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Electronic structure and spatiotemporal evolution of oxidation in polyynes and dicyanopolyynes

NepiAnyn

H SutAwpatikn autn epyacio adopd tn cUVEXLON Kal EMEKTAON TNE Epyaciag:

Electronic structure, absorption spectra and oxidation dynamics in polyynes and dicyanopolyynes,
L. Chalkopiadis, K. Lambropoulos, C. Simserides, Physical Chemistry Chemical Physics (2024)

OTIOU HEAETWVTOL TA APXLKA LEAN TWV OMOAOYWYV QUTWV COELPWV, LAKOUG TNE TAEEWC TOU nm.

H mepiAnyin tou apbpou eival n €n¢:

The advent of femtosecond to attosecond experimental tools has made now possible to study such
ultrafast carrier dynamics, e.g., the spatial and temporal charge density evolution, after an initial
oxidation or reduction in molecules, candidates for atomic wires like polyynes and
dicyanopolyynes. Here, we study the electronic structure and hole transfer in symmetric molecules
containing carbon, nitrogen and hydrogen, the first members in the series of polyynic carbynes and
dicyanopolyynes, using methods based on density functional theory (DFT): constrained DFT
(CDFT), time-dependent DFT (TDDFT) and real-time TDDFT (RT-TDDFT), with Lowdin population
analysis, comparing many levels of theory and obtaining convergence of the results. For the same
purposes, we develop a Tight Binding (TB) variant using all valence orbitals of all atoms. This TB
variant is applied here in linear molecules, but it is also adequate for electronic structure, charge
transfer and charge transport of non-linear molecules and clusters of molecules. We calculate the
electronic structure, the time-dependent dipole moment and the probabilities of finding the hole at
each site, their mean over time values, the mean transfer rates from the oxidation site to other sites
and the frequency content (using charge as well as dipole moment oscillations). We take into account
zero-point motion. The initial conditions for RT-TDDEFT are obtained by CDFT. For TB, we explore
different initial conditions: we place the hole at a particular orbital or distribute it among a number
of orbitals; it is also possible to include phase differences between orbitals. Finally, we compare with
available experimental data.

Ta popla auta sival eubuypappa, Wavika yia vavoolupuata. Evéladépopal Twpa va mpoxwpenow
OTN UEAETN LOKPUTEPWY LEAWV TNE OELPAC TWV TTOAUUVWV (1 KAl TwV SlkuavomoAuuvwy og SeUTEPO
otadio). Mapa oAU xovdpkwe, 10 dtopa C 0T OELPA OVTLOTOLXOUV O€ UAKOG TtEPLIou 1.4 nm, evw
TO UNKog akapdiog Twv moAvuvwy eivat 14 nm [Liu:2013] ; 1000 nm [Shi:2016], dpa pmopoU e va
dtaocoupe og euBLYpappa cuppata pukoug nepimouv 100 atopwyv i 7000 atOpwWV.
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MNa to xpovoaveédptnto MpoPAnUa, Ba UTTOAOYICOU LE LOLOEVEPYELEG KOL TIUKVOTNTO KATAOTACEWV.
lNa to xpovoefaptnuévo MPoOPAnNUa LeTA amo pia ofeidbwon (dnAadn tn Snuoupyia plag onng), Ba
UTIOAOYI{OOUHE TI MECEG XPOVLKA TOAVOTNTEG Ttapousiag TG omng o€ KABe Béon kol oe KAOe
TPOXLAKO, TOUG MECOUG pUBUOUG HETABLBACEWG KL TO GUXVOTLKO TIEPLEXOUEVO TNG METABLBACEWS
w¢ Tpog o popTio Kal tn SUToALKRA por).
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H peAétn oe pikpad ovppata Ba yivel pe pebodouc Baotopéveg otn DFT kat otnv TB. IKOMOC Hag
elval va ouvexiooupe tn peA€Tn pe OAeg TG peBSOSoug, 600 auTod eival eplkto amd amoyn
UTTOAOYLOTLKOU KOOTOUG. 2€ HaKpUTEPO cUppata Ba eykataAeiPoupe avayKaoTIKA TIG BACLOUEVEG
otn DFT peBodouc yla 1o xpovoefaptnuévo mpoBAnua.

H peAétn eivat avaAutikn (dnAadn e€lowaoelg) kat apBuntikn (dnAadn mpoypapUatiopog).
Yrnidpxouv kat emopeva otadla.
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EmOupntég yvwoelg

e KaAn yvwon KBavtikng Mnxavikng | kat Il. EmiAuon Stadopikwv eflowoswv pe tn nEBodo
LOLOTLUWV - LBLOOVUOHATWY, OTIWGE TL.X. 0TO MAaBnua tng KBavtikng OMTIKAG.

e AyyAlkr YAWoOoO O€ EMIMESO AVOYVWOEWG ETILOTNOVLKWVY KELUEVWV.

e Mpoypappatiopdc oe yh\wooa matlab. ©@a paboupe pall matlab, maviwe. Eniong, e€okeiwon pe
NV umoAoylotikn mAatdoppa NWChem.

MoaOnolakd anoteAéopota

* E€olkelwon He TNV €peuva KAl TN cUyypOdr) EMLOTNUOVIKWY KELLEVWV.

» Eneepyaoia kelpévou (umopeite va pabete kat Latex eni tn eukatpia).

® JuvOUAOUOC AVOAUTIKNAG KAl OpLOUNTIKAG AVTLUETWTILOEWC TIPOBANUATWVY.
Mwg n avaAutikq AUon eAEyxeL TNV apLOUNTLKA KoL avTLoTpodwc.

* ATOKTNON MPOoypOpUaTIoTIKWY deflothtwy o€ matlab, NWChem.

e Xprjon Jmol, Origin, Latex.
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