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The thesis of Susanta Haldar is based on a compilation of several relatively diverse works in 

the area of theoretical modeling of intermolecular interactions. A wide range of quantum 

mechanical and molecular mechanical approaches is applied to noncovalent interactions in 

proteins and RNA and to interactions with surfaces of graphene and hydrophobic silica. The main 

directions are (i) studies of interactions of small organic molecules with hydrophobic surfaces and 

comparisons of the QM based estimates of Gibbs binding energies (RR-HO approximation) with 

the results of the force field based potential of mean force (PMF) calculations, (ii) calculations of 

protein-ligand binding Gibbs energies, (iii) verification of the theoretical predictions of D0 

binding energies by comparing them with experiment, and, (iv) studies of folding of RNA 

hairpins in solution and on the graphene surface. 

The Introduction and Methods sections and also commentary to the presented works are 

relatively broad and detailed and are accompanied with a wide literature overview. The text is 

structured as an overview of the solved projects and little effort is made to compare or generalize 

results obtained in different projects. Although typos and grammatical errors are not infrequent 

the text is easy to read and follow and provides a good overview of the work performed. 

The work presented in this thesis contains several interesting results. In particular, the results 

obtained in the study of folding of RNA hairpins are a valuable contribution to exploration of the 

conformational space of these biologically important fragments. Also, the study reveals 

interesting force field artifacts that could not be observed in previous MD simulations with a 

much smaller sampling. 

Important is also the effort given to a more realistic comparison of the theoretical dissociation 

energies with experimental in vacuo data, which assess importance of the ZPVE corrections 

calculated at two different levels of approximation. 

The study of the effect of halogen-to-hydrogen bond substitution provides further 

confirmation that the scoring methodology derived earlier in Pavel Hobza’s laboratory is capable 

of accurate protein-ligand interaction scoring in many situations. Of interest to some specialized 

theoretical chemists will be also methodological comparisons presented in the works on 

adsorption of small aromatic molecules on hydrophobic surfaces of graphene-like molecules and 



hydrophobic silica. Overall, the thesis contains several useful results and represents a valuable 

contribution to our understanding of theoretical modeling of noncovalent interactions. 

One of the interesting features of some of the presented articles is the use of a wide range of 

theoretical methodologies that are being compared and critically assessed. For instance, in the 

study of adsorption of organic electron acceptors on graphene-like molecules (Haldar et al. J. 

Phys. Chem. C 2012) the QM calculations are carried out at various levels of theory and 

compared with analogous force field calculations and also PMF calculations. Because there are 

several authors I assume that different authors contributed different types of calculations. 

However, from the text of the thesis it is not clear what was the contribution of the candidate 

(similarly with other articles). Could the candidate clarify this when answering the additional 

questions given below? 

The thesis results were published in high quality scientific journals, such as J. Phys. Chem. C, 

and Susanta Haldar is the first author of four of five of the presented publications. This suggests 

that the candidate is capable of conducting independent scientific work. Some of these 

publications have already been cited several times. 

In conclusion, this thesis presents several interesting research efforts and 

demonstrates candidate’s ability to work independently and creatively in his field of 

research. Therefore, I recommend that the candidate be awarded the PhD degree. 

 

 

Doplněk v českém jazyce: M.Sc. Susanta Haldar prokázal tvůrčí schopnosti a jeho práce 

splňuje požadavky kladené na dizertační práce v daném oboru. Práci proto doporučuji 

k obhajobě. 

 

 

Questions for the defense: 

 

1) Comparison of theoretical predictions with experiment is often complicated by the fact 

that multiple complex geometries may coexist under the experimental conditions. It 

appears that only a single geometry was considered for each complex in Haldar et al. 

PCCP, 2015. Could this contribute to the observed discrepancies between the 

calculated and experimental results, for instance in the case of the ethylene…HCl 



complex? How would you perform the comparison if multiple complex geometries 

coexisted for a given complex?  

 

2) Folding of RNA hairpins is a frequently studied topic. Experimental and theoretical 

folding energies for some hairpins have been published, but they are not mentioned in 

the thesis. Could the candidate compare the known theoretical and experimental 

stabilities of GAGA and UUCG hairpins? Are they consistent with the predictions 

obtained from his metadynamics calculations? Although the presented metadynamics 

calculations are not converged, comparisons with previous results may be useful.  
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