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Àíîòàöiÿ. Êëèñêî Þ. Â. Åëåêòðîííi, îïòè÷íi òà ìàãíiòíi âëàñòèâîñòi

ìåòàëîðãàíi÷íèõ êîìïëåêñiâ ÿê ïåðñïåêòèâíèõ ìàòåðiàëiâ íàíîåëåêòðîíiêè

òà íàíîñïiíòðîíiêè. - Êâàëiôiêàöiéíà íàóêîâà ïðàöÿ íà ïðàâàõ ðóêîïèñó.

Äèñåðòàöiÿ íà çäîáóòòÿ íàóêîâîãî ñòóïåíÿ äîêòîðà ôiëîñîôi¨ çà ñïåöi-

àëüíiñòþ 153 "Ìiêðî- òà íàíîñèñòåìíà òåõíiêà". - Íàöiîíàëüíèé óíiâåðñè-

òåò "Ëüâiâñüêà ïîëiòåõíiêà"ÌÎÍ Óêðà¨íè, Ëüâiâ, 2021.

Äèñåðòàöiÿ ïðèñâÿ÷åíà âèâ÷åííþ åëåêòðîííî¨ ñòðóêòóðè ìåòàëîðãàíi-

÷íèõ êîìïëåêñiâ, ¨õ îïòè÷íèõ òà ìàãíiòíèõ âëàñòèâîñòåé ç ìåòîþ îòðèìàí-

íÿ õàðàêòåðèñòèê, ùî ìîæóòü áóòè âèêîðèñòàíi ïðè ðîçðîáëåííi åëåìåíòiâ

íàíîåëåêòðîíiêè òà ñïiíîòðîíiêè íà áàçi äàíèõ ìàòåðiàëiâ.

Â ïåðøîìó ðîçäiëi äèñåðòàöi¨ îïèñàíî êâàíòîâî-ìåõàíi÷íi ìåòîäè äîñëi-

äæåííÿ åëåêòðîííèõ, îïòè÷íèõ òà ìàãíiòíèõ âëàñòèâîñòåé ìàòåðiàëiâ. Ïðî-

àíàëiçîâàíî îäíîñòàíè÷íèêîâi ïiäõîäè, íàáëèæåííÿ îáìiííî-êîðåëÿöiéíîãî

ôóíêöiîíàëó, à òàêîæ ãiáðèäíi ôóíêöiîíàëè. Îïèñàíi ôiçè÷íi îñíîâè òà

ìàòåìàòè÷íèé àïàðàò äàíèõ ìåòîäiâ, à òàêîæ âêàçàíi íà ïåðåâàãè òà íåäî-

ëiêè êîæíîãî ç ïiäõîäiâ. Ïðîâåäåíî àíàëiç êâàçi÷àñòèíêîâèõ ìåòîäiâ, ùî

áàçóþòüñÿ íà âèêîðèñòàííi ôóíêöi¨ Ãðiíà - ìåòîä GWA òà ðiâíÿííÿ Áåòå-

Ñîëïiòåðà. Â äàíîìó ðîçäiëi òàêîæ îïèñàíî ìåòîäè äîñëiäæåííÿ ìàãíi-

òíèõ âëàñòèâîñòåé, à ñàìå, ðîçðàõóíîê îñíîâíîãî ñòàíó ñïiíïîëÿðèçîââà-

íèõ ñèñòåì òà ìîäåëü Ãåéçåíáåðãà. Îïèñàíî îñîáëèâîñòi ðåàëiçàöi¨ ìåòîäiâ

òà àïðîêñèìàöi¨ ó ïðîãðàìíîìó ïàêåòi ABINIT.

Äðóãèé ðîçäië ìiñòèòü ÷îòèðè ïiäðîçäiëè, ùî ïðèñâÿ÷åíi äîñëiäæåííþ

÷îòèðüîõ ãðóï ìåòàëîðãàíi÷íèõ ñïîëóê - ôòàëîöiàíiíè ïåðåõiäíèõ ìåòàëiâ,

äâîâèìiðíi ñòðóêòóðè íà îñíîâi ãåêñààìiíîáåíçåíó òà ãåêñààìiíòðèôåíèëå-

íó íiêåëþ òà ìiäi, êîîðäèíàöiéíèõ ïîëiìåðiâ íà îñíîâi ïiðàçèíäèòiîëàòó

ìiäi òà íiêåëþ, ìåòàëîðãàíi÷íîãî êîìïëåêñó MOF-74. Â êîæíîìó ïiäðîç-

äiëi ïîäàíî êîðîòêèé ëiòåðàòóðíèé îãëÿä õàðàêòåðèñòèê ìåòàëîðãàíi÷íèõ

êîìïëåêñiâ òà ¨õ äîñëiäæåííÿ â ÿêîñòi ìàòåðiàëiâ åëåêòðîíiêè. Âêàçàíî ìå-

òîäè òà ïîñëiäîâíiñòü ïðîâåäåííÿ ðîçðàõóíêiâ, âõiäíi ïàðàìåòðè, ùî âè-
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çíà÷àþòü òî÷íiñòü ðîçðàõóíêó. Äîñëiäæåíî ìàãíiòíi âëàñòèâîñòi ôòàëîöià-

íiíiâ ïåðåõiäíèõ ìåòàëiâ. Îòðèìàíî åëåêòðîííó åíåðãåòè÷íó ñòðóêòóðó òà

äiåëåêòðè÷íó ôóíêöiþ ç óðàõóâàííÿì ïîâåäiíêè ñèëüíîñêîðåëüîâàíèõ d-

åëåêòðîíiâ òà åêñèòîííèõ åôåêòiâ. Äëÿ ôòàëîöiàíiíiâ ìàðãàíöþ, çàëiçà òà

êîáàëüòó åëåêòðîíi òà îïòè÷íi âëàñòèâîñòi îòðèìàíî äëÿ ïàðà- òà ôåðîìà-

ãíiòíîãî ñòàíiâ. Ðîçðàõîâàíî òà ïðîàíàëiçîâàíî åëåêòðîííèé åíåðãåòè÷íèé

ñïåêòð òà ïàðöiàëüíó ãóñòèíó ñòàíiâ ó äâîâèìiðíèõ ìåòàëîðãàíi÷íèõ íàíî-

ñòðóêòóðàõ íà îñíîâi ãåêñààìiíîáåíçåíó òà ãåêñàìiíîòðèôåíèëåíó íiêåëþ

òà ìiäi. Ïîäàíî åëåêòðîííi âëàñòèâîñòi ïîðèñòèõ êîìïëåêñiâ íà îñíîâi ïiðà-

çèíäèòiîëàòó ìiäi òà íiêåëþ. Ïðîàíàëiçîâàíî âïëèâ ñèëüíîñêîðåëüîâàíèõ

d-åëåêòðîíiâ ïåðåõiäíèõ åëåìåíòiâ. Âèçíà÷åíî, ùî äàíi ñïîëóêè ¹ âèðîäæå-

íèìè íàïiâïðîâiäíèêàìè p-òèïó. Ïðèâåäåíî ÷àñòîòíi çàëåæíîñòi äiéñíî¨ òà

óÿâíî¨ ÷àñòèíè äiåëåêòðè÷íî¨ ôóíêöi¨. Ïðîâåäåíî àíàëiç ïàðà-, ôåðî- òà àí-

òèôåðîìàãíiòíèõ ìàãíiòíèõ ñòàíiâ ó ìåòàëîðãàíi÷íîìó êîìïëåêñi MOF-74

iç âìiñòîì ìàðãàíöþ, çàëiçà, êîáàëüòó òà íiêåëþ. Îòðèìàíî òåìïåðàòóðíi

çàëåæíîñòi íàìàãíi÷åíîñòi òà ìàãíiòíî¨ ñïðèéíÿòëèâîñòi. Äëÿ äàíèõ ìàãíi-

òíèõ ñòàíiâ ïðîâåäåíî ðîçðàõóíîê åëåêòðîííîãî åíåðãåòè÷íîãî ñïåêòðó ç

óðàõóâàííÿõ ñèëüíèõ êîðåëÿöi¨ d-åëåêòðîíiâ. Îòðèìàíi ÷àñòîòíi çàëåæíî-

ñòi äiéñíî¨ òà óÿâíî¨ ÷àñòèíè äiåëåêòðè÷íî¨ ôóíêöi¨.
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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 �eld 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 �rst 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
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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

e�ects. 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
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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 e�ects.
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