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1. Completion of the provided documents: 

A) The dissertation and the competition documents are in 
full compliance with the Regulations. 

4 points X 

B) The documents are complete but do not fully comply 
with the requirements of the Regulations. 

2 points  

C) The documents are not completed in accordance with 
the requirements of the Regulations. 

0 points  

  one of the answers 
given is marked with the 

sign "X" 



 

Missing documents and violated standards must be described if response C is marked. 

 
 
 

2. Meeting the minimum requirements under the Regulations: 

A) The candidate meets the minimum requirements 20 points X 

B) The candidate doesn’t meet the minimum 
requirements  

0 points  

  one of the answers given is 
marked with the sign "X" 

 

It must be filled in if answer B is marked. The publication activity of the candidate is analyzed. The 
response of the results achieved (quoted) is analyzed. 

 
 
 
 

3. The relevance of the topic of the dissertation: 

A) The topic is relevant and new (there are no known results on 
the topic by other authors) 

8 points  

B) The topic is relevant and results from other authors are known 6 points X 

C) The topic is not relevant, but results from other authors are 
known 

2 points  

D) The topic is not relevant and no results from other authors are 
known  

1 point  

E) The topic does not correspond to the level of dissertation  0 points  

  

one of the answers 
given is marked 
with the sign "X" 

 

The evaluation of the relevance of the dissertation must be substantiated 

 
In the thesis, synergism when extracting the metals from the lanthanoid group is explored with 
mixtures of chelated extractants. In the open scientific literature, there is no other such comprehensive 
study with such a degree of generality. The interest in synergistic extraction is driven by the fact that 
extraction and ion-exchange methods play an important role in production and separation of 4f-
metals. The successful selection of a combination of extractants in some cases leads to a 100-million 
increase in the degree of extraction of metals, and in some cases to better separation. The scientific 
value and actual importance of the research is confirmed by the more than 500 references from 
specialists working in the most significant scientific centers in chemistry of extraction processes. 

4. Knowledge of the problems, subject of research in the dissertation: 

A) The doctoral student knows in detail the achievements of 
other authors on the topic of the dissertation 

8 points X 



B) The doctoral student is partially familiar with the achieved 
results on the topic of the dissertation 

4 points  

C) The doctoral student has no prior knowledge of the status of 
the problems in the dissertation 

0 points  

  

one of the answers 
given is marked with 

the sign "X" 

 

The evaluation must be substantiated if answer C is marked. 

 
 
 

5. Type of research: 

A) Theoretical 4 points X 

B) Applied 4 points  

C) Theoretical with application elements 4 points  

D) It does not correspond to the level of dissertation  0 points  

  

one of the answers given 
is marked with the sign 

"X" 

 

The level of research must be substantiated if answer D is marked. 

 
 
 
 

6. Objectives of the research: 

A) Realistic and of scientific and / or applied interest 8 points X 

B) Realistic, but not of scientific and / or applied interest 3 points  

C) Unattainable (unrealistic) 0 points  

  

one of the answers given 
is marked with the sign 

"X" 

 

Objectives must be specified. The type of the set objectives must be justified. 

1. Assess the effect of molecular architecture of the extractants on the complexation with 4f-ions in 
solution.  
2. Evaluate the influence of synergistic agents necessary to enhance extraction in typical organic 
media.  
3. Optimization of synergistic solvent extraction via variation of the organic solvent and to evaluate 
the opportunities for process improvement.  
4. Estimation of possibilities to achieve very high selectivity in 4f-series during synergistic extraction 
by optimizing the process of liquid extraction via chemical adjustment of ligands.  
5. Developing a scheme for design of solvent extraction systems with target 4f-ions by optimizing the 
organic phase, including ionic liquids.  



6. Establishment of synergistic agent properties in an ionic liquid environment and exploration of the 
possibility to use it as another route to reach a synergism. 
As clearly demonstrated by the obtained results, the thesis objectives are realistic and largely 
accomplished, allowing for a sufficient degree of conclusions’ generality.  
 
 

7.Methods of research: 

A) Adequate to research and set objectives 8 points X 

B) Partially appropriate, enabling part of the scientific 
objectives and / or applications to be achieved 

4 points  

C) Inappropriate methods 0 points  

  

one of the answers given 
is marked with the sign 

"X" 

 

Methods must be specified. The type of methods used is justified. 

 

Classical and modern methods for the study of liquid extraction (UV-Vis spectrophotometry, 

potentiometry, NMR spectroscopy, high-performance liquid chromatography, FT-infrared 

spectroscopy, electronic paramagnetic resonance, coulombmetry), as well as various methods of 

synthesis of extractants and extraction procedures are employed in the thesis. This combination of 

methods allows evaluation of the thermodynamic and kinetic parameters of the process, as well as 

the type of structures of the complexes obtained with high reliability. This gives a high value to the 

results and allows for extended theoretical summaries on their basis.  

 
 

8. Contributions of the dissertation: 

A) With lasting scientific and / or applied response, they 
form the basis for new research and applications 

20 points X 

B) They are of significant scientific and / or applied 
interest, complete and / or summarize previous research 

16 points  

C) They are of scientific and / or applied interest 12 points  

D) Lack of significant contributions 8 points  

E) Lack of contributions 0 points  

  

one of the answers given 
is marked with the sign 

"X" 

 

Contributions must be specified. The type of results achieved must be justified. 

The contributions of the dissertation work are classified as theoretical (enrichment and further 
development of existing theories and deepening of the scientific knowledge). They can be 
summarized as follows: 
1. The synergistic liquid extraction of lanthanoid ions is thoroughly studied with 18 new 

systems involving various chelating agents and organo-phosphorus ligands, mainly 
calixarenes, as synergistic agents in organic solvents. The behavior of the entire 4f series 



(excluding Pm) is studied with three new types of mixtures.  The parameters of the 
extraction process, synergistic coefficients and separation coefficients for all systems are 
evaluated and the factors influencing them are determined and ranked. A concept for the 
application of macrocyclic 3D molecules in the role of synergistic agents as a new approach 
to liquid extraction processes is developed and proven, leading to innovative techniques in 
separation chemistry and new reaction pathways for metal recycling. 

2. From quantitative interpretation of experimental data, conclusions on the mechanism of 
extraction processes and extracted complexes in organic phase are drawn, based on the 
estimated values of equilibrium constants.  Conclusions on the use of synergistic ligand 
cooperation involving a planal skeleton and a   three-dimensional scaffold in a self-
organizing solvent system for separation metal ions are also drawn and provide new 
approaches for the design of next-generation of extraction agents. 

3. For the first time in the specialized literature, possible interactions in the organic phase are 
studied in detail with NMR spectroscopy.  It is demonstrated that the increase in the degree 
of synergistic extraction of metal ions depends on the nature and strength of possible 
interactions between the two ligands present in the organic phase, as well as on the solvent-
ligand interactions, which are proven not to lead to anti-synergism. 

4. For the first time, synergistic liquid extraction of lanthanoid ions is thoroughly studied in ten 
systems involving various chelating agents and organo-phosphorus ligands including 
calixarenes in ionic liquids.  Parameters of the extraction process are determined, the 
synergy effect and selectivity in the 4f series are assessed and the factors influencing them 
identified and ranked.  It is established that in some synergistic systems based on ionic 
liquids, more than one extraction model can be realized via the so-called multiple 
mechanism. 

5. A relatively weak synergistic effect, up to three orders of magnitude, is found in ionic liquids, 
compared to the significantly stronger increase (up to 108) when using organic (molecular) 
solvents.  For the first time, the cause leading to the destruction of synergism in an 
environment of ionic liquids is identified.  

 
 

9. Evaluation of the compliance of the dissertation summary with the dissertation: 

A) Full compliance 4 points X 

B) Compliance of the main parts 2 points  

C) Lack of compliance of the main parts 0 points  

  

one of the answers given 
is marked with the sign 

"X" 

The evaluation must be substantiated if answer C is marked. 

 
 
 

10. Participation of the doctoral student in the achievement of the results of the dissertation: 

A) The doctoral student has at least an equal participation 8 points X 

B) The doctoral student has secondary participation 5 points  

C) The participation of the doctoral student is 
unnoticeable 

0 points  



  

one of the answers given 
is marked with the sign 

"X" 

 

Critical notes must be provided if one of the items B or C is marked. 

 
 
 

11. Critical notes: 

A) Lack of critical notes 8 points X 

B) Critical notes of a technical nature 7 points  

C) Critical notes that would partially improve the results 
achieved 

4 points  

D) Significant critical notes 0 points  

  

one of the answers 
given is marked with the 

sign "X" 

Critical notes must be provided if one of the answers C or D is marked. 

 
 
 
 

12. Conclusion 

A) The evaluation of the dissertation 
is POSITIVE 

This evaluation is assigned to a 
total number of at least 65 points 

X 

B) The evaluation of the dissertation 
is NEGATIVE 

This evaluation is assigned to a 
total number below 65 points 

 

  

one of the answers 
given is marked with 

the sign "X" 

 

To be filled in at the request of the reviewer 

 
Based on the comments made on the relevance of research presented in the thesis, the generality of 
the conclusions and the scientific metrics of the publications included, I strongly recommend the 
scientific degree of Doctor of Science in Inorganic Chemistry, professional domain   4. 2. Chemical 
Sciences, professional field 4 Natural Sciences, mathematics and Informatics to be awarded to 
Assoc. Prof. Dr. Maria Atanassova Petrova. 
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