
      
                           

Tel: +39 0131360253 – E-mail: mauro.botta@uniupo.it 

Professor Mauro Botta 
Dipartimento di Scienze e Innovazione Tecnologica  

Università del Piemonte Orientale "Amedeo Avogadro" 

Viale Teresa Michel 11, I-15121, Alessandria, Italy  

 
 

Alessandria, 06 February 2018 

 
 

Report on the Ph.D. Thesis entitled: 

«Dynamics of paramagnetic complexes observed by 

Nuclear Magnetic Resonance»  

presented by Mgr. Jan Blahut to the Faculty of Science, Charles University of Prague 

  

 

MRI has become the most widespread clinical diagnostic imaging technique as it offers 

several significant advantages over other modalities. However, it is well recognized that the 

overriding challenge with MRI is its relatively low sensitivity (insufficient contrast). One 

common approach to overcome the lack of MRI sensitivity is applying the contrast agents 

to provide additional contrast. A tremendous effort has been spent on designing contrast 

agents that exhibits high relaxivity, low toxicity, specificity, and suitable long intravascular 

duration and excretion time.  

The research project developed over the course of this thesis is aimed at the design, 

synthesis, characterization and study of the dynamic behaviour of paramagnetic complexes 

of transition and lanthanide ions as potential MRI imaging probes. The approach followed 

is innovative: the choice of the 19F nucleus for imaging formation. The formation of an MR 

image by detecting and mapping a signal of a nuclear spin other than a proton offers clear 

advantages linked to the high contrast-to-noise achievable due to the lack of signal from the 

tissue background. 19F MRI appears particularly promising for MRI and MRS applications 

due to the several favourable NMR properties of the nuclear spin. A potential limitation in 

the detection of images 19F is the result of the low efficiency of the T1 relaxation processes, 

which is detrimental for the duration of the experiment, especially in view of its in vivo 

translation. Earlier work by D. Parker and co-workers has explored the potential benefits 
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associated with the development of paramagnetic lanthanide(III) complexes of in which 

magnetically equivalent fluorine atoms are located at an appropriate distance from the 

metal centre. 

In his doctoral thesis, Mr. Jan Blahut, starting from a discussion and critical evaluation 

of these preliminary results, has planned the research work with the main objective to 

improve the properties of these probes focusing primarily on different strategies for signal 

amplification, necessary for studies in vivo. In particular, the choice was to assess the 

potential of new macrocyclic complexes of Ni(II) and Co(II/III) containing N-trifluoroethyl 

moieties.  

In addition, the candidate has explored with new and optimized approach an “old” 

but relevant topic: the conformational dynamics in Ln(III) complexes of DOTA and DOTA-

like complexes. This topic is important because a better understanding of the 

interconversion mechanisms of the isomers might help, through an appropriate design, the 

development of a chemical method for the selection of a given isomer characterized by a 

desired characteristic. 

Therefore, this thesis presents the results of a research project that, in my opinion, is 

original, significant, timely and based on a sound scientific basis.  

 

The manuscript of the thesis consists of an introductory section, two short chapters that 

illustrate in an original, effective and useful way the theoretical background for the 

interpretation of the dynamic processes in NMR and of the effects on the spectral parameters 

induced by the presence of paramagnetic metal ions. The experimental work is detailed in 

two large chapters followed by concluding remarks and appendices. 

The introductory section is quite effective and characterized by clarity and precision. It 

is focused appropriately on the relevant theoretical background of the thesis and explains 

in detail the scientific and technical bases that led to the definition of the project. This part 
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highlights the excellent knowledge of the theoretical basis of the candidate and his ability 

to extrapolate the basic concepts, the most relevant for the analysis of experimental data.  

The reasons that led to the selection of the chelating agents investigated as 19F MR 

tracers are discussed with clarity in chapter 3, even if in a concise manner, and are useful 

and convincing. There is an appreciable effort to highlight the innovative part of the 

experimental work that follows a critical analysis of the results already reported in the 

literature. This suggests clearly a very good general knowledge in the field of coordination 

chemistry of paramagnetic ions and in the broader field of MRI diagnostic probes. 

The part concerning the design and the synthetic procedures is concise but accurate. 

Appreciably, the discussion of the NMR properties is focused on the most critical or less 

obvious steps. The few Tables and Figures are effective and help the reading. The discussion 

of the behaviour of the different compounds is of considerable technical level and is 

definitely complete and entirely satisfactory. 

Chapter 4 tackles the detailed elucidation of the solution dynamics of the Eu(III) 

complexes of DOTA and its mono-phosphonate derivative, DO3AP, using both 2D NMR 

techniques and DFT calculations. The results of the study shed new light on systems studied 

for over 20 years but still very relevant in the search for stable, kinetically inert and 

isomerically pure MRI probes. 

In my opinion, the quality of the experimental work (chapters 3-4) is excellent. The 

characterization of the complexes and of their properties is of high standard. Several 

experimental (and computational as well) techniques have been used in order to provide a 

complete and convincing evaluation of the systems in solution. The analysis of the 

experimental data has been performed with accuracy, demonstrating a good knowledge of 

the methodologies and of the relevant literature. The results appears carefully discussed 

and, whenever possible, compared with the appropriate published data. The data are 

analysed in detail, critically discussed and the conclusions drawn are logical and very 

significant. 
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A single critical point: the references at the end of each chapter would greatly help the 

reading. 

In summary, this is a high quality thesis, well organized and presented, in which the 

scientific work is discussed with competence. The results obtained are of interest to the 

scientific community and represent a definite progress towards the development of more 

efficient MRI diagnostic probes. 

 

In conclusion, I warmly recommend the acceptance of this doctoral thesis without 

reservation.  

 

 Mauro Botta 

 Professor of Inorganic Chemistry 

 

 

 

 

 

  


