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Pedepar:

1. PoboTa npucBsiueHa eKCrepruMeHTaIbHOMY Ta TEOPETUYHOMY [IOCIIIKEHHIO TEMIIEPAaTyPHUX Ta 6apUYHUX 3MiH
ONTUYHUX BJIACTUBOCTEH Ta €JIEKTPOHHOI CTPYKTYPU KPUCTAJIIB JiTil-aMOHill cyabdary, siKi MOXYTb IepebyBaTH B
OJIHii1 3 IBOX NOJMIMOPPHUX MogUdiKaliiil. Y po60OTi METOIOM MOBIJILHOTO BUIIAPOBYBAHHS 3 BOGHOTO PO3YMHY
CUHTe30BaHO MOHOKpuUcTanu LiNH4SO4 xopomoi OTU4HOI SIKOCTI Ta JOCIIIKEHO iX CTPYKTYPY 3a JOIIOMOTO
nudpaxuii X-ripomeHis. Briepiie nposeneHo NOCTiIKeHHs JycIiepcii ToOKa3HUKIB 3a710MJIeHHS N(0) KPUCTAaiB
LiNH4SO4 nBox mopudikaniil y BUAMMIN OisHI CIeKTpa A TPhOX KPUCTANOPI3NYHMX HAIIPSIMKIB i BCTAHOBJIEHO,
1110 BOHY BOJIOJIIOTh 3HAYHOIO aHi30TPOIIi€l0. JJOCiI)KEHO ABOINPOMEHE3ATIOMIIIOI0U] BJIACTUBOCTI KPUCTAJIIB i
BUSIBJICHO HAasSIBHICTH i30TPONHUX TOYOK: AJ1s1 0-Monudikanii — y JOBroxBUJIbOBIH IiNsHI CIeKTpa, 4Jjsi 0 — y
KOPOTKOXBUJIbOBIi1. BusiBIeHO 3HauHe TeMIlepaTypHe Ta 6apyUyHe 3MillleHHs [10JI0KEeHb i30TPOITHUX TOYOK.
JociigKeHo TeMIepaTypHy 3MiHY KYTiB MiXK ONITUYHUMU OCSIMY KPUCTAJIIB, AKi MiITBEPAUIN HASABHICTb i30TPOIHOI
TOuYKU. HaBeieHO pe3ysbTaTy JOCTiIKeHHS iHppauepBOHUX CIIEKTPIB BiflOMBaHHS B [iaa3oHi XBUIbOBUX YMCEI

700-1700 cm-1 MeXaHIYHO BiJIbHOTO Ta OJHOBICHO 3aTUCHYTOro Kpucrana LiNH4SO4. OTprMaHO 4aCTOTH CMYT



Bigb6uBanHs, noB3noBXHix 0LO i nonepeynnx 0TO KonMBaHb, KOHCTAHTH 3aTyxaHHS O i cuim ocuusnsropa f. 3a
IIOTIOMOTOI0 TUCTepCiitHuX criBBimHOmeHb Kpamepca-KpoHira Ta criekTpiB BigbuBaHHS OTPUMaHO U
IIPOAHAaJIi30BaHO 6apUYHi 3MiHM CIIEKTPaJIbHUX 3aJIEKHOCTEN ONTUYHUX CTaNuX. [IpoBeIeHO PO3PaxyHKU 30HHO-
€HepreTnyHoi CTpyKTypu KpucrasniB LiINH4SO4 3 BukopucTtaHHsaM Teopii pyHKLiOHaIa I'yCTUHU. BcTaHOBIEHO
HU3bKY AMCIEPCilo eHepreTnyHux piBHiB E(K) 17151 TO4oK BUCOKOI cumeTpii 30HM Bpinoena 3 BUKOPUCTaHHSIM
pi3HUX PyHKUioHaNiB. OLiiHEHO MKUPUHY 3a00POHEHOI 30HU. BCTaHOBJIEHO [10XO)KEHHS €HepreTUYHUX PiBHIB
BaJIEHTHOI 30HU Ta 30HU IIPOBifHOCTI. [IpoaHasnizoBaHO XxapakTep XiMiuHOTro 3B’S13KY i TOKa3aHo, L0 y
TeTpaeApuYHUX KomInekcax N-H ta S-O 3B's13ku € KoBaJIeHTHUMU. PO3paxoBaHO crieKTpu AificHoi Ol Ta ysaBHOI 02
YaCTHH [ieJIeKTPUYHOI PYHKIi, 3 SKUX OTPUMAHO CIIeKTPaJIbHY 3ajIeXXHIiCTh n(d) Ta An(o). BusiBieHo xopotie
y3rOJpKEHHs1 PO3Pax0BaHUX CIIEKTPaJIbHUX 3ajiexXHoCTel n(0) i An(0) 3 eKCIepMMEHTalbHO OTPMMaHUMU JaHUMU.
[IpencraBieHO pe3yabTaTU NOCIiIKEHHS X-TIPOMEHEBUX (POTOEJIEKTPOHHUX Ta X-ITPOMEHEBUX €MICIHHUAX
CIIEKTPIB,SKi MiATBEPIUIA TEOPETUYHO PO3PAX0OBaHi jaHi 30HHO-€HEPreTUYHOI CTPYKTYPU KpUCTaliB. BusHayeHo

eHeprii 3B'13Ky OCTOBHUX €JIEKTPOHIB CKJIaIOBUX €JIEMEHTIB.

2. The work is devoted to the ascertainment of the regularities of the electronic structure, temperature and baric
changes in optical properties of dielectric crystals. These are typical representatives of the ABCX4 group and may
be in one of two polymorphic modifications. LINH4SO4 single crystals of good optical quality in two (o and o)
polymorphic modifications were synthesized from aqueous solution by the method of slow evaporation. The
structure of the obtained crystals is investigated by X-ray diffraction method. The dispersion of refractive indices
n(o) of LINH4SO4 crystals in two modifications is investigated using Obreimov method for the three crystal-physical
directions in the optical spectral region. The refractive indices of the studied crystals are of a significant

anisotropy. The presence of isotropic points is revealed. Investigated birefringence properties of the crystals in the
optical region of the spectrum confirm the investigations results for the refractive indices. The presence of
birefringence-sign-inversion points for n-modification is found in the long-wavelength region of the spectrum, for o
- in the short-wavelength region. Given are results of study of the influence of temperature and pressure on the
birefringence of the crystals. A significant temperature and baric displacement of isotropic point is established.
Uniaxial pressures are established to lead to a different in sign birefringence change. The results of investigation of
spectral and temperature dependences of combined piezooptical coefficients are presented. It was found that
coefficients have different signs, reveal a significant dispersion and vary slightly with temperature. Minor

anomalies in (T) behavior are detected. Results of the investigation of infrared reflection spectra in the range of
700-1700 cm-1 wave numbers are presented. Frequencies of reflection bands of LiNH4SO4 crystal at room
temperature are obtained. Influence of uniaxial pressures on the position and intensity of the infrared reflection
spectra bands was investigated. Evaluated and discussed are frequencies of longitudinal 0LO and transverse oTO
oscillations, damping constant o and oscillator strength f of mechanically free and clamped by the uniaxial pressure
LiNH4S04 crystal. Using the Kramers-Kronig dispersion relations for reflection spectra, baric changes in spectral
dependences of optical constants were obtained and analyzed. Calculations of the band-energy structure of
LiNH4SO4 crystals of two modifications were performed using density functional theory. Dispersion of electronic
levels E(k) for the points of high symmetry of the Brillouin zone was constructed using various functionals for
describing the exchange-correlation interaction of electrons. A low dispersion of energy levels in comparison with
other isomorphic crystals of the ABCX4 group was established. Width of the bandgap is estimated and compared
with literary data. Full and partial states densities are calculated. Origin of the energy levels of valence and
conduction band is established. For the investigated crystals, the top of valence band is formed by 2p-states of
oxygen, while the bottom of conduction band - by 1s-states of hydrogen (o-LAS) and 2s-states of lithium (o-LAS). The
top of valence band and the bottom of conduction band are located in the center of the Brillouin zone (I’ point).

The sections of distribution of the electronic density in planes passing through atoms are presented. The character
of the chemical bonding is analyzed and it is shown that bonds in tetrahedral N-H and S-O complexes are

covalent. Interaction between complexes and lithium ions is ionic in nature. The spectra of the real ol and imaginary
o2 parts of the dielectric function were calculated, from which the spectral dependences of the refractive index and
birefringence were obtained. Good agreement between calculated spectral dependences n(n) and An(o) and



experimentally obtained data is revealed. Results of the study of X-ray photoelectron and X-ray emission spectra

for two LiINH4SO4 crystals modifications are presented. The effect of bombarding the surface of crystals with Ar+
ions on the electronic structure of the crystals has been investigated. Bonding energies of the core electrons of
constituent elements are determined. It is found that the values of binding energy of core electrons of lithium,

sulfur and oxygen atoms do not change in a result of irradiation of the surface of 0-LiNH4SO4 crystal with Ar+ ions
for two crystal modifications. The similarity of electron bonding energies in o- and o-modification crystals testifies to
the proximity of the nature of chemical bonding in two modifications. X-ray photoelectronic and X-ray emission
spectra of crystals have confirmed theoretically calculated data of the band-energy structure of crystals.
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