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The Review of Doctoral Thesis of MSc. Eng. tukasz Duda entitled “Application of organic
dyes in photonic systems,” written under the scientific supervision of Dr. Sc. Matgorzata
Guzik, prof. UWr and Dr. Eng. Maciej Czajkowski.

1. Formal grounds for the review
The formal and legal grounds for reviewing the doctoral dissertation of MSc. Eng.
tukasz Duda (WCh.SW.412.1.2025.A)) is receiving a letter from Dr. Sc. Maciej Sobczyk,
prof. UWr, the Chairman of the Scientific Council of Chemical Sciences at the University
of Wroclaw, with a request to evaluate the above-mentioned doctoral dissertation
(based on the Act of 20 July 2018 — The Law on Higher Education and Science).

2. Basic information about the thesis and its structure.

The doctoral thesis subjected to evaluation was done in the Luminescence Materials
Group at the Faculty of Chemistry, University of Wroclaw, and in the Advanced
Materials Synthesis Research Group, in tukasiewicz Research Network—PORT Polish
Center for Technology Development, under the supervision of Dr. Sc. Matgorzata
Guzik, prof. UWr, and Dr. Eng. Maciej Czajkowski (auxiliary supervisor).

It has a modern and relatively newly accepted in Poland layout, in the form of a
collection of thematically coherent articles published in scientific journals. The
dissertation starts with acknowledgments, lists of abbreviations, and abstracts in both
English and Polish languages. The first chapter is devoted to introducing the Reader to
the topic of organic luminescent materials, the problem of integrated photonics, and
their importance for science and technology. The second chapter describes the main
questions, hypothesis, and objectives of the thesis. The third, called “Theoretical
background,” has a character of the state of the art of undertaken research. Here, the
Reader can find all the information on the phenomena discussed in the thesis, the
physical and chemical background of utilized materials, processing techniques, and the
importance of the carried-out research with respect to other authors and the scientific
community. The next chapter describes the methodology of research carried out
during thesis realization. The fifth one, called “Results,” contains a collection of five
scientific publications that are a fundament of the thesis. Each publication is preceded
by a short description and summary of what the particular article is devoted to and
what are the most significant findings described there. Supplementary information
files were also included in addition to the original manuscript texts. All the research is
summarized in the next chapter, and the main core of the thesis is closed by the list of
literature containing 263 positions. At the end of the thesis, more information about
the author's scientific achievements can be found. The whole dissertation contains 253
pages, 41 figures, 2" tables, and 13" equations. It refers to 5 scientific articles

" not including figures from papers, supplementary information, and graphical abstracts.
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published in scientific journals from both the ISI Master Journal List and the Ministerial
List of Journals.
To summarize, | appreciate the chosen form of PhD thesis. Five research articles are
sufficient for this form of doctoral dissertation.

3. Language and formatting
Language is at a very good level, especially for someone who is not a native English
language speaker. Sometimes, the word “achieved” is, in my opinion, overused,
especially in contexts where “obtained” is more suitable. Despite this small issue, the
whole thesis is easy to understand and well-written. I've found only some minimal
formatting issues, typos, etc., that | think do not even require broader mentioning. A
few examples are as follows:

Page 10: “Most organic dyes are characterized by emitting light within the visible
spectrum, making them ideal for photonics platforms that operate in this spectral range.”
Shouldn’t be: ...light emission within...?

Page 14: ,Ten sam barwnik (C6) wprowadzono do matrycy polielektrolitowej — poli(kwasu
4-styrenosulfonowego) (z ang PSSA). Jej wtasciwosci spektroskopowe byty catkowicie
odmienne w tej matrycy w poréwnaniu do innych matryc polimerowych lub roztworéw
barwnika.” Shouldn’t be: Jego...?

Page 29: “DPPs (Fig. 8a), initially discovered in the early seventies of the 21+ century as
organic pigments, nowadays are also a widely recognized group of organic luminescent
dyes.” Shouldn’t be: ...20%" century...?

Page 67: In Table 2, an explanation of the C6 abbreviation is missing.

In general, the figures embedded in the thesis are rather clear and informative. | am
only concerned about a few of them:

Fig. 16 — there is an inset showing PiC/PSS fluorescence intensity. How does the PSS
from the inset correspond to PSSNa in the figure caption and the text?

Fig. 20 — some arrows showing possibly the liquid flow, but they are not described, so
for non-specialists, their meaning might be a mystery.

Fig. 27 and 28 — light gray color is not well reproducible during the printing process, so
LC molecules are hard to see.

Fig. 29 is possibly lacking the reference.

Another drawback that | have to point out here is the low quality of some of the
included papers (especially P1, P3, and P4). However, | guess that the Author of the
dissertation couldn’t do anything about it.

To summarize, these kinds of errors are impossible to avoid within such long texts as
PhD theses, and they have, in this case, minimal impact on the quality of the final form
of the doctoral dissertation.

4. Scope and the significance of the scientific problems described in the dissertation.
The scope of the dissertation is rather broad, including studies carried out regarding
the utilization of sol-gel materials and high refractive-index polymers for integrated
optics purposes (articles: P1-P3), polyelectrolytes for sensing applications (P4), and the
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development of novel diketofurofuran dye for liquid-crystalline-materials-based
thermal sensing (P5).

In my opinion, the scope is a little bit too broad. The title is also very extensive; it is
more suitable for academic handbooks containing a few thousand pages describing
the state of the art of actual scientific knowledge.

The main research question appearing in the doctoral thesis, “How do the types of
luminescent organic dye and matrix influence the possibility and effectiveness of using such
systems in potential photonic systems?” is more suitable for the whole branch of science
related to the optics of organic materials. In my opinion, it should be more precisely
formulated as there are too many types of organic materials, dyes, matrices, and
interactions between them to answer the abovementioned question thoroughly
within the doctoral thesis. Some types of materials, like semiconducting polymers,
copolymers, dye net films, organic crystals, organic nanoparticles, etc., are omitted,
but they are also very important organic luminescent materials. | think it would be
better if the question mentioned was divided into a few more precise ones that could
at least partially address the more general problem mentioned before. In such a case,
the whole dissertation would be seen as more coherent.

However, the very strong part regarding thesis cohesion is the topic described in the
first 3 papers (P1, P2, and P3). They compose the most coherent part, and for them,
the scientific problem is also very well-defined. In my opinion, the search for high-
refractive index materials is crucial for integrated optics purposes. Especially, organic
materials with high refractive indices are relatively rare, seriously limiting their
commercial use. Moreover, the authors of many papers regarding organic integrated
optics frequently omit this issue, mostly focusing on the ease of fabrication methods
offered by organic technology. Therefore, I think it is very important that this problem
is very well underlined here. Papers P4 and P5 play a rather auxiliary role, in my
opinion, indicating the versatility of luminescent organic materials and their potential
applications in sensor applications, which is, in this case, rather loosely connected to
the topic of integrated optics.

Nevertheless, the findings described there are very interesting, and their significance
is very high. For example, the utilization of a polyelectrolyte matrix with C6 laser dye
as a humidity sensor is very interesting, especially because the Authors are showing
the potential of photoluminescence in remote sensing applications, which is a highly
desired sensor property. It would be interesting to see how humidity can affect laser
emission from such luminescent materials (P4).

On the other hand, the synthesis of dyes suitable for liquid crystals is also very
challenging. The search for new laser materials compatible with liquid crystals is very
important, as not many laser dyes can be incorporated in such kind of matrices without
losing their desired optical properties (P5).

5. Theoretical background
The theoretical background is described in Chapter 3, it contains all the necessary
information about phenomena to understand the importance of carried out research.
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However, due to the broad scope of research undertaken, some of them have not been
described thoroughly.

For example, on page 31, in the text describing the solvatochromic effect, the author
mentions only the positive solvatochromic effect: “As the solvent polarity increases, this
effect becomes more pronounced, causing the emission spectrum to shift toward lower
energies (longer wavelengths) [65]. This process can be illustrated schematically using
Jablonski diagram presented in Fig. 9a (see Vi, and hv;u).”

That is only partially true; in general, the hypsochromic shift is also possible. | assume that
it was omitted in the dissertation because the Author is not dealing with this effect.
However, | think this information should also be added.

Regarding “Aggregation of dye” subsection, the Author is considering a simple model
developed by Michael Kasha. More sophisticated models, including CT interactions, are
currently available, for example, the model developed by Hestand and Spano
(http://dx.doi.org/10.1021/acs.accounts.6b00576). And what about AIE effects? They are
only just mentioned, and this is quite a huge topic regarding the photophysics of organic
materials right now, so in my opinion, it should be discussed in a little bit more detail.

However, the mentioned drawbacks have no impact on the dissertation as, in general, the
knowledge described in this chapter is sufficient to explain the results of carried-out
measurements.

6. Methodology

The research methodology described in the doctoral thesis can be found in Chapter 4,
Materials and Methods, and in each paper (P1-P5) separately. It includes descriptions
of materials preparation, materials characterization, numerical calculations,
spectroscopic techniques, etc.

As a wide group of materials was studied regarding the doctoral thesis realization, it
was necessary to employ different materials preparation and structurization
techniques. Obtained material systems were analyzed regarding their optical and
spectroscopic properties. Their morphologies were evaluated using optical, scanning
electron, and atomic force microscopies. Finally, waveguiding properties were
calculated using the 2D FTDT method available in Lumerical software. In my opinion,
the research methodology is sufficient regarding the scientific problems solved within
the doctoral thesis. An attempt at systematic studies of thin film emission quantum
yields, which is not commonly described in the literature, deserves special attention.

One note that | can make here is that Chapter 4 could be a little bit better organized.
For example, AFM studies are described in Chapter 4.2.8, numerical calculations are
described in Chapter 4.2.10, and Optical microscopy (which is once again a microscopic
technique) is described in Chapter 4.2.12.

Nevertheless, it is worth noting that such a huge scope of research, scientific

techniques, and necessary collaboration required to complete the thesis only
emphasizes the high scientific skills of the Author and that He already is @ mature and

experienced scientist.
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7. Main achievements
The main achievements described in the doctoral thesis are:

e Successful fabrication of luminescent hybrid materials using the sol-gel
technique (P1 and P2): The author has shown that the sol-gel technique is
applicable to the fabrication of luminescent organic-inorganic hybrids with
organic dyes exhibiting desired high refractive index values in integrated optics.
Moreover, it was also shown that those types of materials are prone to wet-
chemical etching techniques, making them even more suitable for integrated
optics and photonics purposes.

¢ Determination of emission quantum yields of organic dyes embedded in films
made of high-refractive index polymers (P3): The author made a systematic
attempt to determine the emission quantum vyield of organic dyes embedded
in solid-state matrices in the form of polymers. Such measurements are
relatively rare in the literature, and a common, oversimplified approach is to
treat them as inert matrices, which is, in general, not true. These kinds of
measurements are paving the way for a better understanding of how solid
matrix influences the functional dye within.

¢ Development of luminescent humidity sensor (P4): The author has shown that
polyelectrolyte-based matrices with pH-sensing dye can be used to determine
the humidity of the environment by the change of absorption and emission
spectra/color. Such a property is highly desired for remote sensing purposes.

e Characterization of a novel and highly luminescent diketofurofuran dye
suitable for liquid crystals (P5): novel liquid-crystalline compatible dyes are
nowadays highly desired in photonics. The author of the dissertation managed
to characterize a new dye exhibiting extremely high emission quantum yields
in solutions and liquid crystals. This feature was later on utilized as a
luminescent temperature indicator. Moreover, the new dye is capable of light
amplification and thus can be considered as a new laser dye.

8. Questions and remarks on particular papers

P1

Fig. 5 shows the results indicating that reabsorption plays the most important role
in wavelength change. However, the emission spectrum shows a structure
composed of two separate bands, mostly indicating the presence of aggregates (or
other luminescent species). Can you comment on this experiment and explain why
exactly the reabsorption effect plays here a pivotal role?

In Fig. 8 and Table S2 are gathered results obtained for experiments related to
gratings fabrication and measurement of their diffraction efficiencies. Have you
measured the diffraction efficiency of the template grating (DVD-R)? | wonder how
big a difference you obtain with respect to reproduced gratings? In Fig. 8 c), grating
profiles are shown; | wonder how much they mimic sinusoidal function. Maybe the
contributions of higher-order harmonics are responsible for relatively low
diffraction efficiency (the same question is also for gratings described in P3).

In Table S1, results show that the thickness of the sol matrices changes with aging.
That could create some problems for optical devices when their components
change their parameters regarding time. And here, changes are rather huge (21-
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P2

P3

P5

34%). How fast do those changes occur? Are there any methods of speeding up this
process?

Fig. S6 z unit shouldn’t be in um?

Have you tried to evaluate how the effective refractive index is changing with
respect to changes in thickness and bulk refractive index (for example, Fig. 6 a)?
Fig. 5 shows the geometry of a device that could be used to couple waveguided
light into a disc nearby. Have you observed any coupling?

Have you tried to obtain the emission from a single disc doped with rhodamine, for
example, in order to compare experimental WGM modes with theoretical
calculations? That could also give important information about the refractive index
of particular modes.

Similar question related to the grating template, grating profiles, and diffraction
efficiencies as in the P1 case.

Could you comment on the reasons for obtaining lower diffraction efficiencies for
other matrices than PS and PBzMA? Have you tried to measure relief amplitudes?
How exactly the light conversion parameter is here defined? As the total amount
of absorbed light, which is multiplied by QY?

Regarding polarity measurements, have you considered to make Lippert-Mataga
plots? How much is that challenging for polymers?

Is there any possibility of avoiding hysteresis in A; and A,? Do the measurements
stabilize somehow regarding multiple humidification and drying?

As | understand, the sensing capability is based on the change of pH. What about a
change in the pH of water vapors? Is this a significant problem for the sensor
proposed in P4?

dRH in equation 1is not described. Is there any reason for choosing the Boltzmann
formula to fit the data from Fig. 5?

Can you comment on potential advantages in temperature sensing using the
approach presented in P5 with respect to the well-known approach utilizing the
shift of photonic bandgap?

The band gap (Fig 10) does not overlap the gain profile. Thus, band-edge lasing
cannot be observed. Do you have any idea how to optimize the utilized system to
obtain band-gap lasing?

How are you sure that this is classic ASE without measuring the coherence and the
influence of light scattering on the process?

Have you measured the chirality of emitted amplified light?

9. Conclusions and summary
To summarize, despite some minor faults, mainly in formatting, the dissertation shows
an outstanding level of scientific soundness, the results described here are very recent
and of high significance for the scientific community. The doctoral thesis and problems
described within are for sure original and were published in 5 high-level scientific
journals from a Ministerial List of Journals and ISI Master Journal List. Moreover, the
MSc. Eng. tukasz Duda is the co-author of 6 other scientific papers that are not linked
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to His PhD thesis directly. He has published up to now 11 papers in total, which were
cited 51 times, according to the Scopus database (14.03.2025). He has one patent
application and has made a strong contribution to the popularization of science.
Therefore, based on the evaluation of the doctoral thesis of the MSc. Eng. tukasz Duda,
and His scientific achievements, | am convinced He has gained all the knowledge and
qualifications required for independent scientific work within the Chemical Sciences.
The doctoral thesis of MSc. Eng. tukasz Duda meets all formal requirements for
candidates for doctoral degrees specified in the Act of 20 July 2018 —The Law on
Higher Education and Science. Therefore; | request that the thesis be admitted to the
defense and the author to the further stages of the doctoral procedure.

Moreover, the results of the research composing the doctoral thesis were published in
5 scientific journals, and their summary Impact Factor is equal to 22.5; therefore, the
thesis fulfills all requirements according to regulations embedded in Resolution No.
92/2023 of the Scientific Council of Chemical Sciences at the University of Wroclaw
from 19th December of 2023 about distinctions for doctoral dissertations in the
discipline of chemical sciences. Moreover, as mentioned before, the contribution of
the Author to 6 additional scientific papers, one patent application, involvement in
science popularization, participation in 7 scientific projects, and multiple conference
presentations indicate that MSc. Eng. tukasz Duda is an outstanding and very versatile
researcher.

Hence, | recommend the Doctoral Thesis of MSc. Eng. tukasz Duda entitled
“Application of organic dyes in photonic systems,” written under the scientific
supervision of Dr. Sc. Matgorzata Guzik, prof. UWr and Dr. Eng. Maciej Czajkowski
for distinction.

18.03.2025 Wroctaw

oo (e 4

Dr. Sc. Eng. Lech Sznitko
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Dr hab. Lech Sznitko, Prof. PWr Wroclaw 18.03.2025
Email: lech.sznitko@pwr.edu.pl
Tel. +48 71 320 35 68

Whiosek o wyréznienie Pracy doktorskiej

Pana mgr. inz. Lukasza Dudy
pt. ”Application of organic dyes in photonic systems”

Wykonanej w: Zespole Materialéw Luminescencyjnych Uniwersytetu Wroclawskiego
oraz
Zespole Syntezy Zaawansowanych Materialow Polskiego OSrodka Rozwoju Technologii
wchodzacego w sklad Sieci Badawczej Lukasiewicz

pod kierunkiem: Pani Dr hab. Malgorzaty Guzik, prof. UWr oraz Dr. inz. Macieja
Czajkowskiego.

Zwracam si¢ z uprzejma prosbg o wyrdznienie pracy doktorskiej Pana mgr. inZ
Lukasza Dudy pt. “Application of organic dyes in photonic systems” wykonanej pod
kierunkiem Pani Dr hab. Malgorzaty Guzik, prof. UWr oraz Dr. ini. Macieja Czajkowskiego.

Praca doktorska Pana mgr. inz. Lukasza Dudy porusza bardzo istotne aspekty
wytwarzania, rozwoju i optymalizacji nowoczesnych luminescencyjnych materialow dla celow
zintegrowanej optyki. W szczegolnosci na uwage zastuguje fakt opracowania metody
wytwarzania luminescencyjnych warstw materiatlow zol-zelowych o wysokim wspoétczynniku
zalamania $wiatla, oraz metod ich mikro- i nanostrukturyzaji. Bardzo istotne wydajg si¢ tez
badania prowadzone nad wplywem matryc w postaci cial stalych, na wydajnosci kwantowe
emisji zawartych w nich barwnikdéw luminescencyjnych. Tego typu badania nie sg zazwyczaj
prowadzone w sposob systematyczny i w literaturze fachowej istnieje spora luka w tym zakresie
badan.

Oceniajac prace doktorskg i dorobek Pana mgr. inz. Lukasza Dudy nalezy podkreslic,
ze badania podjete w ramach jego rozprawy wymagaja potaczenia wiedzy 1 umiejetnosci z kilku
dyscyplin naukowych, takich jak fizyka, chemia i inzynieria materialowa. Takie polaczenie
stanowi bardzo duze wyzwanie, jednakze pozwala na uzyskanie unikalnych i cennych

umigjetnosci, zwlaszcza w obliczu coraz czgsciej prowadzonych badan o charakterze multi-
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Na pracg¢ doktorska sktada si¢ 5 artykuiéw opublikowanych w renomowanych

czasopismach naukowych o wysokich wspotczynnikach oddzialywania, ktorych sumaryczna
wartos¢ wynosi: 22,5. Oznacza to, ze praca spetnia wymogi uchwaly 92/2023 Rady Dyscypliny
Naukowej Nauki Chemiczne Uniwersytetu Wroclawskiego z dnia 19 grudnia 2023 roku.

Ponadto nalezy nadmieni¢, ze Pan mgr inz. Lukasz Duda jest rOwniez wspolautorem
dodatkowych 6 prac naukowych, opublikowanych w renomowanych czasopismach
naukowych. Wsrod nich mozna wyrdznic takie czasopisma jak: ACS Applied Materials and
Interfaces, ACS Applied Nano Materials, czy te? Journal of Materials Chemistry C.

Sumarycznie na 11 artykutéw naukowych Pan mgr inz. Lukasz Duda jest pierwszym
autorem az w 6 z nich. Wszystkie artykuty byly do tej pory (14.03.2025) cytowane az 51 razy,
wedtug bazy Scopus, a warto$¢ indeksu H wynosi 3, co dla tak mtodego badacza jest wartoscig
znaczacg. Na koniec nalezy rowniez nadmieni¢, ze Pan mgr inz. Lukasz Duda jest
wspolautorem zgloszenia patentowego, wyniki jego badan byly prezentowane na licznych
konferencjach oraz w sposéb aktywny udziela si¢ w ramach popularyzowania nauki.

Tak duzy dorobek oznacza, ze Pan mgr inz. Lukasz Duda, pomimo swojego miodego
wieku, jest juz badaczem dojrzalym, samodzielnym i co najwazniejsze wybitnie
utalentowanym.

Biorgc po uwage powyzsze, bardzo prosze Wysoka Radg Dyscypliny Naukowej Nauki

Chemiczne o pozytywne zaopiniowanie mojego wniosku.

Z wyrazami szacunku,

ok Sio-tle

Dr hab. inz. Lech Sznitko
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