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Ha3sBa po6oTH aHIJIilICbKOIO:

Phase behaviour of ionic liquids in a disordered confinement

PedepaT ykpaiHCbKOIO:

MerTo10 HayKOBOi po60TU € po3podKa Teopii (pa30BUX NEPEXOIB IOHHUX PilMH i3 CKIATHOI0 6yI0BOIO
MOJIEKYJISIPHUX iOHIB B yMOBaxX HEBINOPSIKOBAHOT'O IIPOCTOPOBOTO OOMEKEHHSI, C(POPMOBAHOTO MATPULIEIO
HEPYXOMUX YaCTMHOK IIOpUCTOro Martepiany. I ii peanizanii, BHpoJoBX LIbOTO €Taly, po3po6JIeHO TEOPEeTUYHN
niAxin AJ1st Onucy TepMOJVMHAMIYHUX BJACTUBOCTEN iOHHOI PilHY Yy HEBIIOPSIKOBAHOMY ITOPUCTOMY CEPEOBUII 3
MOJIEKYJISIPHUMU KaTiOHaMU, IPEICTABJIEHUMU 3aPSI’)KEHUMHU )KOPCTKUMU CHEPOLMIIHAPAMY i3 3apsHoM,
PO3MillleHUM Ha OJTHOMY 3 KiHLiB cdepoumningpa. [Tigxin noenHye y3arajpHeHHs Teopii MacIITabHOI YaCTHUHKY i
acoljaTuBHe cepeHbochepUuHe HabIMKeHHsI. [lJ1s1 CUCTeMU «iOHHA pifjlHa-MaTpULsSI» OTPUMAHO aHALTUYHI
BUPA3U JJ14 BiJIbHOI €Heprii, TUCKY i XIMIYHUX [TOTeHLialiB, IKi MICTATb BHECOK Bifj CUCTEMU BifJIiKy, IPECTaBIEHO]
IBOKOMIIOHEHTHOIO CYMIIIIIIO TBEPAUX CPepOoLniHApiB i TBepaux cdep, Mo 3HaXOAUTbCS Y MATPUL
HEBIIOPSIKOBaHUX He3apsIKeHNX TBepIUX cep Ta BHECOK BiJl iOHHOI NMiiICUCTEMHY, [IPEICTaBI€HOi CYMIIIIIIO
BiJIbHMX 10HIB Ta i0OHHUX Nap, sIKi IepedyBaloTh y XiMi4Hii piBHOBA3i 3riHO 3aKOHY Ail0unx Mac. OTPUMAHO SIBHUN
BUTJISLH, CUCTEMY HEJIHIMHUX PiBHSIHD [JIs1 BU3BHAYEHHS CTYIIEHS NUCOLialiii iOHIB i mapaMeTpa eKpaHyBaHHs bitoma.
Bukopucrosyioun meton MonTe-Kapiio, mpoBeZieHO cepiio KOMITIOTEPHOTO MOIE/II0OBaHHS €KBiMOJISIPHOI cyMmili
[IO3UTUBHO 3aPSIKEHUX TBEPAUX CPepOoLUIIiHAPUIHNX YACTMHOK (KaTiOHIB) Ta HETaTUBHO 3apsKEHUX cep B
o6’emi i B maTpuli piszHoi nopucrocti. Po3paxoBaHo pajianbHi QyHKIil po3Moiny Ta CTyINEeHi 3B'S1I3aHOCTI MK
KaTioHaMU i aHiOHaMU TIpY Pi3HUX T'YCTHHAX Ta TemIiieparypax. [IpoBeneHo NopiBHAHHA i3 pe3yabTaTaMU TEOPii Ta
AQHAJIOTIYHMMU CUCTEMaMU, JI€ B POJIi KaTiOHa B3STO THYYKI i JKOPCTKI JIAHLIOTH €KBiBaJIEHTHOI JOBXMHU. [I0Kka3aHo,
110 KPUTUYHA TEMIIEPATypa Ta KPUTUYHA IYCTUHA B CUCTEMAX i3 cpepOoLUIiHIPUIHUMHY KaTiOHAMU 3HIKYIOTBCS i3

3MEHIIEHHSM IIOPUCTOCTI MAaTPUL TA € HIKYOI0 HIXK y BUIIAKY JIAHLIOTOBUX KATiOHIB.

Pedepar aHIJIiHCBKOIO:

The aim of the research work is to develop a theory of phase transitions in ionic liquids with complex structures of
molecular ions under conditions of disordered spatial confinement formed by a matrix of a immobile particles of
porous material. To achieve this, during this stage, a theoretical approach is developed to describe the
thermodynamic properties of an ionic liquid in a disordered porous medium with molecular cations represented
by charged rigid spherocylinders with a charge located at one end of the spherocylinder. The approach combines
the generalization of scaled particle theory and the associative mean spherical approximation. For the “ionic
liquid-matrix” system, analytical expressions for the free energy, pressure, and chemical potentials are obtained,
which include contributions from the reference system represented as a two-component mixture of hard
spherocylinders and hard spheres confined in a matrix of disordered uncharged hard spheres, as well as
contributions from the ionic subsystem represented as a mixture of free ions and ion pairs being in chemical
equilibrium according to the mass action law. An explicit form of the system of nonlinear equations is derived to
determine the degree of ion dissociation and Blum’s screening parameter. Using the Monte Carlo method, a series
of computer simulations are carried out on an equimolar mixture of positively charged hard spherocylindrical
particles (cations) and negatively charged spheres in both bulk and matrices of different porosity. Radial
distribution functions and binding degrees between cations and anions are calculated at different densities and
temperatures. Comparisons are made with theoretical results and similar systems where cations are flexible and
rigid chains of equivalent length. It was shown that the critical temperature and critical density in the systems with
spherocylindrical cations decrease with reduced matrix porosity and are lower than those in the systems with



chain cations.
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