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(QYHKLiOHAJIbHUX MaTepiaiB

Ha3sBa po60oTH aHIJIiHCBHKOIO:

Pico- and nanoscaled processes in ionic liguid and ion-molrcular systems as a basis for novrl functional materials

Pedepar yKpaiHCBKOIO:

O6'exTu nocnimpkeHHs: Byraenesi HaHOTpyOku (BHT); po3unHu e1eKTPOIiTiB BCepelrHi ByTIyelleBUX HAHOTPYOOK;
PO34YMHM HiKeJb XJIOPUly B METAHOJIi; PO3YMHU TETPAAJIKiJIaAMOHIEBUX COJIEH B alleTOHITPMII; iMifia30J1i€Bi i0HHI
piguHu. Meta po6otu: Onep kKaHHS HaJiliHOI Ta feTalbHOI iHpopmallii 3 MiIKpOCKOIIYHOI CTPYKTYPH, iOHHOI Ta
MOJIEKYJISIPHOI IMHAMIKH MiKO- Ta HAHOPO3MIpPHOro MacuTady Ta NOTEeHIialiB MiXKUaCTUHKOBUX B3a€MOIIN B PiIKUX
HEBOJHUX iOH-MOJIEKYJISIPHUX CUCTeMax Ta iOHHUX pinnHax. MeTon nocmiimkeHHs: ab initio Ta kjacuyHe
MOJIEKYJISIPHO-AVHAMIYHE MOJIEJIIOBAHHS, KOHAYKTOMETPIs, SIMP criekrpockomnisi. BUMiIpSIHO e/1eKTpHUYHY
npoBigHicTh po3unHiB Bu4NBr i Et4NBF4 B anjeToHIiTpuUIi 3 KOHLeHTpalismu Bif 1110-4 o 1 Mosb /gM3 ipu
temreparypax 5-55°C. 3a pesynbratamu SIMP ekcrieprMeHTy BCTaHOBJIEHO, [0 B KOHLIEHTPOBAaHUX pOo3dnHax TAA
CoJie¥l B alleTOHITPpuMJIi iCHYIOTh iOHHI acoLjiaTy IpOHUKa4yoro Tvily. OGIPyHTOBAaHO HEOOXiIHICTh BUKOPUCTAHHS
KBa3irpaTKOBOI MOZEJIi Ta IOHHOI acoujalii g ONKUCY eJIEKTPUYIHOI IIPOBITHOCTI PO34YMHIB CEPEHIX KOHL,EHTPALIi.
3anpornoHOBaHO BUKOPUCTAaHHS (YHKIIOHAJIA BiIbHOI eHeprii B paMKax I1ICEeBIONOTEHIiaIbHOI [1JI0CKOXBUJIbOBO1
Teopii PpyHKLiOHAA I'YCTUHY [IJ151 MOJIEJIIOBaHHS €JIeKTPOHHUX BJIACTUBOCTEN HAHOTPYOOK. BUKOHAHO po3paxyHKU
€JIEKTPOHHOI cTpyKTypu BHT oHakoBOro fgiamerpa 3 TOIOJIOTiSIMU KPicJIO Ta 3ur3ar. JJOCiIpKeHO CKIIa
COJIbBATHUX 000JIOHOK Ni2+ y METaHOJIbHMX PO34MHAX 3a fonomoroo SIMP cnekrpockomnii Ha sigpax 1H, 2H, Ta 13C.
Ha 2H SMP crniextpi po3uyunis y CH30D Brepiue 3HangeHo curiai Big, OD-rpyn mosekyn B [ICO Ni2+.
3anpornoHOBaHO HOBUH MifXif, 10 po3pooKu Moaesel aisg M MoniestoBaHHs iOHHUX PiivH i3 BpaxyBaHHSM e(eKTiB
nepeHocy 3apsgny. Po3pobseHo HOBiI mogeri 1-eTun-3-metuin-iminasosniii Ta 1-6ytui-3-mMeTun-iMigasosin
teTpadryopoboparis. 3a pe3yibTaTaMU KBAHTOBUX PO3PaXyHKiB, BUKOHAHUX 3 SBHUM BpaXyBaHHSIM iOHHOTO
OTOYeHHs, 6yJ10 MonrdikoBaHO 3apsaau ioHIB. [IokazaHo, 1[0 HOBI MOJIeJIi BiATBOPIOIOTh IMHAMIYHI BJIaCTUBOCTI
IOHHUX PiJMH [IpU Pi3HUX TemIeparypax. 3a pesyabraramu MJ] mogenoBanHgd MeOH, AN ta DMSO Bcepenuni BHT
BCTAHOBJIEHO, MO KoedillieHTn camogudysii MOJIeKyJl PO3UMHHUKIB Ta PO3YMHEHNUX iOHIB y 6€3MEKHO PO3BEIEHUX
PO34MHAX BCEPEIMHI ByreLeBOi HAHOTPYOKM MOHOTOHHO 3MEHILIYIOThCS 31 3MeHILIeHHM HdiameTrpa BHT.
BcraHoBII€HO, 1110 AUHAMIYHI BJIACTUBOCTI €J1eKTPOJIITHOTO PO3YMHY BCEpeMHI BYIJlelleBoi HAHOTPYOKU B LiiIOMy
BM3HAYAIOTHCS IBOMA (PAKTOPAMU: TEOMETPi€I0 IPOCTOPOBUX OOMEKEHb Ta CTPYKTYPOIO i0HHOI IiicucremMu
obmexxeHoro po3unHy. Ha mifgcrasi 3meHmeHHs KoedilieHTiB camonndyaii ionis Et4N+ i BF4- pekoMeH0BaHO
BUKOPMCTAHHS BYIJIELIEBUX HAHOMATEPialiB 3 iaMETPOM 10 3 HM Y SIKOCTi €JIEKTPOHOTO MaTepiainy 1s
€JIEKTPOXIMIYHOTIO ABOIIAPOBOrO CyllEPKOHIEeHcaTopa. Ha mifcrasi aHani3y AuHaMiky nepeopieHTalii pifkoro
IVMMETUICYIb(OKCUAY ITOKA3aHO, [0 KPiOIPOTEKTOPHI BIaCTUBOCTI DMSO 3yMOBJI€Hi 3HaYHUM 301/IbLHIEHHSIM 4acy

nepeopieHTalii MOJIeKyJ piavHY 32 HasIBHOCTI IPOCTOPOBUX OOMEXKEHB.

Pedepar aHI1ilICHKOIO:

Objects of investigation: carbon nanotubes (CNT); electrolyte solutions inside the carbon nanotubes; nickel
chloride solutions in methanol; solutions of tetraalkyl ammonium salts in acetonitrile; imidazolium ionic liquids.
The aim of this work is to obtain detailed and reliable information on the microscopic structure, ionic and
molecular dynamics on pico- and nano- scales, and also on interparticle interactions in nonaqueous ion-molecular
systems and ionic liquids. Methods of investigation: ab initio and classic molecular dynamics simulation,
conductometry, NMR spectroscopy. Electric conductivities of Bu4NBr and Et4NBF4 acetonitrile solutions with
concentrations 1-10-4 - 1 mol/dm3 were determined at temperatures 5-55°C. From NMR experimental data the



existence of penetrating ionic pairs in concentrated solutions was suggested. Quasilattice model with conjunction
with ionic association is proven to be adequate for predicting of conductence of solutions with moderate
concentrations. The usage of the free energy functional within plain wave pseudopotential density functional
theory framework were adopted for calculation of electronic properties of CNT. Electronic structure of CNTs with
topologies armchair and zigzag was calculated. 1H, 2H and 13C NMR spectra have been used to test the Ni2+
solvation shell composition in methanol solution of NiCl2. Using 2H NMR allowed us to detect for the first time
OD-signal of methanol in the primary solvation shell of Ni2+ cation. The new phenomenological account for
electronic polarization and charge transfer within classical nonpolarizable FF is proposed. Based on the results of
our ab initio molecular dynamics calculations using explicit ionic environment, we modified the electrostatic
interaction potential of 1-ethyl-3-methylimidazolium and 1-buthyl-3-methylimidazolium tetrafluoroborates. The
temperature dependencies of transport properties of ionic liquids are well predicted by proposed force-fields. As
it follows from the results of the performed molecular dynamics simulations on liquid MeOH, AN and DMSO
confined by single-walled carbon nanotubes the translational diffusion coefficient changes continuously with
decreasing CNT diameter. Dynamical properties of electrolyte solutions inside CNT are influenced by two factors:
the geometry of confinement and the structure of ionic subsystem in solution. On the base of self-diffusion
coefficients of Et4N+ and BF4- inside the CNT considerable decrease carbon nanomaterials with effective
diameters of up to 3 nm are suggested as an electrode material for modern electrochemical double-layer
supercapacitors. Based on the re-orientational dynamics of liquid DMSO in confinements analysis, it was shown
that cryoprotective properties of DMSO are stipulated by the considerable growth of microscopic relaxation times
in the presence of spatial confinements.
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