), 50 poster presentations and 20 

correspondence reports, addresses a wide range of fundamental and applied issues 

related to development and application of supercritical technology in the directions: 

¶ Physical and physicochemical bases of processes in SCF media 

¶ Analytical applications, analysis and diagnostics of SCF media 

¶ Chemical processes in SCF media 

¶ Synthesis, separation and cleaning of materials (including natural materials) 

¶ Creation of functional and composite materials: 

o Materials for micro-, nano- and optoelectronics 

o Multi-purpose polymer materials 

o Materials for biomedicine and pharmacy 

o Construction materials  

o Nanocomposite, nanoporous and ultra-disperse materials, aerogels 

o High energy materials 

o High purity materials 

o Catalysts 

¶ Processes in water at sub- and supercritical state 

¶ Social aspects of introducing SCF technologies, ecology 

¶ Educational programs and specialist training 

 

The conference events will include the Xth All-Russian Workshop of Young 

Scientists ñSupercritical Fluid Technologies in Solving Environmental Problemsò and 

a round table on educational programs in the sphere of SCFT. 

 

The conference languages are Russian and English. 
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Martyn POLIAKOFF 

School of Chemistry, University of Nottingham, UK, NG7 2RD 

www.periodicvideos.com; www.nottingham.ac.uk/go/photo-electro 

Email: martyn.poliakoff@nottingham.ac.uk 

The date of this conference is almost exactly the 35
th
 anniversary of my meeting 

Victor Nikolaievich at a conference not far from Prague. Rapidly we became firm 

friends and collaborated in the field of supercritical fluids for almost 30 years. This 

short and highly personal lecture, which sadly has to be delivered by video, will 

outline some of our joint work, particularly in detection of phase transitions [1]. I will 

also highlight what, from my perspective as a foreign scientist, were some of Victorôs 

main contributions to supercritical science in Russia. There is no doubt that his 

contributions have been immense. I very much hope that together we can build on the 

wonderful foundations that he laid to inspire new generations of scientists and to take 

supercritical science in Russia to ever greater success. 

Acknowledgements: I thank all of my colleagues, collaborators, co-workers as well 

as our technicians. In particular, I thank Professors Mike Georg and Steve Howdle 

for their support. I also thank the Engineering and Physical Sciences Research 

Council, The Bill and Melinda Gates Foundation and The Garfield Weston Trust for 

financial support. 

1. Much of our joint work is summarized in ñDetecting Phase Transitions in 

Supercritical Mixtures: an Enabling Tool for Greener Chemical Reactionsò (J. 

Ke, Y. Sanchez-Vicente, G. R. Akien, A. A. Novitskiy, G. Comak, V. N. 

Bagratashvili, M. W. George & M. Poliakoff) Proc. Roy. Soc. A, (2010) 466, 

2799-2818. 

http://www.periodicvideos.com/
http://www.nottingham.ac.uk/go/photo-electro
mailto:martyn.poliakoff
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MOLECULAR MAGNETS FO R MATERIALS OF NEW G ENERATION 

INFORMATION SYSTEMS  

V.I. Minkin 

Southern Federal University, Southern Scientific Center of Russian Academy of 

Sciences 

minkin@ipoc.sfedu.ru 

The possibilities of application of the bistable organic and metal complex molecular 

systems with a magnetic response to external stimuli for use as molecular switches 

and high-capacity non-volatile molecular memory (MRAM) are considered. The 

main mechanisms of switching of spin states are presented. The prospects of 

obtaining monomolecular magnets and the use of transition metal complexes with 

redox ligands as quantum qubits are considered. 

mailto:minkin@ipoc.sfedu.ru
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SUPERCRITICAL FLUIDS : NEW APPROACHES TO STRUCTURED 

POLYMERIC MATERIALS AND THEIR APPLICATIO N 

Howdle S.M.
 

School of Chemistry, University of Nottingham, Nottingham UK NG7 2RD 

Steve.Howdle@nottingham.ac.uk 

We have exploited the low viscosity and high diffusivity of scCO2 to allow new 

approaches to nanostructured polymeric materials prepared directly in scCO2 using 

dispersion polymerisation techniques. A key focus has been the use of controlled 

polymerisation to deliver template materials and to exert fine control on the 

polymeric morphologies obtained from lamellar through to nanoporous materials. 

 

  
Figure ïcontrolled structures developed in scCO2 to demonstrate a range of possible morphologies for 

microparticulate systems 

A further target has been the development of new approaches to functional and 

renewable polymers and to do this we have developed a wide range of new 

monomers based on natural materials (terpenes) and also developed a new range of 

surfactants grown from natural starting materials, again using controlled and even 

enzymatic approaches in scCO2 

1. M. R. Thomsett, J. C. Moore, A. Buchard, R. A. Stockman and S. M. Howdle, 

Green Chemistry, 2019, 21, 149-156. 

2. M. Alauhdin, T. M. Bennett, G. P. He, S. P. Bassett, G. Portale, W. Bras, D. 

Hermida-Merino and S. M. Howdle, Polymer Chemistry, 2019, 10, 860-871. 

mailto:Steve.Howdle@nottingham.ac.uk
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3. K. J. Pepper, T. O. Masson, D. S. A. De Focaatis and S. M. Howdle, Journal of 

Supercritical Fluids, 2018 133, 343-348. 

4. G. B. He, Thomas; Alauhdin, Mohammad; Fay, Michael; Liu, Xin; Schwab, 

Simon; Sun, Chenggong; Howdle, Steven M., Polymer Chemistry, 2018 9, 

3808-3819. 

5. T. M. Bennett, G. P. He, R. R. Larder, M. G. Fischer, G. A. Rance, M. W. Fay, 

A. K. Pearce, C. D. J. Parmenter, U. Steiner and S. M. Howdle, Nano Letters, 

2018, 18, 7560-7569. 

6. P. Baheti, O. Gimello, C. Bouilhac, P. Lacroix-Desmazes and S. M. Howdle, 

Polymer Chemistry, 2018, 9, 5594-5607. 

7. S. P. Bassett, N. A. Birkin, J. Jennings, E. Chapman, R. K. O'Reilly, S. M. 

Howdle and H. Willcock, Polymer Chemistry, 2017, 8, 4557-4564. 
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DECIPHERING THE LANG UAGE OF PHOSPHOLIPID -BASED 

COMMUNICATIONS: ROLE  IN CELL DEA TH/ELIM INATION AND 

REPROGRAMING  

Valerian E. Kagan 

University of Pittsburgh, USA, 

IM Sechenov Moscow Medical State University, Russia 

 

Fidelity and quality control of biological systems depend, to a large extent, on the 

reprogramming or elimination of unnecessary or harmful cells and their components. 

Reprogramming is commonly engaged when the responses to changing environments 

are still reversible while elimination is triggered usually when the damaging or toxic 

materials exceed the repair capacities of cells. For a long time, cell death has been 

viewed as a catastrophic and mostly chaotic chain of events. Over the last 3-4 

decades, this point of view has changed as experimental biology has discovered 

several organized and highly regulated cascades of cell death, thus ñerasingò the 

differences between reprogramming and death. Insufficient levels of elimination of 

harmful materials lead to the accumulation of antigenic/genotoxic materials - typical 

of cancer or auto-immune diseases; vice versa, exceedingly massive elimination leads 

to tissue and organ injury - eg, brain injury, sepsis, radiation injury, chronic 

degenerative diseases, etc. In addition to the general biological, philosophical and 

even social aspects of the interpretation of death, this dualism of the elimination 

processes is remarkably important in biomedicine and will be discussed in the current 

lecture. In particular, not only the philosophy but also the effectiveness in controlling 

the fine balance between preservation and elimination of the death signals hence 

controlling the transition of the biological units from live thermodynamically open 

systems into dead material is at the basis of our understanding of the etiology and 

pathogenesis of disease. I will focus on molecular mechanisms of several death 

programs with the particular emphasis on the regulation and the signaling role of 

lipids and theor oxidation products as a part of high effective and rich language used 

by individual cells and their communities to eliminate and/or reprogram unnecessary 

or harmful cells. 



19 

PL-5 

DESIGN OF FUNCTIONAL  BIOMATERIALS  

Y. Rochev 

Centre for Research in Medical Devices (CĐRAM), Biomedical Sciences, National 

University of Ireland Galway (NUIG), Newcastle Road, Galway, Ireland; 

Institute for Regenerative Medicine, Sechenov University, 8-2 Trubetskaya st., 

Moscow 119991, Russia 

yury.rochev@nuigalway.ie 

In the last quarter of a century, there is a gradual transition from traditional ñinertò 

biomaterials that perform primarily mechanical functions to new, so-called, 

functional biomaterials. Functional biomaterials are used in the development of 

medical devices, in tissue engineering, in drug delivery systems, as well as in 

bioimaging. Understanding the fundamental mechanisms of cell-biomaterial 

interaction has allowed to formulate the major requirements for the functional 

biocompatible materials. First of all, the materials should have the appropriate 

functional groups that control the processes of cell proliferation, migration and 

differentiation. In addition, the materials should have optimal viscoelastic 

characteristics as well as optimal mass transfer characteristics of both oxygen and 

various biological compounds. In many cases, functional materials can be carriers of 

physiologically active compounds, systems for gene therapy and systems for 

bioimaging. Molecular design and fabrication of such materials both at the nanoscale 

and microscale is the most important problem in the development functional 

biomaterials. Supercritical fluids appear as an important alternative to the 

conventional methods for processing functional biomaterials. 

mailto:yury.rochev@nuigalway.ie
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LASER PRINTING OF BI OMATERIALS, NANOPART ICLES  

AND LIVING CELLS  

Boris Chichkov 

Leibniz University Hannover, Institut f¿r Quantenoptik, Welfengarten 1, 30167 

Hannover, Germany 

 

 

In memory of Victor Bagratashvili 

In this lecture, devoted to the memory of Prof. Victor Bagratashvili, I will explain 

what we were doing together in the field of laser printing. 

We started from two-photon polymerization (2PP) technique, which allows direct 

writing of 3D microstructures (scaffolds) into the volume of photosensitive 

biomaterials, which is very important for different biomedical applications. Thanks to 

Victor and his efforts, at present this technology is actively used in Russia in different 

R&D projects. 

Laser generation and printing of nanoparticles was another interesting research field, 

where we planned novel joint projects and started working together. I will 

demonstrate laser printing and arrangement of spherical metal and dielectric 

nanoparticles in a very precise manner. These nanoparticles and nanoparticle 

structures are characterized by unique optical properties. For example, laser printed 

Si nanoparticles with sizes in the range of 100-200 nm in diameter exhibit 

pronounced electric and magnetic dipole resonances within the visible spectral range. 
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Optical applications of these nanoparticles for realization of metasurfaces, second 

harmonic generation, etc. will be discussed. 

Laser printing of living cells and microorganisms was our favorite project, where we 

started working together with Victor. I will report on our progress in this rapidly 

developing field. 
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BIOPOLYMER  AEROGELS: LARGE  SCALE PROCESSING, RECENT 

PROGRESS AND OPEN QUESTIONS 

Pavel Gurikov, Irina Smirnova 

Hamburg University of Technology, Institute for Thermal Separation Processes 

EiÇendorfer Str. 38 21073 Hamburg, Germany 

pavel.gurikov@tuhh.de 

The contribution presents recent advances in the processing of biopolymer aerogels 

with a focus on their large-scale production. We begin with a short introduction into 

fundamentals of the gelation, solvent exchange and supercritical drying. An overview 

of physical properties and corresponding application areas will be presented. We 

proceed with existing and emerging concepts towards large-scale production of 

biopolymer aerogels. In the concluding part we discuss open scientific and 

engineering questions related to the topic. 

mailto:pavel.gurikov@tuhh.de
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 International Laboratory SAMMA, NRU Higher School of Economics, Moscow, 
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3
 Department of Chemistry, Michigan State University, East Lansing, United States 

4 
Department of Chemical Engineering, University College London, United Kingdom 

5
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Injection of supercritical CO2 into deep geological formations and depleted oil and 

gas reservoirs is an effective method for enhanced oil recovery and a promising 

pathway for reducing anthropogenic CO2 emissions contributing to the global climate 

change. One of the anticipated problems for the large-scale application of geological 

carbon capture and sequestration (CCS) technologies is the potential degradation of 

cement wellbore casings due to their exposure to supercritical CO2, which can pose 

significant environmental risks. To minimize these risks and to optimize stable and 

reliable CCS operations, a detailed molecular level understanding of the interactions 

between cement and CO2 rich fluids is necessary, as well as clear understanding of 

the fluid transport pathways in wellbore cement materials. In addition, the long-term 

effectiveness of fluid CO2 confinement is strongly dependent on its interaction with 

host rocks (mostly sedimentary minerals, such as various clays, quartz, carbonates, 

etc.), rock nanoporosity, temperature, pressure and other factors. 

Methods of atomistic computational modeling are very well suited for providing such 

internally consistent molecular scale information on the interaction of supercritical 

CO2 with various materials, thus greatly improving our understanding of the specific 

effects of the substrate structure and composition on the structure, dynamics and 

mailto:kalinich@subatech.in2p3.fr
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reactivity of the interfacial and nano-confined CO2 rich solutions. In this talk, a brief 

overview of our most recent atomistic modeling results will be presented for several 

cement-related and clay-related systems, in contact with CO2-H2O and CO2-CH4 

mixtures under T/P conditions typical for geological CO2 sequestration and 

application of supercritical CO2 for enhanced oil recovery. 

*)  
This project has received funding from the European Unionôs Horizon 2020 

research and innovation programme under grant agreement No 764810. 
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2
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zimnykov@mail.ru 

Highly porous polymer matrices are one of the prospective platforms for creation of 

novel functional materials for biomedical applications. One of the possible 

approaches to synthesis of these matrices is the foaming of plasticized polymer under 

the decrease in the pressure of a plasticizing subcritical/SCF agent. Carbon dioxide is 

often used as such agent, and the raw polymer materials for synthesis of 

bioresorbable matrices are typically the polylactide or polycaprolactone. The reason 

for use of these polymers, in addition to biocompatibility and bioresorbability, relates 

to the high efficiency of plasticization in the carbon dioxide atmosphere. Empirical 

data obtained by various research groups show that the major influence on the 

structural properties of synthesized porous matrices is caused by the initial pressure 

and the pressure decrease rate in the course of foaming. Despite a large amount of the 

existing experimental data on the supercritical fluidic synthesis of porous polymer 

matrices, there are no any adequate models describing influence of the foaming 

modes and polymer properties on the structural characteristics of synthesized 

matrices. In this work, we present the results of interpretation of the experimental 

data on the quasi-adiabatic and quasi-isothermal foaming of bioresorbable polymers 

using a model based on the Ross equation of state for the foam [1]. The following 

modification of the Ross equation is considered: 

intUKKVPext ¡¡ºS¡+ , (1) 

where Pext is the external pressure in a reactor, V is the volume occupied by a foamed 

polymer, S is the surface energy of interfaces between the bubbles, intU  is the internal 

mailto:zimnykov@mail.ru


26 

energy of gas inside the bubbles; K¡ ʠ K¡¡ are the normalization coefficients. 

Equation (1) is considered for the initial and final states of the expanding foam. The 

sounding feature is the stability of the right-hand side of Eq. 1 in the case of quasi-

isothermal expansion and the strong dependence of the intUK¡¡  increment on the initial 

and final values of pressure under quasi-adiabatic expansion. Figure 1 displays the 

dependencies of the normalized parameter PextV on the time lapse in the case of 

quasi-adiabatic expansion of the polylactide foam with various values of the initial 

pressure (the plasticizing/foaming agent is carbon dioxide).  

 Non-monotonic behavior of 

PextV, which takes place in the 

case of values of the initial 

pressure in the vicinity of the 

critical pressure Pc for carbon 

dioxide, is caused by a positive 

increment of the specific internal 

energy of carbon dioxide in the 

course of polylactide foam 

transition from an initial to final 

state under these conditions. 

Analysis of the structure of 

synthesized matrices provided 

using the optical microscopy and 

low-coherence reflectometry has 

shown that the sufficiently larger structure fragmentation (and, correspondingly, 

smaller pores) occurs in this case in contrast with the foaming modes provided with 

the initial pressures strongly differing from Pc. 

The obtained experimental data on the quasi-adiabatic and quasi-isothermal foaming 

of bioresorbable polymers using subcritical/SCF carbon dioxide in combination with 

the results of data interpretation using the considered model allowed the choice of 

foaming modes providing the required structural parameters of the synthesized 

porous matrices. 

 
Fig.1. Dependencies of the normalized parameter 

()()tVtPext

~~
 on the time lapse for various values of the 

initial pressure P . 1 ï =P  2.0 MPa; 2 ï =P  3.0 MPa; 

3 ï =P  4.0 MPa; 4 ï =P  5.0 MPa; 5 ï =P  6.0 MPa; 

6 ï =P  7.0 MPa; 7 ï =P  8.0 MPa; 8 ï =P  9.0 MPa; 

9 ï =P  10.0 MPa; 10 ï =P  11.0 MPa. The 

temperature of the reactor is equal to 309.16 ʂ in each 

experiment. 
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This work is supported by the grant ˉ 18-29-06024 from the Russian Foundation for 

Basic Research. 

 

[1] Ross S. Ind. Eng. Chem. 1969. V. 61. No. 10. P. 48. 
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legol@mail.ru 

Synthetic polymers based on polylactides and polylactoglycolides, which degrade in 

the human body in the timeframe of a few weeks to several months, yielding non-

toxic lactic and glycolic acids, have shown promise as materials for manufacturing 

temporary prosthetics for various tissues and organs (i.e., matrices). The polymer can 

be doped with biologically active substances: anti-inflammatory, antitumor, etc., 

which are released into the body as the matrix decomposes. Technologies based on 

supercritical carbon dioxide can be used in the production of doped polymers, 

allowing impregnation under mild conditions without employing toxic solvents. The 

kinetics of drug release is determined by the mechanism of hydrolytic degradation of 

the polymer, the architectonics of the sample, as well as the distribution of the dopant 

in the polymer matrix. Degradation of polyesters can lead to significant acidification 

of the inner regions of the matrix, which in some cases leads to decomposition of the 

drug substance. 

The present work is devoted to the design of D,L-polylactide porous matrices and 

films and their concurrent impregnation with biologically active substances in 

supercritical CO2. Compounds with paramagnetic nitroxide fragments in their 

structures were used as dopants. This approach allows testing of the obtained 

materials and establishing the kinetic regularities of their hydrolytic degradation by 

means of electron paramagnetic resonance (EPR) spectroscopy. EPR makes it 

possible to observe swelling of a polymer in a supercritical solvent and its relaxation 

at pressure release, to assess the uniformity of the dopant distribution in the formed 

matrix at macroscopic and molecular levels, to establish the kinetic regularities of the 

release of a biologically active compound in aqueous medium, to characterize the 

mailto:legol@mail.ru
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degree of acidification of the internal regions of the polymer material, and to study 

pore formation and degradation of the polymer nondestructively. 

The report will present the diagnostic results for D,L-polylactide materials containing 

the stable nitroxyl radicals TEMPOL and TEMPONE, the pH-sensitive probe ATI 

and spin-labeled biologically active substances diclofenac, dihydroquercetin, 

tocopherol, and ibuprofen. The influence of parameters of the supercritical process, 

including time of pressure release, on the structure of the matrices and the uniformity 

of distribution of the paramagnetic substance will be analyzed. The comparative 

analysis of the release kinetics for various dopants in vitro will be carried out. The 

rate of release will be compared with the changes occurring within the polymer 

material during its swelling and hydrolysis. 

 

This work was supported by the Russian Foundation for Basic Research (grants 17-

02-00445 and 18-29-06059). 



30 

KL -3 

DECELLULARIZATION OF  BIOLOGICAL SYSTEMS I N scCO2 MEDIUM: 

GENERAL ASPECTS AND APPLICATIONS  

Peter S. Timashev
 

Sechenov First Moscow State Medical University, Institute for Regenerative 

Medicine, Moscow, Russia; 

Institute of Photonic Technologies, Research Center ñCrystallography and 

Photonicsò, Russian Academy of Sciences, Moscow, Russia; 

N.N. Semenov Institute of Chemical Physics, Russian Academy of Sciences, Moscow, 

Russia. 

timashev.peter@gmail.com 

Current trends in tissue engineering are directed to ecologisation of the 

manufacturing process. Therefore, supercritical fluid technologies attract major 

attention in scientific and clinical societies. The key tool in this technology is 

supercritical carbon dioxide (scCO2) that meets the criteria of biosafety and 

efficiency when used as a medium for preparation of tissue-engineered constructs, 

sterilization of medical devices, decellularization of mammalian tissues and 

impregnation of biomaterials with biologically active compounds. Relatively low 

critical temperature (31.1 Áʉ) and pressure (7.38 MPa) allow performing the 

extraction avoiding the destruction of the material being processed. This allows to 

work with thermosensitive polymers, such as collagen and other proteins of 

extracellular matrix. Besides adjusting the parameters of scCO2 extraction for each 

particular task, one can personalize the properties of final products. 

The key features of the biomaterial fabrication and modification in scCO2 medium 

will be illustrated with particular focus on the production of decellularized transplants 

of mammalian tissues with personalized biomechanics. 

 

Acknowledgements. This work is supported by the Russian Science Foundation 

(Grant No. 18-15-00401) and Russian Foundation of Basic Research (grant No. 18-

33-00982). 

mailto:timashev.peter@gmail.com
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Aerogels ð gels in which the liquid phase is completely replaced by gas ð are 

materials of very low density ð from 0.4 to 0.01 g/cm
3
. Because of this, they have a 

low thermal conductivity from 0.05 to 0.01 W/m*K and a high specific surface area 

(300-1500 m
2
/g). Because of these properties aerogels have been used as insulating 

materials
1
, supports for heterogeneous catalysts

2
, sorbents

3
. 

While aerogels based on C, SiO2, Al2O3 and other metal oxides have very low density 

and thermal conductivity
4
, their mechanical, hydrophobic, and sorption properties do 

not always meet the requirements of modern science and technology. In this regard, 

active research is being conducted to obtain flexible hydrophobic aerogels that can 

sorb not only hydrophilic, but also hydrophobic organic compounds, for example, oil 

from the surface of a polluted reservoir. To obtain such aerogels an organic-inorganic 

hybrid network (for example, MeSiO1.5) is used instead of a fully inorganic one 

(SiO2, Al2O3, ZrO2). 

The most common method of obtaining aerogel consists of 2 steps: fabrication of the 

gel in an organic solvent using a sol-gel method and further solvent removal by 

drying in supercritical CO2 (scCO2). 

Alternative solvent removal methods include freeze drying
2
, drying at atmospheric 

pressure
3
, vacuum drying

5
, sublimation of the organic solvent

6
. Each of them has its 

advantages and disadvantages. However, regardless of the method, the need for 

drying makes the process multi-step. 

mailto:aziz@ineos.ac.ru
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There is also a one-step method of producing aerogels, when aerogel is formed 

directly in the scCO2 media. Hydrosilylation
7
 and hydrothiolation 

8
 reactions can be 

used for this method. Three-dimension network formation is very fast that allows to 

reduce the preparation time to 1-4 hours. 

The mechanical, hydrophobic, and sorption properties of such aerogels strongly 

depend on the parameters of the initial precursors and synthesis conditions ð 

temperature, pressure, scCO2 density, and the presence of a co-solvent. Due to this, it 

is possible to obtain aerogels with specified properties, the choice of which depends 

on specific tasks. 

One-stage synthesis of aerogels is promising direction for both fundamental and 

applied science. In this regard, the talk will focus on this approach. 

This work was supported by the Ministry of Science and Higher Education of the 

Russian Federation, Grant of the Government of the Russian Federation 

No. 14.W03.31.0018. 
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Hybrid aerogels are new promising functional composite materials. The development 

of the scientific foundations of technologies for their production, the study of 

physicochemical, mechanical, and biological properties are urgent tasks. In D. 

Mendeleev University of Chemical Technology of Russia work is underway on 

obtaining aerogels to create structural materials ï heat-insulating materials based on 

silica and a fibrous substrate; metal oxide aerogels with record low thermal 

conductivity values below 0.017 mW/m*K, non-combustible, used at high and low 

temperatures in rocket and aircraft construction, homes and clothing for the Arctic. 

Aerogels are developed as functional materials: organic and inorganic aerogels with 

nanotubes, silica-resorcinol-formaldehyde aerogels. Their purpose is filtration, 

sorption, gas separation, sensors for industrial and toxic gases. The conducted studies 

allowed to establish the possibility of using these aerogels as sensors (response time 

is less than 2 minutes when MPC is exceeded for a series of industrial gases), as 

filters for airplanes, trains, and sorbents of water vapor in industrial and household 

appliances (with multiple recovery). 

Much attention is paid to the development of hybrid aerogels from natural 

biopolymers ï chitosan, sodium alginate, cellulose ï for medical purposes, 

pharmaceuticals and regenerative medicine. These are sorbents, sponges for 

medicine; delivery systems of hardly soluble active pharmaceutical ingredients when 

creating new compositions; these are collagen-based bone tissues and various 

scaffolds for cell growth (for example, çartificial skinè). 

In addition to experimental research, multilevel mathematical and computer 

modeling, scaling and design are being developed. Calculated installations with 

mailto:chemcom@muctr.ru
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working volumes 30, 70, 100, 500 liters. As part of an agreement with the Ministry of 

Industry and Trade of the Russian Federation, a technology is currently being 

transferred for the production of composite insulation materials based on aerogels 

from domestic raw materials. 
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O.N. Fedyaeva, A.A. Vostrikov, A.V. Shishkin, D.O. Artamonov, M.Ya. Sokol 
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According to the report [1], over more than 40 years of operation, the Baikal Pulp 

and Paper Mill has accumulated more than 6.2 mln tons of waste, including 2.6 mln 

tons of sludge-lignin. The bulk of sludge-lignin is stored at the Solzansky waste 

landfill, located on the shore of Lake Baikal. The sludge-lignin is composed of the 

following components (wt%): lignin 50ī53, activated sludge 15ī25, alumina 5ī10, 

polyacrylamide 5, and cellulose fibre 5. The presence of polychlorodibenzodioxins 

and polychlorodibenzofurans in sludge-lignin [2], whose source is the chlorination of 

organic compounds in the bleaching of cellulose, is of particular concern. Based on 

the results of long-term observations, the authors [2] note that during the storage of 

sludge-lignin, dioxins were chemically transformed that resulted in an increase in the 

proportion of polychlorodibenzodioxins by almost 30%, mainly due to the formation 

of 2,3,7,8-tetrachlorodibenzodioxin. 

Despite the fact that the sumps of the Solzansky waste landfill are earthquake-

resistant and have a multilayer hydro-proofing, consisting of natural and synthetic 

materials that prevent drainage, a threat of pollution of Lake Baikal still exists in the 

event of destruction of waste storage in consequence of dangerous geological 

processes such as earthquakes and mudflows. To eliminate the threat to the unique 

ecological system of Lake Baikal, it is necessary to develop environmentally friendly 

waste management technology with regard to pollutions of the Baikal Pulp and Paper 

Mill. The difficulties of processing sludge-lignin are due to its complex chemical and 

dispersed composition, as well as a high water-bearing nature. Proposed methods of 

sludge-lignin disposal, such as grouting with the addition of lime, fly ash from coal 

combustion and/or gypsum, electro-osmosis, treatment with iron salts and freezing of 

moisture have not found practical application because they do not solve the problem. 

mailto:fedyaeva@itp.nsc.ru


36 

The research results on gasification and oxidation of sludge-lignin in the flow of 

supercritical water and water-oxygen fluid at uniform heating of the tubular reactor to 

923 and 733 K, respectively, are presented. The sample of sludge-lignin was taken at 

Sump #2 of the Solzansky waste landfill. The investigated sample is characterized by 

water content 91.1%, ash content per dry basis 22.5%, and has a high content (wt.%) 

of aluminum 8.2, sulfur 2.8, nitrogen 2.7, chlorine 1.3, phosphorous 0.6, and iron 0.5. 

From the results of mass spectrometric analysis, it follows that the highest yield of 

H2S formed via the thermolysis of aliphatic SīC bonds occurs at 668ī713 K. A high 

content of formaldehyde was detected in the composition of volatile products 

obtained at T ¢ 713 K. The yield of H2 generated through the water gas shift and 

steam reforming reactions increases at T > 713 K. The maximum yield of liquid 

products, including phenols, is observed at 473ī623 K. It is shown that in 

consequence of sludge-lignin gasification, a carbonised residue with a high specific 

surface is formed. 

Based on time dependences of the reactor wall temperature and power of the resistive 

heaters during sludge-lignin oxidation in the H2O/O2 mixture, it was revealed that the 

process begins at 440 K, and the maximum rate is realized at 583ī643 K. From the 

comparison of sludge-lignin oxidation in an air medium (thermogravimetric analysis) 

and in the H2O/O2 mixture, it follows that in the latter case, the oxidation completes 

at a temperature by å 200 K lower. Based on the mass spectrometric analysis data, 

the temperature dependence of degree of carbon removal as part of CO2 and CO from 

sludge-lignin is obtained. The liquid products composition was studied with the use 

of ultimate analysis and IR spectroscopy. The composition of mineral components 

was determined by means of X-ray diffraction analysis, atomic absorption and X-ray 

fluorescence spectroscopy. It is shown that Al2O3, Fe2O3, SiO2, AlPO4, and CaSO4 

are the main components of sludge-lignin mineral conversion residue. It is revealed 

that the simultaneous formation of HCl and H2SO4 during oxidation of chlorine- and 

sulfur-containing organic substances results in corrosion of stainless steel. 

 

This work was supported by the Russian Science Foundation (Grant No 18-19-

00165). 
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[1] "On the problem of elimination of waste accumulated as a result of the 

activities of the Baikal Pulp and Paper Mill" presented at the meeting of the 

Inter-departmental commission on the problems of the protection of lake Baikal 

that took place on 27.05.2009. 

http://geol.irk.ru/baikal/baikal/baikal_law_fulfilment/mvk/050609/infdocs/ques

t1.pdf. 

[2] Timofeeva S.S., Cheremis N.V., Ignatôeva L.P., Nikolaeva L.A. Chlorodioxins 

in slime accumulators of Baikal region // Proc. Irkutsk State Technol. 

University 2008. No 3(35). P. 174ī181. 

http://geol.irk.ru/baikal/baikal/baikal_law_fulfilment/mvk/050609/infdocs/quest1.pdf
http://geol.irk.ru/baikal/baikal/baikal_law_fulfilment/mvk/050609/infdocs/quest1.pdf
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MEDIUM  

I.V. Kuchurov, M.N. Zharkov, S.S. Arabadzhi, S.G. Zlotin 

N.D. Zelinsky Institute of Organic Chemistry, Russian Academy of Sciences 

47 Leninsky prospect, 119991 Moscow, Russia 

e-mail: kuchurov@mail.ru 

Efficient methods for nitroesters and nitramines synthesis by the nitration of 

corresponding alcohols, amines and their derivatives with dinitrogen pentoxide in a 

liquid 1,1,1,2-tetrafluoroethane (TFE, Freon R134a) under batch and continuous flow 

conditions have been developed. 

 

The use of TFE as a reaction medium reduces fire and explosion hazards of the 

nitration processes due to its non-flammability, thermally stability and a high heat 

capacity (Cp = 1.40 J Ŀ g-1 Ŀ K-1 at 0.57 MPa and 20 Á C). Moreover, a low TFE 

vapor pressure (0.57 MPa and 20 ÁC) allows solvent recycling with simple and 

available laboratory equipment which makes the proposed synthesis of nitro 

compounds environment-friendly. 

The work was financially supported by the Russian Science Foundation (projects 18-

73-10207). 

 

[1] I.V. Kuchurov, S.S. Arabadzhi, M.N. Zharkov, L.L. Fershtat, S.G. Zlotin. ACS 

Sustainable Chem. Eng., 2018, 6, 2535-2540. 
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[2] M.N. Zharkov, I.V. Kuchurov, A.A. Sukhanova, I.V. Fomenkov, S.G. Zlotin. 

Supercritical Fluids Theory and Practice, 2018, 4, 50-56. 



40 

KL -8 

VAPOUR-LIQUID EQUILIBRIUM O F ACETONE-CO2 MIXTURES OF  

DIFFERENT COMPOSITIO NS AT THE VICINITY OF  THE CRITICAL  

POINT 

Bal§zs F§bi§n,
1,2,ÿ

 George Horvai,
1
 Abdenacer Idrissi

3
 and P§l Jedlovszky

4*
 

1
Department of Inorganic and Analytical Chemistry, Budapest University of 

Technology and Economics, Szt. Gell®rt t®r 4, H-1111 Budapest, Hungary 

2
Institut UTINAM (CNRS UMR 6213), Universit® Bourgogne Franche-Comt®, 16 

route de Gray, F-25030 Besan­on, France 

3
University of Lille, Faculty of Sciences and Technologies, LASIR (UMR CNRS 

A8516), B©t. C5, Cit® Scientifique, 59655, Villeneuve dôAscq Cendex, France 

4
Department of Chemistry, Eszterh§zy K§roly University, Le§nyka utca 6, H-3300 

Eger, Hungary 

Abstract 

The vapour-liquid equilibrium of acetone-CO2 mixtures is studied by computer 

simulation at 11 different compositions, ranging from neat CO2 to neat acetone, in a 

50-100 K wide range of temperatures at the vicinity of the critical point. The 

composition dependence of the critical parameters is determined, for the first time, in 

the entire composition range. It is found that while the critical temperature changes 

monotonically with the composition, the critical pressure goes through a maximum 

around the acetone mole fraction value of 0.3, and the critical density might also 

exhibit a maximum in the acetone mole fraction range of 0-0.2. Temperature 

dependence of the surface tension is also determined in the entire composition range. 

The obtained results agree, in general, well with experimental data; their deviation 

remains below the range within which different experimental data sets deviate from 

each other. Since experimental data in this respect exist, unfortunately, only in 

limited ranges of compositions (at low acetone mole fractions) and temperatures 

(data above about 335 K are scarce), the present study largely extends the range of 

thermodynamic conditions in which we have reliable information on the liquid-

vapour equilibrium and critical conditions of acetone-CO2 mixtures. 
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Currently, there is an increase in the disease of multidrug-resistant tuberculosis, 

whose therapy can last up to two years. Therefore, the development of new dosage 

forms, allow reducing both the toxicity of the drugs contained in them, and the 

frequency of their introduction is extremely important. One of the most promising 

approaches to the creation of such forms is the development of bioresorbable systems 

with drugs encapsulated in them, capable of providing targeted delivery and 

localization of the latter in target organs with their subsequent prolonged release and 

effect. The aim of the work was to develop components of dosage forms of prolonged 

action based on polylactoglycolide (PLG) scaffolds and microparticles and 

antibiotics, levofloxacin (LFC) and gentamicin (GMC) using the basic principles of 

modern supercritical fluid (SCF) technologies that eliminate the use of toxic solvents 

and the use of high temperatures . 

Preliminary studies of solubility in sc-CO2 and the possibility of micronization of the 

original pharmaceutical preparations using the RESS method carried out to select and 

optimize the conditions of SCF encapsulation of GMC and LFC in bioresorbable 

polymer scaffolds and microparticles. 

The study of the solubility of GMC in supercritical carbon dioxide (sc-CO2), carried 

out by the method of IR Fourier spectroscopy at pressures up to 20 MPa and 

temperatures up to 60 Á C, as well as scanning electron microscopy before and after 

SCF processing, showed that GMC is practically insoluble sc-CO2 under these 

conditions. The sensitivity of the used spectroscopic measurement method (of the 

mailto:e_n_antonov@mail.ru
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order of 10ï5 molar fractions) was not enough for the quantitative measurement of 

the LFC solubility. Accordingly, micronization of LFC and GMC by the RESS 

method was ineffective. Therefore, their mechanical grinding with an agate mortar 

was used to reduce the size of the original drug substances (from 50 õ 200 ɛm to 5 õ 

20 ɛm) before their SCF encapsulation in polymer structures. 

Antibiotics (10 wt.%) were encapsulated into the PLG microparticles and scaffolds 

using the methods of PGSS and SCF plasticization and subsequent foaming in sc-

CO2. Plasticization of the polymer carried out in sc-CO2 for 1 hour at temperature of 

40Á C and pressure from 10 to 20 MPa during the formation of both microparticles 

and PLG scaffolds. The formed microparticles had a characteristic size of 5ï20 ɛm, 

and the scaffolds were cylinders 5 mm high and 5 mm in diameter. 

The study of kinetics of GMC and LFC release from the formed polymeric structures 

into phosphate-saline buffer solution carried out using the methods of Raman 

spectroscopy and UV-spectrophotometry. The change in the concentration of GMC 

and LFC in the solution measured at regular intervals. The initial release (ñburstò) for 

LFC was to about 75% of the total amount of encapsulated LFC in experiments with 

PLG microparticles for the first day. Then, by 4 days, its output was 100%. At the 

same time, the GMC almost completely discharged during the first day of the 

experiment. On the contrary, the initial release of LFC was 4-6% per day, and the 

GMC was 28% in the case of PLG scaffolds. Further, the release of drugs occurred 

almost linearly. 90% of the GMC released into the solution by 15 days, and LFC by 

27 days of the experiment. 

Investigation of the effect of released antibiotics on the growth dynamics of the 

M.tuberculosis H37Rv laboratory strain in vitro demonstrated an increase in the 

growth delay of cultures with controlled accumulation of antibiotics released from 

polymers in the growth medium. 

Thus, by means of SCF technologies, levofloxacin and gentamicin were encapsulated 

in polylactoglycolide scaffolds and microparticles. It has been shown that the use of 

SCF methods allows to control the size, shape and morphology of formed structures 

and, accordingly, the rate of release of antibiotics into model environments, and to 

control the growth of mycobacterium tuberculosis. In our opinion, such approach can 
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be considered as very promising for the development of new highly effective anti-

tuberculosis dosage forms of prolonged action. 

 

This work was supported by the Ministry of Science and High Education within the 

State assignment FSRC ñCrystallography and Photonicsò RAS in part of the 

development of SCF methods for the formation of bioactive scaffolds, within the State 

assignment CTRI in part of in vitro studies and RFBR (No. 18-29-06062 microns) in 

parts of the development of prolonged action dosage forms. 
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The creation of injectable forms of cell-engineered structures for the stimulation of 

regeneration processes in damaged organs is based on the cultivation of cells on 

matrices consisting of micro particles among which tissue-specific matrices obtained 

from decellularized tissues are of particular interest and provide a microenvironment 

for cells similar to the native extracellular matrix. Among the existing methods of 

decellularization of both whole organs and their fragments, ionic detergents are most 

often used. However, the decellularization of dense cartilage tissue under the 

influence of detergents occurs only to a small extent. 

The aim of this work was to prove the possibility to obtain a tissue-specific 

decellularized matrix from micro particles (MP) of pig cartilage by consecutive 

treatment of MP by detergents and supercritical CO2. 

Materials and methods 

Samples of porcine cartilage MP of 30-100 Õm sizes were ground by cryomill 

(Retch, Germany) at ï196ÁC. MP was decellularized at room temperature and 

periodic mixing by magnetic stirrer (3 times a day for 1 hour) in 3 shifts of 

phosphate-saline buffer (BioVitrum, Russia, pH = 7.4), containing 0.1% sodium 

dodecyl sulfate (ñSigma-Aldrichò, USA) and increasing concentration (1, 2 and 3%) 

of Triton X100 (ñ Sigma-Aldrich ò, USA). MP treatment in a supercritical CO2 (sʩ-

ʉʆ2) atmosphere was carried out at a pressure of 150-300 bar, T = 35ÁC, with a flow 

rate of sc-CO2 of 2.5Ñ0.5 ml / min for 8-24 hours using RESS-SAS equipment 

(ñWaters corporationò, USA). Ethanol (96%) at a concentration of 5-10% was used 

mailto:evgnemets@yandex.ru
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as a polarity modifier. The degree of decellularization of MP was assessed by 

histological methods (stained by hematoxylin and eosin) and by detection of the 

residual amount of DNA in the samples using DNA-binding fluorescent dye DAPI 

(Sigma, United States). 

Results and discussion 

The effect of the order of the sequence of detergents and sc-CO2 on the effectiveness 

of decellularization of pig MDC cartilage was studied. In the case of treatment with 

detergents after sc-CO2, the required degree of decellularization of MP was not 

achieved. Histological analysis of the samples showed that only a partial release of 

chondrocytes from the lacunae (structural formations in the cartilage tissue) occurs, 

as a result of which in some microgranules cells free from cell areas are found, but 

cells integrity remains. An increase in processing time from 8 to 24 hours is 

accompanied by an increase in the number and size of MP areas free from cells due 

to their exit from the lacunae, but even in this case the destruction of chondrocytes 

does not occur. The introduction of 10% ethanol as a polarity modifier leads to the 

destruction of part of the chondrocytes directly in the gaps, but the number of lysed 

cells is insignificant, so additional research with the DAPI dye was considered 

impractical. Treatment MP by detergents followed by sc-CO2 is effective at a 

pressure of 300 bar. In the histological preparation of MP cartilage non-disrupted 

cells were almost completely absent. A study with the DAPI dye showed that 

depending on the choice of treatment mode from 50 to 90% of MDC samples of 

cartilage were completely free of DNA or contained only single whole cells. 

However the macro and microstructure of an essential part of the decellularized MDC 

cartilage undergo significant changes: fibrillation, tearing and fragmentation of 

particles are observed. The introduction of ethanol assists to reduce the severity of 

such changes. It can be assumed that finding the optimal pressure in the range of 

150ï300 bar and the processing time in the range of 8ï24 hours, followed by 

processing with DNase will allow reaching complete decellularization of MP while 

maintaining the native structure of cartilage. 
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Conclusion 

To achieve the highest possible degree of decellularization, the treatment of MP 

cartilage should be carried out first with detergent solutions followed by exposure to 

sc-CO2 at a pressure of 300 bar. The introduction of a polarity modifier (ethanol) at a 

concentration of 10% has a positive effect both on the degree of decellularization and 

on the character of the fibrillation of the particles of the tissue-specific decellularized 

matrix. 

The work was performed with partial funding by RFFR, grant ˉ18-29-06012. 
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The advantages of supercritical carbon dioxide as a solvent and the features of this 

fluid as a medium for different methods of polymer synthesis are discussed in the 

presented report. 

For radical polymerization in SC CO2: dissolution questions, initiator activity, 

specific polymer properties, on example of Polyacrylonitrile; 

for anionic polymerization: ingibitory properties of SC CO2, polymerization 

possibility, competition for active center, on ethyl-Ŭ- cyanoacrylate example; 

for coordinative-ionic polymerization: molar relation of monomers and a 

transition in to supercritical state, polymerization specifications in comparison 

with organic solvents, phase transition and structure of main chain, 

carbonization of active centres, a pressure as a control factor of monomers 

conversion degree, alkylene oxide is a monomer and a solvent, on 

polycarbonates and their terpolymers examples; 

for polycondensation: dissolution problems, polymers synthesized and the 

INEOS contribution, SC CO2 as a catalyst, heterogeneity questions and 

methods of limitations by molecular mass overcoming, SC CO2 plasticizing 

effect and its influence on decrease of polymer ʊg and Tmelt depression of 

monomers, on aromatic polyimides, polyarylates and another polymers 

synthesis examples. 
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The results of studies of the photoactive polymer systems formation with 

photochromic, luminoform and sensitizing properties in supercritical carbon dioxide 

(ck-CO2) are presented. The main feature of such processes is the ability of carbon 

dioxide in a supercritical state to penetrate into the volume of the polymer, creating in 

the matrix, in addition to existing under normal conditions, new areas of "free 

volume", and almost completely removed after the end of the SCF-impregnation 

process. This enables the direct participation of carrier macromolecular fragments in 

the formation of donor-acceptor complexes with functional groups of photoactive 

compounds (FAS) administered and the achievement of a certain conformational 

chemical correspondence between the introduced FAS and individual structural 

fragments of the polymer matrix. In particular, the formation of such stable 

conformational structures was observed during GFR impregnation of polymers of 

different chemical structures with photochromic compounds while stabilizing flat 

colored forms of photochromes that are thermodynamically unstable under normal 

conditions, but sterically more advantageous than non-planar initial forms. At the 

same time, the input concentrations of photochromic compounds, as well as the 

functional characteristics of the compounds formed, including the lifetime in the 

excited state, depended on the structure of the polymer matrix and the spiro 

compound, the degree of swelling of the polymer matrix in ck-CO2, and the modes of 

impregnation. The use of co-solvents and some chemical additives capable of 

forming weakly bound complexes with FAS, leading to an increase in the size of the 

ñfree volumeò areas in the polymer available for conformational rearrangements in 

mailto:ann.solovieva@gmail.com
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the structure of the FAS under excitation and relaxation, opens up new possibilities 

for directional changes in the functional characteristics of the resulting composites. 

The peculiarities of the formation of compositions with luminoform and 

photosensitizing properties in the medium of ck-CO2 will also be considered. 

 

The work was performed as part of a state assignment (theme V. 46.14, No. 0082-

2014-0006) and with the support of the Russian Foundation for Basic Research 

(grant 18-29060-019 mk). 
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The ability of the L/D isomer of polylactide, viscosity of 0.2 cm
3
/g, mass of 30 kDa 

in supercritical carbon dioxide to create a thin film on the porous surface of highly 

purified xenogenic bone matrix with the aim of fixing pre-applied bioactive 

substances on it, to create implantable bioengineering structures with a slow release 

of the active ingredient. Electron microscopy images were taken of the material with 

the film. The result was a material with an antimicrobial drug. During the experiment, 

the invitro yield of the drug was observed for a month, which is a good indicator for 

the use of the product obtained in this way as an implant material with a dosage form 

of a metered yield. 

 

Keywords: polylactide, supercritical carbon dioxide, xenogenous bone matrix, 

bioactive substances, metered yield 
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The focus of this research is to produce novel polymers for selective laser sintering 

(SLS) 3D printing via dispersion polymerisation in supercritical CO2 (scCO2). 

Dispersion polymerisation is ideal because it creates discrete spherical particles in the 

0.1 to 10 micron size range.
1
 We have used methyl methacrylate monomer, the 

initiator is azobisisobutyronitrile (AIBN) and a monomethacrylate terminated 

poly(dimethylsiloxane) (PDMS-MA) as the stabiliser dissolved in the scCO2. The 

particle sizes range from 0.5 to 5 microns ï below (Fig.1) are shown PMMA particles 

of a size of 0.6 microns.
2
 

 
Fig.1. PMMA particles formed from dispersion polymerisation in scCO2. 

Such polymeric particles could be used to develop high (ca. 10 Õm) resolution SLS 

3D printing. We have created a range of functionalised polymeric particles, with the 

aim of introducing colour or enhancing mechanical strength. 
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Particles were functionalised by creating a polymeric shell on the outside of each 

sphere containing either double bonds or dye molecules. The purpose of the double 

bonds was to provide a means of producing in-situ or post printing chemical bonding, 

to increase the mechanical properties of the parts. Double bonds were produced by 

incorporation of an asymmetrical divinyl monomer (allyl methacrylate (AMA)) in a 

random copolymer with MMA, RAFT control was employed to retard crosslinking of 

the polymer. Polymeric dyes provide the best route for colouration of the particles, 

with good control over the thermal properties and flow behaviour of the colourant. As 

of this moment red and yellow dyes have been successfully incorporated into 

polymers and polymeric particles. 

This work was supported by the Ministry of Science and Higher Education within the 

State assignment FSRC çCrystallography and Photonicsè RAS in part of adapting 

ultrafine polymer particles for SLS process development and Russian Foundation of 

Basic Research (Project ˉ17-53-10014 ʂʆ_ʘ) in part of functionalised polymer 

microparticles synthesis and characterisation. 

 

References: 
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NMR spectroscopy is an indispensable method for analyzing the structure and 

dynamics of molecules in liquids. Modern NMR approaches allow obtaining direct 

information about the geometrical configuration of molecules in liquids, which is 

very important when solving problems of modern physical chemistry of fluids. 

However, the NMR method is extremely problematic when it touches upon 

experiments at pressures above 100 bar. This report presents the peculiarities of a 

high pressure NMR experiment, as well as the effect of the NMR cell on the 

resolution of the spectrometer. In addition, the latest results obtained using the unique 

molecular fluid spectroscopy instrumentation at G.A. Krestov Institute of Solution 

Chemistry will be presented and discussed together with the development vistas and 

possibilities of this method. 

The experimental data were obtained using the molecular fluid spectroscopy facility 

of G.A. Krestov Institute of Solution Chemistry, RAS. 

The work was supported by the Ministry of Science and High Education of the 

Russian Federation (project number: RFMEFI61618X0097) 

 

[1] Khodov I.A., Dyshin A.A., Ivlev D.V., Kiselev M.G., High pressure NMR 

spectroscopy technique as applied to conformational equil ibrium research of 

small druglike molecules at supercritical conditions, VIII Scientific and 

Practical Conference with international participation "Supercritical Fluids 

(SCF), 2017, 199. 
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One of the ways to improve the pharmacological properties of drugs and increase the 

duration of their action on the affected cells of the body is the creation of prolonged 

dosage forms. To date, the most common drugs of this type are "retard" dosage forms 

that is a polymer matrix, in which the active substance is distributed. 

This work is devoted to determining the optimal conditions for creating of matrix 

compositions with a slow release of active substances and the study of their release 

kinetics from the matrix into the aqueous model medium with pH = 1.6. The created 

matrix compositions are based on chitosan and substituted diarylimidazoles (DAIs) - 

bis-4,5 (4-methoxyphenyl) -imidazole ï MID (1) and bis-4,5 (3,4,5-

trimethoxyphenyl) -imidazole ï MID (2), which has an antitumor effect. 

It is shown that the chitosan impregnation with DAI in sc-CO2 medium proceeds 

more efficiently in the presence of a co-solvent ð water. It has been found that there 

is an optimal value of the water content in the reactor, equal to 0.17% by vol., at 

which it is possible to introduce into the polymer matrix the largest amount of DAI 

(up to 2.6% by mass). In addition, it should be noted that the use of water in the 

impregnation process has an effect on the release kinetics of the scf-introduced DAI 

from the chitosan matrix into the aqueous medium with pH = 1.6, which simulates 

gastric juice. It turned out that the DAI release rate for chitosan-MID (1) samples 

does not depend on the presence of water in the scf-impregnation process, and in the 

case of chitosan-MID (2) samples, after their impregnation in the presence of water, 

the MID (2) release rate slows down significantly. 

For the first time, it is shown that the solubilization of DAI molecules by Pluronic F-

127 before their scf-introduction into the chitosan matrix leads to the disaggregation 
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of DAI molecules and the decrease of their subsequent release rate from the polymer 

matrix into the aqueous medium. 

This work was supported by the Russian Foundation for Basic Research: Grant no. 

18-29-06019 mk (in part of obtaining matrix polymer systems in the sc-CO2 medium) 

and Grant No. 18-33-00968 mol_a (in part of studying the kinetics of DAI release 

from chitosan matrices into the aqueous medium). 
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Nowadays, a significant attention is paid to applied research of SCF-synthesis of 

highly porous foam-like materials [1-3]. However, it should be noted that there are no 

sounding results in the modeling of evolution of such structures at various stages of 

the synthesis. This is due to a variety of various processes in foamed polymers. 

Correspondingly, gathering of new empirical data related to features in formation of 

the structure of these materials is of significant interest. 

In this work, we present the results of experimental study of the structure of SCF-

foamed highly porous polymer matrices. These results were obtained using the 

method of low-coherence reflectometry (LCR), which is based on analysis of the 

diffusely reflected probe light. The LCR signal analysis is based on evaluation of the 

signal decay depending on the probe depth [4]. Figure 1 displays the dependences of 

the averaged normalized intensity of the LCR signal on the probe depth()zI  for three 

different values of the initial pressure of carbon dioxide used for polylactide foaming. 

 
Fig. 1. Dependencies of the normalized LCR signal on the scan depth for synthesized polylactide 

matrices with the thickness equal to 2 mm. The temperature in the reactor was equal to 309.16 K. 
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The decay rate of the LCR signal is determined by the transport mean free path of 

light propagation in the medium, effective refractive index of the medium, and its 

geometrical thickness. 

The previously used technique for analyzing the LCR signals, which is based on 

estimations of the transport mean free path (and, accordingly, the characteristic pore 

size in the system) from the rate of exponential decay of the LCR signal [4], cannot 

be applied for characterization of the foamed polylactide matrices. 

A novel technique for determining the transport mean free path is based on the results 

of Monte Carlo simulation of the temporal response of studied systems in the region 

of crossover between two characteristic modes of the response decay. The simulation 

results are compared to the experimentally obtained normalized reflectometric signal 

at the scan depth equal to the geometric thickness of the sample. Thus, when 

comparing the results of experimental study with the modeling data, the non-

monotonic behavior of the transport mean free path in synthesized structures was 

established for the case of quasi-adiabatic foaming; the transport mean free path 

strongly depends on the initial pressure of the plasticizing/foaming agent. 

The considered technique can be applied for choice of foaming modes, which provide 

required structural and functional properties of the synthesized porous materials. 

This study is supported by the RFBR grant ˉ 18-29-06024mk. 
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Technologies of micro- and nanostructuring of various materials are in demand 

practically in all branches of modern industry. A convenient tool for forming various 

micro and nanostructures is a laser. With the help of laser radiation, it is possible to 

distribute the energy according to a given space-time scenario and to carry out a 

controlled modification of the material. The phase state of the environment 

fundamentally affects the mechanisms of interaction of laser radiation with materials. 

Of particular interest is the study of laser modification of materials placed in the 

medium of supercritical carbon dioxide. Such an environment is a good solvent and, 

due to zero surface tension, is able to transport solutes into micro and nano pores of 

various materials or, conversely, to effectively clean materials from impurities. By 

varying the pressure and temperature, the specific density of the SCF can be varied 

over a wide range, which also distinguishes them from ordinary liquids. The 

combination of GFR and laser technology can open up fundamentally new 

possibilities for processing materials at the micro and nano levels. 

The report will present the results of research on the laser formation of 

microstructures on the surface of leucosapphire and quartz in a medium of 

supercritical carbon dioxide. The results of the formation of microstructures with 

different topologies, formed by laser radiation of nanosecond and femtosecond pulse 

duration, will be presented. 

The work was financially supported by the Russian Foundation for Basic Research 

(project 18-29-06056 in terms of developing methods for the microstructuring of 

optical materials in the medium of supercritical carbon dioxide) and the Ministry of 

Science and Higher Education as part of the work on the State task of the Federal 

Research Center "Crystallography and Photonics" of the Russian Academy of 

Sciences in terms of the development of laser technologies microstructured materials 
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Electron paramagnetic resonance (EPR) spectroscopy is widely applied in the study 

of polymeric and biological systems. Due to the fact that paramagnetic particles are 

rarely found in nature, so-called spin probes or labels (spin probes chemically bonded 

to the polymer under study or doping molecules) are often introduced into the system 

under study. These are usually paramagnetic particles that are stable under 

experimental conditions, for example, nitroxyl radicals. The EPR allows one to 

determine the nature of the spin probe environment, for example, the local polarity 

and the pH of the medium around the spin probe, to study the spin probe mobility 

(translational and rotational diffusion coefficients), to identify the local 

concentration. The first part of the paper will give a brief overview of the use of EPR 

spectroscopy in the study of supercritical fluids. 

The second part of the report will be devoted to the authors' work on the study of the 

swelling of polymer systems in supercritical (sc) CO2 and the determination of the 

diffusion rates of spin probes in scCO2 and polymer-scCO2 systems. Using the 

original system for recording the EPR spectra of solutions in supercritical fluids, we 

determined the translational diffusion coefficients of the TEMPONE spin probe (4-

oxo-2,2,6,6-tetramethylpiperidin-1-oxyl, 4-oxo-TEMPO) in scCO2, and also in 

scCO2-polylactide and scCO2-polycarbonate systems. The TEMPONE spin probe 

diffusion coefficients in scCO2 calculated on the basis of the EPR data are in good 

agreement with the diffusion coefficients of molecules of similar size, which are 

known from the literature and determined by other methods. 

The research is supported by RFBR (grants ˉ 17-02-00445 and 18-29-06059). 
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A variety of process parameters in Supercritical Anti-Solvent (SAS) method 

potentially gives a possibility to obtain tailored particles with controlled morphology, 

crystallinity degree and particle size distribution. On the other hand, a variety of SAS 

parameters and their interrelatedness determine process complexity and weak 

predictability of result. Deep understanding of precipitation mechanisms and their 

influence on product characteristics is necessary for full-blooded use of SAS 

potential. 

The aim of this work was the investigation of influence of SAS parameters on size, 

morphology and crystallinity degree of precipitated particles. Special attention was 

payed to thermodynamic factors, such as phase equilibrium, solubility in solvent ï 

antisolvent ï solute system etc. 

Salbutamol sulphate, arbidol, fluoroquinolones and dicarboxylic acids were chosen as 

model compounds. It is shown, that change of morphology associated with 

concentration in initial solution change is possible for crystalline substances, contrary 

to amorphous substances. Supersaturation degrees in SAS process were calculated 

using developed method for measuring solubility in supercritical fluids using 

combination of SAS and supercritical fluid chromatography. Obtained data allow 

qualitatively predicting size and morphology of particles precipitated by SAS. 

It is demonstrated, that phase composition of solvent ï antisolvent ï solute mixture 

can influence crystallinity degree of obtained particles. Amorphous particles are 

typical for single-phase regime and crystalline ï for two-phase regime. It is shown 
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that solute can significantly shift mixture critical loci to higher pressure in 

comparison with critical loci of solvent ï antisolvent mixture. 

The work was financially supported by Russian Foundation for Basic Research, 

grant 17-03-01134. The part of work associated with salbutamol micronization was 

supported by Ministry of Education and Science of Russian Federation, project No. 

03.G25.31.0273. 
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In this paper, fluorescent systems based on Neodymium (III) ɓ-diketonate 

(Nd(Acac)3), phenanthroline and polymers were obtained by impregnation in 

supercritical carbon dioxide (SC-CO2). The used neodymium complex is well soluble 

in SC-CO2, and the high diffusion rate of CO2 molecules and the ability of polymers 

to swell in SC-environment allow using this method to obtain lanthanide-containing 

fluorophore polymers. 

The samples of polymers containing Nd(Acac)3, as well as Nd(Acac)3 with 

phenanthroline (Phen) were obtained by impregnation in the SC medium. 

Oligourethanemethacrylate (OUM-5), polycarbonate (PC) and fluoroplastic (F-42) 

polymers were used in the form of optically transparent films (thickness <1 mm). 

Impregnation was being carried out in supercritical CO2 at a temperature of 90 ÁC 

and a pressure of 180 bar for 1 hour. The fluorescence spectra of impregnated 

polymers were recorded, the type of which depends on the nature of the matrix. With 

the sequential introduction of Nd(Acac)3 and phenanthroline molecules into OUM-5 

and F-42 polymers, a bathochromic shift of the fluorescence maxima of the resulting 

systems is observed (up to 147 and 116 nm, respectively) (no shift of the bands in the 

PC spectrum was recorded). This probably indicates the process of formation of a 

new mixed-ligand Nd(Acac)3/Phen/polymer complex, which passed directly inside 

the polymer matrix in the SC medium. It was shown that the magnitude of the shifts 

is influenced by the order of impregnation of polymers. Thus, the greatest shift in 

fluorescence bands was noted for the Nd(Acac)3/polymer systems, followed by the 

introduction of phenanthroline into it. Such changes in the fluorescence spectra of 

impregnated polymers may indicate a different structure of the ligand environment of 
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the Nd (III) atom. This is probably the reason for the changes in the mechanisms of 

thermo-oxidative destruction of polymers impregnated by Nd(Acac)3 and 

phenanthroline molecules, depending on the sequence of the introduction of such 

components. 

This work was supported by the Russian Foundation for Basic Research (grant No. 

18-29-06019 mk). 
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The need for effective preparative chiral separation methods for pharmaceutical 

substances increases significantly. 

Chiral chromatographic methods for the enantiomeric separation of 1,2-ethanolamine 

derivatives are studied in various aspects. Analytical use of HPLC for the separation 

of enantiomers of the ɓ2-adrenomimetic group - substituted 1,2-ethanolamines 

(salbutamol, salmeterol, etc.) has been described. For preparative purposes, the 

separation of enantiomers on a semi-industrial and industrial scale practically does 

not carry out the HPLC method. 

Chiral chromatographic separation of enantiomers of substituted 1,2-ethanolamines 

by supercritical fluid chromatography (SFC) is a type of HPLC, the most promising. 

The special properties of supercritical fluids (high diffusion coefficient, low 

viscosity, good dissolving ability) increase the separation efficiency. The main 

advantage of SFC for the separation and purification of pharmaceutical substances is 

the elimination of large volumes of organic solvents. This is one of the serious 

prerequisites for the need to develop preparative separation of enantiomers of 

substituted 1,2-ethanolamines by SFC method. 

We have also shown that the effectiveness of preparative chromatographic separation 

does not depend on the flow rate of the fluid, and with increasing mass flow rate of 

the fluid, the separation time decreases, which is due to the insignificant viscosity of 

the mobile phase in SFC. 
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Thus, it was found that when the mass flow rate of CO2 is Ò140 g/min, there is a 

sharp increase in the retention time of analytes (table 1), while the enantiomeric 

purity remains almost unchanged. This can lead to a significant decrease in the 

performance of the chromatographic system and the waste of CO2 and co-solvent 

(methanol), and the use of a mass flow rate of CO2 of more than 200 g/min is 

impossible due to the design and technical features of the preparative supercritical 

fluid chromatographic system. 

Table 1. Characteristics of the preparative separation of 2-tert-butylamino-1-(4-hydroxy-3-

hydroxymethylphenyl)-ethanol depending on the mass flow rate of the mobile phase (the volume of 

the introduced racemate sample for a single cycle is 0.85 ml; the co-solvent content (methanol) mobile 

phase - 18.0%; pressure - 120.0 bar) 

Mass flow rate of 

the mobile phase, 

g / min 

The retention 

time of the S-

isomer, min 

The retention 

time of the R-

isomer, min 

The output of the 

R-isomer,% 

 

Enantimeric 

purity,% 

 

140 3,4 3,8 32,8 91,60 

160 3,0 3,3 33,2 91,47 

180 2,6 2,9 33,5 90,80 

200 2,3 2,6 33,7 91,26 

 

A major problem in preparative SFC is the need to use large sample volumes with a 

high concentration of the separated substances. 

The effectiveness of preparative separation is associated primarily with the sorption 

capacity of the column, which is determined by the ratio of the number of active 

centers of the sorbent and the number of analyte molecules. 

The effect of the volume of the analyte solution of 2-tert-butylamino-1- (4-hydroxy-

3-hydroxymethylphenyl) ethanol in methanol (86.0 g/l) on the effectiveness of 

preparative separation was studied (table 2). 

Table 2. Characteristics of the preparative separation of 2-tert-butylamino-1-(4-hydroxy-3-

hydroxymethylphenyl)-ethanol depending on the volume of an analyte sample in a single cycle 

(mobile phase mass flow rate 200 g/min; co-solvent content (methanol) in the mobile phase - 18.0%; 

pressure - 120.0 bar) 

Sample analyte, 

ml 

The retention time 

of the S-isomer, 

min 

The retention time 

of the R-isomer, 

min 

The output of the 

R-isomer,% 

 

Enantimeric 

purity,% 

 

0,80 2,3 2,6 31,3 91,73 

0,85 2,3 2,6 32,9 91,08 

0,90 2,3 2,6 29,8 87,76 

1,00 2,3 2,6 21,6 78,77 
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With an increase in the volume of the injected sample for a single cycle of more than 

0.9 ml, the quality of separation deteriorates dramatically, which may be due to an 

excess of analyte molecules relative to the number of active sorbent centers, i.e. 

sorbate content in the sample of more than 0.3*10
-3

 mol is higher than the sorption 

capacity of the column. When this happens overload preparative chiral 

chromatographic column, which, in turn, reduces the selectivity of the separation and 

reduces the enantiomeric purity of the target product. 

Thus, at this stage, we found that, firstly, with an increase in the flow rate of the 

mobile phase (mass flow), the retention time of analytes decreases, the difference in 

retention times of enantiomers and, accordingly, enantiomeric purity do not 

significantly change, which improves preparative chiral productivity 

chromatographic system; secondly, the performance of the preparative chiral 

chromatographic system is limited by the sorption capacity of the column, which 

determines the volume of a single sample of analytes. 

We are grateful to Altaivitamin CJSC for the opportunity to perform work on the 

Prep 200q SFC chromatographic system manufactured by Waters Corporation 

(USA). 
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Aerogels are porous materials with high adsorption capacity, which makes it possible 

to successfully impregnate various substances into aerogels: active pharmaceutical 

ingredients, oils, additives for the food industry and many others. The purpose of this 

work is to study the process of obtaining spherical particles of organic aerogels based 

on egg protein for their further use in the food industry as carriers of various aromatic 

substances and food additives. Complex experimental studies were carried out, 

during which parameters of the process of obtaining aerogels based on egg protein 

were varied, namely, concentration of the initial protein solution and its pH. Based on 

the experimental data obtained, three concentrations and two pH values were selected 

at which stable gels were formed, which were then dried in supercritical carbon 

dioxide to form the finished material ð aerogel. Analytical studies of the obtained 

aerogel samples were carried out, namely, the values of the specific surface area of 

the samples and their density were obtained, and scanning electron microscopy 

(SEM) images were obtained and provide low and high magnitude (Fig. 1). 

   
Figure 1 - SEM images of egg protein aerogel samples (at various concentrations of the initial solution 

and pH) 
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It is shown that the obtained materials are very promising for their further use as 

carriers of aromatic substances and food additives. Thus, the next step in this work 

will be to investigate the process of impregnation the corresponding substances into 

the pores of aerogels based on egg protein. It can be concluded that spherical 

particles aerogels based on egg protein are of high interest for use in the food 

industry. 
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Application of unique properties of solvents in supercritical state at the stages of 

extraction and regeneration of the solvent in the process of solvent deasphalting 

(SDA) of heavy petroleum feedstock (HPF) makes it possible to significantly 

increase extraction and phase separation rates as well as to achieve high energy 

efficiency and reduce capital and operating costs compared to conventional processes 

[1, 2]. Despite this, the use of relatively high molecular weight and less selective 

solvents, such as n-pentane, which are most attractive for obtaining maximum 

amounts of deasphalted oil (DAO) and subsequent processing into components of 

motor fuels, results in the extraction to DAO not only resins, but also part of 

asphaltenes, that greatly deteriorates DAO quality. One of the promising ways to 

increase the efficiency of the supercritical SDA process is an addition to the system 

of highly dispersed sorption materials. The addition of small amounts of particles, 

especially nanoparticles, possessing a developed surface and high sorption activity 

with respect to the "binding" of asphaltenes and free organometallic compounds, to 

the HPF-solvent system can increase the degree of asphaltene and metal removal and 

improve the quality of DAO [3, 4]. 

This report presents the results of systematic studies of highly dispersed sorption 

materials (including those with magnetic properties) effect on the efficiency of 

deasphalting and demetallization of HPF using the solvent in the sub- and 

supercritical state. For the first time, in relation to the HPF upgrading under 

supercritical extraction conditions the synthesis of highly dispersed materials with 

desired properties, which have a high sorption capacity with respect to asphaltenes, 
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has been carried out. Effect of the type, properties and concentration of the 

adsorbents obtained as well as the methods of their introduction into the system on 

the efficiency of interaction with asphaltenes, DAO quality and SDA process 

indicators has been studied using the model solutions and real oil dispersed systems. 

In addition, the influence of the process conditions and the phase state of the solvent 

as well as the composition and properties of HPF (heavy oil, oil residues) and 

asphaltenes contained on upgrading efficiency has been determined. 

The research results obtained will form the basis for the creation of the scientific 

foundations of high efficiency technology of supercritical extraction and upgrading of 

HPF. Reduction of the residual content of asphaltenes and metals in DAO at its high 

yields (at least 80%) will provide additional volumes of high-quality raw materials 

for further processing into components of motor fuels and base oils, thereby reducing 

the production of residual fuel oils and increasing the oil refining depth. 

The research was supported by the Russian Foundation for Basic Research (grant 

number 18-29-06044 mk). 
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The interest in developing new methods for producing metal oxides is associated, in 

many ways, with the potential of these materials in the field of electrocatalysis ð in 

particular, as an alternative to costly platinum-based catalysts [1]. For example, 

anganese oxides are known to successfully promote oxygen reduction reaction in an 

alkaline medium. Moreover, their electrocatalytic activity depends not only on the 

stoichiometry of oxides, but also on the type of crystal lattice and the morphology of 

the material [2]. Since these parameters are directly dependent on the method of 

production, the development of new methods for the synthesis of metal oxides is of 

both scientific and practical interest. 

Both applications of heterogeneous catalysis and electrocatalytic applications require 

high porosity of catalytic materials. In this regard, the use of metal oxide aerogels is 

of particular interest. Often, the preparation of such materials requires multi-

component and multi-step synthesis. In this paper, we present a new approach to 

obtaining both monodisperse nanoparticles of metal oxides and aerogels based on 

them in a single-step process directly in supercritical CO2. 

Nanoparticles and aerogels of metal oxides were obtained using thermal 

decomposition of organometallic metal precursors in solutions of supercritical CO2. 

We used cyclopentadienyltricarbonyl manganese, manganese, iron, tungsten and 

cobalt carbonyls. It was shown that in the case of using cyclopentadienyltricarbonyl 

manganese, as a result of the synthesis, monodisperse nanoparticles are formed that 

possess electrocatalytic activity in the oxygen reduction reaction [3]. In the case of 

the use of metal carbonyls, as a result of the synthesis, porous structures are formed 
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from the nanoparticles of the corresponding metal oxides with a specific surface area 

of up to 170 m
2
/g. 

This work was supported by RFBR, grant ˉ18-29-06036. 
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Two-phase aqueous polymeric extraction systems, which are free of organic solvents 

and use cheap and ecologically friendly polymers such as polyethylene glycole, 

polyvinyl alcohol, polyvinylpyrrolidone are an attractive alternative to traditional 

extractants both from technological and ecological points of view [1]. These systems 

possess noticeable flexibility in extraction process management, allow many-fold 

concentration of both inorganic and organic target compounds from diluted water 

solutions. They are also totally chemically safe both for human and environment. 

Current central challenges in the progress of this extraction method include 

development of approaches for post-extraction isolation of target compounds from 

water-polymer solution as well as for polymer regeneration and recycling [2ï5]. 

We proposed a hybrid extraction approach comprising extraction with an aqueous 

polymeric two-phase system and a consecutive treatment of an extract using 

supercritical fluid separation technologies. In order to study the ways of supercritical 

carbon dioxide applicability for fractionation of water-polymer solutions one has to 

employ a number of auxiliary physicochemical measurement techniques for the 

investigation of many-component mixtures under high pressure. 

In this work, results are presented of the research on extractant composition choice 

and method development for the implementation of the proposed approach. A method 

was developed for the assessment of phase composition of a many-component 

mixture including supercritical CO2. Also, a method for measuring distribution 
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coefficients of a substance in two-phase water-polymer-supercritical CO2 systems 

was proposed. 

The reported study was funded by RFBR according to the research project ˉ 18-29-

06070. 
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Amorphous glassy polymers are widely used as materials of gas separation 

membranes. However, the transport parameters of glassy polymers as non-

equilibrium systems are affected not only by the chemical structure of the element, 

but also by the method of formation or subsequent treatment of polymer films or 

membranes. One of these methods of treatment, significantly changing the chain 

packing in the polymer matrix, is the swelling of polymers in supercritical CO2 (sc-

CO2). 

Modern experimental and computational methods for the study of amorphous glassy 

polymers indicate the microheterogeneity of their structure, which can be represented 

as a wide size distribution of micro-cavities (free volume elements) distributed in a 

more densely packed polymer matrix. The application of the microheterogenic model 

to the analysis of gas transport processes in glassy polymers shows that the level of 

permeability, diffusion and solubility of gases depends mainly on the average size of 

the free volume element, while the selectivity of gas separation is determined by the 

packing density and ordering of the chain packing in the dense phase of the polymer 

matrix. Recently the TIPS RAS has developed a method for quantifying the change in 

the chain packing ordering in amorphous glassy polymers, based on the analysis of 

gas diffusion coefficients [1]. 

In the present work, based on the data of the gas permeability method for 

polyhexafluoropropylene and some of polyetherimides, it is shown how the treatment 

of films in as affected by processing films in sc-CO2 affects the density and ordering 

of the chain packing in the polymer matrix. It is shown that swelling in sc-CO2 in all 

cases [1 ï 3] leads to increase in the free volume and, consequently, to increase in gas 
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permeability. However, in the case of polyetherrimides, the swelling in sc-CO2 leads 

to additional ordering of the chain packing in the dense part of the polymer matrix 

and, consequently, to increase in the selectivity of the gas separation. Thus, treatment 

in sc-CO2 allows to modify gas transport characteristics of amorphous membrane 

polymers. 
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The report discusses approaches to the extraction and chemical modification of 

secondary plant metabolites in medium of subcritical water (SCW) [1] to obtain 

products with high added value from plant materials of the Russian Federation. 

Quercetin (QR), a plant polyphenol belonging to an extensive family of flavonoids, 

which have already found many applications in the pharmaceutical, food and 

cosmetic industries due to a wide range of their biological activity, is presented as a 

model compound of importance for the market. 

QR demonstrates antioxidant properties, anticarcinogenic, cardioprotective, 

bacteriostatic, secretory properties, and also helps to reduce the growth of aging cells 

in vivo and serves as an effective senolysis agent [2].The usual method of obtaining 

QR from the plant matrices (Fig. 1) includes two stages: 1) the extraction of rutin 

(RT) using the organic solvents and subsequent purification; 2) the hydrolysis of the 

obtained RT, for the isolation of QR. 
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