
1. Ph.D. PROJCT DSCRIPTION (4000 characters max., including the aims and wor plan)

Project Etle: Innova&ve methods for modeing eectronic structures and roer&es of

organic eectronic moecues using eectron airs.

1.1. Project goals
Organic eectronics is a romising technoogy for high-throughut manufacturing of eco-friendy,
oten&ay ow-cost, utraightweight, exibe devices with various otoeectronic or eectronic
func&onai&es. The advancement of modern eectronic devices can be acceerated by roerty
o&miza&on of its sma buiding bocs, such as carbon-based moecues and oymer chains. We an to
use an unconven&ona eectronic structure methods for ecient arametriza&on of the wave func&on to
mode arge systems at ow comuta&ona cost. An advantage over standard eectronic structure methods
is (a) the caabiity of reiabe modeing ong oymer chains oen dominated by strong eectron
correa&on eects and (b) the abiity to comute orbita-based entangement anaysis (in terms of singe
orbita entroy and mutua informa&on) to dissect orbita interac&ons and eectron correa&ons in a given
system.

1.2. Outline
In the roosed research roject, we wi further advance the CCD grou of methods to ecienty
cacuate charge transort roer&es in moecues imortant for organic eectronics.
These incude (a) the anaysis of the ocaity of varia&onay o&mized CCD orbitas and (b) the design,
imementa&on, and tes&ng of CCD-based modes to cacuate the charge transfer integras ecienty.
A deveoments wi be done in our ocay deveoed PyBEST oen-source soware acage [Com. Phys.
Comm. 264, 107933 (2021); Com. Phys. Comm. 297, 109049 (2024)] and reeased to the ubic free of
charge. The deveoed methodoogy wi be used to mode eectronic structures and charge transfer
roer&es of seected organic moecues essen&a for eectronics.
These studies wi be further augmented by entangement anaysis of orbita interac&ons to iden&fy the
conduc&ng orbitas in the vaence band. The roject's outcome wi aow us to reiaby and ecienty
mode comex eectronic structures and conduc&ng roer&es of sma buiding bocs and their
aggregates beyond the imits of resent-day quantum chemistry methods.
The deveoed quantum-chemica aroaches wi be directy aicabe to other areas of chemistry,
hysics, and materias science, ie the moecuar design of semiconductors, organic ight-emikng diodes,
moecuar wires, and organic baleries.

1.3. Wor plan
• The design of new Python modues in the PyBEST soware acage
• Tes&ng and imementa&on of charge-transfer modes
• Quantum chemica cacua&ons and resuts anaysis
• The design of Grahica User Interface (GUI) using the Eectron aporm

1.4. Literature
• P. Tecmer, M. Gałyńsa, L. Szczuczo, and K. Bogusawsi, J. Phys. Chem. Lel., 14, 9909-9917 (2023)

• K. Bogusawsi, A. Leszczy, A. Nowa, F. Brzę, P. Sz. Żuchowsi, D. Kędziera, and P. Tecmer
Pythonic Bac-box Eectronic Structure Too (PyBEST). An oen-source Python aporm for eectronic
structure cacua&ons at the interface between chemistry and hysics, Com. Phys. Comm., 264, 107933
(2021)

1.5. Required iniEal nowledge and sills of the Ph.D. candidate:

-basic nowedge of Python, git, GitLab, and Latex
-basic nowedge of organic chemistry
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-good nowedge of quantum hysics/chemistry
-good nowedge of Engish
-exerience with Linux/Unix and comuter custers

1.6. xpected development of the Ph.D. candidate’s nowledge and sill

-high-quaity rogramming sis and a co-authorshi of the PyBEST soware acage
-version contro (git) and con&nuous integra&on (GitLab)
-exert nowedge of the eectronic structure methods
-state-of-the-art comuta&onamodeing of eectronic structures of organic hotovotaic materias and
their roer&es
-imroved so and hard sis (resenta&ons, reorts, communica&ons, woring in the team)
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