
Review of PhD thesis of MSc Foteini Delisavva 

“Self-assembly of Polymers with Amphiphilic Compounds (Surfactants) in Aqueous Solutions” 

 

The presented thesis of MSc Foteini Delisavva deals with cooperative self-assembly of charged block 

copolymers (polyelectrolytes) and charged surfactants. The use of modern classes of compounds 

such as double-hydrophilic copolymers and tailor-made Gemini surfactants makes the topic 

attractive not only for bringing novel scientific knowledge but also because of their possible 

prospective applications. The formal editing of the work is at high level, starting from general 

information followed by specific details and original results for selected self-organized polymeric 

systems. The original data are well-arranged and clearly explained.  

Besides general introduction and description of the aim of the study, the thesis is divided into three 

main parts. The first of them (Chapter 3) introduces state-of-the-art composite nanoparticles and 

several types of block copolymers and Gemini surfactants. The second part (Chapter 4) presents 

variety of complex characterization methods, such as scattering techniques exploiting different types 

of radiation (visible light, X-rays or neutrons), electron microscopy, time-resolved fluorometry and 

isothermal titration calorimetry. Both the detailed experimental setups and theoretical basics of the 

methods are described here. In the next part (Chapter 5) three research projects included into the 

thesis are presented. 

The first research project concerns interactions of polyelectrolyte micelles of polystyrene-b-

poly(methacrylic acid) (PS-PMAA) copolymer with cationic surfactant N-dodecylpyridinium chloride 

(DPCl). Without the surfactant, PS-PMAA spontaneously self-assembles into micelles with glassy core 

and hydrophilic corona. By using SLS, DLS, SAXS, ITC, time-resolved fluorometry and cryo-TEM it was 

found out that the surfactant influence structure of the polyelectrolyte brushes depending on charge 

ratio Z, which is the amount of DPCl anions to the PMAA units. There are three regions induced by 

the added amount of DPCl: for Z < 0.4 DPCl binds into the inner part of the polymer micelles corona; 

for 0.4 < Z < 0.8 DPCl binds into its ionized outer part and for 0.8 < Z the corona is fully neutralized 

and collapsed and secondary aggregation of PS-PMAA micelles occurs. The analysis of entropy-

enthalpy interplay in combination with electrostatic interactions is supported by indirect (ITC) and 

direct (cryo-TEM) observations. 

The second project focuses on the electrostatic co-assembly of double hydrophilic copolymer poly(2-

vinylpyridine)-b-poly(ethylene oxide)  (P2VP-PEO) with oppositely charged anionic Gemini surfactant 

6,6´-(ethane-1,2-diyl bis (oxy)) bis(sodium 3-dodecyl benzene sulfonate acid) (G2) with a short linker. 

The self-assembled P2VP-PEO/G2 complexes show structures completely different from the pure 

surfactant vesicles. There are again three regimes depending on Z value: at Z < 0.3 small sheets of G2 

bind individual copolymer chains; for 0.3 < Z < 1.0 compact spherical nanoparticles are observed and 

for 1.0 < Z stable rod-like structures are formed. The key factors influencing the co-assembly are 

primarily the bulkiness of G2 head-groups and the length and stiffness of their linker causing steric 

tension within the resulting complexes. Observations performed by DLS, SLS, SANS, cryo-TEM and ITC 

consistently support the mechanism of particles formation suggested in the project. 



The third project describes cooperative self-association of block copolymer electrolyte poly(ethylene 

oxide)-b-poly(methacrylic acid) (PEO-PMAA) and oppositely charged cationic Gemini surfactants of 

the type alkendiyl-α,ω- bis(dimethyl alkylammonium bromide) (12-s-12) with different lengths of the 

spacer chain. Detailed characterization of the complexes was performed by SLS, DLS, electrophoretic 

light scattering, ITC, surface tension measurement and cryo-TEM, the internal structure of the 

complexes was investigated by SAXS. Depending on the length of the surfactant head-groups spacer 

and molar mass of the block polyelectrolytes, various nanoobjects are formed such as platelets with 

squared, rectangular or hexagonal shape with different sizes and varied degree of their internal 

order. The particles are stable in dimensions suitable for possible industrial or bio-medicinal 

applications.  

Foteini Delisavva’s thesis brings well-designed experiments and logical interpretations of the 

obtained data supported by precise fitting of the scattering curves, evaluations of ITC and 

fluorometry measurements and qualified description of microscopy images. All results are coherently 

integrated into general summary and further perspectives described in the Chapter 6. The candidate 

convincingly shows her ability to use a variety of physico-chemical methods and perform data 

analysis. Contributions of her supervisors and colleagues are specified in each research project.  

Even though the overall quality of the work is at high level, there are few misprints and inaccuracies 

in the text and equations: 1) on p. 26 in equation 4.2 the refractive index n0 of the solvent is missing 

in numerator; 2) on p. 27 the equation 4.3 for scattered intensity is incorrect, it should be written as 

product of electric field intensity E and its conjugated value E
*
, moreover the scattered intensity is 

not only a product of two factors, P(q) and S(q) (as stated in the text) but also instrument and 

material factors should be included;  3) on pp. 48 – 51 there are wrong references to Figures 5.1.4 – 

5.1.6 (numbering is shifted in the text); 4) on p. 51 the expression “The image for Z = 1.1 shows a 

numbers…” is grammatically incorrect; 5) there is wrong reference to Scheme 5.1.1. on p. 56 – the 

Scheme 3.1 is referred in the text; 6) on p. 61 the text describing Figure 5.2.1 gives wrong value of 

position of correlation peak, q = 0.24 nm
-1

 is referred instead of 2.24 nm
-1

 shown in the Figure 5.2.1.; 

7) on p. 64 at Figure 5.2.2b a gyration radius below 10 nm is shown which cannot be reliably 

measured by SLS. 

I have several comments and questions for discussion during the defense: 

1) When the size of PS-PMAA/DPCl micelles was studied it was found that for Z ≥ 0.8 an intense 

multiple scattering occured in the samples (p. 46). How could be measured Rh of particles in 

turbid, multiple scattering samples? 

 

2) Is the cmc value of DPCl known for solvents used in Project 1?  Were any pure DPCl micelles 

observed in the PS-PMAA/DPCl samples by scattering techniques (DLS, SLS, SAXS) at higher 

values of Z ≥ 0.4? They are supposed to influence the aggregates forming mechanism. 

 

3) In the analysis of SAXS data for PS-PMAA/DPCl solution (page 54) the contribution from 

short-range fluctuations in the high-q regime provides correlation length value of 0.25 nm. 

To which aspect of physical reality could this number correspond (which structure is 

described by the number)? 

 



4) How can be explained the difference in the mean fluorescence life-times of free probe DAP 

and DAP embedded with PS-PMAA micelles at Z = 0? (Figure 5.1.4 on p. 49). 

 

5) Molar masses of P2VP-PEO/G2 complexes are shown in Figure 5.2.2 on p. 64 (Project 2). 

Which conformations were observed for Z=0 (showing “zero” molar mass), do they 

correspond to random coils of individual macromolecular chains? How does the structure of 

complexes probably develop with changes in parameter ρ plotted in the inset of Figure 

5.2.2? 

 

6) Taking in account the obtained data, what is the density of different types of 

polyelectrolyte/surfactant complexes for representative (selected) Z values? This information 

can give an estimation of porosity or loading capacity of nanoparticle complexes, which is 

important for their possible applications. Please comment. 

 

Despite the above-mentioned remarks, the candidate presents her wide knowledge and skills to 

develop the given topic keeping in mind possible prospective applications of the studied 

nanosystems. The high quality of the obtained results is confirmed by their publishing in reputable 

international journals (two published and one submitted article). I recommend the thesis to be 

accepted for defense at the Charles University in Prague. 
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