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1. HoBi Mme3oreHononi6Hi pochoHOBi Kucaotu A1 crabinizanii konoiniB HaHoyacTUHOK Tuy AIIBVI Ta okcumis

METaJIiB MiArpyny 3ajisa B piAKMUX KpUcTaiax
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Pedepar:

1. O6'eKT BOCHIIKEHHS: CUHTE3 HOBUX ME30TeHOIOAi6HNX POCHOHOBUX KUCIIOT Ta 3aJI€KHICTh CTabiIbHOCTI
KOJIOiZliB HAHOYACTUHOK B PiIKUX KPUCTaJax BiJl MOJIEKYJISIPHOI OYZOBU JiraH[IiB Ha [I0BEPXHiI HAHOYACTUHOK. MeTa
IOCJIiI)KEHHS - CTBOPEHHSI HOBUX ME30T€HOIIOIi0HMX JliraH 1iB Pi3HOI MOJIEKYJISIPHOi Oy[IOBU Ta BCTAHOBJIEHHS
3aKOHOMIpHOCTEN BIIUBY CTPYKTYPH JIiraHAiB Ha iX 30aTHICTb CTabii3yBaTH KOOI HAHOYACTUHOK Y
TEPMOTPOIHUX PiIKUX KPUCTAIAX 3 HAUOIIBIINM IPAKTUYHUM 3HAYEHHSIM - 3 HEMaTUYHOIO Ta CMEKTUYHOI0 C
dazamu. MeTonu JOCTiIKEHHS: METOAU OPTaHiYHOro CUHTE3Y, BUCOKoedeKTHMBHA pinuHHa xpoMarorpadis (BEPX),
MaTpPUYHO-aKTHMBOBaHa Jla3epHa Aecopo1iis /ioHizanis (cnektpockomnis MAJII), razoBa xpomarorpadis (I'X), YO-,
I4-, IMP-, macc- i ¢psryopecueHTHa CIIEKTPOCKOTis, nosspusaniiiaa (ITOM) i payopecuentna (OM) ontuyHa

Mikpockoris, nudepeHuiiHa ckanyBanabHa kanopumeTtpist (JCK), mpocBiuyBasipHa enekTpoHHa Mikpockoriis (TTEM),



¢dayopecueHTHa KopessiiiHa cnekrpockorist (OKC), eneproaucnepciiiHa peHTreHiBcbka criekrpockomnis (EPC),
TepmorpasimeTpuuHuii aHanis (TT'A), pentreHodayopecuenTHuil ananiz (POA), mopomkosa peHTreHorpadisi.
TeopeTuyHi Ta MPakTUYHi pe3ybTaTU: CUHTE30BaHO Psif, JIiHIMHUX ME30r€HOIOiOHUX JIiraHTiB 3
ankingroprepPpeHinbHUMY, aKinbipeHin-4-11-6eH30aTHUM Ta LiaHOOihEeHITbHUM TPOME3OTeHHUMU 3aMiCHUKaMU
i repminanbHOIO sKipHOIO (hocdoHOBOIO) Tpymo0. Po3pobieHo crioci6b cuntesy T-nozni6bHux noxinHux 4,4"-
IiankintepdeHisniB 3 jaTepasbHO W-POChOHOAKINIBbHOI (PYHKIIEIO i EHIPUTHUX MOXIAHUX rajloBOi KUCJIOTU 3
TpbOMa IPOME30T€HHUMU (PparMeHTaMu i TepMiHaNIbHOI0 W-(OC(POHOAJIKIIBHOIO IPYIIOI0, IOPiBHSHO
aJIbTePHATMBHI CUHTETUYHI MiIX0AU, LOCIIIPKEHO iX Me30MOP(QHi BIaCTUBOCTI. BUsIBI€HI 3aKOHOMIPHOCTI BILJIMBY
CTPYKTYpH JliraHziB Ha ix cTabini3youy 30aTHICTh B PiTKOKPUCTAJIIYHUX HAHOKOMITO3UTAX i ITOKa3aHO, 110 HAaNO6iIbII
e(EeKTUBHUMU € IeHAPUTHI Me30reHONOoAi0H] sliranay B KoMbiHalii 3 anidpaTnyHMMM, 3aCTOCYBaHHSI SIKUX JO3BOJISIE
OTPUMYBATH TEPMOJiHAMIYHO CTabi/IbHI KOJIOiAY HAHOYACTHMHOK B PiJKUX KpUCTA/Iax. B nucnepcisix
CTPWXHENOAI60HNX PepoMarHiTHUX HAaHOYaCTUHOK ramma-Fe203, moaudikoBaHux LiaHoAMMEHIBHUM JIiHIHHUM
JliraHJIoM B HEMaTUYHOMY PiZIKOMY KpUCTaJli, 3HaiieHO BUpaKeHMi1 MarHiroontuyHuii epext. HoBrsHa:
3aIpPOIIOHOBAHA 3arajlbHa CTPYKTypa Ta po3po0JieHi [IpenapaTuBHi METOOY CUHTE3Y TPbOX TUILIB HOBUX JIiraHiB:
JIiHIAHUX, NeHAPUTHUX i T-no#ioHUX GOCPOHOBUX KUCIIOT, IO MICTSATh IPOME3OT€HHI Ipyny. 3 BUKOPUCTaHHSIM
IEeHIIPUTHUX ME30TeHOIoNi6HNX POoCcHOHOBUX KUCIIOT BIieplle 6yJI0 OTPUMAHO i JOBeIeHO CTabiNbHICTb iCTUHHUX
KOJIOi[liB HAHOYACTHHOK B PiIKUX KpUcTanax. OTpUMaHui B CXeMi CUHTE3Y AeHAPUTHUX POCHOHOBUX KUCIIOT
KJIIOYOBUH iHTEpMEZiaT Ha OCHOBI TajIoBOi KACJIOTHU 3 W-(POC(OHOAJIKIIbHOIO IPYIIOI0 BiAKPUBAE 3pyYHUN LIJISIX 1O
CUHTe3y e(PeKTUBHUX CTabii3aTOPiB Aucepciii HAHOYACTUHOK B pi3HuX PK-cepenosumax abo iHMMX OpraHiyHUX
HOCIisIX. 1715 BUYEPIIHOTO aJIKiJTyBaHHSI €CTePiB rajoBoi KMCJIOTU IPOME30reHHUMU 6pOoMiiaMu HeoOXinHO
IOJATKOBE BUQJIEHHS BOJIOTH, 1O JOCSITAETHCS i3 3aCTOCYBAaHHSIM aKTMBOBAHUX LI€OJITiB. [Ipu cuHTE3] apnioopHuX
KUCJIOT i3 apuI6pOMIJIiB 3aMiHa apUJIIiTieBUX iHTEPMEiaTiB Ha Bif[IOBiIHI apMIMArHiiopoMify Ta MPOBEEHHS
6opusioBaHHA 3a Te-miepatypu -10 - +5 °C, 3amicTb -70 °C, 103B0JIsSIE 3HAYHO CIIPOCTUTH Ta 3[EIEBUTH IIPOLENyPY
OTPUMAaHHS LIi/IbOBUX [IPOAYKTIB 6€3 3MeHIIeHHs Buxony. Haibinbi edpexTBHOIO 17151 cTabinizaLii fucnepcii
HAaHOYACTUHOK B HEMAaTUYHOMY PiIKOMY KPUCTaJli € PO3PiKeHa i BUCOKOTHy4Ka apXiTeKTypa 000JI0HKU
HAHOYACTUHOK, 3/1aTHA 10 €(EeKTUBHOI B3aeMO/Iii 3 MOJIEKYIaMU piiKoro kpucrtainy. Taky 060J10HKY BIA€ThCS
copmyBaTH 3a LOIIOMOroI0 KOMOIHAI NEeHIPUTHUX OJiFOMEe30reHHUX JIraHiB 3 TepMiHaJIbHUMU QJIKIJIbBHUMU
rpylaMu Ta KOPOTKOJIAHIIIOIOBOI ajlKiipocdOHOBOI KUCIOTHU Y criBBinHOMmEHH] 1:4. CTyniHb YIIPOBAI)KEHHSI:
3aCTOCYBaHHS PO3PO0JIEHNX ME30T€HOINOAIOHUX JraH iB 103BOJIsIE OTPUMYBATU TEPMOJMHAMIYHO CTA06iIbHI
nucriepcii kBaHToBUX TOYOK B PK; oTpumyBatu ctabinpHi PK-pucnepcii MarHiTHUX HaHOYaCTUHOK B KOHI@HTpalLii,
IOCTATHIN 17151 3HUPKEHHS! [IOPOrOBOTO 3HAUEHHS1 MarHiTHOro noJis nepexony ®penepikca B niBTopa pasu B
NIOPiBHSIHHI 3 YMCTUM 4-TIeHTUI-4'-11iaHOo6i(peHINIOM; 3a6€31e4nT PiBHOMIPHUI pO3NOii HaMiBIPOBiZHMKOBUX
HAHOYACTUHOK BCepeVHI MPOBOiHOI 0iMepHOI MaTpULi Ha OCHOBI NOJliBiHiIKap6a3osy. Bee 1e e
NepeayMOBOIO NOAANBIIOTO MPOCYBaHHS PYHAAMEHTAIBHUX JOCIIIKEHD Ta PO3BUTKY IPAKTUYHUX 3aCTOCYBaHb
LIMX HOBUX KOMIIO3UTHUX MarepiaiiB. Cdepa (ranysb) BAKOPUCTAHHS: HAYKOBO-0CIiiHA po60Ta, po3pobKa
(POTOBOJIBTAIYHUX TA CBITJIO-€MITEPHUX IPUCTPOIB HOBOI reHepallii, 1aTYMKiB CJ1abKAX MAarHiTHUX NOJIiB, PiIKUX

KPUCTAJIiB 3 IOKPAIEHUMHU POOOYMMHU XapaKTePUCTUKAMUL.

2. The object of investigation: synthesis of new mesogenic-like phosphonic acids and dependence of stability of
nanoparticles colloids in liquid crystals on molecular structure of the ligands on the nanoparticles surface. The
purpose of research - the creation of new mesogenic-like ligands of different molecular structure and
establishment of influence of structure of the ligands on their ability to stabilize the nanoparticles colloid in
thermotropic liquid crystals with great practical value - with the nematic and smectic C phases. Methods: methods
of organic synthesis, high performance liquid chromatography (HPLC), matrix-assisted laser desorption /ionization
(MALDI spectroscopy), gas chromatography (GC), UV, IR, NMR, mass and fluorescence spectroscopy, polarization
(POM) and fluorescence (FM) optical microscopy, differential scanning calorimetry (DSC), transmission electron
microscopy (TEM), fluorescence correlation spectroscopy (FCS), energy dispersive X-ray spectroscopy (EDS),
thermal gravimetric analysis (TGA), X-ray fluorescence analysis (XRF), X-ray powder diffraction (XRD). Theoretical
and practical results: a series of ligands with linear mesogenic-like alkylftoroterfenyl, alkylbifenyl-4-yl-benzoate



and cyanobiphenyl promesogenic substituents and terminal anchoring (phosphonate) group were synthesized. A
methods for the synthesis of T-shaped 4,4'-dialkylterphenyls comprising lateral w-phosphonoalkyl function and
dendritic derivatives of gallic acid comprising three promesogenic fragments and terminal w-phosphonoalkyl
group were elaborated, alternative synthetic approaches were compared and their mesomorphic properties were
investigated. The regularities of influence of ligands structure on their stabilizing ability in liquid crystal
nanocomposites were found and it was shown that the most effective are mesogenic-like dendritic ligands
combined with aliphatic ones which allows to obtain thermodynamically stable nanoparticles colloids in liquid
crystals. A pronounced magneto-optical effect was found in dispersions of rod-shaped ferromagnetic gamma-
Fe203 nanoparticles modified with cyanobiphenyl-derivative linear ligand in a nematic liquid crystal. Novelty: a
general structure and preparative methods for synthesis of three types of new ligands: linear, dendritic and T-
shaped phosphonic acids containing promesogenic groups were elaborated. True colloids of nanoparticles in liquid
crystals were first obtained and proved with the use of dendritic promesogenic phosphonic acids. The key
intermediate based on gallic acid with w-phosphonoalkyl group, which obtained in synthetic scheme of dendritic
phosphonic acids, provides a convenient way for efficient synthesis of stabilizers of nanoparticles dispersions in
various LCs or other organic media. An excessive alkylation of esters of gallic acid with promesogenic bromides
requires an additional moisture removal, which is achieved with the use of activated zeolites. In the synthesis of
arylboronic acids from aryl bromides replacement aryllithium intermediates to the corresponding aryl
magnesiumbromides and borilation at temperature of -10 - +5 °C, instead of -70 °C, can significantly simplify and
reduce the cost the procedure for obtaining the desired products without yield reducing. The most effective for
stabilizing the nanoparticle dispersions in nematic liquid crystals is a sparse and highly flexible architecture of
nanoparticles shell capable of efficient interacting with molecules of liquid crystal. Such a shell can be constructed
with a combination of dendritic mesogenic-like ligands comprising terminal alkyl groups and short chain
alkylphosphonic acids in a ratio of 1:4. Degree of implementation: the application of developed mesogenic-like
ligands allows to obtain thermodynamically stable dispersions of quantum dots in LC; stable LC dispersion of
magnetic nanoparticles in a concentration sufficient to reduce the threshold value of the magnetic field of the
Freedericksz transition in half compared with the pure 4-pentyl-4'-cyanobiphenyl; a uniform distribution of
semiconductor nanoparticles within the conductive polymer matrix based on polyvinylcarbazole.These are
prerequisite for the further advancement of basic research and development of practical applications of these new
composite materials. Sphere of application: scientific research, the development of novel photovoltaic and light-
emitting devices, sensors of weak magnetic fields, liquid crystals with improved performance.
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