1. PHD PROJECT DESCRIPTION (4000 characters max., including the aims and work plan)
Project title: Photochromic organic solar cells based on azo dyes

1.1. Project goals

The goal of this project is to design and investigate novel photoswitchable molecules for
photovoltaic applications. Particularly, the work will focus on using azobenzene-type materials to
improve the efficiency of organic solar cells (OSCs). Since the intramolecular charge transfer is a
vital feature employed in the design of new optical materials, the azo molecules undoubtedly
outperform many basic heterocyclic scaffolds not frequently used in organic solar systems.
Therefore, such molecules can be added to the active layer of solar cells, improving the efficiency
of the device. In order to further increase the efficiency of solar cells composed of selected azo
dyes, the goal is to fabricate nanoscale-patterned active layer to increase optical path length in such
layer due to scattering of illuminating light. A comprehensive study of new families of molecular
architectures will be carried out to better understand the mechanisms of photoactivation and the
possibility of exploiting their photovoltaic properties. Knowledge of these parameters is necessary
for the use of these compounds in OSCs.

1.2. Outline

Azo dyes possess unique photophysical and photochemical properties. In particular, their
photoisomerization between trans and cis forms due to absorption in the UV-Vis region makes
them promising candidates for applications in photovoltaics. Azo dye-based solar cells are cheap,
environmentally friendly, and have a higher molecular extinction coefficient than other solar cells.
By modifying the substituents in the azobenzene core, it is possible to tailor their HOMO/LUMO
energy levels, which makes them flexible in tuning the energy alignment with electron donors or
acceptors in OSCs. The trans-cis photoisomerization also leads to photoinduced mass transport that
stands behind surface relief grating (SRG) formation upon light irradiation. Such a process is a low-
cost way for obtaining nanoscale patterning in the solar cell layer, which helps to trap the light due
to its scattering and thus increases optical path length and improves light absorption. This is
particularly useful in the case of low-efficiency solar cells that struggle with energy conversion.
Trans-cis isomerization can also be used to modulate the properties of the active layer, enabling
light-controlled or switchable solar cells. Therefore, azo dyes can be used as sensitizers to broaden
the absorption spectrum and improve light collection. Therefore, the ability to fabricate SRG,
combined with azobenzene’s light absorption properties, facilitates the improvement of
photovoltaic cell efficiency. The proposed project will be a significant program of fundamental
research on effects related to engineered novel azo dye materials. The obtained results will pave
the way for the use of azo-dye materials in photovoltaic technology on a much wider scale than it
has been done so far.



1.3. Work plan

Several experimental techniques will be used to study optical and photovoltaic properties of
proposed azo-dye materials as well as the usefulness of such materials for photovoltaics.
Particularly, the dynamics of material modification under the light stimuli will be studied with the
two-beam technique. In this experiment, two overlapping laser beams interfere on the surface of
the material, forcing it to react, which is observed as surface-relief grating formation. For the most
perspective azo dyes, simple solar cells will be made. Current-voltage measurements will be
performed for the prepared OSC structures.
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1.5. Required initial knowledge and skills of the PhD candidate

Master’s in Physics or Master’s in Chemistry or related fields of Natural Sciences. Basic physics,
basic organic chemistry and spectroscopy, basic experience in experimental optics, communicative
English written and spoken, programming skills highly appreciated, ability to work both
independently and in a team, eagerness to take on challenges, and motivation to conduct scientific
research.



1.6. Expected development of the PhD candidate’s knowledge and skills

The project is aimed at optimizing azo-materials responsive to light activation suitable for organic
solar cells. The candidate will gain comprehensive skills in spectroscopic measurements by using
several experimental techniques (which involve necessary theory, building/modifying the
experimental setups, and collecting data from the experiments). In addition, the crucial part of the
research will be to analyze, interpret, and present the results during meetings, seminars, and
conferences. Therefore, the project will provide a PhD candidate with an exceptionally strong and
complete background for the rational design of organic optical materials from scratch as well as the
development of knowledge and skills in the field of photovoltaics and nonlinear optics. Additionally,
a PhD student will learn the basics of programming and data analysis.



