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1. BB i30MOp(HOro 3amillleHHs Ha €JIEKTPUYHI Ta ONTUYHI BJIACTUBOCTI TBEPAUX PO3UMHIB Ha OCHOBI Cu7BX5I
(B= Ge, Si; X=5, Se).

2. Influence of isomorphic substitution on electrical and optical properties of solid solutions based on Cu7BX5I (B=
Ge, Si; X=S, Se)

Pedepar:

1. InceprauiiiHa po60Ta NpUCBSIYEHA JOCTIIKEHHIO BILJIMBY i30MOPQHOTrO 3aMillleHHS HAa CTPYKTYPHi, €J1eKTpUYHi
Ta ONTUYHi BacTuBocTi KpuctasniB Cu7BX5I (B= Ge, Si; X=S, Se) Ta TBepAuX pO3unHiB Ha ix OCHOBI. Y po6oTi
BCTAHOBJIEHO HETMePEePBHICTb PsAfiB TBepaux po3ynHiB Cu7Ge(S1-xSex)51 Ta Cu7(Gel-xSix)S51, s IKMX BUSBIEHO
JIiHifiHe 3011bLIEHHs TapaMeTpa KyO6i4yHOi rpaTKy Npy aHiOHHOMY S Se Ta KaTioHHOMY Si Ge 3aMillleHHSIX, 0
BigmoBinae 3akony Berapza. Y kpucranax Cu7GeSe5I, Cu7GeS5I, Cu7SiS51, Cu7Ge(S1-xSex)51 ta Cu7(Gel-xSix)S5I1
BCTAHOBJIEHO JIiHilHe 30i/IbIIEeHHS €JIeKTPUYHOI IPOBiAHOCTI 3 NiABUIEHHSIM TEMIIepaTypH, 10 CBiTYUTD IIPO
TEPMOAKTUBALITHNAN XapaKTep NPOBIIHOCTI. BuaBieHo, mo aHioHHe S Se Ta KaTioHHe Si Ge 3aMillleHHA BeAyTh 10
HEJIHIMHOTO 361/IbIIE€HHS €JIEKTPUYHOI TPOBIAHOCTI 6iJbIl, HiXK HA OPALOK. Y CyIlepioHHil KepaMilli Ha OCHOBI

HaHOpo3MipHOTo Cu7GeS5] BucOKe 3Ha4eHHs eJIeKTPUYHOI IPOBiIHOCTI 06yMOBJIeHe 36iblIeHHIM i0HHOI Audys3il



B MIXKKPUCTaJIiIYHOMY IPOCTOPI IIPY 3MEHIIEHH] pO3MipiB 4aCTUHOK. I JOCIiIKyBaHUX KPUCTAJIB BUABJIEHO
yp6axiBCbKy (POPMY Kpalo MOTJIMHAHHS, SKa BU3HAYAETHCS CUJIBHOIO €JIEKTPOH-(OHOHHOIO B3aeMoJier0. Y
KpHUCTaJIax TBEPAUX PO3YMHIB Kpal [TOIJIMHAHHS 3a3HA€ CYTTEBOTO BIUIMBY KOMIIO3ULITHOTO PO3YIOPSIKYBaHHS
KPUCTaIiYHOI TPaTKY, a €JIeKTPOH-(POHOHHA B3aeMOZis nocuioeTbes. [1py anionHoMy S Se Ta kaTioHHOMY Si Ge
3aMIillleHHAX BUABJIEHO HeJliHIMHE 3MEHLIEeHHS IMPUHU ONTUYHOI IICEBIOILIIMHY Ta XapaKTEPHY IJIs TBEPIUX
PO3YMHIB NOBEiHKY ypbaxiBcbKoi eHeprii. Oneps;kaHo aMOopQHi TOHKI IJ1iBKM Ha OCHOBI criostyku Cu7GeS5l, siki
XapaKTEePU3YIOThCSl IOCTATHO BUCOKMM 3HAYEHHSM €JIEKTPUYHOI IPoBigHOCTI. [Ipu nepexogi Bif KpUcTaniyHuX
TPUBUMIPHUX cynepioHHUX NPoBigHUKIB Cu7GeS5I 1o amop(pHUX IBOBUMIPHUX TOHKHUX IIJTiBOK BCTAHOBJIEHO
3MEHIIEHHS eJIEKTPUYHOI IPOBINHOCTI Ta MUPHUHU ONITUYHOI IICEeBIOILINHY, 36iblIeHHs ypOaxiBChbKoi eHepri,

[IOCUJIEHHS €JIeKTPOH-(POHOHHOI B3aeMo/iii Ta 36i/1bLIIEHHS] CTPYKTYPHOT'O PO3YyIOPSAKYBAHHS.

2. The thesis is devoted to the studies of influence of isomorphic substitution on structural, electrical and optical
properties of Cu7BX5I (B= Ge, Si; X=S, Se) crystals and solid solutions on their base. Cu7Ge(S1-xSex)5I and Cu7(Gel-
xSix)S5I solid solutions systems are shown to be continuous with a linear increase of the cubic lattice parameter at
anion S Se substitution and cation Si Ge substitution according to the Vegard law. For Cu7GeSe5I, Cu7GeS5I,
Cu7SiS5l, Cu7Ge(S1-xSex)5l, and Cu7(Gel-xSix)S5I crystals a linear increase of electrical conductivity with
temperature is observed, indicating the thermoactivation character of the conductivity. Anionic (S Se) and cationic
(Si Ge) substitution leads to a nonlinear increase of the electrical conductivity by more than an order of magnitude.
In superionic ceramics based on nanoscale Cu7GeS5], a high value of the electrical conductivity is related to an
increase of ion diffusion in the intercrystallite space with the particle size decrease. For electrodes prepared from
the Cu7Ge(S1-xSex)5!I and Cu7(Gel-xSix)S5I solid solution crystals, the current-voltage diagrams are shown to
possess one anodic and two cathodic maxima, decreasing with sulphur and germanium content in the
corresponding solid solutions. The areas of electrochemical stability for Cu7Ge(S1-xSex)5] and Cu7(Gel-xSix)S5I
solid solution crystals are determined. With the substitution of S by Se atoms as well as Si by Ge atoms in
Cu7Ge(S1-xSex)5I end Cu7(Gel-xSix)S5I solid solution crystals the electrochemical stability ranges shrink, which is
explained by the decrease of the chemical bond ionic component and the increase of the covalent-and-metallic
component. The Urbach behaviour of the optical absorption edge of the crystals under investigation is revealed,
being determined by a strong electron-phonon interaction. In the solid solution crystals the optical absorption
edge is strongly affected by compositional disordering of the crystal lattice while the electron-phonon interaction
is enhanced. The temperature dependences of the Urbach absorption edge parameters, namely the optical
pseudogap and the Urbach energy, are described in the framework of the Einstein model for Cu7GeSe5I and
Cu7SiS5I crystals as well as for Cu7Ge(S1-xSex)5I and Cu7(Gel-xSix)S5I solid solutions in the temperature interval
of 77-300 K. At anionic (S Se) and cationic (Si Ge) substitution, a nonlinear decrease of the optical pseudogap is
observed as well as the Urbach energy behaviour characteristic for solid solutions. The compositional
dependences of the Urbach energy in Cu7Ge(S1-xSex)5I and Cu7(Gel-xSix)S5I crystals reveal a behaviour typical
for solid solutions and are related to the effect of temperature-related, static structural, and compositional
disordering. The contributions of the temperature-related, static structural, and compositional disordering into
the Urbach energy are determined. Thin amorphous films prepared on the base of Cu7GeS5I compound are shown
to be characterised by a high value of the electrical conductivity which can be used for the creation of miniature
solid electrolyte batteries and supercapacitors of new generation. In Cu7GeS5I thin films as well as in the single
crystals, the Urbach absorption edge is formed by electron-phonon interaction which increases at the transition
from the three-dimensional bulk structure to the two-dimensional planar structure. An essential characteristic of
the absorption edge spectra of the thin film under investigation is a lengthy Urbach tail which results in the
Urbach energy being more than three time higher than that in the crystal. The transition from the crystalline
three-dimensional Cu7GeS5I superionic conductors to the two-dimensional amorphous thin films is characterized
by a decrease of the electrical conductivity and the optical pseudogap, an increase of the Urbach energy, an
enhancement of the electron-phonon interaction as well as an increasing structural disordering.
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