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Hucepralnisg npucBsgdeHa BUBUYEHHIO €JEKTPOHHOI CTPYKTYPHU MeTaJopraHi-
YHUX KOMILJIEKCIB, 1X ONTUYHUX Ta MATCHITHUX BJIACTHBOCTEH 3 METOI OTPUMAaH-
Hsl XapaKTEPUCTHUK, 1110 MOXKYTh OyTH BUKOPUCTAHI 1IPU PO3POOJIEHH] eJleMeHTIB
HAHOEJIEKTPOHIKK Ta, CIHIHOTPOHIKM Ha 0a3l jaHuX Marepialib.

B nepmomy po3iji guceprariii onucano KBaHTOBO-MeXaHiTHI METOIH JIOCTi-
JKEHHS eJIeKTPOHHUX, ONTUIHUX Ta MAarHiTHUX BJAACTUBOCTeN MaTrepiadis. I1po-
aHaJII30BaHO0 OTHOCTAHNIHUKOBI I1IX0/M, HAOJIMKEHHST 0OMIHHO-KOPEJISIIITHOTO
dyukiionasy, a Takoxk riopujgni dynkiionaaun. Onucani ¢isuydHi OCHOBH Ta
MaTeMaTUIHUI arnapaT JaHuX METO/IIB, a TAKOXK BKa3aHl Ha IepeBaru Ta HeJlo-
JIKK KOXKHOro 3 mijaxonaiB. Ilpoemeno anajisz KBa3idacTUHKOBUX METOJIIB, IO
basyoThesa Ha Bukopucranui ¢yukiil I'pina - merogq GWA rta pisusmus Bere-
Coumitepa. B manomy posjiii TaKoXK OIUCAHO METONM JIOCJiIPKeHHsI MarHi-
THUX BJIACTUBOCTEl, a came, po3paxyHOK OCHOBHOI'O CTaHY CHIHIOJISPU30BBA-
HUX CHCTEM Ta Mojieib leiizenbepra. Omucano ocodIMBOCTI peasizaliil MeTo B
Ta amnpokcumMarii y nporpamuaomy nakeri ABINIT.

Jpyruii po3ij MiCTUTh YOTUPHU MiAPO3IIN, MO MPUCBIIEH] JTOCTIIKEHHIO
JOTUPHOX I'PYI METAJOPTaHIUHUX CIIONYK - (DTAJIOMIaHIHA TepexiIHuX MeTaJliB,
JIBOBUMIDHI CTPYKTYPHU Ha OCHOBI I'ekcaaMiHOOEH3EeHY Ta rekcaaMiHTpudeHmie-
Hy HIKEJIO Ta MIJl, KOOPJMHAINRHNX TOJIMEpPIB Ha OCHOBI MIPa3wuHIUTIONATY
MiJil Ta HiKeJito, MeTaJjiopraniunoro komiiekcy MOF-74. B koxkHOMYy IIipo3-
JILT TIOJIAaHO KOPOTKUM JITepaTypHUN OTJIS) XapaKTEePUCTUK MEeTAaJOPraHIIHuX
KOMILJIEKCIB Ta, IX JOCTIPKeHHA B IKOCT1 MaTepiajiB eeKTpoHikn. Bkazano me-

TOJIM Ta MOCJIJIOBHICTH MPOBEJAEHHS PO3PaXyHKIB, BXIIHI MapamMeTpu, 10 BU-



3HAYAIOTh TOUHICTb PO3paxyHKY. Jloc/ijizKeHo MartiTHI BJACTUBOCTI (hTaJioIia-
HiHIB mepexifiHuxX MeTasiB. OTpuMaHO eJIeKTPOHHY €HEPreTUIHY CTPYKTYpPY Ta
JleJIeKTpUYHYy (PYHKIIIO 3 ypaxyBaHHAM 1OBEJIHKU CUJILHOCKOPEJIboBaHUX d-
eJIEKTPOHIB Ta eKcUTOHHUX edekTiB. st dprajionianinis Mapratiiio, 3aJisa Ta
KODAJIbTY €JIEKTPOHI Ta ONTUYHI BJIACTUBOCTI OTPUMAHO JJIsi Tapa- Ta hepoma-
rHITHOTO cTaHiB. Po3paxoBano Ta mpoaHaJsizoBaHO €JIEKTPOHHUI eHepreTHIHu
CIEKTP Ta MapliaJbHy I'YCTUHY CTaHIB Y JIBOBUMIPDHUX MeTaJIOPraHIYHUX HAHO-
CTPYKTYpax Ha OCHOBI TeKCaaMIHOOEH3eHY Ta TeKCaMiHOTPU(EeHUIeHy HiKeJio
ta Mijii. [Tojlano ejiekTpoHHI BJIACTUBOCTI MOPUCTUX KOMILJIEKCIB Ha, OCHOBI I1ipa-
3UHAUTIONATY MiJi Ta Hikesro. IIpoanasizoBaHO BIJIMB CHIBHOCKOPEIbOBAHUX
d-ejleKTpOoHIB 1epexiiHuX ejJieMeHTiB. BusHaueHo, 110 JlaHl CIOJIYKH € BUPOJIXKe-
HUMH HaIIBIPOBIIHUKaMu p-Tuny. IIpuBemeno gacToTHi 3a/1€2KHOCTI AiiicHOI Ta
ySIBHOT YaCTHHHU JieeKTpuaHol ¢pyHKIl. IIpoBeneno anamis mapa-, ¢pepo- Ta aH-
TrdepOMarHiTHUX MarHiTHUX CTaHIB y MeTajiopranigaoMmy kKomiiekci MOF-74
13 BMICTOM MapraHilio, 3ajisa, KobaabTy Ta, Hikegro. OTpuMaHo TemiepaTypHi
3aJI€2KHOCTI HaMarHi9eHOCT] Ta MaruiTHOI cupuiHaTIuBOCTI. s tannx Marmi-
THUX CTaHIB IPOBEJIEHO PO3PaXyHOK €JIEKTPOHHOI'O €HePTeTHIHOTO CIEKTPY 3
ypaxyBaHHAX CUJIBHUX KOpeJssiii d-ejekTpoHiB. OTprMaHi 9acTOTHI 3aJ1eXKHO-
cTi JIIACHOT Ta yABHOI YaCTUHU JIIeJIEKTPUYHOI (DYHKIILT.
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Abstract. Klysko Yu. V. Electronic, optical and magnetic properties
of metal-organic frameworks as promising materials of nanoelectronics and
nanospintronics. The thesis is submitted for the degree of Doctor of Philosophy
in the field of study 153 Micro- and nanosystem technology. Lviv Polytechnic
National University, Ministry of Education and Science of Ukraine, Lviv, 2021.

The dissertation is devoted to the investigation of the electronic structure
of metal-organic frameworks, their optical and magnetic properties in order
to obtain characteristics that can be used in the development of elements of
nanoelectronics and spinotronics.

In the first section of the thesis ab initio quantum methods of evaluating
electronic, optical and magnetic properties of materials are described. Single-
particle approximations of the exchange-correlation potential are presented.

Physical and mathematical feature of these methods are described, as well as



the advantages and disadvantages of each of the approaches are indicated. The
analysis of the Green’s function based quasiparticle methods (the GWA method
and the Bethe-Salpeter equation) is performed.

This section also describes methods of studying of magnetic properties -
ground-state calculations of spin polarized systems and the Heisenberg model.
The implementation features of these methods and approximations in the ABI-
NIT code are presented.

The second section contains four subsections devoted to the electronic
structure investigation of metal-organic nano-objects, namely transition
metal phthalocyanines,hexaminobenzene- and hexaamintriphenylene-based
two-dimensional complexes, pyrazinedithiolate-based coordination polymers,
metal-organic framework MOF-74. A brief literature review of materials
properties and their application in electronics is presented in each subsection.
The features of calculations (methods and approximations , input parameters)
are described.

Magnetic properties of transition metal phthalocyanines have been studied.
The electronic energy structure and the imaginary part of the dielectric functi-
on are obtained taking into account strongly correlated d-electrons and exciton
effects. Electronic and optical properties of para- and ferromagnetic manganese,
iron and cobalt phthalocyanines are obtained.The electronic energy spectrum
and partial density of states in hexaaminobenzene- and hexaminetriphenylene-
based two-dimensional metal-organic ano-objects are calculated. The electronic
properties of pyrazinedithiolate-based coordination polymers are presented. The
impact of strongly correlated d-electrons of transition elements is taken into
account. These compounds were determined to be degenerate p-type semi-
conductors. The frequency dependence of the real and imaginary part of the di-
electric function is calculated. The study of para-, ferro- and antiferromagnetic
states in the transition metal containing metal -organic framework MOF-74

has been performed. Temperature dependences of magnetization and magnetic



susceptibility are obtained. The electronic energy spectrum was calculated, taki-
ng into account the strong correlations of d-electrons, for each magnetic state.
The frequency dependences of the real and imaginary part of the dielectric
function are obtained.

Keywords: metal-organic framework, nanostructure, phthalocyanine,
pyrazinedithiolate, hexaminobenzene, hexaminotriphenylene, MOF-74, planar
semiconductors, ab initio, density functional theory, hybrid functional,
electronic properties, electronic energy spectrum, magnetic properties, optical
properties, dielectric function, excitonic effects.
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