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1. TlepmonpyHUUIHI pO3pPaxyHKHU €JIeKTPOHHUX Ta (POHOHHUX MiICUCTEM i ONITUYHI BJIACTUBOCTI TiPOTPOIHUX

Kpucrasuis Tuny Hg3X2Y?2

2. First-principles calculations of electrons and phonons subsystems and optical properties of Hg3X2Y2 type
gyrotropic crystals

Pedepar:

1. Inceprauiiina po60Ta NpUCBSYEHA AOCTIIKEHHIO i3 IE€PUINX IPUHIUIIB €JIEKTPOHHUX Ta (POHOHHUX MiJCUCTEM i
ONTMYHUX BJIACTUBOCTEN ripOTPONHUX KpUcTasiB Tuny Hg3X2Y2. [IpoBeneHO NOPiBHANLHUI aHAai3 BIVIUBY
aHIOHHOTO 3aMillleHHsI Ha €JIEKTPOHHY CTPYKTYPY KyOiuHMX XaJIbKorajoreHifiiB MepKypito. BcTaHOBIEHO, 110
aHioHHe 3amimeHHd Te Se S y cnonykax Hg3X2Y2 npu3BoguTh A0 30i/bIIEHHS ITMPUHU 3200POHEHOI 30HMU.
Bukopucrosyoun HabmwkeHHS LDA+U 17151 po3paxyHKiB 30HHOI cTpyKTypu Kpuctasnis Hg3Te2ClI2 Ta Hg3Se2Cl2,
BJ]AJI0CSI OTPMMATHU 3HAUEHHS HENPsIMOi 32a00POHEHOI 30HM, 0JIM3bKi 10 €KCIIepUMEHTAIbHO BU3HAYEHUX i3 aHaIi3y
ONTUYHUX CcNIeKTPiB. OCOGIUBICTIO BaJIEHTHOI 30HU €JIEKTPOHHUX CIEKTPiB NOTPiNHUX crionyK Hg3X2Y?2 e HasBHICTD
II'IThOX BiIOKpEMJIEHUX MiJ30H, c(pOPMOBAHUX ribpuau3allielo s/p-cTaHiB KaTioHa Ta aHioHiB. [IpoananizoBaHo

BILJIMB TOYKOBUX AedeKTiB Ha popMyBaHHS 30HHOI CTPyKTypu Kpucrana Hg3Te2Cl2 3 BukopucTaHHsIM Mogei



cynepkomipok. IlokazaHo, o aHiOHHI BakaHCii MOAM(IKYIOTh CTPYKTYPY €HEPreTUYHUX 30H, 110 BiloOpakaeTbCs Ha
€JIEKTPOHHHUX Ta ONTUYHUX BJIACTUBOCTSX JOCJIIKYBaHOIO KPUCTaja. BcTaHOBJIEHO, 0 NIPUPOJA Mi>KaTOMHUX
B3aeMOZiil y kpucTtanax tuny Hg3X2Y2 mae KoMOiHOBaHMI xapakTep Ta BKJIIOYA€E iOHHY Ta KOBaJIEHTHY CKJIa/l0Bi.
[IpoBeneHO AeTanbHUI aHali3 CUMeTpil PyHIaMEeHTaIbHUX MO/, fucIiepcii pOHOHIB, 3aranbHOi Ta napuiaJbHUX
ryctvH (OHOHHUX cTaHiB 11 Kpucrtana Hg3Te2Cl2. [IpencraBieHo MOENIIOBAaHHS PaMaH-CIIEKTPa Ta
ineHTHdikanio GOHOHHUX XapaKTEPUCTUYHUX CMYT 117151 BUBHAUEHHSI 3HaY€Hb KOJIMBAaHb aTOMIB Ha OCHOBI iX
CHAMETPIMHOrO aHaJsIi3y B [IOPIiBHSHHI 3 pe3yJbTaTaMu PO3PaxyHKiB AUMHaMiKy rpatku Kpucrana Hg3Te2Cl2.
BcraHoB/I€HO, 1O BCi ONTUYHI MOAY aKTUBHI B pamaH-crekTpax. Mogu T cuMeTpii aKTUBHI K y CIIEKTpax
KOMbiHali1HOrO po3CiloBaHHS, TakK i y criekrpax [Y-norjauHaHHs, 10 [10B'I3aH0 3 BiICYTHICTIO LIeHTpa CUMETPIi B
IOCIiIKyBaHOMY KpucTaii. Ha OCHOBI fOCIiIPKEHDb €JIEKTPOHHUX €HEPTreTUYHUX CIIEKTPIB IIPOBELEHO
iHTepIpeTaLilo eKCIIePUMEHTAJIbHUX Pe3yJbTaTiB 10 JOCIiIKEHHIO OIITUYHOI aKTUBHOCTI y KpucTtanax Hg3X2ClI2 (X
= Se, Te). BctaHOBIEHO KOPEJISLiI0 MK iCHYBaHHSIM SIBULIA ONTUYHOI aKTUBHOCTI Ta peasiizalieio IpsIMUX ONTUIHUX
IepexofiiB y IOCIiIKyBaHUX CIIoJIyKaxX. Po3paxoBaHO KOMIIOHEHTH TeH3opa ripauii s kpucrana Hg3Se2Cl2.
[IpoBeneHO TEOPETUYHI PO3paXyHKU 3HAUEHb I0KA3HUKIB 3aJI0MJIEHHS, ONTUYHUX JlieJIEKTPUYHMX KOHCTAHT Ta
KoedilieHTiB BinouanHs A4 noiaimopdis (a), (b), (c) - Hg3S2CI2 ta kpucrana Hg3Te2Cl2 y pamkax mogeri
3B'3yI0unx opbiTaneii XappicoHa. Po3paxyHKu [poBeieHO AJIsI CIIeKTpasibHOi 0671aCTi, maneKoi Bif Kpaio
[IOTJIMHAHHS, Ji€ BiJICYTHS IMCIIEPCis NIOKa3HMKa 3a70MIIeHHs. [TokazaHo, 10 Mozesb XappiCOHa [L03BOJISIE

aHasli3yBaTU ONTUYHI BIACTUBOCTI CIIO/YK Ty Hg3X2Y?2,

2. The thesis is devoted to the investigation from the first-principles the electrons and phonons subsystems and
optical properties of Hg3X2Y2 type gyrotropic crystals. The comparative analysis of the anionic substitution
influence on the electronic structure of cubic mercury chalcogenhalogenides was conducted. It was established
that anionic Te Se S substitution in the Hg3X2Y2 compounds leads to the bandgap width increase. Using LDA+U
approximation for calculations of Hg3Te2CI2 and Hg3Se2CI2 crystals band structure values of the indirect band
gap close to experimentally determined from the analysis of optical spectra were obtained. The presence of five
separated subbands formed by hybridization of s /p- states of cation and anions is the feature of electronic
spectrum in the valence band of ternary Hg3X2Y2 compounds. The influence of point defects on the formation of
Hg3Te2Cl2 crystal band structure using the supercell method was analyzed. It was shown that anionic vacancies
modify the structure of energy bands that reflects on the electronic and optical properties of crystal under
investigation. It was established that the nature of interatomic interactions in the crystals of Hg3X2Y2 type has
complex character and includes ionic and covalent parts. The detailed symmetry analysis of the fundamental
modes, phonons dispersion, total and partial phonons density of states for Hg3Te2CI2 crystal was conducted. The
simulation of the Raman spectrum and identification of the phonons characteristic lines to define atomic
vibrations values was performed on the basis of their symmetry analysis in close comparison with results of
lattice-dynamical calculations for Hg3Te2Cl2 crystal. It was found that all the optical modes are active in Raman
spectra. The modes of T symmetry are active in both Raman spectra and IR-spectra due to absence of symmetry
center in the studied crystal. The interpretation of experimental results of optical activity study in Hg3X2ClI2 (X =
Se, Te) crystals was performed on the basis of energy electrons spectra studies. The correlation between the
existence of optical activity phenomenon and realization of direct optical transitions in studied crystals was
established. The gyration tensor components for Hg3Se2CI2 crystal were calculated. Theoretical calculations of
values of refractive indices, optical dielectric constants and reflection coefficients for (a), (b), (c) - Hg3S2CI2
polymorphs and Hg3Te2Cl2 crystal within Harrison's bonding orbitals model were carried out. The calculations
were performed for the spectral region far from the absorption edge, where the dispersion of refractive index is
absent. It was shown that Harrison's model allows to analyze the optical properties of Hg3X2Y2 type compounds.
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