
   

 

 
 

 

Reviewer’s Report on the Ph.D. Dissertation of Mgr. Mykhailo Nahorniak, “Surface-

Engineered Lanthanide Nanoparticles for Biomedicine” 

The dissertation is devoted to a highly relevant and scientifically valuable topic at the interface 

of nanochemistry, materials science, and biomedicine, and it is of very good overall quality. 

The author presents a logically structured and methodologically well-conceived study focused 

on lanthanide-doped upconversion nanoparticles, addressing several key obstacles that 

currently limit their broader biomedical application, namely insufficient luminescence 

efficiency, limited colloidal stability in physiological media, and concerns related to 

biocompatibility. A particularly strong aspect of the work is the combination of careful 

synthetic optimization with thorough physicochemical characterization and biologically 

oriented evaluation, which gives the thesis both fundamental and applied significance. The 

author successfully demonstrates the controlled preparation of NaYF4:Yb,Er nanoparticles 

over a broad size range, the pronounced beneficial effect of inert shell growth on 

luminescence enhancement, and the positive impact of PEGylation and silica coating on 

colloidal behavior and cytocompatibility. Equally commendable is the extension of the study 

toward therapeutic application through conjugation with a Rose Bengal-based 

photosensitizer, leading to NIR-triggered singlet oxygen generation and significant 

phototoxicity against tumor cells while maintaining low dark toxicity toward healthy cells. 

Overall, the thesis provides a coherent, experimentally rich, and meaningful contribution to 

the development of surface-engineered upconversion nanomaterials for biomedicine and 

clearly demonstrates the author’s ability to carry out independent research at a high scientific 

level. 

The publication output is also fully sufficient: six papers published in impacted journals, 

four of them first-author publications included in the dissertation, together with four 

conference contributions. In addition, the candidate is the first author of two further 

publications. 

I have only a few questions to be discussed during the defense rather than substantive 

criticisms. These points do not diminish the overall excellent quality of the thesis: 

 

1) Please discuss the potential systemic toxicity of degradation products of the 

inorganic cores, how these products would be eliminated from the organism, and 

how the light fluence of the excitation beam influences the upconversion yield. 

2) Did you also consider other conjugation techniques, e.g., the use of squaric acid 

esters such as 3,4-dimethoxy-3-cyclobutene-1,2-dione? 

3) Poly(ethylene oxide) is currently regarded as immunogenic, as a substantial 

proportion of the Western population has anti-poly(ethylene oxide) antibodies due 

to the widespread use of poly(ethylene oxide)-based detergents and, more 

recently, also poly(ethylene oxide)-based nanoparticle vaccines, which may 

compromise the performance of poly(ethylene oxide)-coated nanoparticles. Did 



   

 

 
 

you consider alternatives such as Frey’s rPEG (e.g., J. Am. Chem. Soc. 2025, 147, 25, 

21538–21548, https://doi.org/10.1021/jacs.5c02716)? 

4) Page 34, fluoride determination by ion-selective electrode (ISE): Please discuss 

whether all fluoride released into solution can indeed be assumed to be present as 

free fluoride detectable by ISE, rather than as soluble yttrium and lanthanide 

fluorocomplexes or mixed phosphato-fluorocomplexes, with the speciation also 

depending on phosphate concentration, which may lead to yttrium phosphate 

precipitation at higher concentrations. The fluoride-selective ISE is in fact based on 

a lanthanum(III) fluoride crystal doped with Sm(II) to allow ionic conductivity. 

 

Due to the overall excellent quality of the dissertation, I clearly RECOMMEND that the thesis 

be accepted as a basis for awarding the Ph.D. degree to Mgr. Mykhailo Nahorniak. 

 

Prague, 8th April 2026 
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