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1. Mexanismu ¢popmMyBaHHs HaHO(A3 Ta €JIEKTPOHHI IPOLECU B IIAPYBATUX KPUCTANIYHUX Ta NiOPUIHUX

(yHKIiOHAJIbLHUX MaTepianax

2. Mechanisms of nanophases formation and electronic processes in layered crystalline and hybrid functional
materials

Pedepar:

1. Y po6oTi gocninKyeTbcs akTyanbHa Mpobsema cydacHoi ¢pi3uKku HaliBIPOBIGHUKIB i [jieJIeKTPYKiB, IOBs13aHa i3
3'ICyBaHHSIM MeXaHi3MiB (pOpMYyBaHHS KPUCTaTiYHUX, KOMIIO3UTHUX i NiOPUAHUX HAHOCTPYKTYP Ta BCTAHOBJIEHHSIM
0CO06JIMBOCTEN Nepebiry eJIeKTPOHHUX MIPOLIECIB Y TAKUX CTPYKTYPax. BUBUa€ThCA3B'AI30K €JIEKTPOHHHUX MTPOLIECIB 3
ONTUYHMMMU Ta €JIEKTPUYHUMU BJIACTUBOCTSIMU KPUCTAIYHUX i FiOpUAHUX HAHOCTPYKTYP 32 YMOB BILJIMBY (Pi3UYHUX
noJ1iB. BcTaHOBNIEHO MexaHi3MU POPMYyBaHHS HAHOPO3MipHUX (a3 Ha IOBEPXHi Ta B 06'€Mi MapyBaTUX KpUCTaIax
CdI2 i onjiHeHo BI/IMB HeCTeXioMeTpii, JOMIIIOK Ta poJib aHIOHHOI/KaTiOHHOI MifCUCTEM Ha MIPOLeCcH, SIKi
BM3HAYalOTh BJIACTUBOCTI LUX (a3. 3'sicoBaHa CTPYKTypa JIOKAJIbHUX LIEHTPIB, sIKi GOPMYIOTHCS 32 y4aCTi
HecTexioMeTpuuHUx atoMiB Cd, Ta 3aIponoHOBaHa MOJIEJIb, L0 OIMCYE NapaMeTpy TaKUX LEeHTpiB. [IpeacTaBieHo
Mozesb (GOPMYBaHHS JOMIIIKOBUMY aTOMAaMU Ta BaKaHCi€lo KaaMmilo 6iMOJIEKyISIPHOTO KilacTepa. 3al0II0MOro0

KOHTPOJIbOBAHOTO TEPMIYHO-BAKyYMHOTO OCAI)KEHHS JIIOMIHECLIEHTHUX PiJTKOKPUCTANIYHUX OPTaHiYHAX MOJIEKYJI



Ha JlieJIeKTPUYHI MiIK/IagKy OJlep>KaHO HOBi HAHOCTPYKTYpOBaHi ribpuaHi miBku. ITpoieMOHCTPOBAHO, 110
MO€JIHAHHS MaTepiasiB NiKIaaKUA 3 KOHKPETHUMHU MOJIEKYJIAMU O3BOJISIE OJl€P>KaTU CTPYKTYPU, SIKi
BUINPOMIHIOIOTH 6ijie CBiT/I0. BUBYEHO BIJIMB 30BHIIIHBOTO €JIEKTPUYHOTrO MOJISI Ta MOJISIPU30BAHOTO JIA3€PHOTO
BUIIPOMIHIOBAaHHS 3 11034 Jjialla30Hy MOTJIMHAHHS HA BIIOPSIKYBAHHS JIIOMIHECLIEHTHUX MOJIEKYJ y TPOLECi
(opMyBaHHS IJIIBKOBUX CTPYKTYP. OZlep>kaHO HAHOCTPYKTYPU 3 JIiHIHO [OJISIPU30BAHOIO JIIOMIHECLIEHIIi€I0 Ta
BM3HAYEHO BiJIOBiIHI CTyIEHi noyspusanii. JJoCArHyTO JIiHIMHO [TOJIIPU30BaHO] JIIOMiHECLIEHLIii ¥
HAaHOCTPYKTYpPOBAHUX IJIiBKaX, CQOPMOBAaHUX OCAIPKEHHSIM JUIOJISIPHUX MOJIEKYJ HA MOIA(IKOBaHY II0JiIMEPOM
MigKIanKy. 3alporoHOBaHO CUCTEMY YMCEJIBHOTO MOJIEIIOBAHHS €J1IeKTPOIIPOBiAHOCTI HAHOTPYOOK y
IlieJIEKTPUYHOMY CEPELIOBUIL|, SIKa BDAXOBY€E BJIACHY MIPOBiHICTb HAHOEJIEMEHTIB Ta TYHEJIIOBAHHS €JIEKTPOHIB MiXK
cycigHiMu Tpyokamu. CUHTE30BaHO HAHOKOMITO3UTHI CTPYKTYPH «II0JliMEpPHA MaTPULsl — OGHOCTIHKOBI ByIJIeleBi
HAaHOTPYOKU» Ta «MOJIMEPHA MATPULsl — 6araTOCTiHKOBI ByIJIel|eBi HAHOTPYOKM» i BUBUEHO 3MiHU €JIEKTPUYHOTO

OIIOPY LIMX CUCTEM IIiJl 30BHIIIHIM BIJIMBOM.

2. The dissertation deals with an important problem of modern physics of semiconductors and dielectrics which is
related to the understanding of mechanisms of formation of crystalline, composite and hybrid nanostructures and
peculiarities of electronic processes in such structures. The relation between electronic processes and optical and
electrical properties of crystalline and hybrid nanostructures under the influence of physical fields is thoroughly
studied. Mechanisms of nanophases formation on the surface and in the bulk of CdI2 crystals are described. The
growth kinetics of cone-shaped nanoclusters is described by a diffusion model based on the interdiffusion
approximation for the individual components. The growth rate of nanoclusters is shown to depend on the time
evolution of the concentration gradient of Cd2+ ions in the near-reaction zone. The influence of non-
stoichiometry, impurities and the role of anion/cation sublattices on the processes that determine the properties
of these phases are evaluated. The structure of local centers formed by non-stoichiometric Cd atoms is explained
and the model describing the parameters of such centers is proposed. The formation of microtubes with
rectangular cross section in the volume of CdI2 layered crystals doped with Bi3+ trivalent impurity ions has been
observed. The formation of microtubes is related to the rolling of I-Cd-I triple layers containing impurity ions,
which takes place as a result of the presence of uncompensated charges at the edges of these layers. A model
explaining the formation of a bimolecular clusterby impurity atoms and a cadmium vacancy is presented. Novel
thin organic films were fabricated by thermal vacuum deposition of luminescent liquid crystalline organic
molecules on different substrates. It is demonstrated that combining specific substrate material with various
organic molecules allows to observe multicolor emission, ultimately opening the way to designing a white light
emitting structure. The possibility of tuning the multicolor light emission by changing the excitation energy is
shown. The influence of external electric field and polarized laser radiation from outside the absorption range on
the ordering of luminescent molecules in the process of deposition has been studied. Clear signs of specific
molecular aggregation for the films deposited with electric field applied perpendicularly to the substrate were
observed by atomic force microscopy.It was shown that irradiation of molecules by non-resonant polarized laser
beam during deposition strongly decreases the formation of aggregated molecules. Nanostructured films obtained
under influence of electric field and external irradiation show linearly polarized luminescence.The corresponding
degrees of polarization were determined. Linearly polarized luminescence was achieved in nanostructured films
formed by deposition of dipolar molecules on a polymer pre-modified substrate.Emission properties of
nanostructured films with linearly polarized luminescence, including the distribution of luminescence intensities,
were proven to remain stable over time. The framework for computational studies of nano-tube-insulator model
composites has been developed. With-in this framework, simulations of electrical conductivity considering a large
number of interconnected nanotubes across the boundary edges of the representative volume element can be
performed.The framework accounts for the intrinsic conductivity of nanoelements as well as for electron
tunneling between adjacent tubes. The algorithm of total conductivity calculations using element-wise
conductivity matrices was implemented. Performed calculations indicated dependence of the conductivity
percolation threshold in the nanotubes network on the concentration of nanotubes in the simulated volume and
on the nanotube aspect ratio. The increase of the nanotube-based composite electrical conductivity with the



tunneling cut-off distance was demonstrated. The nanocomposite structures based on PEDOT:PSS polymer matrix
were synthesized. Two types of nanofillers were used to reinforce base matrix: single-walled carbon nanotubes
and multiwalled carbon nanotubes. Systematic evaluation of the influence of radiation on the electrical response of
such hybrid nanocomposites is presented. Variations of resistance and conductivity of nanocomposites depending
on the volume fraction of nanotubes in the matrix, ionizing radiation dosage and temperature are analyzed.
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