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Lyuben Krasimirov Borislavov obtained a Bachelor’s degree in Chemistry in 2020
and a Master’s degree in Medical Chemistry in 2022 at the Faculty of Chemistry and Pharmacy,
Sofia University St. Kliment Ohridski. He began his scientific career at the Institute of General
and Inorganic Chemistry BAS in 2019 as a researcher and subsequently held the positions of
Assistant and Researcher (R1). In July 2025, he was enrolled as a PhD student (independent

form of study) at the same institute.

The dissertation of Assistant Borislavov has been reviewed and approved for defense by
the Colloquium in General and Inorganic Chemistry at the Institute of General and Inorganic
Chemistry BAS. Based on the submitted materials and my participation in the meetings
concerning the enrollment of the PhD student and the approval of the dissertation for defense,

I conclude that all legal requirements for the PhD procedure have been fulfilled.

The main subject of the dissertation is the application of machine learning, graph
theory, and molecular modeling methods for the discovery of organic compounds with suitable
electrochemical properties for electrode materials, as well as for predicting electrolyte
decomposition products in rechargeable metal-ion batteries. The research is focused on
identifying organic compounds that enable the development of high-performance batteries with
extended lifetime. This study falls within a rapidly developing research field worldwide, as
evidenced by the large number of laboratories engaged in the development and testing of new
battery materials, including evaluation of their electrochemical characteristics and potential
degradation products. In this context, I consider the research presented in the dissertation to be
both actual and significant, contributing to the development of new solutions related to energy

storage and power supply systems for various non-stationary applications..



The dissertation follows a classical and logical structure. It consists of 147 pages,

including 62 figures, 4 tables, and 221 references.

The concise introduction logically leads to the main objective—namely, the search for
new materials for metal-ion batteries using cheminformatics methods. Three scientific tasks

are clearly and correctly formulated to achieve this goal.

The literature review covers the relevant background both in terms of the research
objects and the applied methods. The detailed presentation of computational chemistry and

machine learning methods is appropriately provided in subsequent sections of the dissertation.

In the chapter “Theoretical Methods” graph theory, quantum chemical, and statistical
methods are described precisely. Special attention is given to approaches for avoiding model

overfitting, which is particularly commendable.

The Results and Discussion section follows the defined research objectives and applies

the selected methodology:

1. Generation of a dataset of structurally related organic cathode materials using graph
theory.

2. Investigation of structure-redox potential relationships in a series of quinone
derivatives.

3. Study of electrolyte decomposition processes.

Each of the research tasks is presented comprehensively. The discussion of the results
is accurate and includes comparisons with existing knowledge in the field.

I accept the conclusions drawn by the PhD candidate as original and well-supported by
the presented results. They have both scientific and applied significance and can be summarized

as follows:

e A software package DerGen (open access) has been developed for dataset
expansion through functionalization of base structures.

e A strategy for evaluating electrode potential of quinone derivatives using
Tikhonov-regularized linear regression has been proposed.

e A methodology for generating decomposition products during the operation of
organic materials has been developed and applied to electrolyte degradation in

metal-ion electrochemical cells.

The developed software and methodologies have potential applications in other fields
involving structure—property relationships. In this regard, depositing the English version of the

synopsis in an appropriate repository is recommended.

The publication record of Assistant Borislavov includes three papers in journals with
impact factor (Q2). It should be noted that these publications cover the main dissertation results.

Despite the short time since publication, they have already received 7 citations, which is a good
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indicator of their quality. The PhD candidate has also participated in three scientific
conferences. Based on this and the submitted documentation, I conclude that the minimum

national requirements for obtaining the PhD degree have been convincingly fulfilled.

The abstract presents the essential achievements of the research in a concise manner and

accurately reflects the main results of the dissertation.

I have no critical comments on the content of the work; however, I would like to offer the
following recommendation for future modelling studies:
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1. Alongside the principle “As simple as it is,” primarily related to avoiding
overparameterization in multivariate analysis, the principle “All models are wrong, but
some are useful” should also be considered. It is therefore beneficial to seek a balance
between predictive performance and interpretability (exploratory power). In general,
machine learning methods offer better predictive performance, whereas multivariate
statistical methods provide deeper insight into the underlying processes of the studied
system.

2. When selecting a test dataset, it is advisable to apply techniques that account for the
distribution of the dependent variable, such as Stratified Sampling (for classification)
and Stratified Cross-Validation (for regression). When working with a large number of
variables, appropriate techniques that consider the structure of the descriptor space

include cluster-based splitting and feature-based blocking.

In conclusion, I consider the dissertation of Assistant Lyuben Borislavov to
present a competent and in-depth study with original scientific contributions. The obtained
results and publication activity exceed the requirements of the Law on the Development of the
Academic Staff in the Republic of Bulgaria and its implementing regulations. The abstract

adequately reflects the content of the dissertation.

Based on the above, I give a positive evaluation and recommend that the Scientific Jury
vote to award the educational and scientific degree Doctor (PhD) to Lyuben Krasimirov
Borislavov in professional field 4.2. Chemical Sciences, scientific specialty Solid State
Chemistry

07.04.2026 (Prof. Stefan Tsakovski)



