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Dear Prof. Kratochvíl, 

 Enclosed is my examination report on the doctoral thesis, ‘Structure and selforganization 
(sic) of agregates (sic) of photosynthetic molecules’ by Vladislav Sláma.  

Scientific importance 

The these represents a highly detailed and significant approach to the fundamental theory of 
excitation energy transfer in molecular aggregates, dyads and fluoro-graphine layer. The work 
has immediate application to my own field of understanding the structural basis of 
photosynthetic light harvesting.  

Chapter 1: This represents an introduction to the theory of the spectroscopy within the quantum 
dissipative regime. It is very well written and I actually believe this chapter in itself has 
pedagogic value as these ideas are clearly and intuitively expressed.  

Chapter 2: This details the basic principles of quantum chemistry (QC) but without describing 
specific approaches (comments below).  

Chapter 3:  This chapter details a conceptual equivalence between the CIS, CISD, etc. methods 
familiar to quantum chemists and multi-excitation approaches to modelling the spectral 
characteristics of aggregates. Specifically, this illustrates the dependence of observable system 
properties on higher order excitations which are typically neglected in the standard Frenckel 
exciton model of light-harvesting systems. While this effect is negligible in small, diffuse 
systems it appears to have a non-negligible effect in densely-packed aggregates. This work 
represents a significant refinement to existing theoretical pictures of such systems and will have 
applicability in the fields of artificial light-harvesting and bio-chromics. I have some concerns 
over the terminology used (see major comments).   

Chapter 4: This chapter is very significant. It demonstrates the origin of fast EET between 
chromophores with orthogonal transition dipole moments (in Rylene dyads). The candidate very 
convincingly shows that non-zero coupling emerge from fluctuations in the orthogonal geometry 
(with contributions from many normal mode distortions and anharmonicity). This has immediate 
applications beyond dyads. In bacterial LH2 such orthogonal geometries are present in the 
chlorophyll-carotenoid domains and yet significant EET is observed. The candidate presents a 
novel, conceptually simple and tractable methodology for understanding these processes. They 
show that equilibrium geometries may be a bad basis for understanding such systems. The 
work presented here can be immediately applied to biological systems.  

Chapter 5: Here the candidate applies his novel formalism to designing novel artificial light-
harvesting systems (FG layers with graphene-like impurities). The impact of this is significant 
and it genuinely opens up a promising avenue of research.  

Chapter 6: In the final chapter the candidate introduces a new formalism for quantifying system-
environment interaction in light-harvesting structures. This is a step change in sophistication of 
such models and I can see it being immediately deployed in photosynthetic studies.  

Demonstrated ability of the candidate 

 



The candidate has demonstrated significant originality and competence in this thesis. The 
conclusions are entirely supported and the theoretical tools presented will have immediate 
applicability within the photosynthesis and light-harvesting fields. As the candidate correctly 
states, interpretation of spectral data for these systems is generally ambiguous and this kind of 
structural approach is essential. This work is particularly impressive because it combines 
several approaches (MD, QC and open quantum system theory).   

Major comments 

The chapter on quantum chemistry deals with basic principles but does not introduce the 
specific methods used (TD-DFT, CIS, etc.). This does not alter the overall quality of the work 
but renders some discussions a little dense and hard to follow. This is particularly apparent 
when the multi-excitation FEM is related to the CIS, CISD, etc. approaches to single molecule 
QC. They are actually entirely equivalent but the discussion will confuse someone not familiar 
with both QC and FEM. CIS needs to be introduced in more detail and the link to the new 
method more explicitly defined.  

With regard to QC the reason for certain method choices are not always made clear. For 
example, why is CAM-B3LYP alternated with B3LYP. The full QC methodology should be 
detailed and justified (how are optimized structures obtained, why are linear response methods 
applicable for exicited state calculations, etc.). 

The same is true for the MD calculations. Chromophore force fields (FF) are often poorly 
defined. And some evidence of bench marking (it may have already been published by 
someone else) needs to be discussed.  

This alterations do not need to be exhaustive. Just some brief addition to make reading easier.  

Minor comments 

The referencing is incomplete in places with a couple of paper cited at the top of a section. 
Specific claims need to be supported by citations in the main body of the text.  

English is excellent. A slight tendency to drop the definite article at the start of sentences but 
this is perfectly understandable and does not impede legibility. 

Overall assessment 

An excellent thesis which absolutely merits the award of a PhD. I would suggest the major 
comments are addressed.  

 

Yours faithfully 
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