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The presented doctoral thesis of Mgr. Nahorniak provides a detailed investigation into the
synthesis and surface engineering of upconversion nanoparticles (UCNPs) based on the
NaYF4:Yb,Er/Tm systems. The author’s work focuses on various pathways for the preparation of UCNPs
and their comprehensive characterization using techniques such as electron microscopy, electron
diffraction or dynamic light scattering. Furthermore, the candidate experimentally demonstrates the
upconversion mechanism, involving the sequential excitation of erbium and/or thulium ions via an
ytterbium sensitizer under 980 nm irradiation, and explores their practical implementation in
biomedical applications. A key aspect of the study is the surface functionalization through the
deposition of an undoped NaYF, shell (forming core-shell architectures) and subsequent surface
modification with PEG-alendronate. This approach not only enhances colloidal stability in aqueous
media but also facilitates efficient energy transfer to the Rose Bengal photosensitizer. Regarding
biomedical applications, a significant finding is the ability of these nanoparticles to enter target cancer
cells (C6 cell line) via endocytosis. This intracellular uptake is fundamental to the efficacy of
photodynamic therapy (PDT), as it enables the generation of highly reactive singlet oxygen in close
proximity to vital cellular structures.

The submitted doctoral thesis consists of 61 pages of main text and six appended articles, all of
which have been published in impact-factor journals as of today. The candidate is the first author of
four publications and a co-author of the remaining two. The thesis is written in a factual and organized
manner. | highly appreciate the introductory section, which provides an excellent overview and allows
the reader to become thoroughly familiar with the subject matter. The work is written in very high-
quality English, and from a scientific perspective, there is nothing to criticize. Regarding the formal
presentation, however, | have the following comments:

1. Missing citations in figure captions: The thesis lacks citations for the adopted visual
documentation. Figure captions should clearly reference the original sources, even in cases
where the author's own publications (self-publications) are being used.

2. Referencing system of author’s own publications: Navigation throughout the text is
complicated by the referencing system used for the author's own publications; these are not
listed separately but are integrated into the general bibliography (publication 1 is ref. 90,
publication 2 is ref. 92, publication 3 is 95 etc).

3. Inconsistent labeling of nanoparticles: Clarity is slightly hindered by the inconsistent labeling
of nanoparticles, particularly in Section 4.1, where samples are referred to generally as
"UCNPs" without specifying the dopant composition, despite the presentation of their
luminescence spectra in Figure 14.



Questions for Discussion:

1. What is the cause of the variation in the relative intensities of the emission bands (green vs.
red region) observed in Figures 14, 18, and 27 c)?

2. Regarding Figure 12a, the author states that the SAED pattern does not correspond to any
known NaYF, crystal structure, suggesting the formation of an atypical or poorly ordered
phase. Given that the particles are sufficiently large, | am interested to know whether any
attempt was made to resolve the structure more precisely, for instance, by employing electron
diffraction on individual nanoparticles. Furthermore, is it truly probable that this is a poorly
ordered phase, considering that the particles exhibit such a clearly defined cubic morphology?

3. Considering the particle growth during Ostwald ripening (Figs. 13 and 14), does the chemical
composition of the particles vary from the core to the surface? Specifically, is the incorporation
of ytterbium, erbium and/or thulium ions uniform throughout the growth process, or do the
outer layers tend toward pure NaYF,?

4. What is the mechanism for the excretion of released Y** and other lanthanide ions, as well as
the residual nanoparticles, from the cells and from the organism itself?

5. What is the stability of the prepared nanoparticles in acidic environments typical of certain
cellular organelles, such as lysosomes, where the pH is ca 5?

Based on the facts stated above, | believe that the submitted thesis fully meets the requirements for a
doctoral dissertation; therefore, | recommend the thesis for defense.

In Prague 21.4.2026 Doc. RNDr. Ivana Sloufovd, Ph.D



