
Thesis of Ph.D. Dissertation 
 
 

Attila Borsos 
 

Properties of Poly(N-isopropyl-acrylamide) 
Based Microgel Systems and Interaction with 

Cationic Surfactant 
 
 

 
 
 

Eötvös Loránd University 
Institute of Chemistry, Department of Physical Chemistry 

Laboratory of Interfaces and Nanosized Systems 
 

Supervisor: Dr. Tibor Gilányi, D.Sc. 
 

Doctoral School of Chemistry 
Head of Doctoral School: Dr. György Inzelt, D.Sc. 

 
Analitical, Colloid and Environmental Chemistry, Electrochemistry 

Program 
Head of Program: Dr. Gyula Záray, D.Sc. 

 
 

Budapest, 2012 



 2 

Introduction and Aims of Study 

The materials which can give non-linear reversible answer for the changes of environmental 

parameters have gained widespread interest in the past decades. These materials called 

„intelligent” or stimuli responsive ones have significant changes in their volume due to the 

change of an environment parameter, e.g. temperature, ionic strength, etc. This property is 

used in several  industrial and medical applications as well as to solve scientific problems. 

The poly(N-isopropyl-acrylamide) (pNIPAm) is one of the most widely studied temperature 

sensitive gel which collapses at around 32 °C. The research on the macroscopic hydrogels as 

well as nanogels and microgels has become considerably intensive as it is reflected in the 

extremely great number of publications in this field. 

There are several unsolved scientific questions concerning the properties of the microgels 

despite the extended research. Below the collapse temperature the microgel is a real solution 

from thermodynamic point of view (so-called liogel) but above this temperature the microgel 

is a kinetically stable (or unstable) colloid dispersion. The transition from solution to 

dispersion state has not been analyzed in the literature. The importance of this question can be 

demonstrated by the fact that the properties of the complexes of the polyelectrolytes and 

polyelectrolyte microgels with oppositely charged surfactants have been interpreted with an 

erronous concept as thermodynamically stable systems instead of as kinetically stable 

dispersions. The reason of this ambiguity is that the mechanism of the surfactant binding as 

well as the electric properties of the microgels has not been clarified yet. The explanation of 

the electrophoretic mobility of the soft microgel particles is based on two theories in 

conceptual contradiction to each other, these are the “Charged surface” and the “Free draining 

model”. They describe the mobility of the particles in two different ways and there is no 

evidence which conception is better to describe the electrokinetic behaviour of the microgel 

particles. 
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The Thesis is devided into three main parts: 

1. Study of the transition from solution to dispersion state of the pNIPAm microgel 

system. 

2. Investigation of the interaction between cetyl-trimethylammonium bromide cationic 

surfactant and pNIPAm microgel in the function of the temperature. 

3. Elecrophoretic studies on homopolimer neutral pNIPAm microgel, poly(N-isopropyl-

acrylamide-co-acrylic acid) p(NIPAm-co-AAc) polyelectrolyte microgel and their neutral 

core/polyelectrolyte shell and polyelectrolyte core/ neutral shell structured microgels. 

Methods 

The hydrodynamic diameter of the microgel particles was determined by dynamic light 

scattering measurements. Their electrokinetic properties were characterized by electrophoretic 

mobility measurements. The surfactant binding on the microgel was studied by potentiometric 

measurements with surfactant ion sensitive electrode. The total analytical charge of the 

particles was determined by pH titration. 
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Results 

1. It has been shown that the transition range of the pNIPAm microgel system between the 

solution and dispersion state can be produced, in which state the particles form well defined 

equilibrium aggregates. 

2. In the solution/dispersion transition range of the pNIPAm microgel system the average 

aggregation number increases with increasing microgel concentration. The equilibrium 

aggregation range of the particle system shifts to lower temperatures with increasing microgel 

concentration. 

3. A multiple chemical equilibrium model was developed to describe the aggregation state 

of the particle system and the model was applied for pNIPAm microgels. The model 

calculations in good agreement with the experimental results suggest that the aggregates of 

particles of small aggregation number are in equilibrium with the monomers in a narrow 

temperature range. This is the transition range from stable solution to colloid dispersion state 

of the microgel system. 

4. The electric charge of the neutral pNIPAm which originates from the initiator can be 

compensated with an extremely small amount of oppositely charged surfactant. At this 

surfactant concentration the collapsed particles coagulates. With further increasing surfactant 

concentration the system becomes stable again. The swollen particles are stable in the whole 

surfactant concentration range. 

5. At low surfactant concentrations the surfactant ions specifically bind to the gel particles 

as monomers. Above the cac the surfactant interact with the microgels in form of aggregates 

in both the swollen and the collapsed states of the pNIPAm. 
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6. The change of the zeta-potential of the pNIPAm microgels as a function of the CTAB 

concentration becomes more pronounced with increasing temperature and the charge reversal 

of the particles takes place at lower surfactant concentrations. The interaction of the surfactant 

ions with the microgel can be modelled as an adsorption into the microgel surface layer. The 

unexpected temperature dependence of the interaction is a consequence of the change of the 

segment density in the microgel with the temperature. 

7. The swelling degree of the core/shell structure microgel with p(NIPAm-co-AAc) core is 

highly restricted by the neutral pNIPAm shell. 

8. The electrophoretic mobility of the pNIPAm based electrically neutral and charged as 

well as the core/shell microgels can be well described with the Charged surface model in the 

function of the swelling state of the microgel particles. The theoretical prediction of the Free 

draining model contradicts to the experimental results.
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