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CraTuu B HAYYHO CIIMCAHHE

1. THE INTERPLAY BETWEEN DIRADICAL CHARACTER AND STABILITY IN
ORGANIC MOLECULES

Petakova, V., Nedyalkova, M., Stoycheva, J., Tadjer, A., Romanova, J.
(2021) Symmetry, 13 (8), art. no. 1448

ABSTRACT: The number of scientific papers on the unique properties and the potential for
various applications of compounds with a diradical character is growing constantly. The diradical
character enhances and even engenders certain desired optical properties and its modulation is a
modern molecular design strategy. Nowadays, molecules with a non-zero diradical character are
regarded as promising materials for new-generation and highly efficient solar cells and photonics
devices. What is the price, however, of the unique properties of open-shell compounds? Alongside
all the benefits, the diradical character is usually associated with low stability and high reactivity—
unwanted molecular qualities for practical purposes. Thus, from a fundamental and applied point
of view, it is important to investigate the correlation between the diradical character and laboratory
stability, which is the goal of the present paper. Here, we report a combined quantum—chemical
study (conceptual DFT and spin-projected HF theory) and multivariate analysis of the diradical
character of a series of 0-and p-quinomethides, for the stability of which experimental data are
available. Our results reveal that a compromise between the diradical character and laboratory
stability of a molecule is feasible and that the relationship between these two quantities can be
understood in the framework of Clar’s sextet theory.

BPB3KA MEXY INPAIUKAJIOB XAPAKTEP U CTABMJIHOCT ITPU OPTAHUYHUTE
MOJIEKYJIN

ABCTPAKT: Bpost Ha Hay4HHUTE MyOIMKALUU BbPXY YHUKAJTHUTE CBOMCTBA M B3MOKHOCTHUTE
3a pa3HOOOpa3HM MPUIIOKEHUS HA ChEIUHEHUS C TUPAIUKAIOB XapaKTep HEMPEeKbCHATO pacTe.
JlupanuKanoBUAT XapakTep 3aCHiBAa U JOpU IOpaX[a HAKOU KEJIAaHW ONTUYHU CBOWCTBA, a
HEroBaTa HaCTPOMKa € MOJEpHa CTpaTerus 3a MOJIEKYJIEH NHU3aiH. /[HeC MOJIEKYIU ¢ HEHYJEB
JMPAJMKAJIOB XapaKTep Ce pasriiexaaT Karo oOellaBallld BHCOKOE()EKTHBHM MaTepualld 3a
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COJIApHH KJICTKH M (POTOBOJITAMYHHU YCTPOMCTBA OT HOBO MOKoJeHUe. KakBa obaue e neHarta Ha
YHHUKAJHUTE CBOMCTBA Ha ChEIMHEHHATA C OTBOPEHA OOBHBKA?

OcBeH ¢ T0JI3UTE, TUPAIUKATOBUAT XapakTep OOMKHOBEHO Ce CBHP3Ba M C HUCKA CTAOUIIHOCT WIIH
C BHCOKa PEaKTHBOCIIOCOOHOCT — HEXKENAHM KauecTBa IPU MOJICKYJIM IIpeIHA3HAYCHU 3a
HpaKTH4ecKa ynorpeda. 3aToBa U OT pyHIAMEHTAIHA, M OT MPHJIOKHA TJIEJHA TOYKA, € BAYKHO J1a
HPOYYHM Bpb3KaTa MEXKIY AUPATUKAIIOB XapaKTep M J1adopaTopHa CTAOMIIHOCT, KOETO € U IIeNTa
Ha HacToOdA1aTa CTaTus. TYK npeaAcTaBsaMe KOMGI/IHI/IpaH noaxoJ — KBaHTOBOXUMHWYHO U3CIICABAHEC
(CDFT u SP-HF metoa1) 1 MHOTOBapUaIlMOHEH aHAU3 HA JUPaIUKAIOBUS XapaKTep 3a Cepusi OT
0-u p'XI/IHOMeTI/I[[I/I, 3a YUATO CTAOMIIHOCT ca HAJIMYHU CKCIICPUMCHTAJIHU JAHHHU. PCSYHTaTI/ITe
pa3KpuBaT, Y€ € BB3MOXKCH KOMIIPOMHUC MEXAy AWPAIUKAIOBUS XapakTep W JabopaTropHa
CTaOMIIHOCT U Ye BpPb3KaTa MCKAY TC3U JABC BCIMYMHU MOXKC J1a 6’[),[[6 oOsicHEHA B PAMKHUTC Ha
TEOpusTa 3a apoMaTHHUTE cekcreTnte Ha Kutap.

2. WOMEN IN THE SINGLET FISSION WORLD: PEARLS IN A SEMI-OPEN
SHELL

Stoycheva, J., Romanova, J., Tadjer, A.
(2021) Molecules, 26 (10), art. no. 2922

ABSTRACT: Singlet fission, a multiple exciton generation process, can revolutionize existing
solar cell technologies. Offering the possibility to double photocurrent, the process has become a
focal point for physicists, chemists, software developers, and engineers. The following review is
dedicated to the female investigators, predominantly theorists, who have contributed to the field
of singlet fission. We highlight their most significant advances in the subject, from deciphering
the mechanism of the process to designing coveted singlet fission materials.

XEHUTE B CBETA HA CUHIJIETHOTO PA3LEIIBAHE: ITEPJIN B ITOJIYOTKPEXHATH
PAKOBUHU

ABCTPAKT: CunrierHoTo paslenBaHe, Mpolec Ha FTeHepUpaHe Ha TOJIIM OpOil eKCUTOHH, MOXKE
KOpPEHHO Ja MPOMEHU ChIIECTBYBallaTa TEXHOJOTHUS Ha CIIbHUeBHTE KJIeTKU. [IpemocraBsiiku
BB3MOXKHOCTTA 3a yJBOsBaHE Ha (HOTOTOKA, MPOIECHT MPUBIMYA BHUMAHUETO Ha (U3HIMH,
XUMHUIIU, TIPOTPAMUCTU U WHXKeHepu. HacTosimusaT 0030p € MoCBEeTeH Ha KEHU W3CIIeI0BATENH,
OCHOBHO TEOPETHUIIM, KOUTO HMAT CBOS TMPUHOC B cepara Ha CHHIJIETHOTO pa3lielBaHe.
N3ThKBaMe Hali-3HAYMMHUTE UM B TTOCTHKEHUS B 00JacCTTa — OT JAemudpupane Ha MEXaHU3Ma Ha
mpolieca /10 Iu3aifHa Ha Taka jKeJJaHUTe MaTepHaliy 32 CUHIJIETHO pa3lielBaHe.
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3. ANTIPROLIFERATIVE ACTIVITY OF GOLD(I) N-HETEROCYCLIC
CARBENE AND TRIPHENYLPHOSPHINE COMPLEXES WITH IBUPROFEN
DERIVATIVES AS EFFECTIVE ENZYME INHIBITORS

Tabrizi, L., Romanova, J.
(2020) Applied Organometallic Chemistry, 34 (5), art. no. e5618

ABSTRACT: A series of gold(l) complexes of ligand ibuprofen-alkynyl (but-3-yn-1-yl 2-(4-
isobutylphenyl)propanoate, LE) with N-heterocyclic carbene (LC: 1,3-dimethylimidazol-2-
ylidene) and triphenylphosphine (PPhs) ligands with formula (LE)Au(LC) (complex 1) and
(LE)Au(PPh3) (complex 2) were synthesized and fully characterized by spectroscopic methods. In
order to reveal the cytotoxicity mechanism, the interaction of complex 1 or 2 with cysteine (HCys)
has been studied by experimental and density functional theory (DFT) methods. The compounds
were investigated for their anticancer activity against MCF-7, MDAMB 231 breast cancer cells,
HT-29 colon cancer cells and MCF-10A non-tumor breast cell line. The results were compared
with cisplatin and auranofin as reference drugs. The complex 2 showed more cytotoxic activity
than complex 1. The complex 2 was 4.2, 3.7, and 1.7 fold more active than cisplatin against HT-
29, MDA-MB-231, MCF-7 cancer cell lines, respectively. The inhibition of thioredoxin reductase
of complexes 1 and 2 including cytosolic (TrxR1) and mitochondrial (TrxR2) thioredoxin
reductase and also the inhibition of glutathione reductase (GR) were studied in detail. Moreover,
the cellular uptake and reactive oxygen species (ROS) generation of compounds were investigated.
Based on the DFT calculations a relationship between the o-donor ability of the isolated ligands
and cytotoxicity is suggested.

AHTUIIPOJIN®EPATUBHO JEWCTBUE HA KOMIUIEKCH HA 3JIATO(l) C N-
XETEPOLMKIIEHM KAPBEHU WJIIM TPUOGEHWIOOCOUHU C ITPOU3BOAHU HA
NBYIIPO®EH KATO E®OMKACHHN EH3MMHN NUHXUBUTOPU

ABCTPAKT: CuHTe3upaHy U HaITbJIHO OXapaKTEPU3UPAHU UPE3 CIIEKTPATHU METOIU Ca CEPUS OT
komruiekcu Ha AU(l) ¢ muranau nbynpodenoso npousBojano (LE), N-xereponukien kapoen (LC)
u tpudpenmndochun (PPhs), ¢ popmynu (LE)AU(LC) (komruieke 1) u (LE)Au(PPhs) (komruiexc
2). 3a u3sCHsIBaHE HA MEXaHN3Ma Ha IATOTOKCUYHOCT € M3Y4eHO EKCIICPUMEHTAIHO H TEOPETHYHO
(mocpencrsom DFT) B3aumoneiictBueto Ha komiiekeu 1 u 2 ¢ mucrens (HCysS). Chenunenusta
ca M3CJIeJIBaHM 3a MPOTHBOpakoBa akTHBHOCT cperry MCF-7, MDAMB 231 kneTku mpu pak Ha
repaata, HT-29 kietku nipu pak Ha nedemnoto yepBo 1 MCF-10A HepakoBH KIIETHYHH JIUHAH OT
rbpaata. 3a CpaBHEHHE ca H3IOJ3BAaHH pPE3yNTaTH TOIYYeHH C JIeKapcTBaTa HUCIUIATHH H
aypanopun. Kommiiekc 2 ce okaza ¢ MO-BHCOKAa IUTOTOKCHYHA aKTUBHOCT OT KOMIUIEKC 1.
Kommeke 2 nokasza ceoTBeTHO 4.2, 3.7 1 1.7 'bTH M0-BUCOKA IUTOTOKCHUYHA AKTUBHOCT CIPSIMO
HT-29, MDA-MB-231, MCF-7 pakoBu KJIeTKHA OT IUCIUIATUH. B moapoOHOCTH 0sixa M3ydyeHU
MHXUOMpAHETO Ha THOPEAYKCUH peayKTa3aTa OT KOMIUIEKCH 1 M 2 ¢ y4acTHeTO Ha IUTO30J10Ba
(TrxR1) m muroxonmpuanHa (TrxR2) THOpemayKCHH penykra3a, KakTO M HMHXHOMpAaHETO Ha
rnytatioH penykraszara (GR). B pombnHeHHe € W3ClelBaHO KIETHYHOTO YCBOSIBAHE U
reHepupaHeTo Ha peakTuBHU Kuciaopoanu Bugose (ROS). Bv3 ocHoBa Ha DFT npecmsitanusita e
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(bOpMy.TII/IpaHa 3daBUCUMOCT MCIKIAY O-JAOHOpPHATA CIIOCOOHOCT Ha HU30JIMPAHUTC JIMI'aHIU H
OUTOTOKCHUYHOCTTA.

4. BORON-DOPED POLYCYCLIC AROMATIC HYDROCARBONS: A
MOLECULAR SET REVEALING THE INTERPLAY BETWEEN TOPOLOGY
AND SINGLET FISSION PROPENSITY

Stoycheva, J., Tadjer, A., Garavelli, M., Spassova, M., Nenov, A., Romanova, J.
(2020) Journal of Physical Chemistry Letters, 11 (4), pp. 1390-1396.

ABSTRACT: We demonstrate the relationship between the topology (the way in which the atoms
are connected), open-shell character, and singlet fission (SF) propensity in a series of diboron-
doped anthracenes and phenanthrenes. The study is performed by using high-level wave-function-
based quantum-chemical calculations. The results show that the molecular topology plays a crucial
role for the optical properties and, respectively, for the SF propensity of the studied compounds.
The topology-derived correlations between the structure and properties are interpreted in the light
of the Kekulé hydrocarbons concept and serve as molecular design guidelines for the discovery of
new SF materials. Finally, several boron-doped polycyclic aromatic hydrocarbons are proposed as
SF chromophores for organic solar cells.

BOP-3AMECTEHMU ITOJIMUKJINMYHN APOMATHUW BBIJIEBOJOPOU: MOJIEKYJIEH
HABOP PA3KPUBAIILl BPL3KATA MEXAY TOIIOJOI'NA M CIIOCOBHOCT 3A
CHUHIJIETHO PA3IEIIBAHE

ABCTPAKT: Tloka3aHa e Bpb3KaTa MEXIy TOHOJNOrHATa (Ha4YMHA, MO KOWTO ca CBBP3aHH
aTOMHUTE), OTBOPEHHsI XapaKTep Ha CIIEKTPOHHATa OOBHMBKAa M CKJIOHHOCTTA KbM CHHIJICTHO
paslenBaHe Ha cepys AUOOP-TOTHPAHU aHTpaleHu U (peHaHTpeHU. M3ciaeBaHeTo € U3BBPIIECHO
Yype3 KBAaHTOBOXMMHUYHM U3YUCIIEHUs Oa3upaHu Ha BbJIHOBaTa QyHKIMs. Pe3ynrarure nokassar,
4e MOJIEKYJIHATa TOIOJIOTHS UIpac pelaBania pojs 3a ONTHYHUTE CBOMCTBA U, PECIIEKTUBHO, 32
CKJIOHHOCTTAa KbM CHHIVIETHO pa3l€NBaHE HAa W3y4aBaHWUTE CheAWHEHUs. [Ipomsxoxkmamure OT
TOIIOJIOTHATA KOpPEJTAly MEXIYy CTPYKTypa M CBOMCTBA Ca MHTEPIPETHPAHHM B CBETIMHATA HA
naesata 3a KekyneBuTe BBIVIEBOJOPOAM U CIIy’KaT KaTO HApbYHUK 3a MOJIEKYJEH AW3aiH U
OTKpUBaHE HAa HOBU MaTepHalld 3a CUHIJICTHO paslieliBaHe. B 3akitoyeHue, HAKOJIKO Oop-
JNOTHPaHU MOJMLIMKINYHU apOMaTHU BBIVIEBOJOPOJA Ca MPEUIOKEHH KaTo XpoMO(OpH CbC
CHHIJIETHO PA3LECTBAHE 3a OPraHUYHU COJIAPHU KJIETKH.
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5. MOLECULAR DESIGN OF pH-SENSITIVE Ru(l1)-POLYPYRIDYL
LUMINOPHORES

Romanova, J., Sadik, Y., Ranga Prabhath, M.R., David Carey, J., Jarowski, P.D.
(2019) Journal of Physical Chemistry A, 123 (23), pp. 4921-4928.

ABSTRACT: Three new [Ru(bpy)2X]* complex ions, where bpy represents bipyridyl ligand and
X denotes pyridyl diazolate or pyrazinyl diazolate coordination site, have been computationally
designed and synthesized as pH-sensitive molecules. The choice of pyridyl and pyrazinyl moieties
allows for the nitrogen content to vary, whereas the influence of the protonation site is quantified
by using 1,2-diazolate and 1,3-diazolate derivatives. The absorption and emission properties of the
deprotonated and protonated complex ions were characterized by UV-vis and photoluminescence
spectroscopy as well as by time-dependent density functional theory. Protonation causes (1) a
strong blue shift in the lowest energy SMLCT — So emission wavelengths, (2) a substantial
increase in the emission intensity, and (3) a change in the character of the corresponding *MLCT
emitting states. The blue shift in the emission wavelength becomes less pronounced when the
nitrogen content in the X-ligand increases and when going from 1,2- to 1,3-diazolate derivatives.
The contrast in the emission intensity of the protonated/deprotonated forms is the highest for the
complex ion, containing a 2-pyridyl derivative of the 1,2-diazolate. The complex ions are
suggested as potential pH-responsive materials based on change in the color and intensity of the
emitted radiation. The broad impact of the research demonstrates that the modification of the
nitrogen content and position within the protonable ligands is an effective approach for modulation
of the pH-optosensing properties of Ru-polypyridyl complexes.

MOJIEKVJIEH JU3AMH HA pH-YYBCTBUTEJHU Ru(ll)-IIOJIUIMPUINIOBHA
JIYMHNHO®OPHU

ABCTPAKT: Tpu noBu komiutekcau tona [Ru(bpy)2X]*, keaero bpy o3nauaBa Gumupuuios
JUranj, a X — TUpUIWI AUa30J1aT Wik MUPa3suHIII 11a30jaT, ca TCOPETUYHO MOJIETTUPAHU U ITOCTIe
CUHTe3upaHu kaTo pH-uyBcTBUTENHM Mojekyau. M300pbT Ha NMUPUAWIOBH U NMHUPA3UHUIOBU
(parMeHTH 103BOJISIBA J1a CE€ BapUpa ChAbPKAHUETO Ha a30T, I0KATO BIUSHUETO Ha MO3UIUATA Ha
MPOTOHUPAHE € OIIEHEHO Ype3 BKiItoYBaHe Ha 1,2- u 1,3-1ua3onatu mukian. AGCOPOITMOHHUTE U
€MHCHOHHUTE CBOWCTBA Ha JENPOTOHUPAHUTE W TNPOTOHUPAHUTE KOMIUIEKCHM HOHM ca
oxapaktepuzupanu upe3 UV-ViS u HoToTyMHUHECIICHTHA CIIEKTPOCKOIHUSI, KAKTO M MOCPEICTBOM
BpeMe3aBrcHuMara TeopHsl Ha pyHKIIMOHAA Ha IIbTHOCTTA. [IpoToHupaneTo Boau a0: (1) cumHo
XHMIICOXPOMHO OTMECTBaHE Ha JBIKHHNTE HA BHIHNTE Ha Haii-HHcKoeHeprernunute “MLCT —
So emucuH, (2) 3HAYUTEITHO HAPACTBaHE HA EMUCHOHHMS MHTEH3UTET | (3) MpoMsiHA Ha XapakTepa
Ha choTBeTHHTE “MLCT m3nbuBamy cherosuus. CHHOTO OTMECTBAHE B EMHUCHOHHHTE CIIEKTPH
CTaBa [10-HE3HAUUTEIHO, KOTaTO a30THOTO ChAbPKaHUE HAa X-JINTaH/1a HApacTBa U IIPU MIPEXOJ OT
1,2- xem 1,3-nuazonatHu npousBoaHHM. Haii-romsma pasnmka MeXIy NpOTOHMpaHaTa u
JIeTIpoTOHMpaHaTa (opMa € Npu KOMIUIEKCa ChIbpXKall 2-TMUPUAWIOBO MPOU3BOAHO Ha 1,2-
nuaszonar. KommiekcHuTe HOHM ca MpeuiokeHH KaTo MoTeHuuanHu pH-cenzopu Ga3zupaHu Ha
IpoMsiHa Ha IBeTa W MHTEH3UTeTa Ha emucusaTa. [lupokusar oOXBaT Ha H3CIIEABAHETO
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CBUIACTCIICTBA, Y€ IIPOMCHHU B CHABPKAHUECTO U TOIIOJOI'MATA HA a30Ta B JIUMTAHAUTE Ca e(l)I/IKaCGH
moaxod 3a HaCTPOﬁKa Ha pH-CBeTO‘IYBCTBI/ITeHHI/ITC CBOMCTBa Ha RU-HOJ’II/IHI/IpI/I,I[I/IJ'IOBI/ITC
KOMIIJICKCH.

6. ENGINEERING TUNABLE SINGLE AND DUAL OPTICAL EMISSION FROM
Ru(11)-POLYPYRIDYL COMPLEXES THROUGH EXCITED STATE DESIGN

Romanova, J., Sadik, Y., Ranga Prabhath, M.R., Carey, J.D., Jarowski, P.D.
(2017) Journal of Physical Chemistry C, 121 (4), pp. 2333-2343.

ABSTRACT: Excited state design is an efficient approach toward new applications in molecular
electronics spanning solar cells, artificial photosynthesis and biomedical diagnostics.
Ruthenium(l1)-polypiridyl based complexes are an example of molecular building blocks with
tunable single and dual wavelength emission that can be controlled by excited state engineering
via selective ligand modification. Here we investigate three new heteroleptic [Ru(bpy)2X]*
complex ions, where X represents pyridinyl or pyrazinyl derivatives of diazolates, providing
tunable emission in the visible and infrared region. The dual emission is shown to arise from the
presence of two excited states consisting of a triplet metal-to-ligand charge transfer state localized
on a bipyridine ligand, 3MLCT (bpy), and a state that either is entirely localized on the X ligand
or is partially delocalized also spanning part of the bipyridine ligands, *MLCT(X). By a suitable
choice of the X ligand, emission from 3MLCT (bpy) and 3MLCT (X) states can be rationally varied
between 743 and 865 nm and from 555 to 679 nm, respectively. An increase in the nitrogen content
of the six-membered ring of the X ligand results in a blue shift of the 3MLCT (bpy) emission but a
red shift for the 3BMLCT (X) emission. The wavelength difference between 3MLCT(bpy) and
SMLCT (X) emissions can be tuned from 84 to 310 nm and is proportional to the difference in
LUMO energies (reduction potentials) of the isolated ligands. Our study provides key information
toward new routes for the design of optically active dual wavelength molecular emitters.

HACTPOMKA HA EJIHO- U JIBYUECTOTHA OINTHYHA EMHCHS OT Ru(ll)-
TIOJIUITMPUJINJIOBU KOMITJIEKCH UPE3 JIM3AMH HA BB3BYJIEHOTO CHhCTOSIHUE

ABCTPAKT: Jlu3ailHbT Ha BB30YJEHUTE CHCTOSHUSA € €(EeKTUBEH MOJAX0J KbM OTKpUBAaHE Ha
HOBU IIPHIJIOKEHUS Ha MOJICKYJTHATA €JIEKTPOHHUKA BAPHUPAIIIH OT COJIAPHU KIICTKH MTPe3 U3KYCTBEHA
¢dotocuHTe3a 10 OMOMeaUIIMHCKa AuarHoctuka. [lonunupuannosure komiiekcu Ha pyreHui(1l)
ca TIpUMep 3a MOJICKYJHU €JIEMEHTH C IOJJIekKalla Ha HACTPOHKa eTMHUYHA WM JBYYECTOTHA
eMHUCHS, KOSATO MOXKE Ja C€ KOHTPOJIUpa dYpe3 MOJeIMpaHe Ha BBH3OYIACHUTE CHCTOSHUS
MOCPEJCTBOM CEJICKTHBHA MOJH(UKAIUSA HA JUTaHIUTE. B Tasm pabora m3cieaBame TpU HOBU
xeTeposienTuunn komiuiekcHu Hona [Ru(bpy)2X]", keaero bpy o3HayaBa GMITMPHIUIOB JIMTAH]L,
a X — MUPUIUIIOBY MWW MTUPA3HHUIIOBU IPOU3BOTHY HA IMA30JIaTH, OCUTYPSIBAIIlA KOHTPOJIHUpPyEeMa
eMHCHsl BbB BHIUMaTa Win Onu3kata nH(ppauyepBeHa obOnact. [loka3aHo e, Ye JBy4eCTOTHATa
€MUCHS Bb3HUKBA OT HATMYHETO Ha IBE Bb30YACHU ChCTOSIHUS, ChCTOSIIIN CE OT TPHUILIET C MPEHOC
Ha 3apsA7 OT MeTal KbM JIMTaHJ ¢ JOMHHHPAIIO y4acTHe Ha OWnupuauHOBMs nurasd, “MLCT
(bpy) u ma X-muramma, MLCT(X). Upes momxomsm u360p Ha X-ITHTaHA EMHCHHTE OT
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SMLCT(bpy) u 3MLCT (X) chCcTOSHHATA MOTAT a ce HACTPOAT ChOTBETHO B MHTEpBAIHTE 743-
865 nm u 555-679 nm. HapacTtBaHeTo Ha a30THOTO ChABP)KAHUE B IMIECTWICHHHS MPBCTEH BOJIU
710 CHHEO OTMecTBaHe He emucuaTa ot “MLCT(bpy) u Ha 4epBeHO OTMECTBAHE HA EMUCHSATA OT
SMLCT (X). Pa3nukaTa B IbDKHHHTE Ha BBIHUTE Mexay emucuute or “MLCT(bpy) n *MLCT
(X) moxe ma ce mactpou B mHTepBaia ot 84 10 310 NM u e mpomopLHUOHAaIHA Ha pa3juKara B
eneprunre Ha LUMO (penyknuMOHHUTE MOTEHIMAIX) Ha HW3OJMpAHUTE JuraHad. Harreto
u3cjeBaHe JaBa BakHAa HMH(OpMAIMsS 32 HOBM IIbTHINA HA JM3aiH HA ONTHYHO AKTHBHH
JIBYYECTOTHU MOJICKYJIHH EMHUTEPH.

7. RELATIONSHIP BETWEEN METALLOPHILIC INTERACTIONS AND
LUMINESCENT PROPERTIES IN Pt(11) COMPLEXES: TD-DFT GUIDE FOR
THE MOLECULAR DESIGN OF LIGHT-RESPONSIVE MATERIALS

Romanova, J., Ranga Prabhath, M.R., Jarowski, P.D.
(2016) Journal of Physical Chemistry C, 120 (3), pp. 2002-2012.

ABSTRACT: DFT/TD-DFT investigation has been performed on pyridyl triazolatoplatinum(ll)
complexes with a systematic variation of the donor/acceptor properties of the ligand in order to
illuminate its effect on the metallophilic intermolecular interaction in ground and excited states.
The m-electronic properties of the pyridyl triazolate ligand were modified by the pyridine
substituent: -N(CHs)2, -H, -CHO, or -CHC(CN)2. The simulations reveal that the donor/acceptor
strength of the substituent has a strong impact on the metallophilic interaction in the excited state
and affects the emission properties at the supramolecular level. The theoretically derived structure-
property relationships are corroborated by experimental data. Finally, it is proposed that the
modification of the n-electronic character of the substituent (ligand field) can be applied in the
molecular design of smart luminescent materials with light-driven metallophilic interactions.

3ABUCUMOCT MEXIY METAJIO®OUJIIHUTE B3AMMO/IENCTBUSA n
JIVMUHECHEHTHUTE CBOWMCTBA HA KOMIIUIEKCH HA Pi(ll): TD-DFT
PBKOBOJICTBO II0 MOIJIEKYJIEH JW3AWNH HA CBETOYYBCTBUTEJIHU
MATEPUAJIN

ABCTPAKT: Ilposenero e DFT/TD-DFT u3scnenBane BbpXy MUPUANITPHA30IATHH KOMILICKCH
Ha atuHa(ll) che cucTemMaTHYHO BapupaHe Ha JIOHOP/aKLENTOPHUTE CBOICTBA Ha JIMTAH/IA, C 1[e
U3ACHSBaHE Ha e(eKTa My BBPXY MEXTYMOJIEKYTHUTE METATOPHIHI B3aUMOJICHCTBHS B OCHOBHO
1 BbB30yIEeHO CbhCTOsHUE. T-ENEeKTpoHHUTE CBOWCTBA Ha NHUPUAWITPHA30JATHUS JIUTaHI ca
MoU(UITPaHN Ype3 BbBEXKAHE HAa 3aMECTHTENN B MUPUANHOBOTO siapo kato: -N(CHa)z, -H, -
CHO nnm -CHC(CN)2. CumysanuuTe mokasaxa, 4e JOHOPHO/aKIeNTOpHATa CHTa Ha 3aMECTUTEIIS
UMa TOJSIMO 3HA4YCeHHE 32 METATO(PIIHOTO B3aMMOICWCTBHE BHB BBH30YICHO CBHCTOSHUE H
MOBJIMSIBA EMHCHOHHMTE CBOMCTBa Ha HAJMOJEKYJIHO HHUBO. TEOpeTHYHO U3BEACHUTE
3aBHCUMOCTH MEXAY CTPYKTypa U CBOWCTBA CE MOTBbPXKIABaT OT EKCIIEPUMEHTATHUTE JaHHU. B
3aKJIIOYEHHE € MOKa3aHo, ye MOAM(UKALUATa Ha T-eNEeKTPOHHMS XapakTep Ha 3aMEeCTUTEINs
(JTMTaHTHOTO TIOJNIE) MOXE Ja OBbJe H3MOJ3BaHAa B MOJICKYJHUS JW3aiiH HAa WHTEIUTCHTHU
JTYMUHECIIEHTHH MaTePHAITN ChC CBETIIMHHO KOHTPOJIUPAHU METATODIITHU B3aUMOICHCTBUSI.
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8. PPV POLYMERIZATION VIA THE GILCH ROUTE: DIRADICAL
CHARACTER OF MONOMERS

Nikolic, J. D., Wouters, S., Romanova, J., Shimizu, A., Champagne, B., Junkers, T.,
Vanderzande, D., Van Neck, D., Waroquier, M., Van Speybroeck, V.
(2015) Chemistry — A European Journal, 21, pp. 19176-19185.

ABSTRACT: Despite various studies on the polymerization of poly(p-phenylene vinylene) (PPV)
through different precursor routes, detailed mechanistic knowledge on the individual reaction steps
and intermediates is still incomplete. The present study aims to gain more insight into the radical
polymerization of PPV through the Gilch route. The initial steps of the polymerization involve the
formation of a p-quinodimethane intermediate, which spontaneously self-initiates through a
dimerization process leading to the formation of diradical species; chain propagation ensues on
both sides of the diradical or chain termination occurs by the formation of side products, such as
[2.2]paracyclophanes. Furthermore, different p-quinodimethane systems were assessed with
respect to the size of their aromatic core as well as the presence of heteroatoms in/on the conjugated
system. The nature of the aromatic core and the specific substituents alter the electronic structure
of the p-quinodimethane monomers, affecting the mechanism of polymerization. The diradical
character of the monomers has been investigated with several advanced methodologies, such as
spin-projected UHF, CASSCF, CASPT2, and DMRG calculations. It was shown that larger
aromatic cores led to a higher diradical character in the monomers, which in turn is proposed to
cause rapid initiation.

MOJUMEPU3ALIMSAA HA PPV MO METOJA HA GILCH: JUPAJMKAJIOB
XAPAKTEP HA MOHOMEPHUTE

ABCTPAKT: He3aBucumMo oT MHOXKECTBOTO M3CJIEIBAHMS BbpXY monuMepusanusata Ha PPV mo
Pa3IMYHH MPEKYPCOPHU ITBTHINA, Pa30UPaHETO HA MEXaHNW3MAa, OT/ICTTHUTE PEAKIIHOHHH CTHIIKH U
MEXIUHHHUTE MPOAYKTH € BCE OIIe HEJOCTaThuHO 3aabJI00ueH0. HacTosmoTo u3cieaBane meim
Jla XBBPJIM MMOBEYE CBETINHA BhPXY pajuKaioBara noaumepusaius Ha PPV mo merona Ha Gilch.
HavanauTte eranmm Ha TOJIMMEpH3alMATa BOAST O TOJy4YaBaHE Ha pP-XWHOJUMETaH Karo
WHTEpMEInaT, KOWTO CIOHTAaHHO C€ aBTOMHUIMHMpaA 3a OoOpa3yBaHEe Ha JWMEp, BOJEHI [0
00pa3yBaHETO Ha IUPATUKAI; CIIEJBA HAPACTBAHE HA BEpHUTraTa OT JABaTa Kpas Ha JUpaJUKaja UiH
3aBbpIIBaHE Ha Bepurara ¢ (popMupaHe Ha CTpaHMYHH MPOIYKTH Karto Hampumep [2.2]p-
nukiogdany. HampaBeHa e orieHKa Ha pa3IUidHU P-XUHOJMMETAHOBH CHCTEMH 110 OTHOIIICHUE Ha
pa3mMepa Ha apoMaTHaTa CHCTeMa W NMPUCHCTBHETO Ha XETEPOATOMH B CIIpETHATaTa CHUCTEMA.
[Tpuponara Ha apoMaTHaTa CHCTEMA M HIKOH CTIEIN(UIHN 3aMECTHTEIIH IPOMEHST €JIeKTPOHHATA
CTPYKTYpa Ha p-XHHOJMMETAaHOBUTE MOHOMEPH, KOETO MOBJIMIBA MEXaHH3Ma Ha OJTMMEPHU3aLIHsL.
OmnpeneneH e AMPAJAMKANIOBUAT XapakTep C HIKOJIKO MOJEPHHM METOJIUKHA Karo CIUH-
npoektupanus UHF, CASSCF, CASPT2 u DMRG. Ilokazano e, ye mo-rojsiMmaTa apomMaTHa
crcTeMa BOJIM JI0 M0-3HAYUTENICH AUPaIUKaIOB XapakTep Ha MOHOMEPA, KOETO Ce OYaKBa Ha CBOM
peln 1a yCKOpHU MHUIMALUSATA.
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9. THE ROLE OF SUBSTITUENT EFFECTS IN TUNING METALLOPHILIC
INTERACTIONS AND EMISSION ENERGY OF BIS-4-(2-PYRIDYL)-1,2,3-
TRIAZOLATOPLATINUM(I1) COMPLEXES

Ranga Prabhath, M. R., Romanova, J., Curry, R. J., Silva, S. R. P., Jarowski, P. D.
(2015) ANGEWANDTE CHEMIE-INTERNATIONAL EDITION, 54, pp. 7949-7953.

ABSTRACT: The photoluminescence spectra of a series of 5-substituted pyridyl-1,2,3-triazolato
Pt(11) homoleptic complexes show weak emission tunability (ranging from A = 397-408 nm) in
dilute (10 M) ethanolic solutions at the monomer level and strong tunability in concentrated
solutions (10* M) and thin films (ranging from A=487-625 nm) from dimeric excited states
(excimers). The results of density functional calculations (PBEOQ) attribute this "turn-on™ sensitivity
and intensity in the excimer to strong Pt-Pt metallophilic interactions and a change in the excited-
state character from singlet metal-to-ligand charge transfer (*MLCT) to singlet metal-metal-to-
ligand charge transfer *MMLCT) emissions in agreement with lifetime measurements.

E®EKT HA 3AMECTHUTEJSI IIPU HACTPOHKA HA METAJOTPOITHHU
B3AUMO/JIEFICTBUSI W EMHMCHOHHA EHEPTHSI HA KOMILIEKCH HA
IJIATUHA(I1) C BUC-4-(2-TUPUJNAT)-1,2,3-TPHA3OJIAT

ABCTPAKT: ®oTomyMHHECHEHTHUTE CIEKTpH Ha cepusi OT S-3amecTeHu nupuaui-1,2,3-
TpuasonaTHU xomonentuuHu komiuiekcu Ha Pt(ll) mokasar cnabo BiusiHME Ha 3aMECTUTEIS
BBpXY emucusaTa (A = 397-408 M) B pa3peaeHH eTaHONOBU Pa3TBOpU Ha MoHoMepa (10° M) u
cuiieH epekt (A=487-625 nm) B koHueHTpupanu pasteopu (10* M) u ThHKM Quamu, Koifto ce
IBJDKA Ha Bb30yAeHH auMepu (ekcumepu). PesynraTute OT mpecMsTaHUs € Teopus Ha
¢ynkumonana Ha mabTHOcTTa (PBEOQ) mpumucBaT 4yBCTBHTENHOCTTA KbM 3aMECTUTENS HPH
eKcuMepa Ha CcwiHO MetanopunHo Pt-Pt B3ammopeilicTBue u mnpoMsHa B XapakTepa Ha
E€MHUTHPALIOTO BB30YACHO CHCTOSIHHE OT CHHTJIETHO C MPEHOC Ha 3apsii OT MeTalla KbM JIMTaH/a
(*MLCT) B cuHrieTHO ¢ mpeHoc Ha 3aps oT ABaTa MeTana kbM nuragaa (‘MMLCT) B cbriacue
C U3MEPEHHUTE BPEMEHA Ha JKUBOT.

10. ANALYSIS OF THE RESONANT RAMAN SPECTRA OF VIOLOGENS AND OF
THEIR RADICAL CATIONS USING RANGE-SEPARATED HYBRID DENSITY
FUNCTIONALS

Romanova, J., Liégeois, V., Champagne, B.
(2014) Journal of Physical Chemistry C, 118 (23), pp. 12469-12484.

ABSTRACT: The UV/vis absorption spectra and resonance Raman spectra of methyl viologens
and p-phenylene-extended viologens have been simulated by using the LC-BLYP range-separated
hybrid exchange-correlation functional with different range-separating parameters (p). In most
cases, the shape of the UV/vis absorption bands and the relative Raman intensities, which find
their common origins in the geometrical relaxation upon electronic excitations, depend strongly
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on the p value: the larger the p values, the more long-range Hartree-Fock (HF) exchange, the larger
the geometrical relaxations, and the more complex the UV/vis absorption bands, whereas the
resonance Raman signatures depend more on the presence or not of a dominating normal
coordinate of relaxation. For the first excited state of the methyl viologen/p-phenylene- extended
viologen radical cations, the pu values matching best the experimental UV/vis spectra are 0.03/0.13
bohr-1, whereas for the second excited state, they amount to 0.28-0.33/0.18 bohr. The first
excited state of the radical cations is associated with an increase of the aromatic character and the
second excited state to an increase of the quinoid character, like the first excited state of the
dications. In the case of the resonant Raman spectra, a p value of 0.08-0.13 bohr? is adequate to
reproduce the experimental spectrum of MV?*, whereas for MV*, the Raman spectrum in
resonance with the first excited state is better described by p = 0.03-0.08 bohr™ and the resonance
with the second excited state by u = 0.13-0.18 bohr™. Without discussing the ability of these
functionals to estimate the excitation energies, these results on the vibronic signatures show that
there is not a unique range-separating parameter to achieve general agreement with experiment.
Rather, for the transitions increasing the quinoid character, the best p value is globally larger than
for describing the transitions where the aromatic character increases. Moreover, going from methyl
viologens to extended viologens, the best p values change. Besides demonstrating that an
appropriate exchange correlation (XC) functional can reproduce, for a given excited state, most of
the vibronic effects, this study has also scrutinized the strong interplay between the oxidation state
and the vibronic structures of viologens as well as the effect on inserting a p-phenylene group
between the two pyridinium moieties. In particular, these vibronic effects are often dominated by
a vibrational normal mode (DCB8) that consists of the combination of aromatic-to-quinoid
distortions with CH wagging motions. Its large resonant Raman intensity has been attributed to its
character matching the change of geometry upon excitation, which is also related to the HOMO-
LUMO/SOMO topologies. In addition to the DC8 activity, the IDC6/IDCS5 ratio has been proposed
as a signature of the extended viologen oxidation state.

AHAJIU3 HA PE3OHAHCHUTE PAMAHOBU CIIEKTPU HA BUOJIOT'EHU U TEXHUTE
KATUOH-PAJIMKAJIM C WU3IIOJ3BAHE HA XWBPHUJIHU OYHKIIMOHAIU HA
EJIEKTPOHHATA IIJTTHOCT C JIAJIEKOJIEMCTBAIIIA KOPEKI[MSI HA OBMEHHHUTE
B3AUMOJIEMCTBUS

ABCTPAKT: Ilpunaraiiku xuOpumHusi oOMeHHO-KopenannoneH Qynkiuonan LC-BLYP c
pa3IMyYHU NapaMeTpH 3a JajeKo/elcTBalla KOpeKus Ha OOMEHHUTE B3auMoecTBus, (L), cMe
cumynupanu UV/ViS abcopOIMOHHNTE U pe30HAaHCHUTE PaMaHOBHU CIEKTPU Ha METHJIBHOJOTCHA
u napadeHuneH-yab/KeH BHOJOreH. B moBewero ciydyan BuOpalMioHHaTa CTPyKTypa Ha
abcopoumonante UV/VIS UBHIH ¥ OTHOCHTETHUTE PaMaHOBH MHTEH3UTETH, KOMTO CE OMPEACIIST
OT TeOMETpUYHATa peJIaKCallisl BCJEJICTBHE Ha EJIEKTPOHHO BB30OYKJaHe, 3aBUCAT CUJIHO OT
CTOMHOCTTA Ha |L — KOJIKOTO IO-TOJISIMA € CTOMHOCTTAa Ha [, TOJIKOBA MO-TOJIIM € MIPUHOCHT Ha
nanexoneiicranus XapTpu-Ook oOMeH, TOJIKOBA MO-3HAYUTENIHA € TEOMETPUYHATA peslaKCallHs
U TonKoBa mo-komruiekcHu ca UV/VIS uBummTe, nokaro pe3oHaHcHHTe PamanoBu mpoduim
3aBHUCST MOBEYE OT HAIMYMETO WM OTCHCTBUETO HA HOPMAJIHA pejlakCalliOHHA KOOpJAWHAaTa. 3a
IBPBOTO BB30YIEHO CBHCTOSHUE HA paJAMKAI-KaTHOHUTE HAa METWUJIBHOJIOIeH/mapadeHuIeH-
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yIB/DKEH BHOJIOTEH Hali-mo0po choTBETCTBHUE ¢ ekcriepuMenTandus UV/VIS criekTbp ce moctura
cbe croitHocT Ha p 0.03/0.13 bohr?, mokxaTo 3a BTOpoTo BB30YIEHO CHCTOSHUE TI0-YIAUHH 3a |
ca croiinoctute 0.28-0.33/0.18 bohr. IIspBoTO BE30YIEHO CHCTOSIHHE HA PAIHKAT-KATHOHNTE €
CBBP3aHO ChC 3aCHIIBAHE HA ApOMATHUS XapaKTep, TOKATO BTOPOTO — C HAPACTBAHE HA XMHOMTHHSI
XapakTep, KakTo NMpH ITbPBOTO BB30yIEHO Ha AWKathoHHMTEe. [Ipum pe3oHaHcHuUTe PamaHOBH
CIEKTPHU MOAXOANIUTE CTOMHOCTH Ha | 32 MVZ%*ca B unrepsaia 0.08-0.13 bohr?, nokaro npu
MV* PaMaHOBUAT CIIEKTHD B PE30HAHC ChC IBPBOTO BH30YAEHO CHCTOSIHUE CE OIKCBA M0-100pe
¢ u=0.03-0.08 bohr, a To3u B pe3onanc ¢ BTopoTo BE36YyaeHO — ¢ 1 = 0.13-0.18 bohr™. be3 na
o0CBXKaaMe CIOCOOHOCTTa Ha Te3W (YHKIMOHANM Ja OIEHSBAT aKypaTHO CHEPruu Ha
BB30YXKIaHE, OT PE3yATATUTE 32 EICKTPOH-BUOPAITMOHHOTO B3aMMOJCHCTBHE MOKEM J1a KaxeM,
4e MpU METOIUTE C JAICKOJEHCTBAIIa KOPEKIMs HAa OOMEHHUTE B3aWMOJCHCTBUS HsSMa €IHA
€JIMHCTBEHA IMOJAXOJAIIa CTOMHOCT Ha mapameTbpa M. [lo-Ckopo MoXe Ja ce 3aKiouu, 4e 3a
MIPEXO/IM BOJICIIN JIO HAPACTBAHE HA XUHOMIHUS XapaKTep CTOHHOCTUTE 3 |l ca 110 IPHHIIMII I10-
BHCOKH OT T€3H, CBbP3aHU ChC 3aCHIIBaHE Ha apoMaTHHs xapakTep. OCBEH TOBa |1 C€ MCHU U TIPH
MPEeXoJ OT METUJIBHOJIOTEH KBbM YABIDKCH BHOJOreH. Hapem ¢ joka3BaHETO, Y€ MOCPEACTBOM
yaadeH u300p Ha OOMEHHO-KOpENIAlMOHeH (DYHKIMOHAT € BB3MOXKHO Ja C€ BB3MPOU3BEIAT
roJIsIMa 4acT OT €JICKTPOH-BUOpAIIMOHHUTE €()EKTH 33 KOHKPETHO BBH30OYICHO CHhCTOSIHHE, TOBA
U3CJICBAaHE pas3riiekIa CHIHATa BPb3KAa MEKAY OKHCIUTEIHO CHCTOSIHUE W EJICKTPOH-
BUOPAIIMOHHOTO B3aMMOJICHCTBUE MPH BHUOJOICHU, KakTo M e(dekra Ha YAb/DKaBaHE Ha
CIIperHaTara CUcTeMa 4pe3 BbBEXKIaHe Ha napadeHUICHOB parMeHT MEX/1y J1BaTa MUPHIAHOBU
octaTbka. ToBa eIEKTPOH-BUOPAIIMOHHO B3aMMOJICHCTBHE HAH-ueCTO Ce OOSICHSABA C HOPMAITHO
tpentenue (DC8), koeTo mpeacTaBisaBa KOMOMHAIMS OT AeOpMAaIlKst OT apOMaTHA KbM XHHOHTHA
ctpykrypa U CH wu3BbHpaBHUHHH Je(OPMALMOHHU TPENTCHUS. [ OJNEMHST WHTCH3HMTET Ha
uBHIara, acoruupana ¢ DC8 e obscHeH ¢ reomeTpuyHaTa MpoMsHA MPHU BB3OYkKAaHE, KOSTO
cnenBa tonojorusata Ha HOMO-LUMO/SOMO. OcBeH HHTEH3UTETHT Ha MBHIIATA, aCOLIMAPAHA
¢ DC8 1 chOTHOILIICHUETO Ha MHTEH3UTETUTE Ha HopManHu Tpentenus — DC5 u DC6, IDC6/IDC5
€ MPEeJIOKEHO KaTO UHIUKATOP 32 OKUCIUTETHOTO ChCTOSHUE HA YBIIKEHUS BUOJIOTEH.

11. RESONANT RAMAN SPECTRA OF MOLECULES WITH DIRADICAL
CHARACTER: MULTICONFIGURATIONAL WAVEFUNCTION
INVESTIGATION OF NEUTRAL VIOLOGENS

Romanova, J., Liégeois, V., Champagne, B.
(2014) Physical Chemistry Chemical Physics, 16 (39), pp. 21721-21731.

ABSTRACT: The resonant Raman and UV/vis absorption spectra of two diradicaloid compounds,
methyl viologen and phenylene-extended viologen in their neutral state, have been simulated using
multiconfigurational wavefunction methods. For methyl viologen, a good agreement with
experiment is evidenced for the UV/vis absorption vibronic structure, provided dynamic
correlation is accounted for to get the vibrational frequencies and normal modes. To some extent,
the agreement with experiment is also good for the RR spectrum and the differences have been
attributed to the presence in the experimental spectrum of surface-enhanced effects due to
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adsorption on the electrodes. As a result of inserting a phenylene group between the pyridinium
units, the simulations have demonstrated that (i) in the UV/vis absorption spectrum, the relative
intensity of the second band with respect to the 0-0 band increases, (ii) additional strong bands are
observed in the RR spectrum, and (iii) the RR excitation profiles of the phenylene-extended
viologen present less structure than in the case of methyl viologen where the relative mode
intensities can strongly depend on the incident light wavelength. These differences are signatures
of the extension of the effective conjugation length as well as of the increase in diradical character.

PESOHAHCHN PAMAHOBUM CIIEKTPM HA MOIJIEKVJIM C JIUPAJJUKAJIOB
XAPAKTEP: N3CJIEIBAHE HA HEVYTPAJIHU BHUOJIOI'EHUA YPE3
MVIITUKOHOUTYPAITMOHHU METO/I HA BBJIHOBATA ®YHKIIMA

ABCTPAKT: Pe3onancuute Pamanosu u UV/ViS abCOpOIIMOHHYU CIICKTPH Ha 1B JUPAIUKATIONIa
B OCHOBHO CHCTOSIHUC — METHIIBHOJIOTCH U TTapa)CHUIICH-YIBIKEH BUOJIOTEH — Ca CHMYJIHPAHH C
MYJATHKOH()UTHPAIIMOHEH METOJ. 3a METWJIBHOJIOT€HA C€ MOCTUTa J00pO CHOTBETCTBHE C
CKCIICPUMEHTA TIPH OTYHTAHE HA JUHAMHYHATA KOpENAlUs 3a MPeCMITaHe HAa BHOPAIIMOHHHTE
YeCTOTH W HOPMalHHWTE TpenTeHus. JI0 M3BECTHA CTENMEH ChOTBETCTBA HAa EKCIICPUMEHTA U
PE30HAHCHHUAT PaMaHOB CHEKTBHpP, KAaTO pa3jMdMsiTa C€ IPHUIMCBAT HA TMOBBPXHOCTHU CPEKTH
JBJDKAIIH Ce Ha aIcOPOIKst Ha METHUIIBUOJIOT€HA BBPXY €IEKTPO/IHU [0 BpeMe Ha n3MepBaHusiTa. B
pe3ysiTaT Ha BMbKBAaHETO Ha napadeHUICHOBA Ipya MEXy MUPUANHOBUTE Spa Ce BUXKIA, Ye:
(i) uaTeH3uTeTHT Ha BTOpata uBUila B UV/VIS abCOpOIIMOHHHUS CIIEKThP HApacTBa CIPsIMO TO3H Ha
0-0 uBuiara; (ii) HaOMIOIaBAT Ce MOMBIHUTEIIHA WHTCH3MBHU HBHIIM B Pe30HAHCHHS PamaHOB
ciektbp u (iii) mpoduabT Ha pe3oHAHCHHS PaMaHOB CIEKTbp Ha napadeHUIICH-YIAbIDKCHUS
BHOJIOTE€H € MO0-CJIab0 CTPYKTYPHUPaH OT TO3W HAa METHUJIBHOJIOTEHA, KBICTO MHTCH3UTETHT HA
OT/ICJIHUTE TPENTEHUS MOXE Ja Ce€ OKaKe CHJIHO 3aBHCHM OT Jb/DKMHATA Ha BhJIHATA HA
oOrbuBaIaTa CBeTIMHA. Te3U Pa3IuKH ca OTIIMYUTEIHH YEPTH Ha yIb/DKABAaHETO Ha CIIperHarara
CHCTEMa M Ha HApaCTBAHETO HA TUPAJIUKATIOBHS XapaKTep.

12. THIN MESOPOROUS POLYANILINE FILMS MANIFESTING A WATER-
PROMOTED PHOTOVOLTAIC EFFECT

Gospodinova, N., Tomsik, E., Romanova, J.
(2013) Chemical Papers, 67 (8), pp. 972-978.

ABSTRACT: Photovoltaic cells composed of thin mesoporous polyaniline films sandwiched
between an indium-tin oxide anode and aluminium cathode have been fabricated. The cells show
an increase in the photo-generated open-circuit voltage (Voc) from 0.2 V to 0.6 V and stable-in-
time Voc generation following the addition of water containing highly hydrated ions, e.g. tap
water. We explain the waterpromoted photo-voltaic effect by the polarity of the water
environment. Theoretical calculations show that increasing the solvent polarity increases the
energy of the electronic transition related to the measured VVoc. The stable-in-time VVoc generation
could be explained by the increase in the lifetime of the excitons as well as by their more efficient
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dissociation in the interpenetrating network of polyaniline and water. The penetration of water into
the mesoporous polyaniline films is promoted by the presence of highly hydrated ions.

THbHKU ME3OIIOPECTH I[TOJIMAHUJIMHOBU OUJIMHU I[TPOABABAIIN
OOTOBOJITAMYEH EDQEKT 3ACWJIEH OT ITPUCBCTBUE HA BOJA

ABCTPAKT: W3zpaborenu ca (HOTOBONTAUYHMU KIETKH CHCTABEHH OT TBHKM ME30MOPECTH
MOJTMAHUIIMHOBU (DHJIMH, MTOCTAaBEHH MEXIY aHOJA OT HHIUEBO-KaJaeH OKCHJ M aJyMUHHEB
KaToJl. YCTaHOBEHO € HapacTBaHe Ha ()OTOTEHEPHUPAHOTO HAINPEKEHHE HAa OTBOpPEHATa BEpHUra
(Voc) ot 0.2V 10 0.6 V u crabuiiHa BbB BpeMeTO TeHepalus Ha VOC ciiefl mpuOaBsHe Ha CHITHO
XUIpaTUpPaHd MOHHM, Hamp. 4YemMsHa Bojga. Hwue oOscHsABaMe BOJHO-TIOATIOMOTHATHS
(doroBonTandeH e(eKT ¢ MOIIPHOCTTA HA PA3TBOPHUTENS. TEOPETUYHNUTE U3YHUCICHUST TIOKa3Bar,
Ye C TOBUIIIABaHE HA MOJIIPHOCTTA HA PAa3TBOPHUTENSI HAPACTBA CHEPTUATA Ha EIIEKTPOHHUS MTPEXO]]
cBbp3aH ¢ u3MepeHoro Voc. CrabumHocTTa Ha VOC reHepanusaTa BbB BpEMETO MOXKe Ja Obie
00sICHEHa C HapacTBaHE Ha BPEMETO Ha JKMBOT Ha EKCHTOHHMTE, KaKTO W C Mo-e(uKacHara
JMCOIMAMS BbB B3aMMHOIIPOHMKBAIIIATAa MPEKa OT MOJMAaHWINH U Boja. [I[poHuKBaHEeTO HA BOMA
B ME30II0PECTUTE MOJIUAHWINHOBU (PUIIMHU € IIOATIOMOIHATO OT HAJIMYMETO HA CUITHO XUJPAaTHPAHH
HOHH.

13. NEW INSIGHT INTO THE REDOX BEHAVIOR OF POLYANILINE

Gospodinova, N. Musat, V., Kolev, H., Romanova, J.
(2011) Synthetic Metals, 161 (21-22), pp. 2510-2513.

ABSTRACT: Polyaniline is one the most promising conducting polymers due to its ability to
respond to environmental modifications by change in the properties. Here, we report an
unprecedented redox behavior of polyaniline. Namely, propagation of reduction in thin highly
organized polyaniline films immersed in acid aqueous medium (see Video 1). The films represent
a homogeneous interpenetrating network of nano-sized polyaniline fibrils and water molecules. It
is found that the presence of highly hydrated anions like HCOO™ favors both short- and long-range
ordering, as well as the propagation of reduction in the polymer.

HOB IIOIVIEJ BBPXY OKHUCJIUTEJHO-PEAYKIIMOHHOTO IMOBEJIEHUE HA
INOJIMAHUJINH

ABCTPAKT: TlomuaHunuHBT € €AUH OT Hail-OOemIaBaIluTe MPOBOAIIN TMOJIUMEPU MOPAIH
CIOCOOHOCTTa MY Jia OTKIIMKBa Ha M3MEHEHMs Ha cpejaTta 4pe3 MpoMsHa Ha CBoWcTBaTa. Tyk
JOKJIaIBaMe TIE3MPEIEIEHTHO OKCHCIUTETHO-PEAYKIIMOHHO ITOBEICHNE Ha TOJHAHWIMHA, a
WMEHHO, pa3NpPOCTHpaHe Ha PEAYKIHUATA B THHBK (DMIIM ITOCTaBEH BHB BOJHO-KHCeNa cpeaa (BiK.
Buneo 1). ®unmbT npeactaBisBa XOMOT'€HHA B3aUMHOIPOHMKBAILA MpeKa OT HAaHOPa3MEpHH
MOJMAHUIMHOBY HHUIIKKM W BOJHM MOJIEKYJIH. YCTaHOBEHO €, Y€ MPUCHCTBUETO Ha CHIIHO
xunaparupanu annoHu kato HCOO™ GnaronpusTcTBa KakTo OJU3KMA, Taka U JaleUHUs MOPSAbK
B OpTaHU3aIUATA HA TTOJIMMEPA, KAKTO M Pa3MpOCTPAHEHUETO Ha PEYKIUATA B HETO.
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14. THEORETICAL STUDY ON THE STRUCTURAL ASPECTS OF Cu(ll) HYBRID-
SPIN COMPLEXES

Miteva, T., Romanova, J., lvanova, A., Tadjer, A., Baumgarten, M.
(2010) European Journal of Inorganic Chemistry, 2010, pp. 379-390.

ABSTRACT: Theoretical approaches to hybrid-spin systems aim at clarification of the nature of
spin exchange between the metal ion and the organic radicals. This aids the molecular design of
novel materials based on studies of the relevant molecular fragments. The current investigations
were focused on two isomeric complexes of Cu(ll) with acetylacetonate and organic radicals (3-
and 4-N-oxyl-tretbutylaminopyridine), whose geometry and magnetic properties were known from
experimental data. A DFT approach based on the UB3LYP functional and basis sets of different
size and quality were used in order to elaborate a computational protocol providing a reliable
quantitative estimate of the spin-spin interaction. The computational scheme allows the
elucidation of the role of various structural factors on the type and magnitude of the spin coupling,
such as symmetry, spatial orientation of the radicals and type of the magnetic orbital of the metal
ion. Proper symmetry assignment of the wavefunction proved to be critical for correct description
of the magnetic behaviour of the complexes. The introduction of extended basis sets did not justify
the computational cost, as the 6-31G* results were sufficiently accurate for the purpose of the
study. Detailed analysis of the energies, the natural orbitals and the spin density distribution upon
conformational changes was carried out.

TEOPETUYHO WU3CJIEJIBAHE HA CTPYKTYPHUTE ACHEKTHU IIPU CIIUH-
XUBPUIHU KOMIUVIEKCH HA Cu(ll)

ABCTPAKT: TeopeTnyHuTE MOAXOAN KbM CIUH-XUOPUTHUTE CHCTEMH MMAT 3a I1eJT 1a U3SACHST
MpHUpOJIaTa Ha CIIMHOBUS OOMEH MKy METAHUS HOH M OpTaHWYHHUTE paguKainu. ToBa criomara
3a MOJIEKYJIHUS JM3aifH Ha HOBU MaTepHain 0a3upaH Ha M3ydaBaHE HA CHOTBETHUTE MOJICKYTHH
¢dparmenTu. Hactosmure u3ciieBaHus ca ChCPEAOTOYCHN BBPXY JIBa M30MEPHH KOMILIEKCA Ha
Cu(ll) c aneronunaneToHar u opranuyHu pagukaid (3- u 4-N-okcrui-TpeTOyTHII aMUHOTTUPHUINH),
YUUTO F€OMETPUM M MarHUTHU CBOICTBa ca U3BECTHU OT excnepumeHta. MzmomsBan e DFT
nojxoxa 6asupan Ha ¢pyHkunoHana UB3LYP u paznuunu no pasmep 6a3ucHu HabopH, 3a ja ce
13pab0TH U3YMCIUTENIEH TPOTOKOJ rapaHTHpaIll Ha/leXKIHa KOJTMYECTBeHA OIIEHKA Ha CIIMH-CITUH
B3aUMoOJIeHiCTBHETO. M3uncnuTenHaTa cxeMa IMO3BOJISBA M3ACHSABAHE Ha POJISATa Ha pa3iIMyHU
CTPYKTYpHHU (DaKTOpU KaTO CUMETPHs, IPOCTPAHCTBEHA OPUEHTAIUS HA paJuKaIuTe U BUJ Ha
MarHUTHO-aKTMBHUTE OpOWUTANIM Ha MeTalHMi HOH 3a THUMA M CUjaTa Ha CIHMH-CIUH
B3auMoJieiicTBueTO. BspHata cumerpus Ha BBJIHOBAaTa (YHKLHUS Ce OKa3a MHOI'O BakKHa 3a
MPAaBUIHOTO OMMCAHUE Ha MarHeTU3Ma Ha KomIuiekcute. V3moi3BaHeTo Ha rojgeMu 0a3uc He
OIpaB/ia M3YUCIUTENIHATA [IEHA U pe3yaTaTuTe noiydeHu ¢ 6-31G* ce okazaxa JOCTaThYHO TOUYHH
3a [IeIMTe Ha u3cieBaneTo. HampaBeH e neTaiieH aHanus Ha eHeprumuTe, eCTECTBEHUTE OpOUTAIIH
U pasIpeieIeHUeTO Ha CIIMHOBATA IUTBTHOCT NP KOH(OPMAIIMOHHUA TPOMEHHU.
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15. MOLECULAR DESIGN OF ORGANOMETALLIC MATERIALS: EFFECT OF
THE METALLOPHILIC INTERACTIONS, LIGAND, METAL AND OXIDATION
STATE

Romanova, J., Ranga Prabhath, M. R., Sadik, Y., Jarowski, P. D.

(2016) Quantum Systems in Physics, Chemistry, and Biology. Progress in Theoretical Chemistry
and Physics vol 30. A. Tadjer, A., Pavlov, R., Maruani, J., Brandas, E., Delgado-Barrio, G. (eds),
Springer, Cham.

ABSTRACT: The present book chapter is devoted to metal (M) homoleptic complexes with
pyridine—triazolate ligands (L) and their importance for the molecular design of optical and
conducting materials. It summarizes our recently published, as well as new DFT/TD-DFT results
on the role of the ligand, metal and oxidation state for tuning of molecular and supramolecular
properties in ML2 complexes. The intermolecular interactions are taken into account by
comparison between monomer (ML) and dimer organometallic complexes (ML ... MLz2). The
ligand effect is demonstrated in Pt(ll)-complexes by modifying the electronic structure of the
pyridyl-triazolate ligands. The role of the metal is estimated in the case of Pd(Il) and Pt(Il)-
complexes with the same pyridyl-triazolate ligand. The effect of the oxidation state is revealed by
simulations on Pt(ll)-dimers in mixed valence [ML2 ... ML2]™ and doubly oxidized [ML: ...
ML2]?* states. The obtained structure-property relationships are interpreted with respect to
available experimental data and are used for the formulation of molecular design strategies.

MOJIEKYJIHO MOJEJIMPAHE HA OPI'AHOMETAJIHU MATEPUAJIA: E®EKTU HA
METAJIO®UJIHUTE B3AUMOJIEUCTBUS, JINT AHJIA, METAJIA I OKUCJIUTEJTHOTO
CbCTOAHUE

ABCTPAKT: HacrosmaTa riaBa € mocBeTeHa Ha XOMOJIEITUYHHU KOMILIEKCH Ha metanu (M) ¢
MUPUINH-TPUA30JIaTHH JUranan (L) u TAXHOTO 3HaYeHHE 32 MOJICKYIIHUS JU3aiH Ha ONTHYHH H
NpOBOASAIIM MaTepuayiu. Ts1 000011aBa HAIIMTEe HEOTIaBHA TyOIMKYBaHHu KakTo U HoBu DFT/TD-
DFT pesynTatu BbpXy poJisiTa Ha JIMTAaH/AA, METaJla U OKUCIUTEIHOTO ChCTOSIHUE 32 HACTPOMKA Ha
MOJICKYJTHUTE ¥ HaJMOJIEKYJIHUTE CBOMCTBA Ha KoMIUIeKcH oT Turma ML2. MexmymonekymHuTe
B3aMMOJICHCTBHS ca OTUETEHHM 4Ype3 CpaBHEHHE CTpyKTypaTa Ha MoHoMmepun ML2 m aummepn
(ML2...ML2) Ha komriekcuTe. JIMranaHUAT eeKT e 1eMOHCTpupaH npu komruiekcute Ha Pt(11)
gype3 MoauUIMpaHe Ha eeKTPOHHATA CTPYKTYpa Ha MUPUANH-TPHA30JATHATE JIMTaHau. Porsita
Ha MeTaya e OIleHeHa upe3 cbhroctaBka Ha kKomiuiekcd Ha PA(I1) u Pt(Il) ¢ equn u b suran.
3HauEHUETO Ha OKUCIUTEIIHOTO ChCTOSHUE € MOKa3aHo upe3 cumynanuu Ha numepu Ha Pt(Il) cbe
cMeceHa MeTanHa BajteHTHOCT [ML2 ... ML2]*" n aBykpartro okucieru [MLz2 ... ML2]?* popmu.
[TomyyeHuTe 3aBHCHMOCTH CTPYKTYpa-CBOMCTBa ca MHTEPIPETUPAHU CIPSIMO HAIUYHU
eKCIIEpUMEHTAIHU IaHHH U ca U3I0JI3BaHu 3a (JOpMYJIMpaHe Ha CTPATETHH 32 MOJIEKYJIEH TU3aiiH.
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