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Point 1. What is the scientific problem (thesis) of the dissertation and whether it was correctly and
clearly formulated?

The dissertation is presented in the form of a thematically coherent series of articles published in scientific
journals. The scientific problem presented in the thesis concerns the development of a new optical materials
doped by the luminescent dopants. This thesis investigates the development and characterization of
materials activated by organic dyes, with a special focus on their potential applications in planar photonics.
Planar photonics is currently a dynamically developing scientific field. Its undoubted advantages, such as
the possibility of precise control, integration, and minimization of energy consumption necessary for the
operation of optoelectronic systems, result in rapid development and the need to develop new materials and
structures for new applications. Currently, integrated photonics systems are being developed for applications
in optical-electronic structures (MOEMS), integrated emitters and detectors (e.g. for detecting images in the
mid-infrared), and integrated "Lab on chip" measurement systems. Topics proposed by Mr. MSc. Eng.
tukasz Duda is part of a rapidly developing scientific trend with an undoubtedly high impact on the
development of modern photonic systems and structures.
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It is worth emphasizing the technological nature of the dissertation, numerous experiments performed, and
comprehensive characterization of the optical and structural properties of the manufactured materials.
Particularly noteworthy is the fact that the author did not limit himself to one optical matrix. The work includes
studies based on: sol-gel-derived materials synthesized from alkoxide precursors of silica/organically
modified silica (ORMOSIL) and titania, polymers, including selected polyelectrolytes, and liquid crystal (LC)
matrices. The solutions presented in the dissertation are not limited to the production of thin layers. The
results of the work also include a method for producing planar waveguides and periodic grating structures.

The author formulates the following research thesis:

How do the types of luminescent organic dye and matrix influence the possibility and effectiveness
of using such systems in potential photonic systems?

The scientific problem addressed in this thesis has been clearly defined by the Author. The work is of a
constructive, technological, and experimental nature. The results achieved by the author, being part of the
dissertation, have been presented in 5 publications in international scientific journals, all of them are indexed
in the JCR (total IF equal 23.3).

Point 2. Assessment of the overall achievements of Mr. MSc. Eng. Lukasz Duda

Mr. MSc. Eng. Lukasz Duda worked in positions related to the technology of manufacturing optical materials
and structures at PORT Polish Center for Technology Development. His achievements are significant in
relation to the stage of the scientific career (H-index: 3, citations: 39 without self-citations). The dissertation
indicates that he is a co-author of 11 publications (5 of them form the basis of the assessed doctoral
dissertation). The Author participated in 6 research and scientific projects. Additionally, is co-author of 36
conference communications presented at 14 international and 2 conferences in Poland, including 9
presented as posters and 7 as oral presentations by the PhD student. Moreover, Mr. MSc. Eng. tukasz
Duda is a co-author of European patent application assigned with a number EP23195457.9 entitied “Active
material changing its spectroscopic properties under the influence of changes in ambient humidity, method
of obtaining this material and its application”. The Author also took part in scientific trips and activities
popularizing scientific research.

Point 3. Did the author solve the presented problem and use the appropriate methods to prove that
she had skills related to the methodology of scientific research?

The dissertation submitted for evaluation is complete. The work consists of a summary, eight chapters
including a bibliography and scientific resume of the Author. An integral part of the doctoral dissertation is a
set of five publications. The first chapter, presents the subject the general introduction of the work and
defines the scope of the research work carried out. In the second chapter the Author presents the objectives
of the thesis. Detailly described the aim of the work and formulates the research thesis. The next chapter is
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a description of the current state of knowledge in the field of the reviewed dissertation. It contains a
description of used optical matrices and luminescent organic compounds. Chapter four presents the
methods of fabrication and characterization of the material and optical properties of the manufactured
structures. The main part of the dissertation is chapter five. Its integral part is a set of five publications
describing the obtained results. The following chapters are a bibliography (263 items) and a summary of the
Author's achievements, respectively.

Point 4. What is the author's original achievements practical usefulness for science or technology?
The assessed dissertation and the obtained results were selected due to their compatibility with the photonic
platform being developed at the tukasiewicz Research Network — PORT Polish Center for Technology
Development. The main research was performed in the Advanced Materials Synthesis Research Group,
under the supervision of Dr. Sc. Joanna Cybinska, prof. UWr. The measurements of the properties of optical
layers, were made in cooperation with the group of prof. Pawel Karasinski, Silesian University of
Technology, Department of Optoelectronics, Gliwice. The dye-doped luminescent films, with characterized
optical and spectroscopic properties, are also part of the catalog of films that can be fabricated at
t ukasiewicz - PORT.

This work makes an important contribution to the field of photonic materials by demonstrating the potential
of materials based on sol-gel matrices and polymer films with high refractive index (RI), polyelectrolyte films,
and liquid crystal (LC) matrices in photonics applications. Obtaining waveguide layers with increased
refractive value is a particularly important aspect due to the fact that most substrate polymer matrices have
a relatively low RI value. Developed materials are suitable for fabricating waveguides, luminescent
microstructures, and systems that are sensitive to humidity, temperature indicators, or used in light
amplification systems. This research results are valuable for the further development of these materials,
enabling their use in more complex planar photonics systems in which multiple components can be
integrated on one chip. It is worth emphasizing the high level of technological work performed. In conclusion,
a result, films with submicrometric thicknesses were obtained, luminescent waveguides (wet etching
method), and bulk dye-doped LC materials exhibiting thermofiuorochromic behaviour at temperature under
100 °C were obtained. The results of the work were published in 5 publications being part of the dissertation.
All of them were published in prestigious scientific journals with a high impact factor. This confirms the high
value of the obtained results of scientific work.



In my opinion, the most important achievements of the author are:

a)

g)

refractive indices (RIs) modification in the thin films by using heat rate (temperature, duration) in the
sol-gel undoped and Rhodamine B doped Iluminescent layers based on (3-
glycidyloxypropyl)trimethoxysilane (GLYMO), and titanium (IV) ethoxide (TET) with Rls range 1.59
-1.71,

fabrication of thin layers composed of an ORMOSIL precursor and titanium(lV) ethoxide (TET),
doped with the luminescent dye Rhodamine B using a sol-gel synthesis and the dip-coating
technique. The layers with thicknesses ranging from 300 to 760 nm and refractive indices (RI)
between 1.51 and 1.68 were produced as a base for the well-defined sol-gel waveguides and discs
fabrication using photolithography and wet-chemical etching for potential photonic applications,
luminescent dye-doped (Nile Red — NR, Rhodamine 6G - Rh6G) polymer layers (polystyrene PS,
poly(benzyl methacrylate) PBzMA, polycarbonate PC, and polysulfone PSU), with Rls ranging from
1.56 to 1.62, for planar waveguides and thermal imprint,

fabrication and characterization a polyelectrolyte — poly(4-styrene sulfonic acid) (PSSA) matrix and
a luminescent dye Coumarin 6 (C6) films prepared using a dip-coating technique (Rl c.a. 1.49) for
relative humidity monitoring as a emission spectrum modification under 405 nm excitation as a
humidity response,

development of the new diketofurofuran (DFF) dyes and characterization of the compound
incorporated in various LC liquid crystalline matrices,

characterization of thermofluorochromic phenomenon by a phase transition, leading to weakly
visible photoluminescence in the crystalline phase as a proposition of a new thermofluorochromic
material,

characterization of luminescent phenomenon of DFF dye in the ZLI-1496 matrix as a proposition of
a new material for luminescent applications e.qg. light sources, light converters and sensors.

Point 7 What are the weaknesses of the thesis?

The presentation of the results obtained and the discussion conducted did not raise any objections. New

materials developed on the basis of polymer, LC and silica matrices, including the technology of modifying

the refractive index, incorporating luminescent compounds and developing the possibility of their use for

temperature monitoring, development and characterization of new luminescent compounds from the DFF -

diketofurofurane group. In terms of editing and technical aspects, the work is written very correctly. | did not

find any significant irregularities. Minor ones do not affect the high substantive value of the dissertation.

However, | would like to present a few comments as a discussion point:



1. “These findings demonstrate that hybrid sol-gel films are promising candidates for integrated optics
applications, such as sensors and DFB lasers, offering advantages like tunable optical properties,
luminescent dye activation, and easy patterning via soft lithography. Elaborated fabrication method
of the luminescent sol-gel-derived films was further implemented for fabrication of luminescent disc-
shaped structures.” p. 84. The author indicates lasers as potential applications. What is the
stability/repeatability of producing structures. What is the thermal resistance and expansion and
long-term stability.

2. "In scope of this part of the research particular attention was paid to the novel DFF dye (synthesized
in my research group at tukasiewicz — PORT) in various LC matrices, and series of other
luminescent dyes in selected thermotropic LC (ZLI-1496) matrix.” p. 178. What was the Author's
contribution to the development of new DFF luminescent compounds?

3. “Furthermore, due to the hygroscopic properties of the matrix and its high acidity, the reversible
protonation of this dye upon water vapor absorption by the C6-doped PSSA was facilitated. This
behavior, which is responsive to changes in RH conditions, suggests the application of this novel
material as a simple colorimetric humidity indicator.” p. 212. What is the long term reversibility of
this process? Was a change in the intensity of changes observed, e.g. due to the impact of water
on the RH-sensitive matrix? Can the developed matrix be used to test the pH environment of water?

Point 8 The dissertation classification by the Reviewer:

The problem of new platforms for the production of integrated optics systems is aftractive and is being
developed by many international research groups. The assessed doctoral dissertation makes a significant
contribution to the field of photonic materials. The Author confirm the dye-doped high-refractive-index hybrid
sol-gel and polymer films, polyelectrolyte films, and liquid crystal matrices for new construction of active
optical waveguides. The luminescent, humidity sensitive, thermofluorochromic properties was detailly
characterized. The obtained results can be applied in advanced planar photonic systems as a part of
integrated photonic circuits. An integral part of the work is the list of the PhD student's scientific achievements
(5 publications being part of the dissertation). The extensive cooperation with numerous research centers
and is worth noting (active participation in 6 research and scientific projects), numerous conference
presentations and European patent application assigned with a number EP23195457.9. It is worth
emphasizing that the works have a high scientific value. While working on his doctoral dissertation, MSc.
Eng. tukasz Duda demonstrated significant scientific activity. The assessed doctoral dissertation is
undoubtedly an original solution to a scientific problem - especially in the technological aspect. The
presented solution confirms the ability of the Author to conduct scientific work independently.

Based on the analysis of the dissertation of Mr Lukasz Duda, entitled "Application of organic dyes in photonic
systems”, | state that the analysis presented in the dissertation meets, in my opinion, the
requirements for doctoral dissertations. Mr Lukasz Duda has significant knowledge in the field of the
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scientific discipline of Chemical Sciences. At the same time, | state that the reviewed dissertation meets
the requirements specified in art. 187 of the Act of 20 July 2018 - The Law on Higher Education and
Science (consolidated text: Journal of Laws of 2022, item 574, as amended) and requests its
admission to public defense. At the same time, taking into account the level of technological advancement
of the work carried out as well as the scientific and publishing activities significantly exceeding the
requirements at this stage of a scientific career (publications in the JCR, total IF equal 23.3), | am applying
for considering the dissertation award.
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