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General presentation of the materials deposited 

The author of the dissertation is Sofia Olegovna Slavova - PhD student in independent 

training at the laboratory "Theoretical and Computational Chemistry", IGIC, BAS, enrolled by 

order No РД -09-77 / 28.07.2019. The supervisor is Prof. Venelin Enchev. Sofia Slavova was 

unenrolled with the right of defense on November 1, 2020. She has successfully passed exams in 

three specialized disciplines, an exam in language training and an exam in presentation skills. 

Sofia Slavova graduated with a Master's degree in Chemistry from St. Petersburg State 

University, Institute of Chemistry, Russia. In 2018 she entered as an assistant at IGIC, BAS, and 

since 2019 she has been an assistant at IGIC, where she was enrolled as a doctoral student in 

independent training. 

The materials presented by Sofia Slavova meet all the requirements of the Law for the 

Development of the Academic Staff in the Republic of Bulgaria and the relevant regulations for 

its implementation, and meet the criteria for obtaining the scientific and educational degree 

"Doctor". For the period 2018-2021 S. Slavova has 6 publications in reputed international 

journals with impact factor. Three publications are included in the dissertation: two of them are 

published in IJQC (IF 2.26, quartile Q2) and one - in J. Biomol. Struct. Dyn. (IF 3.31, quartile 

Q2). Two citations are noted on the articles published in 2021. Therefore, the minimum criteria 

for the Doctoral degree are met and exceeded: the doctoral student has achieved 60 points 

(according to the indicator Г 30 points are required). 

The dissertation work is devoted to the study of the mechanisms of prebiotic reactions based 

on formamide by ab initio quantum chemical computations. The conducted theoretical 

calculations were preceded by experimental studies conducted in cooperation under a NSF 

project. The dissertation (100 pages) consists of 3 main parts – Bibliographic review (20 pages), 

Computational methods (5 pages), Results (60 pages) and includes 58 figures and 3 tables. At the 

end of the dissertation a summary of the results is made, the main conclusions and the scientific 

contributions of the conducted researches are formulated. Some of the materials included in the 
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dissertation were presented at seven scientific forums in the country. Sofia Slavova has 

participated with reports and posters at 4 international and 14 national scientific conferences / 

congresses. For her presentation on "The Origin of Life" she was awarded II place in the 

competition FameLab'2019 and the Special Prize of the Union of Scientists in Bulgaria. She is a 

winner of the Diploma for II place for her presentation on computer modeling at the Conference 

of Young Scientists in Russia 

The subject of the dissertation is topical and especially interesting from a scientific point of 

view as related to clarifying the fundamental question of the origin of life on Earth. In particular it 

concerns the prebiotic synthesis leading to the emergence of biomolecules that are directly related 

and play a key role in the origin of life / living nature. Previous experiments have shown that the 

formamide molecule, as one of the most abundant molecules in the universe, can be a starting 

molecule in prebiotic synthesis. 

In the literature review, the prebiotic chemistry of hydrogen cyanide is considered in 

comparison with formamide as a prebiotic precursor. An overview of the experimental 

developments for the synthesis of carboxylic acids, amino acids, nucleobases, sugars, and other 

biological molecules is presented. This experimental hypothesis is developed in the dissertation 

by modeling the possible pathways and reaction mechanisms for the synthesis of biological 

molecules from formamide with quantum chemical calculations. The purpose of the theoretical 

considerations is to study the pathways for the preparation of nucleic acid bases, pteridines, and 

amino acids from formamide in a condensed medium, to characterize in details the intermediates, 

transition states, and energy barriers for building a network of autocatalytic prebiotic reactions. 

An in-depth knowledge in the field of theory and application of modern computational methods is 

required for theoretical modeling of reaction mechanisms. The comprehensive literature review 

presented in the dissertation testifies to the fact that S. Slavova knows very well the state of the art 

of the problem and creatively evaluates the scientific materials on the topic. 

Contemporary ab initio methods are used for performing theoretical studies at 

MP2/cc-pVDZ level, as well as at the level of SCS-MP2/cc-pVDZ to account for higher order 

electronic correlation. The mechanisms of prebiotic reactions involving formamide are 

theoretically characterized and the possible reaction pathways, intermediates, transition states, 

energy barriers are studied in detail. All transition states are confirmed by IRC calculations. The 

influence of the medium is simulated with the solvent reaction field model as included in the SMD 

(solvation model density) approach. The possibilities for autocatalytic processes are also 

considered. 

Scientific contributions  

(i) An experiment has been carried out in which pure formamide was heated at various 

temperatures in the range of 100 to 180°C without the presence of a catalyst. The formation of the 

following products has been observed: purine, purine bases - adenine and hypoxanthine, 

pyrimidine bases - cytosine and uracil, pterin, urea, and amino acids - glycine, alanine, norvaline. 
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The theoretical research conducted in the dissertation aims to explain the formation of these 

compounds by characterizing the chemical reactions occurring in the process of thermal 

decomposition of formamide. 

(ii) Reaction pathways for the preparation of basic prebiotic precursors are characterized by 

theoretical calculations: 2-amino-malononitrile, 2-amino-acetonitrile, 3-hydroxy-acrylonitrile, 

glycinamide, urea, guanidine: 

 The tautomeric conversion of formamide to formimidic acid is characterized; 

hydrogen-bonded formamide clusters (dimer and tetramer) are considered. The interaction 

between two isomers of formimidic acid turns out to be a highly exothermic reaction, 

which leads to the formation of new reaction products - water and hydrogen cyanide, 

which in turn take part in further conversions. The proposed reaction mechanisms explain 

the formation of hydrogen cyanide, water, ammonia, formic acid, and carbon monoxide, 

established experimentally as products of formamide thermolysis. The analysis of the 

energy profile shows that in most cases these reactions are exothermic. 

 Hydrogen cyanide, as a product of the interaction between two molecules of formimidic 

acid, can react with formamide to form an unstable hemiaminal. Deamination of 

hemiaminal leads to the formation of formyl cyanide and competitively - 

2-imino-acetonitrile, which in interaction with HCN leads to the formation of 

2-amino-malononitrile/2-aminoacetonitrile with subsequent hydrolysis to glycinamide. 

 2-Amino-acetonitrile and isocyanic acid are formed from 2-imino-acetonitrile. The 

resulting isocyanic acid can react with ammonia to form urea. Guanidine, which is one of 

the important precursors for the production of pyrimidine nucleobases, can be prepared 

from urea in three steps. 

 Theoretically subsequent reaction pathways leading to the preparation of the main 

prebiotic precursors are characterized, as shown in fig. 3.2 in the dissertation. For the first 

time, mechanisms of prebiotic autocatalytic reactions have been proposed and proven by 

quantum chemical calculations. 

(iii) Prebiotic precursors underlie the synthesis of biological molecules. The mechanism and 

energy of the reaction pathways for synthesis of the following biomolecules is considered: 

 purine nucleobases - purine, adenine, hypoxanthine, guanine, isoguanine, xanthine and 

2,6-diamino-purine; 

 pyrimidine nucleobases - cytosine, uracil, isocytosine and 2,4-diamino-pyrimidine; 

 pterine - it has been shown for the first time that pterine can be obtained by thermal heating 

of formamide and appropriate reaction pathways have been proposed. 

(iv) The SMD (solvation model density) model has been used to account for the influence of the 

medium (formamide) that leads to a reduction of the reactions energy barriers up to 55%. 
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(v) The rate constants of the reactions are calculated (Table 3) and a comparison is made between 

the thermochemistry of the reactions at 0 K and 298.15 K. 

(vi) The performed quantum chemical calculations are at high theoretical levels - 

MP2/aug-cc-pVTZ and SCS-MP2/aug-cc-pVTZ. For the structures of reagents and products and 

the energy profile of the reaction pathways for the formation of hypoxanthine from urea (steps 

52-59), sp CCSD(T)/cc-pVDZ calculations were performed. Comparability of the results is 

shown for the two methods: SCS-MP2 and CCSD(T). The Coupled Cluster (CC) theory and the 

CCSD(T) method are accepted as a high level of accuracy in quantum chemical calculations - the 

"gold standard" for accurate calculations. 

The conducted research and the published results have fundamental scientific 

contributions, which can be formulated as proving with new means of significant new aspects of 

existing scientific fields, problems, theories, hypotheses and obtaining new facts. As stated in 

Conclusions, "the results obtained are a very good basis for further research in the field of 

chemical evolution founded on prebiotic reactions based on formamide." 

The presented dissertation work and abstract are written very accurately and precisely. 

Hyperlinks with tables and figures are introduces in the text of the dissertation that is extremely 

convenient given the large number of reactions and transformations studied. They are aptly 

represented as a reaction network. The results of the research are summarized in section 3.6 of the 

dissertation and a general reaction scheme is presented, showing a complete picture of the 

formation of prebiotic precursors, purine and pyrimidine bases, and pterin from formamide.  

Undoubtedly, I believe that Sofia Slavova has mastered and successfully applied quantum 

chemical calculations to solve the tasks. I believe that the results achieved are largely the personal 

work of the doctoral student. Her overall performance testifies for an excellent chemical training, 

perseverance, consistency and purposefulness in the work, as well as high scientific erudition. 

 

CONCLUSION 

According to the submitted materials and scientific papers, the above analysis of their 

importance and scientific contributions, as well as my personal opinion, I confidently give my 

positive assessment and vote 'yes' for awarding the educational and scientific degree "Doctor" 

to Sofia Olegovna Slavova, in the professional field 4.2. Chemical Sciences (Theoretical 

chemistry).   

 

14/05/2021    Reviewer: 

  

     Prof. Sonia Ilieva 


