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The Ph.D. Thesis of Jan Blahut describes NMR investigations of paramagnetic complexes with 

potential application in magnetic resonance imaging. 

In the Introduction section, the most important concepts of paramagnetic NMR spectroscopy 

relevant for the Thesis are briefly discussed, particularly paramagnetic shift, paramagnetic relaxation 

and dynamic NMR phenomena. 

In the first part of the Results and Discussion, paramagnetic 19F MRI contrast agents are 

introduced. Great advantage of these contrast agents is that there is virtually no fluorine background 

in patients and the distribution of the contrast agents in the body can be, therefore, well 

determined. New complexes with nickel and cobalt ions were designed and synthesised and their 

stability and solubility were investigated. NMR relaxation properties of these complexes were 

studied in detail and a relaxation mechanism was proposed. 

Second part of the Results describes a study of conformational dynamics of lanthanide(III) 

complexes of DOTA-like ligands. New methods were developed for the measurement and analysis of 

a complicated molecular dynamics in the presence of a paramagnetic centre and the experimental 

data were compared with DFT calculated activation parameters. 

The thesis represents a complex investigation of new contrast agents for MRI applications. Jan 

developed protocols for the synthesis of new ligands and complexes of these ligands with relevant 

metal ions, studied the stability of these complexes and their NMR relaxation properties. He also 

developed a new method for investigation of molecular dynamics of paramagnetic molecules and 

successfully applied this method to selected complexes. Most of the results of Jan’s research have 

also been summarised in three papers published in very good peer-reviewed journals and Jan Blahut 

is the first author of all these papers. 

The Thesis is well written and provides a major contribution to the field of MRI contrast agents. It 

is my pleasure to recommend the Thesis for approval and acceptance. 

 

Minor issues: 

1) The number of typos is adequate to the length of the text. 

2) Two different data sets and a fitting are presented in Figure 4.4, but a legend is missing. 

3) I don’t agree with the statement on page 65 that MD simulations of high-barrier processes are 

impossible under any simplification. Metadynamics, for example, might be used. 

4) On page 66, it is claimed that a transition state is depicted in Figure 4.7, but the Figure caption 

says it is an intermediate. 

 

Questions that might be discussed during the defense: 

1) Fluorine T2
* values of the newly prepared complexes are discussed in detail in chapter 3.5. For 

CoIII complexes, T2 values were measured instead of T2
* and it is stated that T2

* is not well defined 

for J-split signals. What is the difference in the splitting pattern between CoII and CoIII complexes? 



Were the fluorine relaxation data measured with hydrogen decoupling? Can you estimate what is 

the difference between the T2 and T2
* values? 

2) Two different methods were used for the determination of kinetics of conformational changes of 

the DOTA-like ligands: lineshape fitting and EXSY. Both methods provide identical ΔG of 

activation, but the enthalpic and entropic contributions determined by these two methods differ 

substantially (data shown in Table 4.1). Do you have an idea why? 

3) The rates of conformational changes of one of the studied complexes have been determined 

previously by different authors (ref. 57 in the Thesis) and these rates differ substantially from 

those determined in the Thesis. Can you comment on that? 

4) Explicit water molecules from the second solvation sphere were used in some calculations. What 

was the starting geometry of these supramolecular clusters? In what positions were these water 

molecules placed and why? 
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