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Report on PhD thesis “Synthesis, Absorption and Fluorescence Spectra of New
Colorants Based on Pyrrolinone Esters” of Mgr. Tarek

Saad Aysha

The theme of the thesis is the synthesis of the series of new colorants based on pyrrolinone esters
and the study of the relationships between their structure and photophysical and photochemical properties.

In the Theoretical part, on the basis of numerous literature references, the mechanism of the
synthesis of azo dyes, the azo-hydrazo tautomerism and light-induced £/Z
isomerism are discussed. The synthesis of pyrrolinone esters and their reactions with nitriles, aldehydes and
esters are described.

On the basis of the reaction of pyrrolinone ester with aromatic diazonium salts, the author of this
work prepared a series of new very interesting colorants (Part 2). Their structure was confirmed by
elemental analysis, MS and NMR spectrometry. Their photophysical and photochemical characteristics
were investigated by UV/vis absorption and fluorescence spectrophotometry.

It was confirmed that all synthesized colorants exist in keto-hydrazon tautomerism and a mixture
of E and Z isomers to the exocyclic C=N bond. Almost all compounds show one structurless absorption
band in the range 440-475 nm independent of a substituent and solvent polarity. A different character of
absorption spectra was found for the compounds with hydroxyl and nitro groups: two broad absorption
bands were found while the new long-wavelength one is situated at 550 nm (the compounds /) and at 630
nm (the compounds 7). This phenomenon was interpreted by the existence of equilibrium of two isomers of
enol and anion form. The ratio of intensity of both bands is strongly dependent on solvent polarity.

The fluorescence of the compounds is dependent on a substituent, solvent polarity and viscosity
(glass state at 77 K). The fluorescence of nitro derivatives in MTHF at room temperature is the most
remarkable phenomenon.

Seven chromium and cobalt complexes of investigated hydrazone ligands were prepared (Part 3).
The structure of metal complexes was studied and proved by MS and NMR spectra. In comparison with

basic ligands, the metal complexes show bathochromic shifts about 55-95 nm; their thermal stability is high.
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The theme of the thesis is topical and is connected with the project on the research of new

colorants and their application also in nontraditional branches. Mgr. Tarek S. Aysha synthesized the series
of new colorants, confirmed their structure and studied their spectral and photochemical characteristics. The
obtained original results enrich the present knowledge in the given area.

The dissertation work is well-arranged and is comprehensible. In dissertation presented results
are published in the international journal.

Megr. T. Aysha proved experimental skill and very good theoretical knowledge in chemistry of
colorants He is able to individual scientific work. I recommend his thesis to be orally defended. He

should replay the referee’s questions and comments during the oral defense.

Pardubice, October 24, 2011.

Ty 7/(1//47"

Prof. Ing. MilogNepras, DrSc.
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Page 26. Besides the detailed description of instrumental equipments, who carried out the

measurements (MS and NMR) should be mentioned on this place.

Page 48. Not correct formulations: ...substituent is hypsochromically shifted,...molar absorption

coefficient is bathochromically shifted.
No from studied compounds has OH and NO, mutually in ortho position.

Pages 48 and 51. The explanation of the character of absorption spectra of the 4 and i derivatives is

not clear and convincing:

- what equilibrium causes the appearance of the long-wavelength absorption band (azo-hydrazo
tautomerism was excluded by NMR),

- why the long-wavelength band was observed also for the compounds i ,when OH and NO, groups
are not in a conjugation and therefore an existence an anion form is very improbable;

- enol and anion forms are mutually not isomers (last sentence on p.51);

- the spectra of 2i in different solvents are missing;

- why the long-wavelength band of /4 shows a higher intensity in less polar acetone than in more
polar acetonitrile (Fig.35); I do not believe that acetone could cause a ionization of OH group
even in conjugation with NO, group.

Page 59, Table 6. Only one absorption band in relatively polar MTHF at 77 K were observed

in fluorescence excitation spectra for compounds 4 and i ; to contribute to making clear the existence

of long-wavelength absorption bands of these compounds, it would be interesting to compare
absorption spectra in MTHF at room temperature (are missing) with fluorescence excitation spectra in
the same solvent at 77 K; thus an influence of temperature on the spectra of these two series of

compounds could be analyzed and contribute to elucidating of this phenomenon.
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Title of the work: Synthesis, absorption and fluorescence spectra of new colorants based on

pyrrolinone esters
Referee: Dr. Ing. Petr Kluson, Associate Professor, ICPF AS CR

Prague / Suchdol, 8.11. 2011

The PhD Thesis submitted by Mr. Tarek Saad Aysha entitled Synthesis, absorption
and fluorescence spectra of new colorants based on pyrrolinone esters represent a valuable
insight into the problem of efficient synthesis and physico - chemical evaluation of the very
specific group of colorants. The experimental work involved was focused initially on the
practical preparation of various analogues of pyrrolinone esters and their subsequent use in
the preparation of the hydrazone type colorants. The next synthetic part of the Thesis covered
the utilisation of the obtained products in the preparation of cobalt and chromium complexes.
These structures are referred to as brand new and never described previously and thus it was
necessary to characterize them carefully with help of every available technique. Attention was
paid to spectral description of all intermediates and products in both synthetic sections of the

work.

Formally the Thesis of Mr. Tarek Saad Aysha satisfies all standards supposed to be
met with a research work of this type and at this scientific level. The organization of the work
is logical and straightforward, most of the chapters and paragraphs are enough descriptive and
providing all necessary details. The work goals are well defined, and it seems that most of the
goals were reached. The work follows a characteristic structure, with a Theoretical part, two
Experimental sections devoted to the two main synthetic topics (described in the previous
paragraph), the Conclusion and other minor text units. The author cites 88 individual journal
papers and book chapters. The literature part is convincingly dense. The two main sections
include separate experimental descriptions, in both cases sufficiently detailed to repeat the
reactions and the tests if necessary. Each of the sections also includes a separate Discussion
part and a partial Conclusion. No doubts, the subtle and careful fragmentation makes the
Thesis of Mr. Aysha perfectly understandable and it makes the work easy to read. The quality
of Tables is adequate, figures are well illustrative, as well as the reaction schemes and

depicted molecular structures. English used might be in some expressions improved, however,
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recognized journals (SciFinder, 8.11. 2011).

The next points should be understood as initiation issues for the discussion:

1

From the general point of view: What is the reason of the very high similarity of the
measured absorption spectra?

The same question for the reasons of the exceptional room temperature fluorescence of
the 4-cyanophenyl and 4-nitrophenyl derivates.

Cobalt and chromium complexes seem to be really new. Where the inspiration came
from?

The Theoretical part might be slightly longer, giving may be more examples on
practical and possible utilisations and utilisation schemes of the targeted colorants.

The part dealing with the hydrazone colorants based on pyrrolinone esters is well
descriptive. Especially the general route for synthesis brings a clear vision. Are there
still any ,,hidden corners* and pathways for the next research?

More details on quantum chemistry calculations would be appreciated.

Have you considered solvent mixtures to measure absorption spectra?

Observed isomerisation is an interesting phenomenon. No doubts. Is it only thermally
induced? And if Y, did you attempt any thermodynamic considerations?

The Co and Cr complexes devoted section is very interesting. Their background (of

the complexes), not only toward the Thesis is, however, too brief.

The PhD Thesis of Mr. Tarek Saad Aysha represents a matured scientific work and it

could be recommended for its final defence.
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