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THEORETICAL STUDY OF CO-NONSOLVENCY SUPPRESSION AT HIGH PRESSURES

Budkov Yu.A."? Kolesnikov A.L.*>
! National Research University Higher School of Economics, Department of Applied Mathematics,
Moscow, Russia
’G.A. Krestov Institute of Solution chemistry of the Russian Academy of Sciences, Ivanovo, Russia
* Institut fiir Nichtklassische Chemie e.V., Universitit Leipzig, Leipzig, Germany
ybudkov@hse.ru

Co-nonsolvency is an insolubility of a polymer in a binary mixture of good solvents [1] remains one of the most
unexplored phenomena in physical chemistry of polymer solutions. Indeed, despite the great efforts of both the
experimentalists [1-3] and the theoreticians [4-6] in the co-nonsolvency investigation, its microscopic
mechanism and thermodynamic nature remain partially misunderstood till now. In the dilute polymer solutions
co-nonsolvency manifests itself as the coil-globule transition at the certain value of the co-solvent mole fraction
[1]. Importance of the co-nonsolvency is related to the fact that it is a generic physical phenomenon, taking place
in both the solutions of biological macromolecules [2] and the solutions of synthetic polymers [3]. Nevertheless,
polymer solutions exhibiting co-nonsolvency are a good example of smart (or environmentally driven) systems.
Recently, the authors of present report formulated statistical theory based on the modern liquid-state theory of a
flexible polymer chain in a mixed solvent and applied it to the co-nonsolvency description [7]. It was confirmed
that co-nonsolvency could be obtained within the theory taking into account only the universal excluded volume
and van der Waals intermolecular interactions. It has been confirmed, in addition, that the key microscopic
parameter driving the co-solvent-induced polymer chain collapse is the difference between the energetic
parameters of attractive interactions of ‘polymer—solvent’ and ‘polymer—co-solvent’. Despite this mean-field
model success in the co-nonsolvency description, the theoretical investigation of the pressure effect on co-
nonsolvency has not been addressed up to present. In present report we will demonstrate an applicability of our
theoretical model to description of early discovered in experiment [2] co-nonsolvency suppression at high pressure
[8]. In addition we will demonstrate that theoretical prediction for the gyration radius of the flexible polymer chain
in the mixture of two good solvents is in a good agreement with early obtained MD simulation results [5,6].
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METO/JOJIOTMYECKAE OCOBEHHOCTH JU®®Y3UOHHO-YIIOPSIJIOYEHHON
CIHEKTPOCKOIINU DOSY B UCCJIEJOBAHUU CTPYKTYPbI CYTPAMOJIEKYJIAPHBIX
METAJIJIOKOMILJIEKCOB

Xomos U.A."?
! Unemumym xumuu pacmeopoe un. I A. Kpecmosa Poccutickoii akademuu nayx, Hearnoeo, Poccus
? Kasanckuii pedepanvhuiii yrusepcumem, Kazanw, Poccus
ilya.khodov@gmail.com

Criextpockorust  SIMP  mmpoko mnpuMeHsieTcss B HCCIENOBAHWM CTPYKTYpHl W IMHAMUKH — MOJIEKYJ,
MaKpOLIUKINYECKUX CYHNPaMOJICKYJISIPHBIX METaJUIOKOMIUIEKCOB Ha OCHOBE ITOPGHUPHHOB, (HTATOIMaHUHOB,
xyopuHOB ® 1p. [Ipumenenwe coBpeMeHHBIX MeTozioB SIMP crmekTpockonmum 3aHMMAarOT 0co0Oe MECTO B
HCCIIEIOBAaHUN OCOOCHHOCTEH 00pa30BaHMs MEXMOJIEKYISIPHBIX KOMIUIEKCOB M acCOLMAaTOB, PACIO3HABAHUS U
peopraHuzanyy CynpaMmoieKymsapHeix cTpyktyp [1]. CymecrByer psn s¢dextuBHBIX mnoaxomos B SIMP
CHEKTPOCKOIHH JUTS UCCIIECIOBAaHNS MEXMOJICKYIIIPHBIX B3aMMOZCHCTBUI TaKMX KOMIUIEKCOB. K HUM OTHOCSTCS
KaK KJIaCCHUECKHE ITOJXO/bl, OCHOBAHHBIC Ha AaHAIN3€ XUMHYECKMX CABHIOB M BPEMEH pElaKcallud, TaK |
coBpeMeHHbIe AByMepHble SIMP Mertompl, ocHoBaHHBIE Ha simepHOM d¢¢exre OBepxaysepa M METOIbI,
OCHOBaHHbIe Ha JUQdy3HOHHO-yIOpsitodeHHON crekTpockormn DOSY. Cpenu mogxomo SIMP  Gonee
MEPCIIEKTUBHBIM W aKTHBHO pa3BUBAIOIIMMCS METOIOM B OLEHKE I1apaMeTpOB MEKMOJICKYISIPHOT O
B3aMMOJCHCTBUS, SBIISCTCS TIOJXOJ OCHOBAaHHBIM aHaJIM3€ BENMYMH KOI(QPHUIMEHTOB camoanddy3ny,
mony4deHHbIH MetogoM DOSY. [laHHBEIA TOAXOJ, B HACTOSIIEE BPEMs, MOTYYWIT IMIHUPOKOE PACTIPOCTPaHCHHE,
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ONHAKO, TONBKO JUIS KAYECTBEHHBIX OLUCHOK MEXMONeKyIipHOTO B3aumonelicTeus. [TonydeHus NOCTOBEPHEX
BENMHMH, KOTOPbIE MOTYT HCIONIE30BATLCS UM KONMYECTBEHHOTO aHA/IM3a, ABIAETCH HE NPOCTOM 3a1aveH, Tas
Kak CyllecTByeT GOMbINOe 4Mcao (AaKTOPOB, BIMAKMIMX HA KOHEYHbli pesyistar. K HUM OTHOCATCA, Kax
fONBUIOE YHCIO IKCHEPHMEHTANLHEIX NapameTpoB, KOTOphIE HEOOXOIMMO KOHTPO/IHPOBaTh C OoMbIIOR
TOYHOCTBIO (BbICOTAa 06pa3ua, OAHOPOAHOCTD MONA, GopMa MMITY/IbCa, ONTUMAbHAA CKOPOCTH MOTOKA rasa ¥
T.4) TaKk W GoneIOE WHCAO Biausomux (akTOpoB, KOTOphlEe OOYCIOBJICHHI XMMHYECKOH CTPYKTYpoH ®
BHYTPHMOJIEKY/IAPHO# TTOABMKHOCTEIO XapaKTEPUCTHYECKAX TPYTIN HCCIEAYEMOTO COCAHHEHHS.

B panHoli paGote Oyimyr uUpeACTABNEHBl PE3y/bTATHl aHaIM3a JBYX pasiMuHbix noaxonos B SAMP
CEeKTPOCKOMAH s modydedus kosdduuuenTor camoaud@ysuu Ha NpuMEpe XOpOMIO H3IBECTHRIX &
JuTepaType MeTajulokoMmiekcos [2]. bymeT npoaeMOHCTPHPOBaHL! 0cOGEHHOCTH BIHAHHE OOMEHHEIX
B3aUMOIEHCTBHMI HA KOMMYECTBEHHBIE XapaKTepUCTHKH koddduiimenToB camoanddysnn, a Takke Ha TOYHOCTS
HX OIpeJieIeHH .
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STUDY OF THE PHOTORESPONSE OF A TITANIUM ANODE MODIFIED WITH FILMS BASED
ON PORPHYRIN/PHTHALOCYANINE d-METAL COMPLEXES

Bichan N.G., Ovchenkova E.N., Kudryakova N.O., Mozgova V.A., Lomova T.N.
G.A. Krestov Institute of Solution Chemistry of the Russian Academy of Sciences, Ivanovo, Russia
bng(@isc-ras.ru

The research in the field of preparation and study of donor-acceptor ensembles capable of photoinduced transfes
of energy and electrons are actively conducting the last decades [1]. As components of the abovementioned
ensembles, the porphyrin/phthalocyanine complexes of d-metals attract great interest due to high chemical
electro- and photochemical stability and large coordination ability of a metal-ion, which promotes wide
possibilities of compound modifications via metal-ligand axial coordination.

The data on photoelectrochemical characteristics of a titanium electrode with natural oxide film (N OF) modifisd
by the Mn/Co/Mo/Re porphyrins/phthalocyanines, pyridyl substituted [60]fulleropyrrolidine and donor-accepior
complexes based on them are presented in the report.
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M = Co, (C)Mn, O=Mo(Cl), O=Re(Cl) M = Co, (AcO)Mn

It was found that these films are photosensitive. The influence of the macrocycle chemical structure, metal
type and supramolecule composition on photoelectrochemical characteristics is discussed in the report. So,
photocurrent (jy,) increases in the numbers O=Re(ChP < O=Mo(ChHP < (CD)MnP < Co"'P (where P -
pyridyl)-2,3,7.8,12,18-hexamethyl-13,17-diethyl-21H, 23H-porphyrin [2]) and CoPc < (AcO)MnPc (where Pc =
octakis(3,5-di-tert-butylphenoxy)phthalocyanine).
The best results were obtained for the supramolecular triad (PyCe0)2Co"P (where PyCqo - 1'-N-methyl-2*
(pyridin-4-yl)pyrrolidino[3',4!:1,2 [60]fullerene). The value of j,, for (PythCouP is higher by factors of
and 3 than those for individual Co" P and PyCg, components of donor—acceptor system, respectively.

The maximum IPCE value of (PyCeo).Co"P approaching 70 % at A..; 365 nm is significantly larger than
of the Co'P and PyCq,. An increase of the cell parameters indicates the effect of the photoinduced ¢
separation between the Co"P donor and the PyC,, acceptor in supramolecular triad.
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