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Brief characterization of the work 

 

Presented dissertation thesis deals with the study of dynamics of carbon dioxide inside 

the micropores of the metal-organic framework material DMOF-1. Movement of the 

molecules interacted with the adsorbent was studied by combination of 13C NMR 

spectroscopy with advanced NMR techniques, like PFG method and measurement of 

longitudinal relaxation times. The obtained experimental data were compared with theoretical 

ones based on molecular dynamic simulations. The research was carried out in cooperation 

with the University Leipzig (some NMR studies) and Ruhr University Bochum (synthesis of 

MOF material and theoretical simulations).  

 Experimental study of dynamics of molecules adsorbed or entrapped in confined space 

of the porous adsorbent is very challenging task and the knowledge of behaviour of adsorbed 

species in microporous materials is important for understanding their ability to separate gases. 

From this point of view, the dissertation is topical. The thesis contains original results, which 

were published in two paper in Microporous and Mesoporous Materials journal in 2015.  

 

Comments and questions 

 

 I have some comments and questions about the scientific and formal aspects of the 

dissertation.  

The scientific aspects: 



 
 

 

1) First of all, the work focuses very closely on NMR experiments and simulations, 

which makes any interpretation and discussion of the obtained results difficult. 

This is completely contrary to the nature of the problem being investigated, which 

is very complex and requires as detailed as possible description of the whole 

system under investigation. I completely lack the characterization of the examined 

material at work – XRD, textural properties (N2 or Ar adsorption isotherms), 

chemical analysis, determination of the defect level etc. Also knowledge of the 

adsorption isotherm of CO2 at various temperatures and heat of adsorption of CO2 

on the particular sample studied is important. It is well known that MOFs are very 

defective materials and in some cases the level of defects completely change their 

adsorption behaviour and textural properties. In this, I see the greatest weakness of 

the presented work. 

2) The sample of MOF was activated before NMR experiment in vacuum at 400K for 

24h. Based on what information did you choose these conditions? 

3) Figure 4.4 displays NMR spectra obtained at temperatures in the range from 215 to 

316 K for a constant loading of 1.3 CO2 per unit cell. But, the change of 

temperature must necessarily lead to change in adsorption equilibrium. How the 

adsorptive was dosed into sample and how the adsorbed amount was determined 

and maintained constant? 

4) Comparison of experimental and simulated data in the Chapter 4.3.5 “Temperature 

dependence of diffusion tensor trace” clearly shows that the agreement is not good. 

The slopes of temperature dependence of diffusion tensor traces derived from  

experimental and theoretical data are similar but not for the same CO2 loading but 

crosswise. Also trends in activation energies are opposite for experiment and 

theory. It indicates that the model of MOF sample or description of the interactions 

in MD simulations may not be fully realistic. It is the case where the knowledge of 

experimentally determined heat of adsorption and its dependence on amount 

adsorbed is crucial. 

 

The formal aspects of the dissertation: 

- Text contains significant number of  typos. 

- The adsorption site in the DMOF-1 are labelled A, B, C in the introductory part. From 

Chapter 4, the labelling I and II is used. It should be better the uniform it. 



 
 

 

- All activation energies reported in the Tables 4.2 and 4.3 are reported with wrong units 

(instead of kJ mol-1, it should be J mol-1) 

- Units are missing in the Table 3.2 

- Footnote at page 35: the time units should be s not ns 

- Equation 2.53: multiplication by 2 is missing 

- Not all references have the same format (e.g. [30]),  

- References cover state of art to ca. 2015, the relevant papers published after 2015 

(except reference [65] Forse et al. JPCC 2018) are missing. Namely, for example, 

works: Bernin and Hedin, Current Opinion In Colloid & Interface Science 33 (2018) 

53; Thoma et al. Chem. Eur. J. 2017, 23, 13000 – 13005; Forse et al. JPCC 140 (2018) 

1663 etc. 

 

In conclusion, the doctoral dissertation by Mgr. Mikuláš  Peksa contains interesting results 

of scientifically sound research, which, in my opinion, has not been fully completed yet. In 

order to fully understand and interpret the data, the actual structure and quality of the 

adsorbent would need to be clarified and detailed information on the adsorption of CO2 in this 

material should be obtained. However, the results reported in this work were published in two 

papers, therefore thesis fulfills the basic requirements for this type of work, the PhD student 

has proven the ability to conduct independent scientific work and therefore, despite the above 

mentioned comments and reservations, I recommend the work for defense. 
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