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Jlucepraiiito MPUCBSIYEHO JOCHIKEHHIO KpUCTalorpadiyHUX Ta JAUHAMIYHHX
XapaKTePUCTUK HU3BKOBHUMIPDHMX OPraHiYHMX pPEYOBHH TIiJ] BIUIMBOM BaH-JEP-
BaaJIbCOBOI Ta EJIEKTPOCTATUYHOT B3a€MOIIT 3 OOKY OKpEMHX aTOM1B/MOJIEKYJ, BBEACHUX
y CTPYKTYpy pe€4OBHHH. Byno mpoBeneHo aHami3 3 po3poOKOI0 MOPIBHSIHO MPOCTUX Ta
HAOYHUX, ajie e()eKTUBHUX MOJIEJICH JIJIsl OMKCY JOMOBAaHUX OPTaHIYHUX KPUCTAIIB TUITY
terpaTiadynsBasieHiB (TTF) ta opraniunux Monekyn (0eH30:1) Ha MOHoOIIApi rpadeny.
BianoBigHo, muceprariiine JOCTIDKCHHS OXOIUIIOE JIBa HaNpsMH: 1) CTPYKTYypHI
nepexoau B opraHiyHux kpucrtanax tuny TTF mpu qomyBaHHI MEHIIMMH 32 PO3MIPOM
MOJICKYJIaMH; JUIS OMKHCY MDKMOJIEKYJISIPHOI B3a€MOJii BUKOPHCTaHO (GopMyly I
ycepenHeHoro morteHmiany Jlennapna-/[xoHca, a TakoX €IEeKTPOCTaTHYHOI Ta
KBaJIPYMOJIBHOI B3a€MOJIl; 2) CTPYKTYpHI HEpexXonau MOJeKya OeH3ony Ha rpadeHi 3
BBEJICHHSAM BEKTOPIB TPAHCIIAIIT MOJIEKYIH OEH30IY, IO J03BOJISE OMMCATH HATIPSIMKH
pyxy OEH30JBHOTO KUTBII y €HEPreTUYHO BUTINHI TOJIOKEHHS, TUIIIB JOMEHIB, SKi
BUHHMKAIOTH ITICJISI TPAHCIALII, MEPEeX0oAiB MK JIOMEHAaMH Ta BU3HAYCHHSM MOKIUBHX
TUMIB JOMEHHUX MeX. Lli ABI pi3HI pEUOBMHU XapaKTEPU3YIOTHCS HASBHICTIO TI-
CJICKTPOHHOT B3a€MOJIi, sIKa BIMOBITA€E 32 MDKMOJICKYISPHY B3a€EMOJII0 BCEpeAUHI
cTonku i3 monekyiaamu Tunky TTF, B3aemomiro 1mux MoJeKysl 3 JOMAaHTaMH Ta 3a

a7copOl1il0 OPraHIYHUX MOJIEKYJ Ha rpadeHi.
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VY BeTymi KOpOTKO OOIPYHTOBAHO aKTYyaJIbHICTh TEMH JUCEpTaliifHOT poOoTH,
BU3HAYEHO METY Ta OCHOBHI 3aBJaHHS JOCIHIKEHHS, 00’ €KT, MpeIMET Ta METOIu
nociimkeHds. ChopMyIb0BaHO HAYKOBY HOBHU3HY Ta OINKCAHO MPAKTUYHE 3HAUYCHHS
OTPUMAaHUX pPe3yJbTaTiB. TakoX y IbOMY PO3/UT1 HaBeAeHO iH(popMallito mpo myoikairii,
ocoOMCTHII BHECOK 3/00yBaya Ta ampoOarlito pesyiabrariB auceprailii. HaBemeHo

1H(GOpPMALIIIO IPO CTPYKTYPY Ta 00CAT AUCEpPTALi.

Po3xin 1 npucesiueHo oMoy Ta aHalizy JITEpaTypu 3a TeMOw Jucepranii. B
OMISAZIl BUKIIAEHO BIIOMI PE3yJbTaTd, SIKI CTOCYIOThCS CTPYKTYpPHHUX TEpeXoiiB B
OpPraHiYHUX PEYOBMHAX; OV TOAUICHO Ha JBI YACTHHH, KOXKHA 3 SKUX MPHUCBSUCHA
OHIN 3 TBOX Pyl HU3BKOBUMIPHHUX CHUCTEM: MOJICKYISIpHUX KpucTaiiB Ha ocHOBI TTF
Ta OpPraHiYHUX MOJIEKYJ], ajcopOoBaHMX Ha rpadeHi. Y mepmiil 4YacTUHI OISy
PO3IIISAAIOTHCS. OPraHIuHI MPOBIAHUKUA Ta HAAMNPOBITHUKH, OTPUMaHI MPU XIMIYHOMY
3’€JIHaHHI 3 T-eJIEKTPOHHUMU JOHOPHUMH MOJIeKyJIaMH TeTpariadgymnbBaaeHoBoro (TTF)
tuny. IcHye 6arato poOit 3 gociuimxkenHs conei Ha ocHOB1 TTF, 3okpema BEDT-TTE,
(13UYyH1 BIACTUBOCTI SKUX CHJIbHO BH3HAYAIOTHCA MOJIEKYJISIPHOIO  YIIAKOBKOIO,
IUMEpPU3ALIEI0, CTPYKTYpPOIO aHIOHHOI MIJIPaTKU Ta EJIEKTPOH-EIIEKTPOHHUMHU
B3aeMofisMU. PaHime Oyllo OTpUMaHO JaHi IOAO PI3HHUX CTPYKTYPHUX THIIIB,
BKJIFOYArOUHU 0-, -, 8-, k- Ta 0-¢da3u. byno onrcaHo NpuUKIagu TOTO, SK HEBEIUKI 3MIHU
B MOJICKYJSIPHOMY pO3TalllyBaHHI MOXYThb CTBOPIOBAaTH METajeBi, JiCJICKTPUYHI,

3apsII0BO-BIIOPSIKOBaH1, MOTTIBChKi, MarHiTHI a00 HaAIPOBIIHI CTaHHU.

VY mepuriii 4acTWHI OMISAY MiIKPECTIOEThes, 1m0 Matepianu Ha ocHOBI TTF,
3okpema BEDT-TTF, € BaxiauBuMHM MOJECIbHUMHM CHCTEMaMH JJIi BUBYCHHS
HU3BKOBUMIPHOI KOPEJIbOBAaHOI €NeKTpOHHOI (i3nmku. CHUIBHO AMMEpPHU30BaHI CONi K-
TUITy OOTOBOPIOIOTHCS SIK CHCTEMH, B SIKMX MOXXYTh BHHUKATH MOTTIBCHKA 130JIFOFOYA
MOBEMIHKA, aHTU(EPOMArHEeTU3M, KBAaHTOBI CIIH-PIAKI CTaHW Ta HAJIMPOBIIHICTD.
OOGroBOpIOIOTECSA POOOTH, 1€ MOKa3aHO, IO CIA0KO JTUMEPH30BaHI CHCTEMHU € OiIBII

CHOPUSTIIMBUMM JJISI  3aps/IOBOIO  YHNOPSJAKYBAaHHS, HDK CHJIBHO JUMEPU30BaHI.



V3aranpHEHO KUIbKA EKCIEPUMEHTAJIbHUX METOAIB, IO BUKOPUCTOBYIOTHCS IS
BUBYEHHS IUX CIOJYK, BKIIOYAIOUM PEHTIE€HIBCbKY IU(PAKII0 MOHOKPHUCTAIIIB,
BUMIPIOBaHHS €JIEKTPOIPOBIAHOCTI, paMaHIBCbKY Ta 1H(PauepBOHY CIEKTPOCKOIMIIO,
AJIEpHUN MArHITHUH PE30HAHC, BUMIPIOBAHHS TEIUIOEMHOCTI Ta €KCHEPUMEHTU Mif
BUCOKMUM THUCKOM. Ili moCHipKeHHS TOKa3yloTh, ILIO CTPYKTYpHI MepeOyqoBH,
BIIOPSIIKYBAHHS 3aps/iiB, CIOTBOPEHHS PELIITKU Ta €JIEKTPOHHI ()a30B1 MEepexoau TiCHO

NOB’s13aH1 B OPraHIYHUX MOJIEKYJISPHUX MPOBIIHUKAX.

Tako OOroBOPIOIOTHCSI TEOPETUYHI Ta OOYMCIIOBAJbHI  MiIXOAH, IO
BUKOPHUCTOBYIOTBCS JJISI ONUCY MDKMOJICKYJISIPHUX B3a€MOJIi Ta (a30BOi MOBEAIHKU B
takux cucremax. [lorenmian Jlennapa-Jl>xonca, MoaentoBanHst MetonoM MonTte-Kapio
Ta MOJICKYJISIpHA JIMHAMIiKa TPEICTaBICHI K KOPHUCHI IHCTPYMEHTH JUISI MOJCITFOBAHHS
B3aeMOJIN BaH jAcep Baambca Ta TepMomMHaMiyHMX BiactuBocTed. Lli meromm €
aKTyaJIbHUMH, OCKUIBKH CJIA0KI MDKMOJICKY/ISIPHI CHJIM BiNITParOTh BAXKIWBY POJIb Y

BHU3HAUYCHHI CTA0LILHOCTI Ta CTPYKTYPHHUX TIEPEXO/IIB B OPraHIYHUX KpUCTaIax.

Jlpyra qacTuHa OTJISITY CTOCYETHCS acOopOIlii OpraHiyHUX MOJICKYJ Ha TpadeHi.
I'paden ommcyeThes SK NBOBUMIPHUN Marepiall 3 HYJIbOBOK ITUPHHOK 3a00pOHEHOT
30HH Ta BUCOKOIO PYXJIMBICTIO HOCIIB 3apsy, ajie MPaKTUYHI eJIEKTPOHHI 3aCTOCYBaHHS
BUMAararTh KOHTPOJIO HaJ THUIIOM HOCIiB, KOHIICHTPAIlI€0 HOCIiB Ta IIUPHUHOIO
3a00poHEHO0T 30HU. ICHYIOTH pOOOTH, MPUCBSIYCHI aJCOPOIlli eIeKTPOHO-aKIICITOPHUX
Monekyn, Ttakux sk terpanuanoetwien (TCNE) rta 2,3,5,6-terpadropo-7,7,8,8-
terpanranokBiHonuMmeTan (F4-TCNQ), oOroBOpIOETHCS K MOXKIWBHA HEPYHHIBHHMA
METOJ] JICTYBaHHS pP-TUIYy Ta Moaudikaiii eJeKTPOHHOI CTPYKTypu rpadeny. B mii
YaCTHHI TaKOXX PO3ITISAAIOTHCSA MEPEHOC 3apsiay, CIIHOBA MOJSPHU3AIlis, MOJICKYISIPHE

MOKPUTTS Ta HTAJIBITIS a1copOIii y cucTemi MoJieKya-rpadeH.

Po3ain 2 npucBsYeHO MOCITIKEHHIO MOZAEII KBa310JHOBHUMIPHOTO JIAHITFOKKA 3

Mosiekyn tuny TTF. JlocnigxeHHs: MOYMHAETHCA 3 PO3MIIANY OJHOBUMIPHOTO JIAHIIFOXKKA,
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y SKAWA TOTIM BOYIOBYIOTbCSI aTOMM/MOJIEKYJIM, 3HAYHO MEHIIl 3a pO3MIpOM, HIXK
monekyna tuny TTF. Jlam npeacTtaBieHO TEOPETUYHUN OMKUC CTPYKTYPHUX NEPEXOAIB B
OpraHiYHMX MOJEKYISpPHUX Kpuctasax Ha ocHoBl TTF min BIJIMBOM MalluX MOJIEKYIN
neryrodoi qomimku. [lpeacraBineHo KBa310AHOBUMIPHY MOJIENb, A€ Monekynu tuny TTF
YTBOPIOIOTh MOJIEKYJIIPHI CTOCH Ta B3a€MOJAIIOTh MEPEBAXHO 4Yepe3 CWIM BaH Jep
Baanbca. [lokazaHo, 110 y TaKMX CHUCTEMAax B3a€EMOJIII0 MK LILTMMU MOJIEKYJIaMH MOXHA
ONMcaTy 3a JIOMOMOrol (OopMyIH sl ycepeaHeHoro noreHuiany Jlennapn-Jl»xonca.
B3aemoziss Manux MOJNEKyd Jeryrwodoi AOMINIKA 3 cycigHiMu Monekyiaamu TTF
OpecTaBieHa MMOTEHI[IaJoM 3 TMOABIMHUM MIHIMYMOM, IO JO3BOJISI€ aHANII3yBaTU
NOBEIIHKY TMepexoay MOopsIoK-0e3naj, 3MEHIIEeHHS NOTeHIIalbHOTO Oap’epy Ta

3MIIICHHS MOJICKY/ B KPUCTAIIYHIN IpaTIli.

ITics OTO MOPIBHIOETHCS MOBEAIHKA CHCTEMHM TIPH J0JlaBaHHI HEUTpaIbHUX Ta
3apsPKEHUX JTOTMaHTiB. HeWTpallbHI JOMIIIKH MOXYTh NPU3BECTH 10 JIOKAJIHHOTO
BITOPSIKYBaHHsI, IOJABOEHHS TIEPI0Ty IPATKH Ta YTBOPECHHS (QUIYKTYaIliiHUX JOMEHIB, K1
THTEPIPETYIOTHCA 3a JOMOMOIOK Mojeni, nmomioHoi mo I3iHra. 3apsimpkeHi JTOMIIIKU
pOOJIATh BHECOK B €JEKTPOCTATUYHY B3a€EMOJiI0, TPU3BOAATH O MEPEHOCY 3apsiy,
YTBOPCHHS JIMIIOJNIB Ta BIOPSJAKYBaHHS 3apsAiB Ha BeIUKHX BimcraHsax. Lli edextu
MOXXYTh CTaOLTI30ByBaTH TPHBUMIPHI BIOPSJKOBaHI CTPYKTypH Ta CTBOPIOBaTH

CIIOHTAHHY TOJIApU3aIli0 O€3 30BHIITHBOTO €JIEKTPUYHOTO TTOJIS.

VY po3aiii 3 posrsgaerbes nBoBuMipHa Mmojenb kpuctaiiB BEDT-TTF nns onucy
JEKUTBKOX CTPYKTYPHUX THIIIB: 1€ CTPYKTYpH B-, a-, 0- Ta k-Tumy. Y 1boMy pO3iii
MOKa3aHo, 1110 JIETYBaHHS MOXKE 3MIHIOBAaTH PIBHOBAKHY BIICTaHb, OPIEHTAIIII0 MOJICKYI
Ta iomy KoHTakty MK monekynamu BEDT-TTFE. [Ins mosicHeHHs mepexomy Bif
MapajelbHOTO BUPIBHIOBAHHS MOJICKYNT N0 HAXWJICHHX CTPYKTYpP BUKOPHUCTOBYETHCS
MonuikoBanmii moteHmian Tuny JlemHapa-J[>koHca, MO BKIOYAE CHIM BaH Jep

Baanbca, kBaapynoiapHy Ta €EKTPOCTATHIHY B3aEMO/III.



Po3ain 4 npucBSiYeHO BUBYCHHIO OCOOIUBOCTEM JOMEHHOI CTPYKTYPH MOJIEKYI
OeH30iy Ha MOHOIIapi rpadeny. Y mMboMy pO3JUIi JOCIIKYIOThCS JOMEHU Ta JOMEHHI
MEX1 B KBa31IBOBUMIpHIH cucTemi BaH Jep Baanbca, yTBopeHiil MojekyaaMu OEH30Iy,
afgcopOoBaHUMHM Ha rpadeHi. Y JOCHIIKeHHI OMUCYEThCS, SK MOJEKYIu OeH30Iy
3MIIMIYIOTBCS 3 CUMETPUYHOTO HECTAOUILHOTO TMOJOXKEHHSI 10 CTaOUTbHUX MICIb
azicopOl11ii, yTBOPIOIOUH JIiB1 Ta MPaBi JIOMEHH, OB’ s13aH1 3 JIBOATOMHOIO €JIEMEHTapHOIO
KoMipkoto rpadeny. Ll 3mimieHHs omucaHi 3a JOMOMOIOI0 BEKTOPHOIO IMapaMeTpy
nopsiiky. Brepie BBenmeHo kinacu@ikallii 1UX JIOMEHIB Ta iAeHTH(IKAIIl MOXIUBUX
JIOMEHHUX MEX 3 BITHOCHOW opieHTariero 180°, 120°, 60° ta 0°. ChopmynroBaHO
TOIOJIOTTYHI MpaBuJia BiIOOPY /AJisi BU3HAUCHHS KPUTEPIiB ICHYBaHHS KOHKPETHUX THUIIIB
JOMEHHUX MEX. Y PpO3AUIl TaKOXK aHaI3yIOThCS TEOMETPUYHI BIIACTHUBOCTI, €
BM3HAYEHO CTYIIHb 3allOBHEHHS Ta €HEpris pi3HUX KOoHpIrypamid Mmex. Baeneno
kinacudikamito 180° qOMEHHUX MEX Ha BEPTUKAJIbHI, 1€ JIHIS MEX1 IUTATh HaBIiI
CTOpOHU Tpad)eHOBHUX IIECTUKYTHHUKIB, Ta TOPU3OHTANBHI, J€ OUISTHCS HABIUI KyTH.
3rifHO OTPUMAaHMX Pe3y/IbTaTiB PO3paxyHKiB, Topu3oHTanbHI 180° Mexi MarTh
HAaWHIWKYY JIHIAHY TYCTHHY €Heprii MOTeHIllajabHOI B3aeMOMAil 1 TOMY € HaWOUIbII
ctaburpHUMH. 1li TOMEHHI CTPYKTYpH MOXKYTh BIUIMBATH Ha €JICKTPOHHI, MEXaHI4HI Ta

JTMHAMIYH1 BIIACTUBOCTI OPTaHIYHUX TOPUIHUX MaTepiaiaiB Ha OCHOBI rpadeny.

OCHOBHI pe3yibTaTu JUCEpTaIiiftHOT POOOTH: 3a JIOMOMOTOIO JIETYBaHHS CTOCY
monekyn tuny TTF MeHmuMu 3a po3MipoM JOMIIIKAMU MOXKHA KepyBaTH (HOPMOIO
norenmiany Jlennapa-J[>KoHca, MOHWXKYIOUM BHUCOTY TMOTEHIIAJIBHOTO Oap’epy 3i
30UTBIICHHSM BIJHOIICHHS BapiOBaHOI BIJCTaHI MDK JIOIIAHTOM Ta BEIHKOIO
MOJIEKYJIOIO JI0 pIBHOBa)KHOI BiZICTaH1. BUKOpHCTOBYI0YM KBa310MTHOBUMIPHY JIAHIIIOTOBY
MONIETTh 3 TOTEHINAJIbHOIO B3aemopicto tumy JlenHnapa-J[>koHca, MOKa3aHo, IO
MDKMOJICKYIISIPHI JOTIAHTH MOXYTh 1CHYBaTH JIUIIE TO1, KOJIM BITHOIICHHS BapiioBaHOT
BiJICTaHI MDXK JIOITAHTOM Ta BEJIHUKOIO MOJIEKYJIOK JI0 PIBHOBAXXHOI BiJICTaHI, a TaKOX

iXH1i po3Mip, 1OCTAaTHHO MaJli. SIKIIO JOMAHT PO3TAIIOBAHO MIXK BEIMKHUMU MOJIEKYIaMu
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TTF, T0o BUHMKae NBOSIMHUMN MOTEHIlIAN, 1110 TPU3BOAUTH /10 BIOPSIAKOBAHOT CTPYKTYPHU
CTOCY 3a HHU3BKUX TEMIEpPATyp, TOOTO A0 CTPYKTYPHOTO MEPEXOAY «IOPSAOK-Oe3many.
[Ipu ngocsArHEeHHI KPUTUYHOTO 3HAYECHHS CIIBBIJHOIIEHHS BIJCTaHi 10 PIBHOBAXXHOT
BifcTaHl BiAg jgomaHTa A0 Mosekyau Tuny TTF Ta mnomaneimiomy mepeBUICHHI
B1J1I0YBa€ThCS BUX1J IONaHTa 32 MexK1 cTocy. CTpyKTYpHI IEPEXOAU TUIY 3MILICHHS, K1
MOJIATAIOTh Y 3MIHI PIBHOBAXKHOI BIICTaH1 MI>K MOJIEKYJIaMU Ta KyTa Opil€HTallll BIIHOCHO
ocl cToCy, MpU3BOIATH A0 3MiHU CTpykTypHux ¢a3 BEDT-TTF Ta 1 nom’s3ani 3

MDKMOJIEKYJISIPHOIO €JEKTPOCTATUYHOIO 1 KBaJIPYIOJIbHOIO B3a€EMO/IIEI0 BIATIOBIAHO.

VY Bunaaky ajacopOruii mMosiekyn OeH30ily Ha rpadeHi, MOJICKYIu OCH301y MpH
azcopOIil 37aTHI yTBOPIOBATH TOTOJOTIYHI JIeEKTH pO3TallyBaHHS — JOMEHU Ta
MDKIOMEHH1 MeX1. AZICOpOIIis y BUITISIII CMYT 3 MOJIEKYJ, SIK1 YEPTYIOThCS 3 TaK 3BaHUMHU
«JIOMEHHHMH CTIHKaMU», YTBOPIOE KEPOBaHI MOTEHIlIabH1 0ap’epu ab0 MU JIJIs1 HOCI1B
3apsly 3 HAJAIITOBYBaHOIO IIMPUHOIO Ta IMOUHO0. [lopyIiiena cumeTpis Ha TOMEHHUX
Mexax Moxke TpaHcpopmyBaru (OHOHM, IO MOIIMPIOIOTHCS B3IOBK CUMETPUUYHHUX
HaAIpsMKiB, B 00epTaabHI MOJIEKYJISIPHI MOJH, pOOJISUHN 111 MEeX1 €(PEeKTUBHUMU JIIHISIMH

po3ciroBaHHs ()OHOHIB, SIKUMH MOKHA KEpyBaTH.

[IpencraBneni y auceprailii pe3yybraTd MaroTh (yHIaMEHTAJIBHE Ta TMPUKIATHE
3HAYEHHSI, 10 TIOJIATAE Y 3MiH1 ()I3UYHUX BJIACTUBOCTEH OPTaHIYHUX PEUOBHH 32 PaXyHOK
J0JIaBaHHSl y IXHIO CTPYKTYpy 3HA4HO MEHIIUX 3a PO3MipoM MoJekyn. JlomaBaHHs
JIOTIAHTIB MPHU3BOIUTH /IO 3MIHU CTPYKTYPHOTO Ta 3apsAI0BOTO BIOPSIKYBAHHS Y CTOCI 3
monekyn BEDT-TTF Ta aacopboBanux Monekynax OeH3onmy Ha rpadeni. 3miHa
BIIOPSIIKYBaHHS BelEe JO CYTTEBOI 3MIHM XapaKTEPUCTHK Ta BIACTUBOCTEH YCHOTO
MOJICKYJIIPHOTO KOMIUIEKCY — Bi CTPYKTypHHX TIEPEXOJIB Yy OpTaHIYHUX
MonekyispHux kpuctanax Ha ocHoBi BEDT-TTF 1o 3miH enekTpo- Ta TerIonpoBiTHAX
BJIACTHBOCTEH rpad)eHy, 1o MOKHA BUKOPUCTOBYBATH 11€ T MOIU(DIKaIlii elIeKTPOHHUX

Ta MEXaHIYHUX BJIACTUBOCTCH I[OCJ'Ii,Z[)KYBaHI/IX CHUCTCM.
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Pe3ynbpratu npboro TEOPETUYHOTO AUCEPTAIIMHOTO JOCHIIKEHHS MOXYTh CTaTu
PO3LIUPEHHSAM [0 MPAKTUYHOTO BUKOPUCTAHHS PO3MISIHYTUX CTPYKTYp, OCOOJHMBO 3
ONJISIIY Ha T€, 110 1l CTPYKTYPH IIHPOKO 3aCTOCOBYIOTHCS Y HAHO- Ta 010€JIEKTPOHILIl Ta

MPUCTPOSIX ISl aKyMYJISILIIT 3apsIiB.

KiarwuoBi cjoBa: HH3bKI TeMmIepaTypu, cucTemMa BaH jep Baanbca,
MOJICKYJISIPDHUN KpUCTald, MDKMOJICKYISIpHA B3a€MOJisl, KBa310JHOBUMIpPHA MOJIEb,
JOMIIIIKK, TEOMETPIss MOJICKYN, CTPYKTYpHI1 TE€pPEeXOAH, 3aps/ioBEe YMIOPSIKYBaHHS,

JIOMEHH, JOMEHH1 MeX1, O€H30J1, aicopOIlisl Ha rpadeHi, MaTepiaii Ha OCHOBI BYTJICITIO.
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ABSTRACT

Trotskyi Y. M. Characteristics of structural transitions in low-dimensional organic

materials. — Qualification scientific paper printed as a manuscript.

Dissertation for the Ph. D. degree in the branch 104 — “Physics and Astronomy”
(10 — Natural Sciences). — B. Verkin Institute for Low Temperature Physics and

Engineering of the National Academy of Sciences of Ukraine, Kharkiv, 2026.

This dissertation is devoted to the study of crystallographic and dynamic
characteristics of low-dimensional organic materials under the influence of the van der
Waals and electrostatic interactions from individual atoms/molecules introduced into the
structure of the material. An analysis was performed with the development of relatively
simple and clear, but effective models for description of doped organic crystals of the
TTF type and organic molecules (benzene) on a graphene monolayer. Accordingly, the
dissertation research covers two areas: 1) structural transitions in organic crystals of the
tetrathiafulvalene (TTF) type when doped with smaller molecules; to describe the
intermolecular interaction, the formula for the averaged Lennard-Jones potential, as well
as electrostatic and quadrupole interactions, was used; 2) structural transitions of benzene
molecules on graphene with the introduction of translation vectors of the benzene
molecule, which allows describing the directions of movement of the benzene ring to
energetically favorable positions, types of domains that arise after translation, transitions
between domains and determining possible types of domain boundaries. These two
different materials are characterized by the presence of m-electron interaction, which is
responsible for the intermolecular interaction within the stack with TTF-type molecules,
the interaction of these molecules with dopants and the adsorption of organic molecules

on graphene.

The introduction briefly justifies the relevance of the topic of the dissertation,

defines the goal and main objectives of the research, the object, subject and methods of
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the research. The scientific novelty is formulated and the practical significance of the
results obtained is described. This section also provides information on publications, the
applicant's personal contribution and the approval of the dissertation results. Information

on the structure and scope of the dissertation is provided.

Section 1 is devoted to a review and analysis of the literature on the topic of the
dissertation. The review presents known results related to structural transitions in organic
materials; the review is divided into two parts, each of which is devoted to one of two
groups of low-dimensional systems: molecular crystals based on the tetrathiafulvalene
(TTF) and organic molecules adsorbed on graphene. The first part of the review discusses
organic conductors and superconductors obtained by chemical coupling with n-electron
donor molecules of the TTF type. There exist a lot of papers on TTF-based salts, in
particular BEDT-TTF, whose physical properties are strongly determined by molecular
packing, dimerization, anionic sublattice structure and electron-electron interactions.
Previously, data have been obtained on different structural types, including a-, B-, 8-, k-
and 0-phases. Examples have been described of how small changes in molecular
arrangement can create metallic, dielectric, charge-ordered, Mott, magnetic or
superconducting states. The first part of the review emphasizes that TTF-based materials,
in particular BEDT-TTF, are important model systems for studying low-dimensional
correlated electron physics. Strongly dimerized k-type salts are discussed as systems in
which Mott insulating behavior, antiferromagnetism, quantum spin-liquid states, and
superconductivity can occur. The papers were discussed showing that weakly dimerized
systems are more favorable for charge ordering than strongly dimerized ones. Several
experimental methods used to study these compounds are summarized, including single-
crystal X-ray diffraction, electrical conductivity measurements, Raman and infrared
spectroscopy, nuclear magnetic resonance, heat capacity measurements, and high-

pressure experiments. These studies show that structural rearrangements, charge
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ordering, lattice distortion, and electronic phase transitions are closely coupled in organic

molecular conductors.

Theoretical and computational approaches used to describe intermolecular
interactions and phase behavior in such systems are also discussed. Lennard-Jones
potential, Monte Carlo simulations and molecular dynamics are presented as useful tools
for modeling van der Waals interactions and thermodynamic properties. These methods
are relevant because weak intermolecular forces play an important role in determining

the stability and structural transitions in organic crystals.

The second part of the review concerns the adsorption of organic molecules on
graphene. Graphene is described as a two-dimensional material with zero band gap and
high charge carrier mobility, but practical electronic applications require control over the
type of carriers, carrier concentration and band gap. There are papers devoted to the
adsorption of electron-withdrawing molecules, such as tetracyanoethylene (TCNE) and
2,3,5,6-tetrafluoro-7,7,8,8-tetracyanoquinodimethane (F4-TCNQ), which are discussed
as a possible non-destructive method for p-type doping and modification of the electronic
structure of graphene. This part also considers charge transfer, spin polarization,

molecular coverage, and adsorption enthalpy in the molecule-graphene system.

Section 2 is devoted to the study of a model of a quasi-one-dimensional chain of
TTF-type molecules. The study begins with a consideration of a one-dimensional chain,
into which atoms/molecules that are much smaller in size than a TTF-type molecule are
then embedded. Next, a theoretical description of structural transitions in organic
molecular crystals based on TTF under the influence of small dopant molecules is
presented. A quasi-one-dimensional model is presented, where TTF-type molecules form
molecular stacks and interact mainly through van der Waals forces. It is shown that in
such systems the interaction between whole molecules can be described using the

formula for the averaged Lennard-Jones potential. The interaction of small dopant
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molecules with neighboring TTF molecules is represented by a potential with a double
minimum, which allows us to analyze the behavior of the order-disorder transition, the

reduction of the potential barrier, and the displacement of molecules in the crystal lattice.

The behavior of the system upon addition of neutral and charged dopants is then
compared. Neutral impurities can lead to local ordering, doubling of the lattice period,
and formation of fluctuation domains, which are interpreted using an Ising-like model.
Charged impurities contribute to electrostatic interactions, lead to charge transfer,
formation of dipoles, and long-range charge ordering. These effects can stabilize three-
dimensional ordered structures and create spontaneous polarization without an external

electric field.

In Section 3, a two-dimensional model of BEDT-TTF crystals is considered to
describe several structural types: -, a-, 0-, and k-type structures. This section shows that
doping can change the equilibrium distance, molecular orientation, and contact area
between BEDT-TTF molecules. To explain the transition from parallel alignment of
molecules to tilted structures, a modified Lennard-Jones type potential is used, which

includes van der Waals forces, quadrupole and electrostatic interactions.

Section 4 is devoted to the study of the features of the domain structure of benzene
molecules on a graphene monolayer. This section investigates the domains and domain
boundaries in a quasi-two-dimensional van der Waals system formed by benzene
molecules adsorbed on graphene. The study describes how benzene molecules shift from
a symmetrical unstable position to stable adsorption sites, forming left and right domains
associated with the diatomic unit cell of graphene. These shifts are described using a
vector order parameter. For the first time, classifications of these domains and
identification of possible domain boundaries with relative orientations of 180°, 120°, 60°
and 0° are introduced. Topological selection rules are formulated to determine the criteria

for the existence of specific types of domain boundaries. The section also analyzes the
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geometric properties, where the degree of filling and energy of different boundary
configurations are determined. A classification of 180° domain boundaries is introduced
into vertical, where the boundary line bisects the sides of graphene hexagons, and
horizontal, where the corners are bisected. According to the obtained calculation results,
horizontal 180° boundaries have the lowest linear potential interaction energy density
and are therefore the most stable. These domain structures can affect the electronic,

mechanical and dynamic properties of organic hybrid materials based on graphene.

The main results of the dissertation research: by doping a stack of TTF-type
molecules with smaller impurities, the shape of the Lennard-Jones potential can be
controlled, lowering the height of the potential barrier with an increase in the ratio of the
varied distance between the dopant and the large molecule to the equilibrium distance.
Using a quasi-one-dimensional chain model with a Lennard-Jones type potential
interaction, it is shown that intermolecular dopants can exist only when the ratio of the
varied distance between the dopant and the large molecule to the equilibrium distance,
as well as their size, are sufficiently small. If the dopant is located between large TTF
molecules, a double-well potential arises, which leads to an ordered structure of the stack
at low temperatures, i.e. to an order-disorder structural transition. When the critical value
of the ratio of the distance to the equilibrium distance from the dopant to the TTF-type
molecule is reached and further exceeded, the dopant escapes from the stack. Structural
transitions of the displacement type, which consist in a change in the equilibrium distance
between molecules and the orientation angle relative to the stack axis, lead to a change
in the structural phases of BEDT-TTF and are associated with intermolecular electrostatic

and quadrupole interactions, respectively.

In the case of adsorption of benzene molecules on graphene, benzene molecules
during adsorption are able to form topological defects of location - domains and
interdomain boundaries. Adsorption in the form of stripes of molecules alternating with

the so-called "domain walls" forms controllable potential barriers or wells for charge
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carriers with adjustable width and depth. Broken symmetry at domain boundaries can
transform phonons propagating along symmetric directions into rotational molecular

modes, making these boundaries effective phonon scattering lines that can be controlled.

The results presented in the dissertation have a fundamental and applied
significance, which consists in changing the physical properties of organic materials by
adding much smaller molecules to their structure. The addition of dopants leads to a
change in the structural and charge ordering in the stack of BEDT-TTF molecules and
adsorbed benzene molecules on graphene. The change in ordering leads to a significant
change in the characteristics and properties of the entire molecular complex - from
structural transitions in organic molecular crystals based on BEDT-TTF to changes in the
electrical and thermal conductivity properties of graphene, which can be used to modify

the electronic and mechanical properties of the studied systems.

The results of this theoretical dissertation research can be an extension to the
practical use of the considered structures, especially given that these structures are widely

used in nano- and bioelectronics and charge storage devices.

Keywords: low temperatures, van der Waals system, molecular crystal,
intermolecular interaction, quasi-one-dimensional model, impurities, molecular
geometry, structural transitions, charge ordering, domains, domain boundaries, benzene,

adsorption on graphene, carbon-based materials.
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