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1. BiiuB i30MOp(HOro 3amillleHHs Ta 30BHILIHIX I10JIiB HAa ONITUKO-€JIEKTPOHHI apameTpu (pepoikis rpynu
cysbdaTiB Ta XJIOPOLMHKATIB

2. The influence of isomorphic substitution and external fields on the optoelectronic parameters of the sulfate and
chlorozincate groups ferroics

Pedepar:

1. Po60Ty MpuCBS4€HO BUPIiLIEHHIO aKTyaslbHOI TPO6JIEMHU MIOIIYKY Ta BUBYEHHIO BJIACTUBOCTEN KPUCTAIIYHUX
Ii€JIEKTPHUKIB 3 METOIO IXHBOTO BUKOPUCTAHHS Y KJIACUYHUX ONTUYHUX MTPUCTPOSIX, PI3HUX rajly3sx Cy4acHOI
ONTOEJIEKTPOHIKU Ta CEHCOPHUKH, a TaKOK PO3POOKU METOAMKM IIPOTrHO3YBAaHHS Ta CUHTE3y MaTepiasiB i3 Hanepen
3a[]aHMMU, KEPOBAaHUMU i CTabiIbHUMHU pePAKTUBHMMU BJIACTUBOCTSIMU TA HAsIBHICTIO TOYOK iHBepCii 3HaKy
IBonpoMmeHesanomyeHHs ([3]]) B iMpoKOMy TeMIIEPaTyPHOMY Ta CIIEeKTPaJIbHOMY TianazoHax. Po6oTa MiCTUTh
Pe3yJIbTaTU eKCIIePUMEHTAIbHUX AOCIiIKEHb pe(PPaKTUBHUX BIIACTUBOCTEN JieJIeKTPUYHUX KPUCTAJIIB IpyNnu
cynbdatiB ABSO4 (me A, B = Li, K, Na, Rb, NH4) ta xnopouunskaris A2ZnCl4 (ze A = K, Rb), ix TemneparypHo-



CIIEKTPJIbHO-0apUYHUX 3MiH Ta TEOPETUYHUX PO3PaxyHKiB 30HHO-€HEPreTUYHOI CTPYKTYpHU, HA OCHOBI SIKMX
[IPOAHAaJIi30BaHO CIIEKTPU ONTUYHUX KOHCTAHT LIUX KPUCTAJiB. 3'ICOBAHO IIPUPOAY 6GApUYHUX 3MiH [10Ka3HUKIB
3aJIOMJIEHHS Ni Ta IBOIIPOMEHE3aJIOMJIEHHS ONi B LIMPOKOMY TemIiepaTypHoMmy (77-1000 K) i cnektpanbHOMY
(300-800 HM) miana3zoHax Ta BCTAHOBJIEHO, 110 6apUYHE 3pOCTAHHS Ni KPUCTAJIiB 3yMOBJIEHE 3MEHIIEHHSIM IIMPUHU
3a60poHeHoi 30U Eg i 3mileHHsIM makcumymy cmyru YO MoraMHaHHS B 06/1aCTh MEHIIMX YaCTOT Ta 3MiHOIO
I'yCTUHM e(PEeKTUBHUX OCLUJISTOPIB KpUCTaliB. BusiBsieHa sSIKiCHA KOpeJisllis XapaKkTepy I10BeliHKU
€KCIIEPMMEHTAJIbHO BUMIPSIHUX i OTPUMAHMX Ha OCHOBI PO3PaxyHKiB 30HHO-€HEPreTU4HOI CTPYKTYPH Ta 3
eKCIlepUMeHTaNbHUX [U-CIeKTpiB BifjOMBaHHS XapaKTePUCTUK ONTUYHOI iHAUKATPUCU KPUCTAJIB, IO Jae
MOYKJIMBICTb BUKOPHUCTOBYBAaTU METOIA TEOPETUYHUX PO3PAXYHKIB ONITUYHUX KOHCTAHT B 00J1aCTi IIPO30POCTi
1106113y PyHIaMEHTaIbHOI CMYTU Ta BAaKyyMHOTO yJIbTpagioseTy, IKa € CKIaAHOIO [J1s1 eKCIIepUMEHTAIbHUX
OOCJiI)KeHb KPUCTAJIIYHUX JIieJIEKTPUKIB. PO3paxyHKM 30HHO-€HEPreTUYHOI CTPYKTYPY MOHOKPUCTAJIIB, @ TAKOXK
[IOBHOI Ta NapuiajabHOI I'YCTUH €JIEKTPOHHUX CTaHIB Ta IIPUPOLY OCHOBHUX €HEPreTUYHUX I'PYII I TBEPAKEHO
IOCTimKeHHIMU X-TTPOMeHeBUX (GOTOEIEKTPOHHUX Ta X-TIPOMEHEBUX eMiCIHUX CIIEKTPIB iX eJIeKTPOHHO]
cTpyKTypu. Ha OCHOBI TeMIlepaTypHO-CIIeKTPaJbHO-0apUYHUX AiarpamM OJJHOBICHOTO CTaHy KPUCTAaJiB
3aIpONIOHOBAHO BUKOPUCTAHHS iX B SIKOCTi IT'€300NTUYHUX Ta TEPMOONTUYHUX €JIEMEHTIB /1711 KPUCTATIOONTUYHUX
JaTYMKiB TUCKY Ta TEMIIEPATYpU. 3aNIPOMIOHOBAHO Ta 3alIaTEHTOBAHO NMPUCTPIN AJIS1 HOCIIKEHHS ONITUYHOI SIKOCTi

MOHOKPUCTAJIIB.

2. The work is devoted to the solving of the actual problem of searching and studying of the crystalline dielectrics
properties for their use in classical optical devices and different fields of modern optoelectronics and sensorics; to
the development of methods for prediction and synthesis of materials with predetermined, controlled and stable
refractive properties possessing points of birefringence sign inversion (BSI) in a wide temperature and spectral
ranges. The work contains results of experimental studies of the refractive properties of dielectric crystals of the
ABSO4 (where A, B = Li, K, Na, Rb, NH4) sulfates group and A2ZnCl4 (where A = K, Rb) chlorozincates group, as well
as doped crystals of triglycine sulfate; their temperature-spectral-baric changes and theoretical calculations of the
band-energy structure, on the basis of which spectra of the optical constants of these crystals are analyzed. It is
established that the increase of the refractive indices of crystals due to the isomorphic cationic-anionic
substitution is caused by the increase of their average ionic radius and the density of the crystal, which causes an
increase in the polarization action of the cations and anionsThe isotropic points at the temperature of 300 K and o0
= 683 nm (0-LiNH4S04 crystal), and in the short-wavelength spectrum region (o-LiNH4SO4 crystal) are revealed. The
nature of the baric changes of the refractive indices ni and birefringence oni in a wide temperature (77-1000 K) and
spectral (300-800 nm) ranges is elucidated. It is shown that uniaxial compression increases refraction R and
polarizability oi of crystals. Baric growth of refractive indices of crystals is caused by the decrease in the effective
power of the ultraviolet oscillator and a slight increase in the power of the infrared oscillator caused by the
decrease in the band gap Eg and shift of the UV absorption band maximum towards lower frequencies, as well as
by change in effective oscillators density of crystals. The factor characterizing the change in the dispersion
frequency (change in the type of chemical bond), ie the polarizability itself in comparison with the geometric factor
(compression of the sample) is dominant in the total baric increment of refraction R, and, therefore, in the change
of refractive index. It is established that the uniaxial pressures can induce the "pseudoisotropic” states in crystals,
shift isotropic points along spectral and temperature ranges, and change the temperature interval of existence of
the intermediate phase of the K2SO4 crystal. The disappearance of incommensurate phase and the occurrence of
paraelectric-ferroelectric PT (“triple point") in chlorozincate crystals under the action of uniaxial pressure is
revealed. The mechanism of influence of uniaxial pressures of different geometry on temperature points of PT is
presented. The effect of uniaxial pressures on the mechanism of structural phase transitions in ferroics of the
sulfate and chlorozincate groups, which consists in various variants of ordering the orientations of tetrahedral
groups, is elucidated, and the infrared (IR) reflection spectra of mechanically free and uniaxially loaded crystals are
analyzed. Calculations of the band-energy structure of single crystals, as well as the total and partial densities of
electronic states and the nature of the main energy groups are confirmed by studies of X-ray photoelectron
spectra (XPS) and X-ray emission spectra (XES) of their electronic structure. The method of calculation of spectral



dependences of the refractive indices n(n), birefringence An(n) and absorption k(E) of crystals using Kramers—Kronig
dispersion ratios on the basis of the dependences of the real and imaginary part of the complex dielectric function,
obtained from band-energy structure and experimental IR reflection spectra, was tested. The qualitative
correlation of experimental and calculated curves is revealed. This gives grounds for the use of theoretical

methods for calculating optical functions, primarily in spectral regions that are difficult to access for the
experiment. Based on the temperature-spectral-baric diagrams of the uniaxial state of 0-LiNH4S04, (NH4)2SO4 and
K2S04 crystals, it is proposed to use them as piezo-optic and thermo-optic elements for crystal-optic pressure

and temperature sensors. For experimental optical measurements of the refractive parameters, the device for
investigation of the optical quality of single crystals was proposed. Key words: dispersion, refractive index,
birefringence, birefringence sign inversion (isotropic point), phase transitions, temperature-spectral-baric
diagrams, uniaxial mechanical pressures, IR reflection spectra, piezo-optic coefficients, band-energy structure,
density of states, dielectric function, X-ray photoelectron and X-ray emission spectra.
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