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Nina Kirilova Ivanova was bom in 1977. Once graduated with a Master Degree in Biology and

Chemistry at Konstantin Preslavsky University of Shumen, the applicant started work. Since

2008 she has been working as an Assistant at the department of Chemistry and Biochemistry,

Sector of Chemistry at the Medical University of Pleven. Additionally, she did specializations

in the fields of Information Technologies and Computer Systems at Technical University in
Gabrovo, as well as in the field of the theoretical aspects in Medical Chemistry at the Medical
University of Pleven.

Since June 2019 Nina Kirilova has been enrolled as a free doctoral student in Inorganic
Chemistry doctoral program. During that time she developed and summarized her dissertation

thesis. The results of the research in that very dissertation submitted for review have been

published in 5 articles in scientific journals, 3 of which with impact factor (2 arcpublished in
Bulgarian Chemical Communications, Q4 x 12 pts. and I - inJournal of Chemical Technologt
and Metallurglt, Q3 x 15 pts). The outcomes have been repofted at 6 national scientific
conferences and at 1 in Serbia. So far, the h-index of the doctoral student is 5 (according to

Scopus). This initial and brief information is an evident that a significant amount of
experimental work has been done.

The dissertation consists of 121 pages and it is edited according to the requirements set.

It contains the following parts: Introduction (3 pages), Literature Review (41 pages), Own
research (50 pages), Contributions (2 pages) and Bibliography (12 pages). The bibliography
includes 292 hterature sources. The dissertation consists of 65 figures and, 4 tables. The



diagrams and tables help to provide a clear presentation of the syntheses and to compare the

yields, product ratios, as well as the phase- and structural characteristics of the synthesized

samples.

The main aim of the present dissertation is to study the photocatalytic activity of a non-

hydrolytic sol-gel method synthesized, pure and modified with some metals and non-metals,

nanosized TiO2 for degradation of model organic pollutants. The following tasks are set in

order to achieve the desired results:

nanosized TiOz by a non-hydroly,tic sol-gel method.;

hydrolytic sol-gel method;

method;

model organic pollutants - Malachite Green (MG) and Reactive Black 5 (RB5) under

irradiation with ultraviolet (UV) and visible (Vis) light.

It is the very fact that the mechanisms and relationships between the structural characteristics

of nanomaterials and photocatalytic efficiency in the decomposition of organic pollutants have

not yet been fully disclosed by researchers that motivates the applicant to set the research

targets. Despite numerous studies and accumulated experimental facts about photocatalytic

processes based on titanium dioxide, a number of problems and questions still remain to be

solved. Some of them are:

- contradictory data on the effect of modification of TiOz with non-metals and metals,

which can be both positive and negative in regard to the photocatalytic activity;

- the low photocatalytic activity of TiOz particles when exposed to visible light.

It becomes clear from the proposed literature review that the existence of a multifunctional

photocatalyst, combining characteristics of excellent photocatalytic activity in visible light,

high adsorption capacity, high stability and reusability, has not been reported yet. The resources

for obtaining semiconductor structures based on TiOz and having optimal photocatalytic

properties still have not been running out.

The titanium dioxide is an extremely versatile material with wide application. There are

numerous studies on the photocatalytic activity of titanium dioxide when irradiated with UV



light. The interest in the photocatalytic action of titanium dioxide for the decomposition of

organic pollutants and for disinfection is constantly growing. A number of issues related to the

optimization, improvement and application of its detoxification and disinfection activity remain

unresolved, such as the low photocatalytic activity of TiOz under visible light irradiation, as

well as contradictory data on the effect of modification of TiOz with nonmetals and metals.

The literature review follows consistently and thoroughly the steps needed to reach the aim set.

Particularly, attention is paid to the properties of titanium dioxide, as well as to the sfucture,

physical and chemical properties, toxicological characteristics, optical and photocatalytic

properties, photoinduced TiOz processes, photovoltaic processes and degradation of pollutants

from TiOz-based nanomaterials. A good photocatalyst must meet certain characteristics: to be

stable and inexpensive, non-toxic, highly light-sensitive, with the ability to neutralize

contaminants. There are a number of semiconductors that can be used as photocatalysts, but

only TiOz-anatase and ZnO meetthe above conditions. Due to its high quantum efficiency, ZnO

is sometimes preferred to TiOz for the decomposition of various organic pollutants, but its main

disadvantage is its instability in an acidic aqueous medium, which makes titanium dioxide the

more preferred photocatalyst.

The well-known methods for synthesis of nanosized TiOz needed by the doctoral student are

described, and namely: sol-gel method, aqueous sol-gel method, non-aqueous sol-gel method,

reverse micelle method, hydrothermal (solvothermic) synthesis, ultrasonic hydrothermal

synthesis, microwave hydrothermal synthesis, ultrasonic method, electrochemical method, etc.

The highly efficient use of TiOz nanomaterials often meets obstacles by the inability to

efficiently absorb sunlight. The optical response of each material is largely determined by its

electronic structure, and the electronic properties are closely related to the chemical

composition. The chemical composition of TiOz can be modified and the metal titanium or non-

metal oxygen can be replaced. It has been found that it is easier to replace Ti + 4 cations in the

crystal lattice of TiOz with other transition metals, and it is more difficult to replace Oz anions

with other anions due to differences in charges and ionic radii. As a result of the introduction

of subsidizing agents in the forbidden zone, additional energy levels occur, so that the transition

ofelectrons requires less energy .

The literature review is well-structured and includes modification of TiOz with metals, non-

metals and co-modifications.

The results achieved by Nina Kirilova Ivanova can be summarized as follows:

'/ An easily applicable and reproducible procedure for the synthesis of nanosized TiOz

by a non-hydrolytic sol-gel method has been developed. The variant of non-hydrolytic



sol-gel synthesis method used has been successfully applied to the preparation of
nanosized (5-20 nm) titanium dioxide (anatase). The synthesized pure TiOz-anatase

shows high photocatalytic and antibacterial activity.

'/ When modified, TiOz with different concentrations of iron, it is found that the

synthesis temperature and the dopant concentration have a significant effect on the

photocatalytic activity - the highest photoefficiency is shown by Fe-modified with 0.5

moloh Fe TiOz.

'/ Modification of titanium dioxide with low concentrations of N does not change the

photocatalytic activity, and the higher nitrogen content has a beneficial effect on the

photoactivity when irradiated with UV light.

'/ FeA'{ co-doped TiOz does not improve the photocatalytic activity when irradiated with

UV light compared to pure TiOz. When exposed to visible light, low photoactivity is

observed only in the preparation doped with 1 molo/o Fe and N.

'/ Modification of TiOz with the rare metal cerium in low concentrations (0.1 molYo)

does not lead to a change in the photocatalytic activity when irradiated with UV and

Vis light, and higher doses of additives Ce (0.5 - 5 moloh) lead to reduced

photocatalytic activity when inadiated with UV light and do not lead to improved

photocatalytic activity when inadiated with visible light.

'/ The co-modification of TiOz with cerium and boron does not significantly improve

the photocatalltic activity under UV inadiation, and when irradiated with visible light

improved photocatalytic activity compared to pure titanium dioxide is found in the

co-modified cerium-boron preparations containing 0.5 mol% and 1 mol% Ce.

'/ The synthesized nanocomposite materials in the TiOz-ZnO system have

photocatalytic and antibacterial activity.

The experimental part clearly describes the performed syntheses, as well as the phase and

structural characteristics of the synthesized samples. The doctoral student has thoroughly

described approved protocols for preparation of working solutions of model pollutants, as well

as a photocatalytic procedure for their decomposition.

The author has summarized the results of her research on the synthesis and determination of the

photocatalytic activity of nanosized TiOz and its modifications in 9 points. The conclusions

correctly reflect what has been achieved.

The abstract accurately reflects the content of the dissertation and it is written in accordance

with the rules established.



I would like to recommend Mrs Ivanova to continue her research in the field of oxide

nanomaterials, paying attention to the synthesis of new ones that combine the characteristics of
excellent photocatalytic activity when exposed to visible light, high adsorption capacity and

reusability.

In conclusion, I think the dissertation is well-structured and proves that Nina Kirilova Ivanova

is a promising scientist in the field of inorganic chemistry, and more specifically in oxide

nanomaterials scientific area. The work presented is considerable in scope and diverse in nature,

The dissertation contains scientific and applied scientific results, which make an original

contribution to science and meet all the requirements set at Konstantin Preslavslqt University

of Shumen for awarding Mrs Nina Ivanova with a Doctoral degree in the professional field of
Chemical Sciences. The PhD thesis shows that the doctoral student Nina Kirilova Ivanova

possesses in-depth theoretical knowledge and professional skills in the field of inorganic

chemistry. I think the work,Synthesis and Determination of Photocatalytic Activity of Nanosized

Titanium Dioxide and its Modificatiozs demonstrates author's qualities and skills for

conducting independent research.

All of the above motivates me to give a positive evaluation of the research presented by the

dissertation, the abstract, the results achieved and the contributions made and reviewed above.

I would like to suggest the Honorable Scientific Jury to award a doctoral degree to Nina

Kirilova Ivanova in the field of higher education: 4. Natural sciences, Mathematics and

Informatics, professional field 4.2. Chemical Sciences (Inorganic Chemistry Doctoral

Program).
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