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The thesis deals with a combined use of molecular dynamics and quantum chemistry methods 

for simulations of vibrational optical activity (VCD, ROA), electronic circular dichroism (ECD) 

and circularly polarized luminescence (CPL) spectra of large biopolymers. The conformational 

studies are carried out by means of classical molecular dynamics simulations, while spectral 

properties are calculated at the ab initio level of theory. The problem with excessive 

computational costs of ab initio calculations has been overcome by the fragmentation 

approach. In addition, the thesis contains two methodological projects: implementation of 

helical periodic boundary conditions and transfer of frequency-dependent polarizabilities for 

simulations of the UV-vis and ECD spectra. 

 

The thesis is conceived as a guide to published works with many references to enclosed 

papers. The main text is written in good English with very few typos and omissions. The topics 

of the thesis are summarized in Introduction. The theoretical background is provided in Section 

2 - Theoretical Part. The studied systems and methodological projects are introduced in 

Section 3 – Methods. Results are arranged according to studied systems: spectroscopy of 

small biomolecular systems, vibrational optical activity of proteins (including several 

unpublished results; e.g. insulin fibrils), and the results of methodological projects. The thesis 

reports a large number of significant findings. These are listed in Section 5 – Conclusion. 

 

The Section 2 – Theoretical Part gives a brief overview of the theory underlying calculations of 

chiroptical spectra. In my opinion, this part contains a lot of unnecessary details (definition of 

bonding and nonbonding terms, description of Verlet algorithm, Hartree-Fock theory, etc.) 

while other information highly relevant to the thesis (theory of ECD, TDDFT, etc.) has been 

omitted. Some key concepts such as the transfer of molecular property tensors are hard to 

follow. In Section 3 – Methods I miss a detailed (step-by-step) description of the automatic 



 

 

fragmentation procedure which is essential for simulation of the VCD and ROA spectra. The 

same applies to the implementation of the modified cctn program for the transfer of frequency-

dependent tensors. The thesis itself represents an impressive collection of scientific results. 

Unfortunately, no attempt has been made to discuss these results from a broader perspective. 

Despite this criticism, my overall evaluation of the thesis is very positive.  

 

Mgr. Jiří Kessler has authored 9 papers in peer-reviewed journals – J. Phys. Chem. B 

(IF=3.187), J. Phys. Chem. Lett. (IF=8.539), Chirality (IF=2.025), Phys. Chem. Chem. Phys. 

(IF=4.449), J. Comput. Chem. (IF=3.648), J. Chem. Theory Comput. (IF=5.301), Anal. Chem. 

(IF=5.886); he is the first author on 4 papers. This shows a fairly strong publication record that 

proves author’s scientific proficiency.  

 

In summary, the thesis presents significant achievements in the field of chiroptical 

spectroscopy of biomolecules and clearly demonstrates the candidate’s ability to conduct 

scientific research. Therefore,  

I recommend 

Mgr. Jiří Kessler for the award of the Ph.D. degree. 

 

 

 

 

Dodatek v českém jazyce:  

 

Mgr. Jiří Kessler dostatečně prokázal schopnost samostatného tvůrčího myšlení a jeho 
dizertační práce splňuje všechny požadavky daného oboru. Proto doporučuji jeho práci k 

obhajobě.  

 

 

 



 

 

Questions: 
 

1. In the Cartesian tensor transfer method (CTT), the force constants and Cartesian 

molecular property tensors calculated for smaller peptide fragments are transferred to 
a large system of interest (Bouř et al. 1997). Some limitations of CTT were recently 

discussed in literature (Yamamoto et al. 2012). Have you tested any other 

fragmentation scheme, e.g. the molecules-in-molecules (MIM) method of Mayhall and 

Raghavachari? 

 

2. When comparing simulated spectra with their experimental counterparts I sometimes 

fail to see a “satisfactory” agreement. Is there any procedure to perform this 

assessment in an objective fashion? 
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