Poznan University of Technology
Faculty of Materials Science and Technical Physics
Institute of Materials Research and Quantum Engineering
Division of Optical Spectroscopy
Piotrowo 3, 60-965 POZNAN
tel.: +48 61 665 3247, fax.: +48 61 665 3164

dr hab. Dobrostawa Kasprowicz Poznan, 12™ March 2026
prof. of Poznan University of
Technology

Review of the doctoral thesis of Ms Agnieszka Marjanowska, M.Sc. in Technical Physics
entitled: Photovoltaic and nonlinear optical effects of thin films based on perovskites

This research work was accomplished at the

NICOLAUS COPERNICUS UNIVERSITY IN TORUN, Institute of Physics
Faculty of Physics, Astronomy and Informatics
Doctoral School of Exact and Natural Sciences Scientific
under supervision of dr hab. Anna Zawadzka, Professor, Nicolaus Copernicus University
and
UNIVERSITY OF ANGERS, Institute of Sciences and Molecular Technologies of Angers,
MOLTECH Anjou - UMR CNRS 6200, University of Angers, France,
under supervision of Prof. Bouchta Sahraoui, Professor of University of Angers

The doctoral dissertation Ms Agnieszka Marjanowska is written on 170 pages and consists of:
introduction, 4 numbered chapters, summary and lists of figures and tables. Each chapter contains its
separate literature (chapter 1 — 33 references, chapter 2 — 41 references, chapter 3 — 33 references,
chapter 4 — 27 references), which in total gives a very extensive bibliography (134 literature items).
There are also abstracts in English, Polish and French. Moreover, the authoress included the list of her
publications (19) including 7 publications from the JCR list and 11 publications in conference
materials and the list of conference presentations: oral presentations (8) and poster presentations (3).
Ms Agnieszka Marjanowska was the first&corresponding author of 2 papers from the JCR list.

Nowadays, one of the most crucial ecological challenges is development of new technologies for
production environmentally safe energy. The Sun, which is one of the natural sources of energy,
provides the cleanest and relatively easily harvested energy. In recent years high dynamics in
modification of conventional solar cells technology to improve efficiency in conversion of the natural
solar energy into electric energy by the photovoltaic effect was observed. Among the materials that are
being consider to use in new generation solar cells are hybrid perovskites. The materials investigated
in the dissertation are hybrid perovskite thin films consisted of an organic part - the methylammonium
part CH; NH;' and an inorganic part in the form of iodide (Pbl,), chloride (PbCl,) or bromide (PbBr).
The systematic study of the series of mentioned above materials were presented in the doctoral
dissertation. The main part of the dissertation was preceded by the Introduction, in which the authoress
presents some general information about the properties of hybrid perovskites and their potential
application in photovoltaics, optoelectronics and nonlinear optics. The description of the theoretical
issues considered in the doctoral dissertation and obtained experimental results were included in the 4
chapters. The dissertation ends with a summary including an analysis of the obtained experimental
data, final conclusions, and perspectives for future research directions on perovskite materials in the
context of photovoltaics and nonlinear optics applications.












e Among the 14 samples investigated of the hybrid perovskite thin films 9 samples contains Pb and
1 sample contains Cd. Moreover, according to the obtained results the best structure parameters
were obtained for the samples with the compositions 50% MAX : 50% PbX, (X =1, Cl, Br) and
the composition 70% MAI: 30% Pbly; from the UV-VIS-NIR spectroscopy MAPbl; and MASnl;
are the most promising materials; from the analysis of the degradation processes MAPbI; as
well as MAPbBr; are the most stable due to surface structure for up to 6 months. Finally, 3
samples MAPbI;, MAPbCl; and MAPbBr; were selected for construction and characterization
of photovoltaic cells. Could the authoress comment on the fact that the best materials with great
optoelectronic potential for production the next-generation photovoltaic cells contain the toxic
elements (Pb). Is there any chance to replace the components of the hybrid perovskite thin films
with more environmentally friendly elements.

The most important achievements of the doctoral dissertation include:

e Develop a technique for fabricating of a series of new organic-inorganic hybrid perovskite thin
films consisted of an organic part - the methylammonium part CH; NH;' and an inorganic part -
in the form of iodide (Pbl,), chloride (PbCl,), or bromide (PbBr,) using the PVco-D method.
Preparing the following samples with various percentages of organic and inorganic components:
MAPDI; (3 samples), MACdI; (1 sample), MAGel; (1 sample), MASnl; (1 sample), MAZnl; (1
sample), MAPbCl; (3 samples), MAPbBr; (3 samples) and MASnBr; (1 sample).

e  The systematic study of the mentioned above materials using AFM, UV-VIS-NIR spectroscopy,
photoluminescence spectroscopy techniques and electrical properties measurements important
from the point of view their potential applications in photovoltaics or NLO optoelectronics.

e  Construction and characterisation of the three prototypes of the perovskite photovoltaic cells on
the basis of the selected hybrid perovskite thin films with the optimal parameters: MAPbI;,
MAPDBCI; and MAPDBBTs;.

Summary
Analyzing the above-described content of the doctoral dissertation Ms Agnieszka Marjanowska,

it should be noted that in terms of technology as well as characterization of the selected physical

properties of a group of new organic-inorganic hybrid perovskite thin films, the dissertation covers

a very extensive research material. Moreover, an important aspect of the research was

a comprehensive approach to the subject of the study with the use of many advanced experimental

techniques in order to obtain new materials with the excellent photovoltaic and NLO properties. The

application of the above-mentioned advanced experimental methods, requires knowledge of selected
issues from the theory of the linear and nonlinear optics, solid state physics, chemistry of materials,
technology for production thin films as well as the ability to analysis the experimental data using
appropriate methods of numerical analysis, and finally to interpret the results of complex issues. It was

a considerable challenge met excellently by Ms Agnieszka Marjanowska. Results of investigations of

the mentioned above new organic-inorganic hybrid perovskite thin films contribute to the search for

new advanced materials for photovoltaics and NLO based optoelectronics and in my opinion also
bring a significant contribution to the materials science.

In summary, this work fully deserves the title of Doctor of physics of the Nicolaus Copernicus
University in Torun, given the high quality of the scientific work presented and the doctoral student's
success in achieving the requested objectives. I consider that the whole research activity of the
candidate Ms Agnieszka Marjanowska and the scientific work presented for this thesis fulfil all the
requirements and fully qualify Ms Agnieszka Marjanowska to obtain the degree of “Doctor in
Physics”. Moreover, | highly evaluate the doctoral dissertation of Ms Agnieszka Marjanowska and
I think that the dissertation deserve to be distinguished for its originality, innovation and performing
comprehensive research on new materials for photovoltaics. Consequently without any hesitation that
I strongly recommend that Ms Agnieszka Marjanowska to be authorized to defend her doctoral thesis
in physics at the Nicolaus Copernicus University in Torun.
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The doctoral dissertation of Ms Agnieszka Marjanowska covers a very extensive research material in
terms of technology as well as characterization of the selected physical properties of new organic-
inorganic hybrid perovskite thin films — the group of materials considered as one of the most
promising materials for photovoltaics. Nowadays the perovskites based solar cells are not yet widely
used in commercial photovoltaics but they are widely researched in laboratories. In this sense, the
doctoral dissertation of Ms Agnieszka Marjanowska fits perfectly into the topic of searching for new
materials for photovoltaics. In particular, the materials investigated in the dissertation are hybrid
perovskite thin films consisted of an organic part - the methylammonium part CH; NH;" and an
inorganic part in the form of iodide (Pbl,), chloride (PbCl,) or bromide (PbBr,) produced using the
Physical Vapor Deposition (PVD) technique supported by the material co-deposition process/Physical
Vapor co-Deposition (PVco-D).

The most important achievements of the doctoral dissertation include:

e Develop a technique for fabricating of a series of new organic-inorganic hybrid perovskite thin
films consisted of an organic part - the methylammonium part CH; NH;" and an inorganic part
- in the form of iodide (Pbl,), chloride (PbCl,), or bromide (PbBr,) using the PVco-D method.
Preparing the following samples with various percentages of organic and inorganic components:
MAPbI; (3 samples), MACdI; (1 sample), MAGel; (1 sample), MASnl; (1 sample), MAZnl;
(1 sample), MAPbCI; (3 samples), MAPbBr; (3 samples) and MASnBr; (1 sample).

e  The systematic study of the mentioned above materials using AFM, UV-VIS-NIR spectroscopy,
photoluminescence spectroscopy techniques and electrical properties measurements important
from the point of view their potential applications in photovoltaics or NLO optoelectronics.

e  Construction and characterisation of the three prototypes of the perovskite photovoltaic cells on
the basis of the selected hybrid perovskite thin films with the optimal parameters: MAPbDI;,
MAPbLCI; and MAPbBr;.

Results of investigations of the mentioned above series of organic-inorganic hybrid perovskite thin
films contribute to the search for new advanced materials for photovoltaics and NLO based
optoelectronics. Moreover, in my opinion the doctoral dissertation of Ms Agnieszka Marjanowska
deserve to be distinguished for its originality (proposed technique for fabricating of a series of
organic-inorganic hybrid perovskite thin films, innovation (proposed technique for production),
performing comprehensive research (AFM, UV-VIS-NIR spectroscopy, photoluminescence
spectroscopy techniques and electrical properties measurements) and finally construction and
characterisation of three prototypes of the perovskite photovoltaic cells on the basis of the selected
hybrid perovskite thin films.
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