
1. h.D. ROJECT DESCRITION (4000 characters max., ncludng the ams and work plan)

roject Ftle: Avanceent of pCCD-base ethos tooeling electronic strctres an

properKes of organic solar cells

1.1. roject goals

The lKate goal of the propose research project is the large-scale oeling of electronic strctres an
properKes of sall biling blocks of organic photovoltaic aterials sing nconvenKonal electronic
strctre ethos an oel Hailtonians. This goal will be achieve by eploying the AnKsyetric
Proct of 1-reference orbital Geinal (AP1roG), also known as the pair Cople-Clster Dobles (pCCD),
an its extensions. The avantage of these approaches over the stanar qant cheistry ethos is
their ability to reliably accont for strong electron correlaKon eects even in large oleclar systes. That
is parKclarly benecial for escribing electronic strctres of any OPVs biling blocks, where the lK-
reference or biraial natre liits the applicability of stanar electronic strctre ethos sch as
Density FncKonal Theory.

1.2. Outlne

The eciency of OPVs, typically copose of conjgate polyers as onors an fllerene erivaKves as
acceptors, is strongly relate to the oset between the onor's highest occpie oleclar orbital (HOMO)
an the acceptor's lowest noccpie oleclar orbital (LUMO) as well as the characterisKc featres of
low-lying electronic transiKons. While it is highly esirable to tne sch properKes theoreKcally at the
qant level, the oleclar size of OSCs prohibits the se of the ost reliable an coonly available
ethos. To reey this proble, we will se an frther avance soe of the ost proising
nconvenKonal qant cheistry ethos, which featre ore favorable coptaKonal scaling, an
ths are capable of oeling large olecles. The acqainte knowlege abot the electronic strctres
an properKes of selecte organic copons will then be se to paraeterize oel Hailtonians to
exten the applicability of the theoreKcal oel to even larger systes. Sch an original approach will be
evelope in or locally evelope, open-sorce PyBEST sodware package, opening the way for a reliable
qant cheical escripKon of OPVs for the rst Ke.

1.3. Work plan

-literatre sty ofoern OPV strctres an properKes an ata collecKon
-choice of opKal orbitals for pCCD
-ispersion correcKonoels on top of pCCD
-qant cheicaloeling of electronic strctres an properKes of sall coponents of OPVaterials
-generaKon of reference ata for sall biling blocks of OPVs
-the creaKon of a niqe ata set of electronic strctres an properKes of OPV coponents
-paraetrizaKon an tesKng ofoel Hailtonians in PyBEST s
-large-scaleoeling of OPVs electronic strctres an properKes withoel Hailtonians.
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1.5. Requred nFal knowledge and sklls of the h.D. canddate:

-enthsias for science an coitent to har work
-analyKcal thinking
-goo knowlege of English
-basic knowlege of qant physics an/or cheistry
-basic knowlege of Linx/Unix, copter clsters, an oern prograing langages (sch as Python
an C++)

1.6. Expected development of the h.D. canddate’s knowledge and skll

-scienKc inepenence
-high-qality prograing skills
-version control (git) an conKnos integraKon (GitLab)
-expert knowlege of the electronic strctreethos
-state-of-the-art coptaKonaloeling of electronic strctres of organic photovoltaicaterials an
their properKes
-co-athorship in the PyBEST sodware package
-iprove sod an har skills (presentaKons, reports, conicaKons, working in the grop)
-experience in wriKng grant applicaKons
-goo qality scienKc papers, where the Ph.D. stent is the rst/leaing athor
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