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The research activities conducted by MSc. Eng. Ltukasz Duda are focused on exploring and
developing the parameters and manufacturing protocols necessary to create a new
generation of dye-activated organic and inorganic systems for photonic applications. The

research undertaken by Mr. Duda is of an outstanding scientific level and, at the same time,
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demonstrates exciting applicative results, particularly in the areas of integrated optics,
sensing, and optical amplification.

Three different types of matrices are being investigated: inorganic and hybrid sol-gel-based
systems, polymers, and liquid crystals. MSc. Eng. Ltukasz Duda has made significant efforts
to optimize the structure, composition, optical loss, quantum yield, refractive indices,
photon relaxation dynamics, waveguides, film deposition protocols, disk-shaped
microstructures, and the associated geometrical constraints of these dye-activated
systems. This optimization aims to achieve emission in relevant wavelengths for sensing
and photon management. Eng. tukasz Duda’s research covers a broad and relatively
unexplored topic. By this, | mean that before this PhD thesis work, no comprehensive
investigation into hybrid microstructures for developing photonic sources with a wide
spectrum of applications had been undertaken. Mr. Duda successfully conducted a
fantastic research to meet the complex objectives of the thesis.

The properties, parameters, materials, and protocols explored in this research encompass
material synthesis, system design, various dye doping techniques, host matrices,
characterization methodologies, and result analysis. These aspects highlight the
candidate’s exceptional scientific and technical skills, as well as those of the internationally
recognized host laboratory.

An essential strength of the candidate is his choice to adopt an interdisciplinary approach,
integrating optics, photonics, chemistry, materials science, physics, and engineering to
carry out his studies. The structures and photonic systems developed and investigated in
this PhD thesis have diverse applications, leveraging specific compositional and
geometrical properties. One notable example is the disk structures, which hold potential

applications as resonators in integrated optics.
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Mr. Duda has achieved a remarkable goal in applied physical-chemistry. The application
chosen by the candidate involves developing new hybrid structures and comparing the role
of matrices on the spectroscopic dynamics of embedded dyes across different systems.
Moreover, the study and synthesis of novel matrices, the development of innovative
geometries, the design of disk whispering gallery mode resonators, and the experimental
measurements of stimulated emission are just some of the fascinating and impressive
outcomes of MSc. Eng. tukasz Duda’s research. The significance of this research extends
beyond photonics into the broader field of materials science.

The presentation of Mr. tukasz Duda’s work is structured into eight chapters, introduced by
a clear and informative abstract, a list of abbreviations used in the text, a bibliography, and
an impressive academic publication record and communication list. It is rare to encounter
such a detailed and comprehensive PhD research thesis.

The thesis is highly engaging and enjoyable to read. Its tutorial nature complements its
scientific and technical excellence. The inclusion of tables, graphics, pictures, and tables
effectively summarizes both the scientific and technical impact as well as the detailed
protocols, making the thesis an invaluable reference for various fields of interest.

To guide readers into the specific topic and help them appreciate the novel results obtained,
MSc. Eng. tukasz Duda wisely devoted Chapters 1 and 2 to providing a thorough
introduction to the fundamentals of the research, including the state of the art. These
chapters focus the reader’s attention on the key arguments of the subsequent chapters, the
principal outcomes, and the methodologies, enabling even non-experts to benefit from the
research. This approach is highly successful, supported by a rich and relevant bibliography.
Chapter 3 presents a highly informative theoretical basis, which is crucial for understanding

the research developed in this robust PhD thesis. The chapter clearly elaborates on
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waveguiding systems, essential parameters for analysis and synthesis, and the structured
platforms for various integrated optics applications.

Chapter 4, dedicated to materials and methods, is captivating and provides valuable
insights into the experimental techniques employed by Eng. tukasz Duda, as well as the
preparation protocols he developed. It is evident that MSc. Eng. tukasz Duda possesses
significant expertise in manufacturing techniques, characterization, measurement
analysis, modeling waveguiding and photonic systems, designing photomasks for disk
resonators, and describing the associated physical-chemical mechanisms.

In Chapter 5, Eng. tukasz Duda makes the highly appreciated decision to include his most
significant publications, introducing each one with clear explanations of the motivations,
topics, and main results. This chapter, like the others, is presented with striking clarity and
represents the core of Eng. Duda’s research. The five papers, published in high-impact
scientific journals, confirm the value of this outstanding research. It is impossible to
encompass all the excellent outcomes here, but the manuscript and related publications
reveal a cascade of brilliant results and technical solutions. Recognizing this, Mr. Duda
wisely provides concise and effective summaries at the beginning of each fundamental
paper.

The final summary chapter highlights the most significant outcomes of the research and
offers groundbreaking scientific and technological perspectives. This chapter underscores
the balance of the research, particularly between design, manufacturing, characterization,
modeling, results, and positioning the subject within the international scientific panorama.
This reflects the scope and complexity of the research undertaken by MSc. Eng. tukasz
Duda in the challenging field of organic-hybrid photonics. This rich body of work has led the

candidate to advance the field of hybrid photonics, exploring applications for compact and
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efficient luminescent structures, amplifiers, sensors, and confined systems within
integrated platforms.

Upon evaluating the overall scientific achievements of MSc. Eng. tukasz Duda, | am pleased
to note that his accomplishments are both quantitatively and qualitatively impressive. He
has authored eleven original papers published in prestigious, high-impact scientific
journals, which are frequently cited. The totalimpact factor (IF) of these eleven publications
is 52,5 with an average IF of 4,77. his portfolio also includes a Polish and European patent
application. He actively participated in the implementation of 6 projects. He has mastered
the skills required for working in a clean room, a task that is far from trivial and has become
a specialist in the field. The PhD student is very active in participating in scientific events.
His scientific CV includes a list of as many as 36 scientific communications that were
presented at 14 international conferences and 2 Polish conferences - 9 presented as
posters and 7 delivered as oral presentations by the PhD student in person. Additionally, the
Diplomant's scientific achievements are enriched by scientific internships, in particular this
completed at the Institute Light Matter (iLM) at Claude Bernard University in Lyon in France,
under the supervision of Prof. Joel Bellesa.

It’s alsoimportant to note that Eng. Lukasz Duda performed his research activity in the PORT
Polish Center for Technology Development - tukasiewicz Research Network in the
framework of the Doctorate Program granted by the Ministry of Science and Higher
Education.

The thesis is so rich and complex that it encourages discussion and stimulates many
curiosities and research perspectives. At this point, allow me to delve into some points that
fascinated me more than others, and that may stimulate an interesting scientific discussion

and outline future directions for the research undertaken by Eng. tukasz Duda.
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I would immediately address the disk structures. The candidate has identified, and
expressed through modeling (also presented in one of the publications), the WGM
applications of these structures. | would like to know more, particularly about the
challenging issue of possible add-drop structures and the coupling efficiency and
parameters that, | imagine, have been considered. The SEM micrographs intrigued me, and
| am curious to get an idea of the Quality Factor of the resonant structure. For the final
application, do you intend to refer to signal management devices or laser generation for

high-resolution metrology? Are there any issues with the organic part?

A small curiosity arises when | read how the losses were measured.

I seethatboth inthe textand in the firstwork, perpendicular excitation is mentioned to excite
the guiding modes. | wonder how you identified the modes; by the way, how many modes do
your guides support? | imagine that the presented measurements are not affected by

possible leaky modes. Why was not coupling via prism or fiber butt coupling used?

Orthogonal excitation on planar structures activated with dye has been used in the past to
demonstrate amplification. | am not a fan of this method, which | often find misleading, but
it seems me you have tried stimulated emission experiments using the pulsed laser stripe
technique in the excellent research published in the Journal of Material Chemistry C and it
would be nice to have more information about method and obtained results. What do you

think about pump and probe technique?

Another curiosity arises when | read that Mr. Lukasz Duda would like to develop DFB lasers
with the fabricated waveguides. The fabrication of gratings using the nanoimprinting

lithography technique is well described in the thesis. The measurements and grating images
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are very appealing. What pitch values were you able to achieve, and are they reproducible?
Have the gratings developed in this thesis been tested for coupling/decoupling
measurements?

Finally, a small side note. | noticed excellent measurements of PL, excitation, absorption,

and FTIR, but 1 don't see Raman. There is a particular reason for that?

In conclusion, after a thorough analysis of the doctoral thesis submitted by MSc. Eng.
tukasz Duda, | affirm that following the Act of 20 July 2018 — Law on Higher Education and
Science (Journal of Laws of 2023, item 742, as amended), which states that "a doctoral
dissertation, prepared under the supervision of a supervisor, should constitute an original
solution to a scientific or artistic problem and demonstrate the candidate's general
theoretical knowledge in a given scientific or artistic discipline, as well as the ability to
independently conduct scientific or artistic work", the dissertation entitled Application of
organic dyes in photonic systems meets the statutory requirements and is eligible for public

defense.

Takinginto accountthe very wide scope of the research performed, the difficulty of the topic,
the enormous application significance of the obtained results as well as the impressive
scientific achievements of the PhD student, | hereby apply to the Scientific Discipline
Council of Chemical Sciences of the University of Wroctaw to distinguish the dissertation of

MSc. Eng. Lukasz Duda following the justification presented below.

Justification
Notably, the following aspects deserve special recognition:

- Fabrication techniques of planar waveguides at low losses;
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- Diskresonators fabrication coupled to channel waveguides:

- Grating fabrication by nanoimprint lithography;

- Interesting and informative measurements performed with several diagnostic
techniques, requiring theoretical competence and great experimental manual skill;

- Excellent simulation results

The scientific achievements of the doctoral student are also worth mentioning. The total
impact factor of the five articles included in the doctoral dissertation is 23.3, so 4.66 per
article. In four papers the doctoral student is the first author and in three he was the
corresponding co-author, which proves Mr. Duda's scientific maturity. Additionally, he has
co-authored six papers with a total impact factor of 29.23, bringing the combined impact
factor of all 11 papers bearing his co-authorship to an impressive 52.53. All articles were
published in internationally recognized professional journals from the Philadelphia list such
as Journal of Materials Chemistry C, Ceramics International, Dyes and Pigments, Journal of
Materials Science, ACS Applied Nano Materials, or ACS Applied Materials and Interfaces.
The doctoral student is also a co-author of both a Polish and a European patent application
on Active material changing its spectroscopic properties under the influence of changes in
ambient humidity, the method of obtaining this material and its application developed
during the preparation of his doctoral thesis.

Also noteworthy is the very active promotion of scientific results and numerous oral and
poster presentations delivered by him at international conferences. Participation in the
implementation of six different projects undoubtedly enhanced his qualifications, which
were highly valued during his three-week internship at the Institute Light Matter (iLM) at
Claude Bernard University in Lyon (France) where under the supervision of Prof. Joel Bellesa

Mr. Duda conducted research on the confined Tamm Plasmon light-emitting diodes.
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The doctoral student has shown great commitment in his research work, therefore | am

asking the High Council to support my application and to distinguish the doctoral

dissertation of MSc. Eng. tukasz Duda.

For these reasons, | strongly believe that MSc. Eng. tukasz Duda is deserving of the
opportunity to defend his research work. | am confident he will obtain the degree of Doctor

in Chemistry at the Faculty of Chemistry, University of Wroclaw.

Dr. Maurizio Ferrari
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