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

roject Ftle: Novel qantm chemistry approaches for modeling charge transfer properes

in organic electronics.

1.1. roject goals
Organic electronics represent an eco-friendly, exible, and potenally low-cost alternave to tradional
electronics. The ecient operaon of organic electronic devices reqires organic semicondctors with high
charge mobility. Hence, the search for high-mobility organic semicondctors is of predominant importance.
Up to date, this search heavily relies on a trial-and-error approach, which is expensive and me-consming.
A reliable qantm chemistry-aided screening of the plethora of organic semicondctors can make their
opmizaon process more ecient and nravel precios informaon abot the relaonship between
chemical strctre and charge mobility. Unfortnately, the size of the organic molecles and materials in
qeson prohibits the se of wave-fncon-theory (WFT)-based methods. To that end, the qantm
chemical modeling of electronic strctres and properes of organic semicondctors and devices
commonly relies on density fnconal approximaons (DFAs) and semi-empirical approaches. These are
cost-eecve methods bt do not always provide physically reliable reslts as many of the long polymer
chains, common bilding blocks of organic electronic devices, exhibit qasi-degeneracies and featre
electronic strctres of ml-reference natre. The proposed research project will change the present
comptaon paradigm by developing ecient and reliable models for predicng charge transport
properes in organic molecles. Or goal will be achieved with nconvenonal electronic strctre
methods that se a compact parametrizaon scheme of the electronic wave fncon, namely pair-copled
clster dobles (pCCD)-based approaches.

1.2. Outlne
The developed charge transfer models will be implemented in or open-sorce qantm chemistry
so[ware package PyBEST. Specically, these inclde:
• The design, implementaon, and tesng of charge transfer models.
• The design and implementaon of a graphical ser interface in the cross-pla`orm Electron framework.
• Large-scale qantm chemical modeling of polyaniline and its derivaves combined with a qantm
entanglement and correlaon analysis of their electronic strctres.

1.3. Work plan
• literatre stdy of modern charge-transfer models

• qantm chemical modeling of electronic strctres and properes of small components of OPV
materials

• generaon of reference data for charge-transport models

• implementaon of charge-transfer models in PyBEST

• large-scale modeling of charge-transport properes of model organic electronic materials sing PyBEST

1.4. Lterature
• Newton, M. D. Chem. Rev. 1991, 91, 767–792.

• Risko, C, McGehee, M. D., Brédas, J.-L. Chem. Sci., 2, 1200–1218 (2011)

• K. Bogslawski, A. Leszczyk, A. Nowak, F. Brzęk, P. Sz. Żchowski, D. Kędziera, and P. Tecmer
Pythonic Black-box Electronic Strctre Tool (PyBEST). An open-sorce Python pla`orm for electronic
strctre calclaons at the interface between chemistry and physics, Comp. Phys. Comm., 264, 107933
(2021)

• Bogslawski K., Tecmer P., Ayers P.W., Blnck P., De Baerdemacker S., Van Neck D. Phys. Rev. B 2014, 89,
201106(R)

1.5. Requred nFal knowledge and sklls of the h.D. canddate:
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-enthsiasm for science and commitment to hard work
-analycal thinking
-good knowledge of English
-basic knowledge of qantm physics and/or chemistry
-basic knowledge of Linx/Unix, compter clsters, and modern programming langages (sch as Python
and C++)

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

-scienc independence
-high-qality programming skills
-version control (git) and connos integraon (GitLab)
-expert knowledge of the electronic strctre methods
-state-of-the-art comptaonal modeling of electronic strctres of organic photovoltaic materials and
their properes
-co-athorship in the PyBEST so[ware package
-improved so[ and hard skills (presentaons, reports, commnicaons, working in the grop)
-experience in wring grant applicaons
-good qality scienc papers, where the Ph.D. stdent is the rst/leading athor
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