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Pedepar:

1. luceprauisg nprucBga4eHa OTPMMaHHIO MaTepiaiB-niepeMrKadiB MiKDOXBUJILOBOI'O BUIIPOMiHEHHS HA OCHOBI
croJlyk i3 ¢pasosumu nepexogamu (PIT), mo BigOyBarOThC Mifl BIVIMBOM 3MiHU TEMIIEPATypU. Y IepLUIOMy po3[ii
HaBeJEeHO O], JIITepaTypHy, B IKOMY BUCBITJIEHO Pi3Hi ME€XaHi3MU MIOTJIMHAHHY MaTepialaMy €JIEKTPOMarHiTHOro
BUIIPOMiHEHHS MIKDOXBUJIbOBOTO Jialla30Hy, HABELEHO METOAUKY iHCTPYMEHTAIbHOTO AOCIIII>KEHHS
MiKPOXBMJILOBOTO NPOIyCKaHHs1 /BiflOMTTS Ta NIPECTABJIECHO BilOMi Ha CbOTOJIHI IEPEMUKadi MiKpOXBUJIbBOBOTO
BUNIpOMiHeHHs. OkpeMo onmcano npupozny OI1y Tpbox Kjlacax Pe4oBUH, SIKi y POOOTi BUKOPUCTAHO /1J11 PO3POOKU
IepeMUKaYiB MiKPOXBUJILOBOT'O BUIIPOMIHEHHS. Y IPYrOMY PO31ijli HABE€IEHO €KCIIEPUMEHTAJIbHI METOAVKU
CHUHTE3Yy KOOPAMHALIMHMX CIIOyK 3i CII, oTprMaHH4 [10JIIMEPHUX KOMIIO3UTIB 3 NIOKCUIOM BaHA/il0 Ta CUHTE3Y
OpraHiYHO-HEOPraHiYHUX MIEPOBCLKITIB. PO3TJIAHYTO YCTaHOBKH, Ki BUKOPHUCTOBYBAJIACH [JIS IPOBELEHHS

IHCTPYMEHTAIbHUX NOCiIKEHb. Y TPETbOMY PO3[iJli IUCepTalLlii TOKa3aHO CIiH-3aJIe)KHY B3a€MOIil0 MaTepiasiB 3i



CII 3 MiKpOXBMJIbOBMM BUITPOMIHEHHSM, a CaMe 3[aTHiCTb KOOpAMHALINHUX crionyK [Fe(NH2trz)3]Br2 ta
[Fe(NH2trz)3](NO3)2, mo 3a3HatoTs koornepatuHoro CIT Mk HuspkocniHoBum (HC) Ta Bucokocninosum (BC)
CTaHaMU 1106113y KiIMHATHOI TeMIlepaTypy, 3MiHIOBaTH CTYIIiHb [IOTJIMHAHHS MiKPOXBUJIBOBOT'O BUIIPOMIHEHHSI M
BIIJIMBOM 3MiHU TEMIIEPATyPU. XapaKTePUCTUKU MiKPOXBUIbOBOIO BiIOMTTS Ta MPOIYCKAHHS NAaHUX KOMILIEKCIB 3i
CII 6ys10 mocmimkeHo 3a Pi3sHUX TeMIlepaTtyp. EBOJIOLis CrIeKTpiB IPONyCKaHHS Ta BilOUTTS Y YaCTOTHOMY
nianazoHi 26-37 I'Ty B o6acTi Temnepatyp CII r1okasasna cyTTeBi BifMiHHOCTI y B3aeMoii MiKpOXBUILOBOT'O
BurnipomineHHs 3 HC ta BC popmamu komiinekcis. [IponyckanHs MiKpOXBUIbOBOIO BUITPOMIHEHHS 3HAYHO
3MEHIIYEThCS IPU nepexoni y BC craH, B TOH 4ac SK BilOUTTS MOXKe SK 30i7IbIIyBaTHCh, TaK i 3MEHIIYBaTHUCh Ha
neBHUX 4actoTax BHacimok CII. PizHa 3patHicTs HC Ta BC popM KOMILJIEKCIB ITOTJIMHATUA MiKPOXBUJIbOBE
BUMPOMiHEHHSI TIOB’s13aHa 3i 3HauHUMU 3MiHamu nipu CI1 giesnekTpuyHOi MPOHUKHOCTI Ha MiKpOXBUJIBOBIl YaCTOTi.
3MiHHe BiflOUTTs/IPOIyCKAaHHS MiKPOXBUJIbOBOTO BUITPOMiHEHHS NOOpe Kopeoe 3 xapakrepuctukamu CII, ski
0yJI0 OTPMMAaHO Y ONITUYHUX Ta MAaTHITHUX BUMIPIOBAHHSX, @ TAKOXK IOCIIIKeHHIX AudepeHiiiHOI CKaHyI040i
Kasopumertpii. OKpiM TOro, NPOJAEMOHCTPOBAHO 3IATHICTh 10 IEPEMUKAHHS MiKPOXBUJILOBOTO BUIIPOMiHEHHS
TPbOX KOMIIJIEKCIB, 110 3a3HatoTh CII 3a BUCOKMX TEMIIEPATyp: OGHOI0 KOMILJIEKCY Ha OCHOBI 1,2,4-Tpuasoiny —
[Fe(trz)(Htrz)2]BF4 -Ta 1BoX 6iMeTaspHUX KOMIIJIEKCIB 3 MiCTKOBUMHU LiaHiTHUMM JIiraHJaMU —
[Fe(mipasun){M(CN)2}2], ne M = Au, Ag. ByJ10 BCTaHOBJIEHO, 1110 Y 3arajlbHOMY BUIIaJIKy KOMILJIEKCH Ha OCHOBI
TPUA30JIiB € 6inbill ePeKTUBHUMU ITlepeMuKadaMu, Hi>XkK 6iMeTasibHi KOMIIJIEKCU 3 MiCTKOBUMU LiaHiTHUMUA
girangamy. OTpUMaHi pe3yJbTaTé PO3WMPIOIOTh CIIEKTPOCKOIIYHUN iana3oH, y skoMy matepianu 3i CIT MOXyTb
BUKOPUCTOBYBATHUCh y SIKOCTi IEPEMHUKAYIB, 2 TAKOXK POOJISITh BHECOK Y CTBOPEHHSI 6a3y IaHUX PO MOTJIMHAHHS
MIKPOXBHUJILOBOTO BUNIPOMiHEHHS KOMILIEKCIB 3i CI1. Y yeTBepTOMY pO3/iJi 3aIIPOIIOHOBAHO METOJ, OTPUMAaHHS
[IepeMMKaviB MiKpOXBUJILOBOTO BUIIPOMiHEHHSI, BUKOPUCTOBYIOUM KOMIIO3UTHUI MaTepiasl Ha OCHOBI AiOKCUAY
BAHAJIiI0 TA NOJiMETUIMETaKpuary. JudepeHuiiHa ckanyoda kanopumerpist, SQUID marHitomeTpis Ta
iMnezaHcHa CrIeKTPOCKOMis 6y BUKOPUCTaHi 1151 nocimpkenHs QI1y sanpornoHoBaHOMY KoMno3uTi. [IMI y
IOCTiIKeHoMy MaTepiaJi Bif0yBaeThbCs 32 TEXHOJIOTIUHO IpuBabinBoi Temnepatypu 341 K. Bysio nokasaHo, mo npu
O®I1 y miokcuai BaHAL IO BifOyBaeThCs Pi3Ke 3MEHIIEHHSI IIPOITyCKAHHS MiKPOXBUJILOBOTO BUIIPOMiHEHHS
Komno3uToM. HagBhicTe koMrioHeHTy 3 [IMI y ckiazii KOMIO3UTY Hala€ MOXKJIMBICT KOHTPOJIbOBAHO 3MIiHIOBATU
IIPO30PiCTh MaTepiajny y MiKpDOXBUJIbOBOMY Jialla3oHi, B TOM 4ac sIK HasIBHICTh N0JIiIMEPHOI MaTpulli 3abe3nedye
MOXJIMBICTb MEXaHIYHOI OOPOOKM eJleMeHTa-IIepeMUKaya. ¥ I'ITOMy po3[iji nokasaHo 3patHicTs ABox ['OHII, a
came CH3NH3PbI3 ta (C5H1INH3)2Pbl4 ciyryBatu nepeMukadamMy MikpoXBUJIbOBOTO BUIIPOMiHeHHS 3 OII.
[TepeMuKaHHS MiKPOXBUJIbOBOTO BUIIPOMiHEHHSI € HacIigKoM HasiBHOCTI QI 3a TEXHOJIOTIYHO TTPUBAGIMBUX
TeMIIepaTyp — Tpoxu Bulle KiMmHaTHOi Temneparypu: 330 Ky CH3NH3PbI3 ta 320 K y (C5H1INH3)2Pbl4. Byso
BCTAHOBJIEHO, 110 Ha BUOpaHux yactoTtax (C5H1INH3)2Pbl4 xapakTepusyeTbcst Ay>Ke BUCOKUM 3HAUEHHSIM
nponyckanHs -0.4 0B, sike 3MiHI0€TbCS 10 -4.4 0B npu nepexofii y BUcokoremneparypHy ¢aay. [IponyckanHs
CH3NH3PbI3, HaBnaky, € ny>xe HU3bKUM (-25 AB) Ta juie Tpoxu MifiBUILYIOThCS [IpY IIepexofi y
BHCOKOTeMIIepaTypHY ¢asy. [lorsnHanHsa MiKpOXBUIbOBOIO BUIIPOMiHEHHS 3MiHIO€ThCs Ha 38% y (C5SH1INH3)2Pbl4
Ta Ha 0.6% y CH3NH3PbI3 Ha o6paHux yactoTax. [IpoBefeHi fOCHiI>)KeHHs T0Ka3yIoTh, o Ajs1 CH3NH3PDbI3 €
OinbLI JOPEYHUM 3aCTOCYBAHHS Y SIKOCTi MiKPOXBUJIbOBOTO NIOTJIMHAYA, B ToM vyac sk (C5HIINH3)2Pbl4 moxe
CJIyryBaTu e(peKTUBHUM IlepeMUKayeM MiKpOXBUJIbBOBOI'O BUNIPOMiHeHHs. OKpiM TOro, y JaHOMY po3/iji HaBeJeHO
IIOPiBHSIHHS XapaKTEPUCTUK MiKPOXBUJIbOBOT'O [IEPEMUKAHHS BCiX NOCIIIPKEHUX MaTepiasliB Ta BCTAHOBJIEHO, 1O

(CSH1INH3)2Pbl4 € Haii6inb epeKTUBHUM [IepeMUKaYeM 3 YCiX MIpeCcTaBlIeHUX MaTepialis.

2. The thesis is devoted to development of microwave switching materials based on compounds, which exhibit
temperature-induced phase transitions (PT). In the first chapter there is a review of the literature, which highlights
the various mechanisms of absorption of electromagnetic radiation of microwave range by materials, describes
methods of instrumental study of microwave transmission / reflection and presents the currently known
microwave switches. The nature of PT in three classes of compounds used in this work for the development of
microwave switches is also described. In the second chapter there is a description of experimental methods
towards the synthesis of coordination compounds with PT, the production of polymer composites with vanadium
dioxide and the synthesis of organic-inorganic perovskites. The equipment used for carrying out instrumental



measurements is described. The third chapter of the thesis shows the spin-dependent interaction of SCO
materials with microwave radiation, namely the ability of coordination compounds [Fe(NH2trz)3]Br2 and
[Fe(NH2trz)3](NO3)2, which undergo cooperative SCO between low-spin (LS) and high-spin (HS) states near room
temperature, to change the extent of microwave radiation absorption under the influence of temperature change.
The characteristics of microwave reflection and transmission of these SCO complexes were studied at different
temperatures. The evolution of the transmission and reflection spectra in the frequency range of 26-37 GHz in the
temperature range of SCO showed significant differences in the interaction of microwave radiation with LS and HS
forms of complexes. Microwave transmission is significantly reduced during the transition to the HS state, while
the reflection can both increase and decrease at certain frequencies due to SCO. The different ability of LS and HS
forms of complexes to absorb microwave radiation is associated with significant changes in the dielectric constant
of SCO complexes at the microwave frequency. Variable reflection / transmission of microwave radiation
correlates well with the characteristics of SCO, which were obtained in optical and magnetic measurements, as
well as studies of differential scanning calorimetry. In addition, the ability to switch microwave radiation of three
complexes which exhibit high-temperature SCO was demonstrated: one complex based on 1,2,4-triazole -
[Fe(trz)(Htrz)2]BF4 and two bimetallic complexes with bridging cyanide ligands - [Fe(pyrazine)[M(CN)2}2] M = Au,
Ag. In the general case, triazole-based complexes have been found to be more effective switches than bimetallic
complexes with bridging cyanide ligands. The obtained results expand the spectroscopic range in which SCO
materials can be used as switches, and also contribute to the creation of a database on microwave absorption of
SCO complexes. The fourth chapter proposes a method for producing microwave switches using a composite
material based on vanadium dioxide and polymethyl- methacrylate. Differential scanning calorimetry, SQUID
magnetometry and impedance spectroscopy were used to study PT in the proposed composite. MIT in the
proposed material occurs at a technologically attractive temperature of 341 K. It was shown that PT in vanadium
dioxide leads to a sharp decrease in the transmission of microwave radiation by the composite. The presence of a
component with MIT in the composite makes it possible to control the transparency of the material in the
microwave range, while the presence of a polymer matrix provides the possibility to process the switch element
mechanically. The fifth chapter shows the ability of two HOIPs, namely CH3NH3PbI3 and (C5H1INH3)2Pbl4 to
serve as PT microwave switches. Microwave switching is a consequence of PT, which occurs at technologically
attractive temperatures - slightly above room temperature: 330 K in CH3NH3PbI3 and 320 K in (C5H1INH3)2Pbl4.
It was found that at selected frequencies (C5HI1INH3)2Pbl4 is characterized by a very high transmittance of -0.4
dB, which varies to -4.4 dB during the transition to the high-temperature phase. The transmission of CH3NH3PbI3,
on the other hand, is very low (-25 dB) and increases only slightly during the transition to the high temperature
phase. Microwave absorption varies by 38% in (C5H1INH3)2Pbl4 and by 0.6% in CH3NH3PbI3 at selected
frequencies. Studies show that it is more appropriate to use CH3NH3PbI3 as a microwave absorber, while
(C5H1INH3)2Pbl4 can serve as an effective switch of microwave radiation. In addition, this section compares the
microwave switching characteristics of all studied materials and shows that (C5H1INH3)2Pbl4 is the most efficient
switch of all the described materials.
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