REVIEW

on a PhD Thesis for the acquisition of an educational and scientific degree "Doctor" in scientific
field 4. Natural sciences, Professional field: 4. 1. Physical sciences, Doctoral program: "Physics
of atoms and molecules"

Author of the dissertation: Dimitar Angelov Dimov — Institute of electronics »Acad. E.
Djakov”-BAS

Dissertation Title: ""Modification and characterization of carbon phases"

Scientific supervisors: Assoc. Dr. Teodor Milenov and Assoc. Dr. Ivalina Avramova

The reviewer: Assoc. Prof. Dr. Rositsa Titorenkova (IMC-BAS) - member of the Scientific Jury

The PhD thesis is structured in three chapters, in a volume of 133 pages, which include
211 cited sources in English. Chapter one presents a generalized characterization of carbon and
its allotropic forms, graphene oxide and reduced graphene oxide. Chapter two contains a
description of the methods used to characterize carbon materials. Chapter three is divided into
several sub-chapters in which the specific results and conclusions are presented. The general
conclusions and the scientific contributions are formulated in the section Conclusions.

1. Relevance of the topic of the dissertation

The development of modified carbon phases is an up-to-date scientific and scientific-
applied area that is developing dynamically with the aim of finding new functionalities and
applications of these materials.

The PhD thesis "Modification and characterization of carbon phases" is focused on
optimization of existing methods for synthesis and modification, as well as on development of
new methods and techniques for modification and functionalization of carbon phases.

The dissertation is based on already published articles in journals indexed by the world
databases with an impact factor and SJ R, which is also an indication of research relevance.

2. Degree of knowledge of the state of the problem

The first chapter presents a 23-page survey of the characteristics of various carbon
materials based on 89 referenced titles. The PhD student has a good knowledge of the state of
scientific research in the field and demonstrates good skills in evaluating previous research,
summarizing and analyzing.

3. Correspondence of the chosen research methodology with the aim

The objectives of the dissertation are clearly stated in the introduction. These include:
optimization of existing methods for the modification and synthesis of carbon phases; creating
new methods and techniques for targeted modification; implementation of "ecological"



modification and functionalization of carbon phases through processes with minimal
involvement of toxic reagents and by-products.

To achieve these goals, two approaches have been chosen: the study of chemical
reactions and modifications of carbon materials and the study of modifications of carbon
materials as a result of their exposure to pulsed laser ablation in a liquid medium.

The PhD student has successfully used and developed the most important methods for
obtaining modified carbon materials. The complex of used analysis methods (X-ray
photdelectron spectroscopy, scanning electron microscopy, transmission electron microscopy,
powder X-ray phase analysis, Raman spectroscopy, quantum-chemical calculations) is well
selected.

4. Scientific and scientific-applied contributions of the dissertation work

In the dissertation, 4 scientific and scientific-applied contributions are formulated:

1) Computer modeling results and experimental results of the chemical interactions of
two types of graphite and two types of carbon black (CB) with acetone, toluene and phenol are
compared and the possible reactions are determined.

2) Specific correlations have been established between the oxygen content of the
modified materials, the sp2/sp3 ratio of their hybridized atoms and the phase composition,
depending on the type of bonds formed and the atomic groups through which the
functionalization takes place.

3) A new method for pulsed laser ablation in liquid medium of carbon phases was
developed - method for pulsed laser ablation in flow mode (PLAL in flow mode).

4) Obtaining new results due to the application of the pulsed laser ablation method in
flow mode, which include: higher yield of modified carbon phases; controlled functionalization
of graphite with oxygen; determination of the influence of the energy of laser radiation in the
functionalization of graphite without defects, as well as the influence of the energy density of
laser radiation in the functionalization of graphite with defects; determination of the influence of
water intercalation on the morphology and oxygen content of the modified carbon phases and the
obtained yield depending on the residence time; chlorine functionalization (halogenation) of
carbon black was performed. ’

I accept the significance of these results and their formulation as scientific and scientific-
applied contributions of the dissertation.

5. Assessment of publications on the topic of the dissertation

The author presents a list of 3 publications, two of which are in high scientific rank
journals Q1 (The Journal of Chemical Physics IF 4.02; Surfaces and Interfaces, IF 4.84) and the
third is in Journal of Physics Conference Series [OP (SJR 0.18). To date, these publications have
2 citations noticed in the international database Scopus.

Results of the dissertation have been presented at four international scientific forums.

The publishing activity fully meet the requirements for obtaining the scientific and
educational doctoral degree (PhD).



6. Opinions, critical notes, recommendations

My recommendation is that the abbreviations used (in English or in Bulgarian) in the text
should be described in a separate table/list.

I have no significant critical notes.

7. Conclusion

Based on the analysis, I am convinced that the volume and achieved results of the
presented dissertation meet the requirements for obtaining the educational and scientific degree
"doctor".

The abstract accurately and completely reflects the results and scientific contributions of
the dissertation.

I would recommend to the scientific jury to award Dimitar Angelov Dimov the
educational and scientific degree "doctor" in professional field: 4. 1. Physical sciences,
Doctoral program: '"Physics of atoms and molecules''.
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