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1. BriiuB i30BajIeHTHOrO KaTiOHHOTO 3aMillleHHs Ha Qi3nyHi BIaCTUBOCTI CyNIepiOHHUX IIPOBiTHUKIB
Ag7(Sil-xGex)S5L.

2. Effect of isovalent cation substitution on the physical properties of Ag7(Sil-xGex)S5I superionic conductors.

Pedepar:

1. Vriepiie oTpuMaHO MOHOKPHMCTaIiYHi 3pa3Ky Ta BUTOTOBJIEHO CYIIEPIOHHI KEPaMiKu TBEPAUX PO3UMHIB CKIIALy
Ag7(Sil-xGex)S5I. Ynepie BUBYEHO CTPYKTYPHI BJIACTMBOCTI OTPMMaHUX TBEPIUX PO3YMHIB, IPOBELEHO
MOJIEJIIOBaHHSI KPUCTAJIiYHOI CTPYKTYPH Ta 3'SICOBAaHO ME€XaHi3M i0HHOTO TPAHCIOPTY. [l OTpUMaHHSI MaCHUBY
IAHUX 3aCTOCOBAHO TEOPETUYHI METOIY IPOTHO3YBAaHHS (Pi3MYHMX BJIACTUBOCTEN y MeXKax MiAX0ony Teopii
dyHKIiOHAIA IYCTUHH, IO CIPUSJIO ONTHUMI3ali Ipouecy BUOOPY KpalyX 3a BJIACTUBOCTSIMU 3Pa3KiB IJ1st
MOJAJIbIINX NOCJIIKEHb. YIIeplIe TPOBELEHO YaCTOTHO-TEMIIEPATYPHI NOCIiIKEHHS €JIEKTPOIPOBiAHOCTI
IOCIIiIPKyBaHUX 3Pa3KiB Ta BCTAHOBJIEHO, 110 TEMIIEPATYPHI 3aJIEKHOCTI iOHHOI IPOBIIHOCTI MAIOTh JIiHIMHUN
XapakTep i ONUCYIOThCA 3aKOHOM AppeHiyca, 110 NiATBEPAKYyE TEPMOAKTUBALIIMHUN XapaKTep MIPOBigHOCTI.

BumipsHi 3a71€5KHOCTI €JIEKTPOIIPOBITHOCTI Bifl 4aCTOTHU 1151 JOCIiIPKyBaHUX 3Pa3KiB KEPaMiKi MAlOTb TUIIOBY



MIOBEIHKY $IK 1711 MOHOKPUCTaJIiB TBEPAUX PO3YMHIB, TaK i [JjI KepaMi4HMX 3pa3KiB. YIiepuie IIpoBeIeHO
IOCJIiIKeHHSI ONITUYHUX XapaKTepHUCTUK MOHOKPHUCTaJIiB TBEPAUX PO3UMHIB ckiany Ag7(Sil-xGex)S51: BusHaueHO
Kpail BJIACHOTO NIOIJIMHAHHS MOHOKPHUCTAJIiB TBepAUX po3unHiB Ag7(Sil-xGex)S5I B inTepBani temnepatyp 77-300 K.
Po3paxoBaHO 3HAY€HHS NCEBAOMYPUHY 32a00POHEHOI 30HU Ta BCTAHOBJIEHO, 110 MiJIBULIEHHS TEMIIEPATYPU
IIPUBOJUTb 1O MOHOTOHHOTO 3MEHIIEHHS il 3HaY€HHs1. Yiepile 3aCTOCOBAaHO METOJ, CIIEKTPOCKOTii 1U(y3HOTo
BiIOMTTS 3 OJaJIBIIMM aHaJli3oM i3 BUKopucTtaHHsaM ¢yHKii Kybenkn-MyHka Ta rpadiyHoro metoay Tayka nis
OLIiHKM IICEBIOIIMPUHN 3a00POHEHOI 30HM TaKUX CKJIAJHUX 00'€KTIB, SIK TBE€P/li PO3YMHU Ha OCHOBI CIIOJIYK
CTPYKTypu apripoguty ckinany Ag7(Sil-xGex)S51. Y pe3ysbTaTi IpOBeeHUX AOCiIKEHDb BKa3ye Ha
PO3YIIOPSIKYBaHHS KPUCTAIIYHUX CTPYKTYP TBepIUX po3unHiB Ag7(Sil-xGex)S5] BHACILOK KAaTiOHHOTO 3aMillleHHSI
Si4+ 0 Ge4+ y Mexkax aHiOHHO] MiAIpaTKy. YCTaHOBJIEHO HasIBHICTh PO3MIpHOro e(deKTy MiKpOTBEpPOCTi IIpU
MIKpOiHJI€eHTYBaHHI MOHOKPHUCTAJIB Ta KEpaMidHUX 3pa3KiB TBEpAUX po3unHiB Ag7Sil-xGexS51. 3'1coBaHo, 10 npu
3MEHILIEHH] I0HHOTO pajiiyca Ipu i30BaJIEeHTHOMY 3aMilleHHi Si4+ 0 Ge4+ MIKPOTBEPZICTb KPUCTAJIIB 3pOCTaE, 110

CBiJTYUTb NIPO MiJIBUILIEHHS XOPCTKOCTI KPUCTAJIIYHOI CTPYKTYPH BKa3aHUX MaTepiaJlib.

2. For the first time, single crystal samples have been obtained, and superionic ceramics of solid solutions of the
Ag7(Sil-xGex)S5I composition have been prepared. For the first time, the structural properties of the obtained
solid solutions have been studied, the crystal structure has been modeled, and the mechanism of ion transport has
been ascertained. Theoretical methods for predicting the physical properties within the framework of the density
functional theory approach have been used to obtain the data set, which contributed to the optimization of the
process of selecting the samples with the best properties for further research. For the first time, frequency-
temperature studies of the electrical conductivity inherent to the studied samples have been carried out, and it has
been ascertained that the temperature dependences of the ionic conductivity are linear and described by the
Arrhenius law, which confirms the thermally activated nature of the conductivity. The measured dependences of
electrical conductivity on frequency for the examined ceramic samples have typical behavior both for single
crystals of solid solutions and for ceramic samples. For the first time, a study of the optical characteristics of single
crystals of solid solutions of the Ag7(Sil-xGex)S51 composition has been carried out: the intrinsic absorption edge
of single crystals of Ag7(Sil-xGex)S5I solid solutions has been determined within the temperature range 77-300 K.
The value of the pseudogap has been calculated, and it has been ascertained that an increase in temperature leads
to a monotonous decrease in its value. For the first time, the method of diffuse reflectance spectroscopy with
further analysis by using the Kubelka-Munk function and the Tauc graphical method has been applied to estimate
the pseudogap of these complex objects, namely, solid solutions based on compounds of the structure of the
Ag7(Sil-xGex)S5I composition inherent to argyrodites. As a result of the research indicates disordering of the
crystal structures of Ag7(Sil-xGex)S5I solid solutions as a result of cation substitution Si4+ o Ge4+ within the anionic
sublattice. The presence of a dimensional effect of microhardness during microindentation of single crystals and
ceramic samples of Ag7Sil-xGexS5I solid solutions has been ascertained. It has been also ascertained that when
the ion radius decreases at the Si4+ o Ge4+ isovalent substitution, the microhardness of the crystals increases,
which indicates an increase in the rigidity of the crystal structure in these materials.
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