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1. Oco6IMBOCTi 30HHOI CTPYKTYPM Ta ONTUYHI XapaKTepUCTUKU KpUcTaiis rpynu ABSO4 (ne A, B = Li, Na, K, NH4) 3
i30TPOITHOIO TOYKOIO

2. Band structure peculiarities and optical characteristics of the ABSO4-group crystals (where A, B = Li, Na, K, NH4)
with an isotropic point

Pedepar:

1. PoboTa npucesueHa nepulonprHLUIIHUM PO3PaxyHKaM 30HHO-€HEPreTUYHOI CTPYKTYpHU Ta I'YCTUHU
€JIEKTPOHHUX CTaHIB, a TAKOX €KCIIEPUMEHTAJIbHOMY Ta TEOPETUYHOMY JOCIIIKEHHIO JUCIIEPCIMHUX 3aJIEXKHOCTEN
pePpakTHBHUX [1apaMeTPiB JieJeKTPUIHUX KPUCTAIB JIiTiii-HaTpill cysbdary Ta TBEPAOro PO3YUHY Kajlili-aMOHIN
cysbdarty, ix 3MiHaM IIifi BIIJIMBOM 30BHIIIHIX I10JIiB i BHACJIiOK YaCTKOBOTO Ta [IOBHOI'O KAaTiOHHOTO 3aMillleHHSI.
CHHTE30BaHO Ta JOCIIIKEHO METONOM X-TIPOMEHEBOI Tudpakiiii cTpykTypy KpuctasniB LiNaSO4 ta
K1,75(NH4)0,25504. ITpoBeneHO aHasi3 CTPYKTYPHUX JAaHUX B paMKaxX HaOJIMKEHHS IPyroro KOOpAWHaLiiHOTro
OTOYEHHS Ta BCTAHOBJIEHO OCOOJIMBOCTI BIJIMBY YaCTKOBOI'O Ta TIOBHOTO KaTIOHHOTO 3aMillleHHs1 Ha KOOpJuHalliliHe
OTOYEHHS aHiOHiB. Briepiie mocaiiKeHo TUCnepciiiHi 3a71e;KHOCTI TOKa3HUKIB 3aioMiieHHs n(0) kpucTaniB LiNaSO4
ta K1,75(NH4)0,25504. ITopiBHSIHHS ONITUYHUX BJIACTUBOCTEN i30MOP(HUX KPUCTAiB II0KA3aJ10, 10 IOBHE KaTiOHHE

3amimeHHs K+ 0 Na+ He 3MiHI0€ XapaKTepy AUCIIEPCIMHUX 3aJIEXKHOCTEN [TOKa3HUKIB 3aJIOMJIEHHS] KPUCTAJIB, a



TiZIbKY IPU3BOAUTD [IO 3HAYHOTO 3pOCTAaHHS [BOIIPOMEHe3a7I0MyIeHHs. YacTKoBe isomopdHe 3amimenHs K+ o (NH4)+
(12,5%) cripuuunsie nosisy B K1,75[NH4]0,25S04 HOBOi i30TpONHOi TOYKY 3a KIMHATHOI TeMIlepaTypH y 61u3bKii [4
ninsHui cnekrpa (0IT = 1350 HM). [locinKeHo BIUIMB TeMIIEPATyPH Ta TUCKY Ha JBOIIPOMEHE3aJIOMJIEHHSI KPUCTaJliB.
BusiBneno nsi HOBi IT B K1,75(NH4)0,25504, ski 3MileHi TOPiBHSHO 3 BiANOBIAHUMU [J1s1 YUCTOTO CyJIbpary Kasiio B
OiK HYKYMX TEMIEPATYP. 3 BUKOPUCTAHHSAM Teopii PyHKI[iOHAsIa TYCTUHY TPOBEIEHO PO3PAXyHKU 30HHO-
eHepreTn4Hoi cTpyKTypu KpuctasuiB LiNaSO4 ta K1,75(NH4)0,25504 Ta Bu3HauY€HO [IOBHY Ta NapliajibHy I'YCTUHU
€JIEKTPOHHHUX CTaHiB. JJOCiIKeHO BIJIMB KaTIOHHOT'O 3aMillleHHS Ha €JIEKTPOHHI TapaMeTpU KpUCTaJliB TPyNnu
ABSO4. Po3paxoBaHO TEOPETUYHI CIIEKTPY [TOKA3HUKIB 3aJIOMJIEHHS Ta KOe(illieHTiB eKCTUHKIi KpucTaniB LiNaSO4
ta K1,75(NH4)0,25S04 Ta npoBeneHo iX IOpiBHSIHHS 3 eKCIIEPUMEHTaIbHO OTPUMAHUMU NIapaMeTpaMy KpUCTaJliB.
[TpoBeneHo KOpessLifHMI aHai3 peppakTUBHUX, €JIEKTPOHHUX Ta CTPYKTYPHUX I1apaMeTpPiB KPUCTAJiB IPynu
ABSO4. 3'scoBaHO, 1O 3i 3pOCTaHHAM 3HAYEHHS I'YCTUHU KPUCTAIA YCEPENHEHE 3HAYEHHS [TOKA3HUKA 3aJI0MJIEHHS

rOJIOBHO 3POCTaE, 10 3yMOBJIEHO 30iIbII€HHSIM i0HHOTO pajiiyca KaTioHa 3aMilleHHSI.

2. The work is devoted to the first-principle calculations of the band-energy structure and the density of
electronic states, as well as to the experimental and theoretical study of the dispersion dependences of refractive
parameters of lithium-sodium sulfate dielectric crystals and potassium ammonium sulfate solid solution; to the
changes of the refractive parameters under the influence of external fields and due to partial and complete cation
substitution. Crystals of the ABSO4 group, where A and B are alkaline metal cations, or the NH4 group, are of
considerable interest due to the ability to undergo various phase transitions, their ferroelectric, ferroelectric,
superionic, optical and other properties. Among the optical properties, an interesting feature of these crystals is
the possible existence of isotropic points, when crystal undergo transition from a biaxial to a uniaxial or from an
optically uniaxial to isotropic one. Such crystals can be used as temperature and pressure sensors. Using the
method of evaporation from aqueous solution, single crystals of LiNaSO4 and a K1.75(NH4)0.25S04 of good optical
quality have been grown. The structure of the obtained compounds was investigated by X-ray diffraction. The
analysis of structural data in the framework of the second coordination environment approximation was carried
out and the peculiarities of the influence of partial and complete cation substitution on the coordination
environment of the anions was determined. The dispersion dependences of the refractive indices n(o) of LiNaSO4
and K1.75(NH4)0.25S04 crystals are established for the first time. On the basis of available literature data on the
optical properties of isomorphic crystals, it was found that the complete cation substitution K+ o Na+ (LiKSO4 o
LiNaSO4) does not change the character of dispersion changes in crystals refraction indices, but leads to a
significant increase in birefringence value; partial isomorphic substitution (12.5%) K+ o (NH4) (K2SO4 o
K1.75(NH4)0.25504) leads to the appearing of the point of the birefringence sign inversion at room temperature in
K1.75(NH4)0.25504 for the near-infrared spectrum region (oIP = 1350 nm). The results of the study of temperature
and pressure influence on the birefringence of crystals are given. Two new isotropic points in K1,75(NH4)0,255S04
are found at temperatures TO1 0 541 K and T02 o 589 K, which are shifted in comparison with the corresponding ones
for pure potassium sulfate towards lower temperatures. It is established that uniaxial pressures cause a different in
sign birefringence changes. Herewith, the dispersion effect of birefringence increases for the LSS under the
influence of the stress applied along the optical axis and weakens in a case of stress directed perpendicularly to it.
Based on the birefringence changes under the action of uniaxial pressures the piezooptical coefficients dispersion
is obtained. The temperature-spectral-baric diagrams of isotropic points in K1.75(NH4)0.25504, which determine
the uniaxial state of the crystal under different temperature, pressure and spectral conditions, are constructed.
Using the density functional theory, calculations of the band-energy structure of LiNaSO4 and K1.75(NH4)0.25504
crystals are calculated and the total and partial densities of electronic states are determined. The influence of
cation substitution on electronic parameters of crystals of ABSO4 group is investigated. Theoretical spectra of
refractive indices and extinction coefficients for LiNaSO4 and K1.75(NH4)0.25S04 crystals are calculated and
compared with experimentally obtained parameters of the crystals. A correlation analysis of the refractive,
electronic and structural parameters of crystals of ABSO4 group was carried out. It has been found that the
average value of the refractive index mainly increases with increase of crystal density, what is caused by the
corresponding increase in the ionic radius of the substitutional cation.
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