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The dissertation of Mr. Vignesh Balaji Kumar has been prepared under the supervision of Prof. Dr. 

hab. Ireneusz Grabowski and Dr. Szymon Śmiga (as auxiliary supervisor) at the Department of 

Quantum Physics of the Institute of Physics, Nicolaus Copernicus University in Toruń. 

The scope of the dissertation includes topics related to the development of density functional theory 

(DFT). DFT is very popular among molecular scientists because of a good trade-off between the 

accuracy and computational costs. However, the large number of available functionals can make it 

difficult to plan the application of DFT to practical problems: the variety of functionals can be 

confusing for novice users, but it can be also uncomfortable for mare experienced computational 

chemists and physicists. Therefore, studies aiming to answer the questions: how to tind out which 

functionals work better than other and why it is so, plus how to design new functionals in a more 

systematic way, are of great value to the academic community of computational scientists. The 

dissertation of Mr. V. B. Kumar, which critically examines existing hybrid functionals and proposes a 

new hybrid functional based on the outcome of this examination, tits well into the current trend of 

research aimed at improving aur understanging of the theoretical foundations of DFT. 

The dissertation, written in English, is based on two published papers accompanied by a generał 

introduction and conclusions. The thesis is composed of 4 chapters and contains 124 pages and 106 

references (not counting references from both publications). Such a form for the thesis is quite 

popular, but since both included papers are the result of joint efforts of several authors, it may be 

difficult for a reviewer to evaluate the level of individual work of the doctora! candidate. Luckily, in 

this case a detailed list of Mr. Kumar's activities is available in the finał chapter, from which it 

becomes elear that he played a key role in all stages of the presented research. 
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There are also some minor issues: 

irwch . 'Faculty of Chemistry VUniv„r,ily of WJn,Jw 

a) it is generally accepted that "e" is used to denote the elementary electric charge, while the

electron charge is -e, not e (p. 2);

b) a misprint: "rho" instead of "p" in p. 29;

c) all publications' titles in the bibliography lack capital letters where they are expected (i.e. in the

names of methods and in papers written in German, where all words are capitalized);

d) refs. 24 and 27 are incomplete (either the journal name, volume, and pages, or the author(s) are

missing).

Despite these critical remarks, I consider Mr. Kumar's work to be a valuable contribution enhancing 

our understanding of how DFAs work and how they can be systematically improved. The findings of 

the dissertation have been published in two top journals available for the community of quantum 

chemists: Journal of Physical Chemistry Letters and Journal of Chemical Theory and Computation. In 

both publication Mr. V. B. Kumar is the first author. 

I also have several questions to Mr. Kumar to be discussed during the defence: 

1) Has the standard contracted aug-cc-pVTZ basis been tested when uti lizing the WY method? lf yes,

what is the quality of the results in comparison to the uncontracted version?

2) How the appearance of numerical instabilities in the Wu-Yang inversion method can be explained?

How the reliability of the results has been estimated, in view of possible instabilities? How these

numerical problems limit the size of studied molecules?

3) What is the distance between He nuclei for the results presented in p. 48?

Summarizing, I conclude that the presented doctora! thesis represents a solution of the original 

scientitic problem, shows the candidate's ability to perform an independent scientific research and 

his knowledge in the field of quantum mechanics, and in particular in electronic structure theory. 

Therefore, the dissertation meets the requirements set in Article 187 of the Law on Higher Education 

and Science of July 20, 2018, as amended [art. 187 ustawa Prawo o szkolnictwie wyższym i nauce z 

dnia 20 lipca 2018 r. (z późn. zm.)] and in Resolution 38 of the Senate of Nicolaus Copernicus 

University in Toruń of Sept. 26, 2023, regarding the procedure for awarding the doctora! degree. 

Therefore, I recommend that Mr. Vignesh Balaji Kumar be admitted to the subsequent stages of the 

doctora! dissertation process. 
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