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Abstrakt: The possibility of sub-wavelength manipulation of the optical field using localized
surface plasmon (LSP) phenomena occurring at noble metal nanoparticles (NPs) has been
recently attractive, among others, for the design of various optoelectronic devices for
photoelectrical energy conversion. The LSP phenomena are proposed as a mechanism for
enhanced efficiency in photovoltaics (PV) and light sources. However, it is very difficult to
unequivocally identify the nature of such enhancement, since various competing
phenomena occur due to the presence of metal NPs in the device. These often lead to
deterioration of the device performance due to effects such as exciton quenching at the
metal surface or LSP resonance absorption, which leads to rapid energy dissipation. The aim
of the project is to study the impact of various plasmonic nanostructures on the exciton
dynamics in organic semiconductors, including their generation, dissociation, recombination
and transport. The work will combine experimental and theoretical approach and consists of
theoretical modelling and optimization, preparation of nanostructures combining organic
materials and metallic plasmonic nanostructures, and study of exciton dynamics using
ultrashort transient optical absorption spectroscopy and other time-resolved optical
methods. In particular, the plasmon-exciton interactions in the plasmonic nanostructures
will be studied, in view of nanoscale strategies for light harvesting. The research will be
targeted towards development of new paradigms of improvement of efficiency of organic
solar cells, light-emitting diodes and sensors.

Reference:

[1] S.A. Jenekhe and W.J. Wynne, Photonic and optoelectronic polymers. ACS 1997.

[2] P. Hannaford, ed., Femtosecond Laser Spectroscopy, Springer, New York, 2005.

[3] V. May, Charge and Energy Transfer Dynamics in Molecular Systems, Wiley, Berlin 2000.
[4] B. T. G. Lau and T. C. Berkelbach, Quantum plasmons and intraband excitons in doped
nanoparticles: Insights from quantum chemistry. J. Chem. Phys. 152, 224704 (2020).

[5] N. S. Averkieva, A. V. Korotchenkova, and V. A. Kosobukina, On the Theory of Plasmon-—
Excitons: An Estimate of the Coupling Constant and the Optical Spectrum, Semiconductors
53,1042 (2019).

[6] Z. He, et al., Principle and applications of the coupling of surface plasmons and excitons,
Applied Sciences 10, 1774 (2020).

[7] P. A. D. Gongalves, et al., Strong Light—Matter Interactions Enabled by Polaritons in
Atomically Thin Materials, Advanced Optical Materials 8, 1901473 (2020).

[8] P. Vasa, Exciton-surface plasmon polariton interactions, Advances in Physics X 5,
1749884, (2020).

[9] N. Kholmicheva, L. R. Romero, J. Cassidy, and M. Zamkov, Prospects and applications of
plasmon-exciton interactions in the near-field regime, Nanophotonics 8, 613 (2019).

[10] S. Kundu, A. Patra, Nanoscale Strategies for Light Harvesting, Chem. Rev. 117, 712
(2017).

[11] Current literature according to the advice of supervisors.



