
1. h.D. ROJECT DESCRITION (4000 characters max., ncludng the ams and work plan)

roject Ftle: Novel qantm chemistry approaches for modeling charge transfer properes

in organic electronics.

1.1. roject goals
Organic electronics represent an eco-friendly, exible, and potenally low-cost alternave to tradional
electronics. The ecient operaon of organic electronic devices reqires organic semicondctors with high
charge mobility. Hence, the search for high-mobility organic semicondctors is of predominant importance.
Up to date, this search heavily relies on a trial-and-error approach, which is expensive and me-consming.
A reliable qantm chemistry-aided screening of the plethora of organic semicondctors can make their
opmizaon process more ecient and nravel precios informaon abot the relaonship between
chemical strctre and charge mobility. Unfortnately, the size of the organic molecles and materials in
qeson prohibits the se of wave-fncon-theory (WFT)-based methods. To that end, the qantm
chemical modeling of electronic strctres and properes of organic semicondctors and devices
commonly relies on density fnconal approximaons (DFAs) and semi-empirical approaches. These are
cost-eecve methods bt do not always provide physically reliable reslts as many of the long polymer
chains, common bilding blocks of organic electronic devices, exhibit qasi-degeneracies and featre
electronic strctres of ml-reference natre. The proposed research project will change the present
comptaon paradigm by developing ecient and reliable models for predicng charge transport
properes in organic molecles. Or goal will be achieved with nconvenonal electronic strctre
methods that se a compact parametrizaon scheme of the electronic wave fncon, namely pair-copled
clster dobles (pCCD)-based approaches.

1.2. Outlne
The developed charge transfer models will be implemented in or open-sorce qantm chemistry
so[ware package PyBEST. Specically, these inclde:
• The design, implementaon, and tesng of charge transfer models.
• The design and implementaon of a graphical ser interface in the cross-pla`orm Electron framework.
• Large-scale qantm chemical modeling of polyaniline and its derivaves combined with a qantm
entanglement and correlaon analysis of their electronic strctres.

1.3. Work plan
• literatre stdy of modern charge-transfer models

• qantm chemical modeling of electronic strctres and properes of small components of OPV
materials

• generaon of reference data for charge-transport models

• implementaon of charge-transfer models in PyBEST

• large-scale modeling of charge-transport properes of model organic electronic materials sing PyBEST
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1.5. Requred nFal knowledge and sklls of the h.D. canddate:
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-enthsiasm for science and commitment to hard work
-analycal thinking
-good knowledge of English
-basic knowledge of qantm physics and/or chemistry
-basic knowledge of Linx/Unix, compter clsters, and modern programming langages (sch as Python
and C++)

1.6. Expected development of the h.D. canddate’s knowledge and skll

-scienc independence
-high-qality programming skills
-version control (git) and connos integraon (GitLab)
-expert knowledge of the electronic strctre methods
-state-of-the-art comptaonal modeling of electronic strctres of organic photovoltaic materials and
their properes
-co-athorship in the PyBEST so[ware package
-improved so[ and hard skills (presentaons, reports, commnicaons, working in the grop)
-experience in wring grant applicaons
-good qality scienc papers, where the Ph.D. stdent is the rst/leading athor
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