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1. EkcuTtonu i ¢pa30Bi nepexonu B L1apyBaTOMy CerHeToenacTuky Cs3Bi2l9

2. Excitons and phase transitions in Cs3Bi2I9 layered ferroelastic

Pedepar:

1. Y puceprauii npefcTaBieHo pe3yabTaTh KOMIUIEKCHUX €KCIIEPMMEHTAIbHUX AOCIiIKEHb KPUCTAJIiB IapyBaTOro
cerHeroesnactrka Cs3Bi2l9 meTogamy HU3BKOTEMIIEPATYPHOI CIIEKTPOCKOIIIi BiIOMBaHHS i KOMOiHALIITHOTO
poscitoBanHs cBita (KPC). 3HaiineHo ¢pyHIaMeHTabHi ONTUYHI XapaKTePUCTUKU Ta OOYL0BAHO JiarpamMu
Apranpa €2 = f (el) kpucraniB Cs3Bi2l9 B MOHOKIIHHI i rekcaroHasnbHil ¢azax. Po3pobseHo camoysromxeHnit
METOJ, OIHO3HAYHOTO MOy CKIaJHUX CIIEKTPaJbHUX KOHTYPIiB Ha OKPEMi CKJIaJIOBi MIJISXOM KOMII'IOTEPHOTO
MogesoBaHH HificHOi €l(E) i ysaBHOI €2(E) 4acTHH KOMILJIEKCHOI [ieJIeKTPUYHOI IPOHUKHOCTI €(E) 3 ypaxyBaHHSIM
CUHTyJIsIpHOCTe! BaH X0Ba, 1110 103BOIMIJIO BUBHAYUTHU IIapaMeTPY KPUTUYHUX TOYOK Ta ix mpupozy. Bnepuie nys
IIapyBaTUX KPUCTAJIiB BUSIBJIEHO HETPAAULIIMHNI TEMIIEPATYPHUI 3CYB Kpalo (PyHIaMEHTAIbHOTO NIOTJIMHAHHS
cerHeroesnactuka Cs3Bi2l9. [TokasaHo, o Lel epeKT 06yMOBIEHMI HATIEXKHICTIO JAHNUX KPUCTAJIIB 10 3BUYANHUX Y
MOHOKJIIHHiH (pa3i Ta mapyBaTHX y reKcaroHasbHiil. 3apeecTpoBaHO MepexigHy 06J1acTb B iHTepBai TeMnepaTyp
150-220 K, mo cknanaeTbes 3 ABox obisacreil: rerepodasnoi (183-220 K) i 3aMmKoBUX BHYTPIlIHIX HAIIPYKEHb Y



MOHOKJIIHHIH (a3zi (150-183 K); Ta 3MiHy XapakTepy eKCUTOH-(OHOHHOI B3a€MO/Iii 3 pPOCTOM TeMIIepaTypu Bif,
cyabkoi mo cusnpHOi B okodti 150 K. 3'scosano npupony mniniit KPC i 3HaliieHo gaBuAiBChKi 1y6seTu. BctaHOBIEHO
HaJIeXHICTh CTPYKTypHOro (pazoBoro nepexony npu Tc=220 K go $pa3oBux nepexofiis Nepuoro poay, o €
OJIM3bKMMU 10 IPYroro. Briepiie BUSIBJIEHO TraHTCbKUM TEPMOJVHAMIYHUI ONTUYHUN e(PEeKT Ta JaHO HOro
MIOSICHEHHS Ha OCHOBI 32JI€5KHOCTI ITIOKa3HMKA 3aJIOMJIEHHS Bifj TEMIIEPATYPU Y€Pe3 MOSIBY i 3MiHY 3 TEMIIEPATYPOIO
napamerpa nopsaxa (crionransoi gedopmauii Dcn (T)). 3anporioHOBaHO Ha OCHOBI 1bOTO €(PEeKTy ONTUYHUI aHaIor

TPaH3UCTOPA.

2. Results of complex experimental studies of Cs3Bi2I9 layered ferroelastic crystals by means of low-temperature
reflection and Raman scattering spectroscopy methods have been presented. The fundamental optical
characteristics were found and Argand's diagrams €2 = f (el) were determined in monoclinic and hexagonal phases.
Self-consistent method was developed for unambiguous dividing of complicated spectral line-shapes into
individual components using computer modeling of real €l(E) and imaginary €2(E) parts of the complex dielectric
function e(E) taking into account Van Hove singularities. For the first time nontraditional temperature shift of
Eg(T) for layered substances was found. It was detected that this shift is described by the Varshni formula very well
and explained as follows: Cs3Bi2I9 crystals are usual semiconductors in the monoclinic phase and layered ones in
the hexagonal phase. The transition region in the temperature interval 150-220 K was registered. It consists of
heterophase structure region (183-220 K) and the region of residual internal strain in the monoclinic phase (150-
183 K). The change of exciton-phonon interaction from weak to strong with increasing of temperature was found
near 150 K. The nature of Raman lines was determined and Davydov doublets were found. It is established that the
structure phase transition at Tc = 220 K belongs to that of the first order close to the second one. For the first time
a new giant thermodynamical optical effect near the phase transition point in Cs3Bi2I9 layered crystal was found.
The effect is appeared as periodical oscillations in time of the reflection coefficient. This phenomenon is caused by
the small temperature deviations in thermodynamical system the appearance of which in the reflection spectra is
strongly amplified in the ferroelastic phase transition point. The optical oscillations are explained on the base of a
model that takes into account the temperature dependence of the refractive index n(T) through the order
parameter (spontaneous strain Dsp(T)). The optical analogue of the transistor was suggested.
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