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2. Universal shape properties of a mesoscopic polymer chain, polymer star and their aggregates

Pedepar:

1. Inceprarlisi NpUCBsAY€HA OOCIIIPKEHHIO YHIBEPCAIbHUAX XapaKTEPUCTUK (POPMU NOJIIMEPIB Pi3HOI Tonosorii
MEeTO/IOM JAMCUIIATUBHOI JUHAMIKU. Y SKOCTi epIIOro KpoKy 3alIpONIOHOBAHOTO NOCJIiIPKEHHS 6YyJI0 TPOBEIEHO
aHaJli3 XapakTepuCcTUK GOpPMHU Me30CKOIIYHOI KOHTUHYaIbHOI MOei JIiHITHOTO [TOJIiIMEPHOrO JIaHLora y JOOpOMY
PO3YMHHUKY. Bys0 mokasaHo, 110 BiflIOBiJIHi e(DeKTHUBHI cepeiHi po3Mipu Ta XapaKTepUCTUKU GOpMU
ME30CKOIIIYHOTO MOJIiIMEPHOTO JIAHLIOTa Y JOOPOMY PO3YMHHUKY BUXOISITh HA CKEMJIIHTOBUM Ta YHiBEPCAJILHUN
peskuM noBeniHKy npu foBxuHi N>10. Okpim Toro 6yB mpoBefeHNiA aHasIi3 PO3IOAiIiB iMOBIpHOCTI 17151 Bimmasti Mix
KiHLISIMU JIaHL}OTa Ta JJ1s1 pajiiycy ripauii. Y nepumomy BUnaaky 6ysa BifTBOpeHa BifloMa aHaJIiTUYHA aCUMIITOTHKA
ne JKena — ge Kiyaso, a y ;pyromy 6yy1 3alIpOIIOHOBAaHI aHaJliTUYHI BUPa3Hy, sIKi TPYHTYIOThCS Ha J06pe BimoMii
¢dopwmi JIros'epa Ta y3aranbHeHil Bepcii nogsiiiHoi popmu 'ayca a1 CMUMETPUYHOTO po3noiny. B noganpmomy

PO3BUHYTI Ta anpo60oBaHi MeTOAM Oy BUKOPUCTAHI [J1s1 AOCJiIPKEHHS BJIaCTUBOCTEN (POPMU OiJbIl CKIIATHO]



TOMOJIOTII: 3ipKOMNOAi6HI osiMepu pidHoi PyHKIiOHATBHOCTI. 30KpemMa 6yJI0 AOCTiIKEHO BILINB IKOCTi PO3YNHHUKA
Ha ¢popmy nostimepa. Bysio nocimkeHo n'sSTh pi3HUX BEPCiii Mopiei 3ipKOBUX I10JIiMEPiB: OJJHA MOJIEJIb TOMOT'€HHO]
IT0JIiIMEPHOI 3ipKM Ta YOTUPU BePCii MoesieN AJ1s1 TeTEPOT€HHO] 3ipKu. BUKOPHCTOBYI0YM METOIY AUCUTIATUBHOI
IVHaMiKy OyB IPOBEIEHUI aHaJli3 BIUIMBY SIKOCTi PO3YMHHMKA HA XapaKTePUCTUKU (OPMU OrpybJIeHUX MOJeen
rOMOTE€HHUX Ta TeTePOreHHUX 3ipKOBUX MOJliMepiB. MU criocTepiranau HasgBHICTb LIiKaBOTO e(PEKTY, SIKUIi 0JIAraB y
TOMY, 110 IIPU 3MiHi BIaCTUBOCTi PO3YNHHUKA, aCPEepUYHICTb TOMOT'€HHOI 3ipKU OCAra€ CBOr0 MakCHMaylbHOTO
3HAYEHHS Y OKOJIi O0-TOYKM PO3YMHHUKA. Lleil e(peKT NOsICHIOETCSI KOHKYPEHIE MK €HTaJIbIIiHUM Ta
€HTPOMIMHUM BKJIaZJaMH Y BiJIbHY €HEPTilo cCUCTeMU. MU MTPOBEJIM aHasi3 Habopy [apaMeTpiB, SIKi T03BOJISIOTh
XapaKTepU3yBaTU BIJIUB €(PeKTiB JIOKAJIbHOI'O CKyITY€HHSI TiJIOK 3ipKOBOTO noJjimepy 3 f rizkamu Ha 0COGJIMBOCTI
IIPOCTOPOBOTO PO3TrOPTaHHs OJHi€l riku. [y bOTO MU PO3IJISIHYJIM XapaKTePUCTHUKY, SIKi € crielnPpiuHUMU 117151
iHIMBINyaIbHOI I'JIKK 3ipKOBOTO MOJIIMEPY, TaKi, SIK CEPeLHA Bilfaib MK LIEHTPOM Ta KiHLEM, CEpeHE 3HaYEHHS
KBaJpaTy pafiycy ripauii Ta aceprn4yHOCTi iHAMBiNYyanbHOI risIkY y 3ipui. [1s Toro, mo6 NpoBecTu 6e3rnocepenHe
MOPiBHSHHS BJIACTUBOCTEH IHAMBIAYAJIBHOI TiJIKX 3 BIACTUBOCTSIMYU BiJIBHOTO JIiHITHOTO MOJIIMEPY 3 TaKOIO K CaMOI0
MOJIEKYJISIPHOIO Baroio 0yJsin BBeLleHi BiANoBinHi yHiBepcasnbHi cniBBifHomeHHs pe(f), pg(f) ta pa(f). Haui
pe3yJIbTaTy, siKi 6yJIi OTPUMaHi 3a JOTIOMOT0I0 METOIiB IMCUTIATUBHOI AUHAMIKY, I1epebyBaloTh y o6Piil 3rofi 3
pe3yJbTaTaMu, sIKi 6y OTPUMaHi 3 BUKOPUCTaHHSM METOJiB cumyJisinii MoHTe Kapsio Ta MOJIEKYJISIPHOI AHAMIKYL.
OTpuMaHi pe3ybTaTH [0Ka3yloTh, 1[0 METOAM AUCUIIATUBHOI IMHAMIKM KOPEKTHO ONUCYIOTh €(PEKTH BUKJIIOYEHOTO
00'eMy y BUINAJIKy I'YCTOi 3ipKU 3 BiTHOCHO BEJIMKOIO KiJIbKICTIO I'iJIOK. | HAOCTaHOK, 0yJ10 OOCIiIKEHO BIJIUB
MOJIEKYJISIPHOI apXiTeKTypu amPidinbHUX 3ipKOBUX 10J1iMePiB Ha (POPMY arperaris, sKi BOHU (POPMYIOTb y
BOJIONOIiOHOMY PO3YMHHUKY. [Ipy LIbOMY SIK PO3YMHHUK, TaK i PO34MHEH] NI0JIiMEPH PO3IJISJAINCs Ha OTPy6JIe€HOMY
PiBHi MOJI€JII0BaHHSI, BUKOPHUCTOBYIOYM METOAY JUCUNIATUBHOI AUHAMIKU. Byslo PO3IJIsSIHYTO YOTMPU MOJIEKYJISIPHI
apxiTeKkTypu: (2) YOTUPH He 3B'SI3aHUX JIiHIMHI 116JI0YHI JIaHIIOTH, (6) aCUMETPpUYHI MIKTOapMOBi IoJliMepH, (B)
Iv6J104Hi 3ipKoBi nosiimepu 1 (rigpodinbHi YacTMHU HaNPsIMJIEHi HAa30BHI) i (r) Aubs104Hi 3ipKOBi rosiMepu 2
(rizpodinbHi YaCTHHY € 10 CYCifICTBY 3 LIEHTPaJbHUM MOHOMEPOM). Y BCiX BUIIAJKaxX PO3IJISAaNINCs
MaKpPOMOJIEKYJI OQHAKOBOTO CKJIaZly Ta MOJIEKYJISIPHOI Baru. Arperaliis po3no4rHasacs i3 rycTo BIIaKOBAaHUX
Habopy i3 Na MoJieKyJ1, siKi 6y pO34MHEHi Y BOGONOAIGHOMY PO3UMHHUKY. Y BCiX BUIIaAKaX, IPU 30i/IbIIEHH]
arperarifHoro 4ucia CrocTepirajgocs 0gHAaKOBa MOCTiIOBHICTE GoOpM, a came: chepuyHi Mitlenn, achepudHi
Milenu i chepuyHi Be3ukyau. Bussuiocs, mo nosjoxxeHHs “pasoBux rpaHulip’ MK HUMU 3aJI€XXUTD Bif, IeTanei
apXxiTeKTypyu MaKpOMOJIEKyJL. [ BUMAKiB (a)-(B) TpaHChOpMaLLisl MK cpeprudHOI0 Ta achepUYHOIO MillesamMmu
BigbyBasnacs rnoctymnoso. [IpoTe nepexip, Bif acepudnoi minenu 1o chepudHoi Be3ikynu BifgdyBaBcs y pantoso. Y
BUIaIKy (6), achepuyHa Milesia € MeHII CTabisIbHOIO i Iepexif, 10 Be3iKyJU Bi0yBa€eThCs IIPU MEHIINX 3HAUEHHSIX
arperauifiHoro yuciua. Bunanox (r) xapakTepusyeTbcs TOCTYIIOBUM IIEPEX0JIoM MiX yciMa popmamu. icTorpamuy,
sIKi 6yJIM OTPUMaHi /111 PO3NOJiliB iMOBIpHOCTI feckpuntopa GopmMy, € BiTHOCHO BY3bKi 17151 CEepUYHUX Milles Ta
cepryHoi Be3ikysu. [IpoTe BOHM CTalOTh IUPIIMMU [IPY B OKOJIi [lepexoy Millesia-Be3iKyJia, 110 I0Kasye, 10

MOJKJINBE iCHYBaHHH Cl)OpM Y IIMPOKUX MEXaX.

2. In this work shape characteristics for the polymer macromolecules of different architecture are investigated via
dissipative particle dynamic. As a first step in our study we consider shape characteristics of the mesoscopic
continuous (off-lattice) model of a linear polymer chain in a good solvent. In order to test the universality
properties of the model. We have shown that effective average size and shape characteristics of the mesoscopic
polymer chain in a good solvent show universal and scaling type of behavior for the chain length N=10. Besides that
the analysis of the probability distributions for the end-to-end distance and for the radius of gyration was carried
out. In the former case known des Cloiseaux-de Gennes analytical asymptotics have been reproduced and in the
latter case an analytical expressions, based on the application of the well known Lhuillier form and generalized
version of the double Gaussian form for symmetric distribution, have been proposed. Further, the methods
developed and tested above have been used to study the shape properties of the polymers of more complicated
topology: star-like polymers of different functionality. In particular the effects of the solvent quality on the
polymer shape were studied. Five different versions of the star polymer models have been studied: one model
homogeneous polymer star and four versions of heterogeneous models. The effects of the solvent quality on the



shape characteristics of the course-grained versions of the models of homogeneous and heterogeneous star
polymers, using dissipative particle dynamics, has been analysed. We found an interesting effect that, upon the
change of solvent properties, the asphericity of a homogeneous star reaches its maximum value when the solvent
is near o-point. The effect is explained by the interplay between the enthalpic and entropic contributions to the free
energy. We analyzed the set of properties, which allow to characterize the impact of local crowdedness caused by
structure of f-branched star polymer on the peculiarities of spatial extension of single arm. To this end, we
consider the characteristics, specific to an individual arm within the star, such as the average center-end distance,
the average squared gyration radius and the asphericity of an individual arm within a star. The corresponding
universal ratios pe(f), pg(f) and pa(f), are introduced, to compare these values directly with that of a freely
suspended linear chain of the same molecular weight. Our results, obtained using dissipative particle dynamics, are
in a good agreement with results, generated using Monte Carlo and molecular dynamic simulations. Results
obtained show that dissipative particle dynamics describes adequately the excluded volume effect in the case of
dense star with a relatively large number of arms. Finally, we have studied the effect of the molecular architecture
of amphiphilic star polymers on the shape of aggregates they form in water. Both solute and solvent are
considered at a coarse-grained level by means of dissipative particle dynamics simulations. Four molecular
architectures have been examined: (a) four disjoint linear diblocks, (b) asymmetric miktoarm polymer, (c) diblock
star 1 (hydrophilic parts pointing outwards) and (d) diblock star 2 (hydrophilic parts next to a central bead), all of
the same composition and molecular weight. Aggregation is started from a closely packed bunch of Na molecules
immersed into water. In the equilibrium state a single aggregate is formed and its shape characteristics are studied
at different values of Na. For all cases, the same general sequence of shapes is found with an increase of the
aggregation number, namely: spherical micelle, aspherical micelle and a spherical vesicle. The “phase boundaries”
between these are found to depend on the details of the molecular architecture. For the case (a)-(c), the
transformation between a spherical and aspherical micelle occurs gradually, whereas the transition from an
aspherical micelle into a spherical vesicle is in a form of a sharp transition. In the case (b), aspherical micelle is less
stable and transition to a vesicle occurs at a lower aggregation number. The case (d) is characterized by gradual
transitions between all the shapes. Histograms for the probability distributions of the shape descriptor are
relatively narrow for both spherical micelle and spherical vesicle regimes, but become wider next to the micelle-
vesicle transition, indicating that a broad range of shapes are possible.
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