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The thesis presented by Mr. Vladimír Ďorďovič is an original work focuses on the 

amphiphilicity and self-assembly of different boron cluster compounds (Na[3,3’-

Co(C2B9H11)2], Na2[B10H10], Na2[B12H12], K[CB11H12] and Na2[B12H11SH]) in water,  

and the coassembly of metallacaborane cobaltabis(dicarbollide), COSAN, with  

hydrophilic polymers. 

 

The thesis is well organized, well written in English and divided in five sections: 

Theoretical background, Experimental section, Research aims, Results and Summary of 

the results, each one with its respective bibliography. The Results Chapter includes six 

peer-review articles. It is important to highlight that the results obtained from this thesis 

have given rise to six scientific publications in journals of high impact factor.   

 

Concerning the Theoretical background chapter, I consider that Mr. Ďorďovič has 

written a very complete introduction including all the different topics of the thesis. In 

general, the subjects related to the topics of the dissertation have been well covered in 

order to update the reader on them and help to understand the results of the thesis, with 

an extensive bibliographic study. However, I miss some bibliographic data on the state 

of the art of the base compounds of the thesis. Some recent reviews and papers should 

be included to complete the references: In page 4, “cluster aromaticity” some recent 

papers reported by Teixidor et al. should be included (Angew. Chem. Int. Ed. 2014, 53, 

12191 –12195 and Chem. Eur. J. 2016, 22, 7437-7443); in page 9 “electron distribution 

and reactivity”, I miss one review related to substitution at boron atoms (Chem. Soc. 

Rev. 2013, 42, 3318-3336), also the paper Organometallics, 2003, 22, 3414 on oxonium 

ring opening reaction, in page 12 some papers from Teixidor and Viñas on 

radionuclides extrations are missing; in page13 “Polymeric and nanostructured 

materials” two recent reviews on luminescence are missing (Chem. Commun., 2016,52, 

1070 and Chem. Rev.  2016), 116, 14307-14378. One recent review on boron clusters-

containing polymers is also missing (Chem. Soc. Rev. 2016, 45, 5147-5173).   

 

In the “Research aims” section Mr. Ďorďovič clearly indicates the targets of this 

dissertation, with specific mention to some previous research advanced carried out by 

the same research group, which motivated this PhD project. In this thesis, several 

objectives have been proposed and then developed along the different published papers 

with the aim, in part, to better understand the behaviour of anionic boron clusters, in 

special COSAN, in water. Another target is the preparation of boron carriers based on 

the interactions of copolymers with COSAN. Progress on these research topics is crucial 

for medical applications.  

 

Taking into account the proposed targets, in general the methods of synthesis and 

characterization techniques used in the thesis have been adequate to perform them. I’m 

very satisfy with the experimental section of the thesis, in which Mr. Ďorďovič exposes 

a very complete description of the different techniques used for the study and 

characterization of boron clusters in water, as well as to elucidate the interactions of 

COSAN with copolymers. The number and variety of techniques used in this work is 

huge and this contributes to a broad formation of the PhD candidate. In addition, the 

description of the techniques is very helpful for those that are not expert or do not 

known them.  



 

As the dissertation thesis is based on a compilation of peer-review articles, it is 

important to highlight that they have been approved by a revision of expert referees, and 

then in theory no much mistakes/corrections should have in this part. Nevertheless, I 

have a criticism concerning the format of the “Results” chapter; I should suggest 

including all data from the SI in the main text to facilitate the reading of the manuscript.  

Although each sub-chapter corresponds to a paper, in my opinion it would have been 

much easier and more dynamic to integrate the information of the SI throughout the 

text.  

 

The main contributions of the thesis are: 

 

- In paper I, published in Angew. Chem. Int. Ed., the main progress is to reveal the self-

assembly behaviour of sodium COSAN, Na[3,3’-Co(C2B9H11)2], in water and establish 

a comparison with other classical surfactant as the SDS, to conclude that the COSAN 

shows high hydrophobicity and forms aggregates that do not grow from a concentration 

limit due to electrostatic limits. This was confirmed by different techniques such as 

Light scattering, NMR spectroscopy, thermodynamic data, among others. In this paper, 

Figure I.S2. I cannot clearly see the difference in the chemical shift of the protons for 

the different concentrations.    

 

- In paper II the research is focused to extrapolate this study to other anionic boron 

clusters and compare with Na COSAN.  A complete study of less hydrophobic boron 

clusters, with small size and different charges ([B10H10]
2–

, [B12H12]
2–

, [CB11H12]
–
 and 

[B12H11SH]
2–

) is accomplished. Contrarily to COSAN, these anions can self-assembly 

forming aggregates without limit of concentration due to the cation condensation. 

Nevertheless, the fact that the presence of C-H or exoskeletal SH in some clusters do 

not affect the formation of aggregates that seems, which should be in contradiction with 

the theory reported by Teixidor et al., which assumes the formation of B-H····C-H 

bonds  within the aggregates.   

 

-The paper number III describes the synthesis of four dumbbells obtained by linking 

two COSAN moieties throughout a oligo(ethylene oxide) linker that have different 

nature and length. Aggregation in water at different concentration of alkaline salts (Li+, 

Na+, K+, Rb+ and Cs+ ) was study, to conclude that the affinity of the linker to bound 

the metal ions depends on the cation nature, and the morphology of aggregates from the  

dumbbells dependeds on salt concentration.  

 

- The more noticeable contribution of research published in papers IV-VI is the study of 

the interactions of COSAN with the star-like co-polymer [poly(ethylene oxide)-block-

poly(2-methyl-2-oxazoline)]4, and co-polymers poly(2-ethyl-2-oxazoline) and  

poly(ethylene oxide) in different alkaline media. In all cases hybrid nanoparticle with 

different morphologies are formed, which depend on the architecture of the polymer and 

the alkaline media. To finish with paper VI in which the preparation of  

thermoresponsive metallacarborane nanoparticles by the interaction between COSAN 

and the block copolymer poly(2-methyl-2-oxazoline)-block-poly(2-n-propyl-2-

oxazoline) is described, to conclude that the structure and size of the formed hybrid 

nanoparticles depend on COSAN concentration and temperature.  
 

 



The summary of the thesis relates the most highlighted results of the thesis in a clear, 

concise and meticulous way.  

 

As conclusion, in my opinion the candidate can be admitted to the final examination. 
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