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Abstract of dissertation „Standardization of the photothermal conversion efficiency methodology and quantitative evaluation of colloidal nanoheaters”
Nanomaterials that convert light energy into heat have been known for many years and have found applications in various fields such as renewable energy and medicine. In particular, high hopes are related to their possible use in photothermal therapy. However, even though a large number of materials have been already demonstrated and many studies have been conducted on the subject, a quantitative comparison of nanoheaters has not yet been carried out in a way that allows for creating an unambiguous ranking of them. In addition, photothermal conversion efficiencies for similar materials were significantly different in publications from different research groups, which calls into question the methodology used. Moreover, the measurement systems known so far required large sample volumes and time-consuming measurement, or did not allow routine measurement of a larger number of diversified samples. 
To overcome these flaws, within the scope of the dissertation, a novel measurement system was designed and constructed that enables rapid, reproducible and accurate measurement of small sample volumes. Furthermore, existing models used to analyze photothermal conversion efficiency results were compared and a model was selected that leads to consistent results regardless of the measurement conditions. Moreover, the methodology was proposed that enables quantitative comparison of nanomaterials belonging to different classes. In particular, the figure of merit proposed by the author, i.e. external light-to-heat conversion efficiency (eHCE), allowed for quantitative comparison of various materials in terms of their applicability. Then, materials characterized by different physicochemical properties were compared, including plasmonic, semiconductor, carbon, iron oxide-based, and nanocrystals doped with lanthanide ions using exactly the same methodology and the same optical setup. For the latter class, it was also examined how the choice of dopant ion affect the photothermal conversion efficiency. Analysis of the results showed that the parameter which was previously considered as the major indicator of the suitability of nanoheaters for application, did not actually vary strongly for most of the samples examined, however, with the newly proposed eHCE parameter, logarithmic differences were observed between samples. The most promising class of materials for photothermal therapy was found to be plasmonic materials, with copper sulfide nanoparticles taking a lead. 
Moreover, a systematic study of a group of materials doped with different rare earth ions and in different matrices has been conducted and the significant impact of these factors on photothermal properties was observed. While significant cross-relaxation (known as concentration quenching) takes place in lanthanide doped materials, their modest or weak absorption cross section hinders their application in photothermal therapies. Nevertheless, among materials doped with rare earth ions, NdVO4 deserves special attention for photothermal application due to its superior absorption properties and proven non-toxicity. 
The presented methodology and achieved results contribute to the systematization of knowledge on the efficiency and suitability of nanoheaters, help to better understand the phenomenon of photothermal conversion of nanomaterials, and may be useful to rank and select the most promising photothermal materials for medical applications.
