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35 YEARS OF SUPERCRIICAL FLUIDS IN NOTT INGHAM AND RUSSIA
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The date of this conference is almost exactly th® &8niversary of my meeting
Victor Nikolaievich at a conference not far from PragRepidly we became firm
friends and collaborated in the field of supéical fluids for almost 30 yeardhis

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\l].

also highlight what, from my perspectmes a f or ei gn sci enti st
main contributions to supercritical science in RusSiaere is no doubt that his
contributions have been immenseery much hope that together we can build on the
wonderful foundations that he laid to inspnew generations of scientists and to take
supercritical science in Russia to ever gresiiecess.

Acknowledgements: | thank all of my colleagues, collaboratorsyarkers as well

as our technicians. In particular, | thank Professors Mike Georg angdeStewdle

for their support.l 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 sionmimari zed
Supercritical Mi xtures: an Enabling
Ke, Y. Sanche¥/icente, G. R. Akien, A. A. Novitskiy, G. Comak, V. N.
Bagratashvili, M. W. George & M. PoliakofBroc. Roy. Soc. A2010)466,
27992818.
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SUPERCRITICAL FLUIDS : NEW APPROACHES TO STRUCTURED
POLYMERIC MATERIALS AND THEIR APPLICATION
Howdle S.M.

School of Chemistry, University of Nottingham, Nottingham UK NG7 2RD
Steve.Howdle@nottingham.ac.uk

We have exploited the low viscosity andyln diffusivity of scCQ to allow new
approaches to nanostructured polymeric materials prepared directly in ss@@
dispersion polymerisation techniques.key focus has been the use of controlled
polymerisation to deliver template materials and tortexme control on the

polymeric morphologies obtained from lamellar through to nanoporous materials.

Figurei controlled structures developed in sc@®demonstrate a range of possible morphologies for
microparticulate systems

A further target has lem 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 o
surfactants grown from natural starting matasialgain using controlled and even
enzymatic approaches in sc€O

1. M. R. Thomsett, J. C. Moore, A. Buchard, R. A. Stockman and S. M. Howdle,
Green Chemistry2019,21, 149156.

2. M. Alauhdin, T. M. Bennett, G. P. He, S. P. Bassett, G. Portale, W. Bras, D
HermidaMerino and S. M. HowdleRolymer Chemistry2019,10, 860-871.
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3. K. J. Pepper, T. O. Masson, D. S. A. De Focaatis and S. M. Hadadimal of
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Supercritical Fluids 2018133, 343 348.

G. B. He, Thomas; Alauhdin, Mohammad; Fay, Michael; Liin;6chwab,
Simon; Sun, Chenggong; Howdle, Steven Rblymer Chemistry20189,
38083819.

. 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. HoWNdl®o Letters
2018,18, 75607569.

. P. Baheti, O. Gimello, C. Bouilhac, P. Lacrddesmazes and S. M. Howdle,

Polymer Chemistry2018,9, 55945607.

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

Howdle and H. WillcockPolymer Chemistry2017, 8, 45574564.
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DECIPHERING THE LANG UAGE OF PHOSPHOLIPID -BASED
COMMUNICATIONS: ROLE IN CELL DEA TH/ELIMINATION AND
REPROGRAMING

Valerian E. Kagan

University of Pittsburgh, USA
IM Sechenov Moscow Medical State University, Russia

Fiddity 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 revesible 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 the4ast 3
decades, this padinof view has changed as experimental biology has discovered
sever al organized and highly regul ated
differences between reprogramming and delsufficient levels of elimination of
harmful materials lead to theccumulation of antigenic/genotoxic materiatypical

of cancer or autimmune diseases; vice versa, exceedingly massive elimination leads
to tissue and organ injury eg, brain injury, sepsis, radiation injury, chronic
degenerative diseases, etc. Iniadd 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 ¢hphilosophy 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 thesis of our understanding of the etiology and
pathogenesis of disease. | 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 parigh effective and rich language used

by individual cells and their communities to eliminate and/or reprogram unnecessary
or harmful cells.
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DESIGN OF FUNCTIONAL BIOMATERIALS
Y. Rochev
Centre for Research in Medical Devices (
University of Ireland Galway (NUIG), Newcastle Road, Galway, Ireland;

Institute for Regenerative Medicine, Seahetniversity, & Trubetskaya st.,
Moscow 119991, Russia

vury.rochev@nuigalway.ie

I n the | ast quarter of a century, ther e
biomaterials that perform primarilynechanical functions to new, -salled,
functional biomaterialsFunctional 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 c&fl-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, migratidn a
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
physiobgically 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 tevelopment functional
biomaterials. Supercriticalfluids appear as an important alternative to the

conventional methods for processing functional biomaterials.
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LASER PRINTING OF Bl OMATERIALS, NANOPART ICLES
AND LIVING CELLS
Boris Chichkov

Leibniz University Hannover, l nstitut
Hannover, Germany

In memory of VictorBagratashvili

In this lecture, devied to the memory of Prof. Victor Bagratashvili, | will explain

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

We started from twghoton polymerization (2PP) technique, which allows direct
writing of 3D microstructures (scaffolds) into the lwme 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 nanodes was another interesting research field,
where we planned novel joint projects and started working together. | will
demonstratelaser printing and arrangement of spherical metal and dielectric
nanoparticles in a very precise manner. These nanopsartaote nanoparticle
structures are characterized by unique optical properties. For example, laser printed
Si nanoparticles with sizes in the range of -P00 nm in diameter exhibit

pronounced electric and magnetic dipole resonances within the visibleaspaate.
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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 istor. | will report on our progress in this rapidly

developing field.
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VAPOUR-LIQUID EQUILIBRIUM OF ACETONE-CO; MIXTURES OF
DIFFERENT COMPOSITIO NS AT THE VICINITY O FTHE CRITICAL
POINT
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!Department of Inorgan and Analytical Chemistry, Budapest University of
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Abstract

The vapouwliquid equlibrium of acetoneCO, mixtures is studied by computer
simulation at 11 different compositions, ranging from neat @eat acetone, in a
50-100K wide range of temperatures at the vicinity of the critical point. The
composition dependence of the critiparameters 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 valie0.3, and the critical density might also
exhibit a maximum in the acetone mole fraction range @20 Temperature
dependence of the surface tension is also determined in the entire composition range.
The obtained results agree, in general, well witherimental 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 moletifvas) and temperatures
(data above about 336 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 acetadD@, mixtures.
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USING saCO, TO CREATE POLYMERIC PARTICLES FOR SELECTIVE
LASER SINTERING
EduardsKrumins', MariaA. Syaching, Vladimir K. Popo, StevenM. Howdle".

School of Chemistry, University of Nottingham University Park, Nottingham,dUnite
Kingdom

°PSRC ¢Crystallography and Photonicsé RA!

The focus of this research is to produce novel polymers for selective laser sintering
(SLS) 3D printing via dispersion polymerisation in supercritical , G&CQ).
Dispersion polymerisain is ideal because it creates discrete spherical particles in the
0.1 to 10 micron size randeWe have used methyl methacrylate monomer, the
initiator is azobisisobutyronitrile (AIBN) and a monomethacrylate terminated
poly(dimethylsiloxane) (PDM3/A) as the stabiBer dissolved in the scGOThe
particle sizes range from 0.5 to 5 micrdnselow (Fig.1) are shown PMMA particles

of a size of 0.6 micrors.

-
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Fig.1. PMMA particles formed from dispersion polymerisation in s¢CO

Such polymeric particles could be used
3D printing. We have created a range of functionalised polymeric particles, with the
aim of introducing colour orrdancing 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 producingiin or post pnting 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 ardssg 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 ¢Crystallography
ultrafine polymer particles for SLS process developmentRuesian Foundation of
Basi c Resear ¢c3310Q18sr [ ie part of fuhclionalised polymer
microparticles synthesis and characterisation.
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Csdzdyd Mo ® QP tedzo MtsteB j dzlsO d C sdzd yd Mise
RLEYJ s o dzdWw dzd j B | (HOtc-B RGOSR S dz0 dzc
s5C Md d3j Is d-dd6 @ dizd dizp ) d3d Is O dzts dzj (86,0 G/
ftcj f OcOIsdJo dzgsets tcOLHJjdzj dzdwV (lsOBEZJqYO 2) .
v OB dzd yO 2 MOt OC Iis e diAsls dcC d to OHfistg)iptiGItdAeiM
sCddsj sqd Qdafdzd o L Oodmddsmsd s ISBJstO oo tH(
ydedz (BOmMmser 2 ©OMRtsa/ dgddeo itzsd o @dzd j 2O OMiso &
fsHody dz528W%W O] H ®o0dzj0dzdBjO ts)

(Bl j& led dgv PBdd™ | nsy | ¢ dzodals

| EHj ey 80O EHJjtey dB-O .
OdzO dzd Is €@ JLB 60, dLsdjico dL sd3j tg udmistisd

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

ltcd Zogdzdugpdze) BO o otsHdBs? s dd tsjHL]OHS L
ErEzuh Ojlsmw COyjMmMlseots t©OLH  dzj dad Vv, Yylsts dBts»
Bsdzj SEdz OdzZOdzdIs© 5 wslsdesh jdzds € € sdzdyd fMls
fMsH j oy Odad j Mt Ol O 97 ditds's j 'sés@dsjfjv  0p,r
fMtstes ydts dzdzts 2 j BC sfilsd ¢ t5dzts dz€ . 1 to Lls
ftoj § OtcOlsdo dzs?2 ~dteOdz! dets?2 RtetsBOISSEtLOW dyd M
mMdzd ¥ Oj s Mmjdzj Slsdodetsfyls! tOLHjdzjdzgdw d Mdady C
ftesHEZSSO.

vs0Cdd3 tBEKOL i34 Is O] HAZEES B3z Mls Otfzfp sz Bzts, M
o jddyuyj ddj B MSCtteshisd lssSO fHody ds2 W
otej &Y EZHJjtYydoOdzedw OdzOdzdlIlstse, dzd L dzOydlsj
ZHjtey do OdedWw 1+ dzOdzelsdtsdzj etseo  d, mMtstslse j sfilse j
M smMseMsealzjls ftsor h jdeds® ftesdLotsHdIsj dz dzts
AnlesBOIssctecOW dyui MO BtemMegd Misf BsdL atsHdIsj dz/ dzts iyl
qtcOdz! des? RtesBOetcOW dyj MSEs2 MdMmisj d3r ¢
sdzsdzC d, SCtlststeOW i tej Hj dDUiOskzdsasioj. d5 Jj H d dzd \

11

e

S

rtcO) Ojd3 B XZOGtSHOdzsfls! 10 J chPdzlsOQodlsOd
otsL Bsy detsls! orf §f tsdzdzgj dzedWv OB BSIST dzZO ~tesdBOISt
SFC ftesdqLotsHMlso O CtsiBf Oddd Waters Corpor a
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FIRCURLE Yot of rtoltAltladd 1 L] vy fudrict JorSs 1 ¢
Jeadlr crYy 1L 1 ot swgt RevrRsR U vl
fovrtrROS O
[ 5o ME OY j WOMdz* Cf hd ¢ 5t6! jfoj@z\". EIsd dzO 1 .
t sid?2 S d@j mdpegfSasd yd M d2 vdedazigirglyplo, dd
[ iYHEZdZOtesHd 2 yd dzlste SteOdemW J O W OtedsOyJ o
e-mail: daria.lovskaya@gmail.com

b4 etse j dzd W dzw b Isfyw f sted Mis™ d3d BBOIs j ted O0
OHMBteB yd sdedets 2 M tsmvejdss miisfhf j " degds L Gfctta koyta
tcOL dzdydze" j] 9jM jMmMlsa®: OCkdods j] WOttd3OY,j 9 ls
Hdzw f dh jots?2 ftetsd3r hdzj dedetsisd o dgdesedJ H
WeodzW jIsmw dMmMmdzj Hise Odzdd Gyl MmO § sdizyuj d
Ol oG dellzj Zsmdatso j wWydesets BJjd&ZzEO HdzvW dn H
fdhjots?2 ftetsd3r hdzj dzdetsmisd o COydMmlsej datsf
ojhimlse d Hddhjera HGBOOBC. lteso § HJ dg

dmMmdzj Htso Odzed v , ) nBHJ Clstster n 9 Qe MiHBts ¢
f sz yj dzdv Ol etsejdzj?2 dz0O thdesejy wWdydzsets
tcOMmiso stc©® pH &z§ @ Ehdasts Odzdd § sdzzyg dedz" = ¢ €
B dzts o' B tcOdzts Istc d CtsdayJ delspplOydidted d ¢ 8B B
sBtcOL 59" 9 Odzd ! MlsOB ddz' dig Jjor dyjzdza,0 O s Is Bt
Mo jtenCtedlsdu MEBBets HdBEMdHO EcedzjteBHO HC
Ol tcsGljdMe j HJ dg OdzOdzd Isd yj MS d 4 dimidzj HisO
Ol tets@ j dzj 2, O dd3j dedets ff sdzlz yj dz L dz0yd dzd
ftsojterndztsiisd sBtOLEHGp fsdizy] dedzts Mndsffgs d

L dzj Sstetsdzdes? B StesMEsfdd (86 f) ftod tOL dzc
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tdMmimdddzZEd u#6f BtOL yses Ol ttsejdzj?2 dO tmdtse j W
Ctsdeyj desteOydwrn dhpH dsets tcOMiso stcO® d

1 sC0OL Odzts, ylsts f tsoizowgvdeds ijv  dgQ ldny a0 dff j i g § ¢
HOdz! dzj 2h jets dMisdz L sa Odedw drm © €Oy Mmlsoej
fdhjoeora HBSBOOtSC. vO0Cdd3 BBtOL 503, fMdzj HIzs N
dimmdzj s Odzedjy Gty MMO odzj Hicj dzdVv MBtslso j Is
dzO tfdtsy d ydesets B J dz€ O. [ sy des L OCdz® ydis: ,
01 oG J dzj 2 zO0 thdztse § wduydzsets B dZzEO o]
dmf sdz! L so Odzdw o fdh jors?2 ftesd3 h dzj dedesfyls( .
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