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2. Localization and hydration of organic dyes in surfactant micelles by molecular dynamics simulations

Pedepar:

1. Incepraniiina po60Ta IpUCBIY€Ha BCTAHOBJIEHHIO METOJAaMU 00UYMCIIOBAIbHOI XiMii 0COBIMBOCTE! BILJIUBY
[IPUpPOJY NMOBEPXHEBO-aKTUBHOI peyoBunH (ITAP) Ha yoKkasizallito, opieHTallio Ta rifpaTalilo MOJIeKyJ OPraHiYHUX
OapBHUKIB, 110 afcopboBaHi Mitjesiamu [1AP, y HeliTpasbHill Ta ioHi30BaHil popmax. Kpim Toro, gocmiaxeni
BracTuBOCTi Minesn [TAP 6e3 6apBHUKIB Ta IpoBeieHa po60Ta 10 CTBOPEHHIO TOBHOATOMHUX MTOTEHIIiaTbHUX
MoJeJsiell 3TiIHO 3 MEeTOJ0JI0Ti€l0 3aralbHOBXUBAHUX CUJIOBUX NOJ1iB. Ha npukinagni nogeuusncynsdaty Harpito (ICH)
[TI0Ka3aHo, 10 NoBeiHKa MOHOMePiB [TAP B Mofie/lI0BaHHI MOKe BU3HAYATHCS HE TiJIbKU [TapamMeTpamu
IIOTEHLiaJIbHOI MOAei IJ1s1 aTOMIB ros10BHOI rpymnu I[TAP, npoTtuiona ta Boany, ane i 1j1si mapameTpaMu 3B'I3KiB y
BYIJIEBOJHEBOMY pajiiKaji. /11l OCTaHHIX pEKOMEHI0BaHE BUKOPUCTAaHHS [1apaMeTpiB, 0 OTPUMaHi CIIeliaJbHO
171 BULVIX aJIKaHiB Ta Xupis. g psapy ionnux [TAP Bu3Ha4yeHo, 10 KOHLLEHTPAaLlid BOOU B IOBEPXHEBUX MIapax ix
Miles € gyske 6JIM3bKOIO0, 110 CBIIYMTb IIPO MaJsIUii BILJIMB HA Hel 3HAKy 3apsy i MpUpOay rojI0BHOI IPyNy Ta po3Mipy

Mminenu. Po3BuHeHuUi niaxin 7o 0649ncaeHHs MiKpOCKOIIIYHUX XapaKTePHUCTHUK MOJIEKYJI OPTaHiYHUX 6apBHUKIB, 1110



ancopbosaHi Minenamu ITAP (nokanizanii, opienTauii Ta ckiamy mikpooTtodyenss). Leit nigxin 6yB 3acToCcOBaHUH 10
PALLy CONMbBATOXPOMHMX Ta KUCJIOTHO-OCHOBHUX iHIMKATOPHUX OAPBHUKIB y Milleslax 3araJlbHOBXXUBaHUX
KaTiOHHMX, aHIOHHUX Ta 1BiTep-ioHHUX [IAP. BusHa4yeHo, 10 JI0Kai3alis MOJIEKYJIA CTAaHAAPTHOTO
COJIbBAaTOXPOMHOTrO 6apBHuUKa Paiixapara B minesnax JCH i ITAB e 65113bK010, @ pi3HULS B TApaMeTpax MOJISIPHOCTI
po3unHiB uux ITAP € HaciigKoM B3aeMoii MOJIEKY/U 3 TONI0BHUMU rpynamu [TAP. Ouinena npugaTHICTL pany
KUCJIOTHO-OCHOBHUX OAPBHUKIB JJ1s1 BAKOPUCTAHHS B iHANKATOPHOMY METO/Ii BUBHAYEHHS [I0BEPXHEBOTO
€JIEKTPOCTAaTUYHOrO MOTEHLiany minel. ITokaszaHo, o 0gHOYaCHO AJ1s Milel i3 pi3HUM 3HaKOM 3apsy HaliMeHIla
Pi3HMLA B JIOKasi3allii Ta CK1afi MiKpOOTOYEHHS MOJIEKYJ IBOX (OPM Mae Mmicle 1 4-H-nonenun-2,6-
nuHiTpodeHomy. Okpemo B minesnax IITAB 1je Mae Miclie TakoX 1151 CTaHAAPTHOrO 6apBHUKa Paiixapara, a B JICH —

171 4 H renTtajenuia-7-aMiHOKyMapHrHa.

2. The thesis is devoted to determining the effect of surfactant nature and protonation state on localization,
orientation, and hydration of molecules of organic dyes in neutral and ionized states, adsorbed on surfactant
micelles, by means of computational chemistry methods. Properties of surfactant micelles without dyes were
examined and all atom potential models in frameworks of common force fields were developed, as well. On the
example of sodium dodecyl sulfate (SDS) it was shown that the behavior of surfactant monomers during simulation
can be determined not only by the parameters of head group atoms, counter-ion, and water, but by the ones of the
hydrocarbon tail, as well. The standard force field parameters, derived for the lower alkanes, lead to computational
artifacts when micelles with aggregation numbers >100 are simulated. The improved parameters, derived for
higher alkanes and lipids, allows obtain correct results. For a series of ionic surfactant micelles, it was determined
that the water concentration in surface layers of these micelles is similar that indicates the weak impact of the
charge sign and nature of head group and the length of hydrocarbon radical on this quantity. The approach for
calculating the microscopic characteristics (localization, orientation and microenvironment composition) of
organic dye molecules adsorbed on surfactant micelles was developed. It was applied to a series of solvatochromic
and acid-base indicator dyes in micelles of commonly used cationic, anionic and zwitter-ionic surfactants. Analysis
of characteristics of a molecule of the standard solvatochromic Reichardt’s dye adsorbed by SDS and CTAB
micelles showed that the localization of the molecule is similar in both micelles. Consequently, the difference
between the polarity parameters of these surfactant solutions is a result of interactions between the dye molecule
and surfactant head groups. The comparison of characteristics of neutral and ionized forms for a series of acid-
base indicator dyes allowed assessing the appropriateness of each dye for its use in the indicator method of
determination of micelle surface electrostatic potential. It was shown that for both cationic and anionic micelles,
the smallest difference in localization and microenvironment of two forms takes place for 4-n-dodecyl-2,6-
dinitrophenol. In CTAB micelles only this also takes place for the standard Reichardt’s dye, and in SDS micelles only
for 4-n-heptadecyl-7-aminocoumarin.
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