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I. Introduction and Objectives 

Amphiphilic conetworks belong to a new family of polymeric materials with unique 

properties. Since their first preparation, several types of amphiphilic conetworks have been 

synthesized, and we can meet them as contact lenses in these days. The speciality of 

amphiphilic conetworks originates from their structure. Amphiphilic conetworks are 

multicomponent systems with covalently bonded hydrophilic (polar) and hydrophobic (non-

polar) polymer chains. As a result, these materials possess exceptional structure and 

properties. Intensive research is going on world-wide aspiring to develop the synthesis, 

exploring the structure and characteristics of amphiphilic conetworks, and to find new 

exploitation possibilities for these special materials. Among others, research efforts in the 

field of biological, medical, biocatalysis and specialty membranes should be mentioned. 

In the course of my Ph.D. studies, my goal was to accomplish the synthesis of 

amphiphilic conetworks consisting of hydrophilic poly(N,N-dimethyl acrylamide) and 

hydrophobic polyisobutylene. A broad composition range of samples was selected. The 

prepared conetworks were then submitted to different analytical investigations, in order to 

obtain data concerning the composition, swelling behavior and structural characteristics. 

Swelling experiments were carried out in both polar (water) and non-polar (n-heptane) 

solvents. The structure of the conetwork series was systematically studied by different high 

performance analytical techniques. My further objectives were carried out on the basis on 

these results. The nanostructure of poly(N,N-dimethyl acrylamide)-l-polyisobutylene ("l" 

stands for "linked by") amphiphilic conetworks was utilized in preparing organic-inorganic 

nanohybrid materials by applying one of the phases of the conetworks as nanoreactor. 

Preparation of silver nanoparticle and nanocrystalline titanium dioxide containing amphiphilic 

conetwork was investigated. An experiment was planned to prove the advantageous properties 

and the potential of these new nanohybrids as useful materials in practical use. The nanosilver 

containing amphiphilic conetwork was investigated in a model reaction. 

The primary aims of my Ph.D. studies were the synthesis of poly(N,N-dimethyl 

acrylamide)-l-polyisobutylene amphiphilic conetworks, thorough investigation of their 

structure, and on the basis of the gained structural characteristics, the preparation, study, and 

practical utilization of novel organic-inorganic nanohybrid materials based on amphiphilic 

conetworks. 
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II. Applied Methods 

A series of poly(N,N-dimethyl acrylamide)-l-polyisobutylene amphiphilic conetworks 

was prepared via free radical copolymerization of polyisobutylene macromonomer and N,N-

dimethyl acrylamide monomer. A bifunctional initiator was synthesized for the quasiliving 

carbocationic polymerization of isobutylene to obtain the polyisobutylene macromonomer. 

Analyses of polyisobutylene were performed by gel permeation chromatography (GPC) and 
1H NMR spectroscopy. During the conetwork synthesis inert atmosphere was necessary, and 

for that reason, a special teflon mold was used.  The conetwork samples were extracted with 

methanol and hexane, and their swelling behavior in both water and n-heptane was 

determined by gravimetric method. Composition of the conetwork samples was determined 

by elemental analysis. 

 Structure of the amphiphilic conetworks was investigated by several methods. 

Thermal analysis was performed by differential scanning calorimetry (DSC), and for the 

investigation of the nanophase structure of the conetworks, small angle X-ray scattering 

(SAXS) and atomic force microscopy (AFM) methods were applied. The conetworks were 

utilized as nanoreactors for the synthesis of metallic silver and crystalline TiO2 containing 

nanohybrid materials. In the course of nanohybrid syntheses, reagents were passed into the 

nanophases of the conetworks by selective swelling, thus the reaction took place inside these 

phases. The prepared nanosilver containing nanohybrids were analysed by transmission 

electron microscopy (TEM) and UV-VIS spectrophotometry. In case of the TiO2 containing 

nanohybrids, TEM analysis was carried out. 

 Applicability study was also made with the nanosilver containing amphiphilic 

conetworks in a catalytic reaction, wherein the nanosilver acted as catalyst in a reduction 

process. Reduction process was in-situ followed by UV-VIS spectrophotometry. 
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III. Scientific Results 

1.  

Successful synthesis of a poly(N,N-dimethyl acrylamide)-l-polyisobutylene amphiphilic 

conetwork series in a wide range of composition was carried out. Polyisobutylene content 

covered the 38 and 82 wt% range in this series. Amphiphilic nature of the conetworks was 

proved by swelling experiments. The equilibrium swelling degree values in both water and in 

n-heptane were determined. The results indicate that the swelling degree values depend on the 

composition in each solvent. The swelling degree values in n-heptane increase, whereas 

decrease in water with increasing polyisobutylene content. 

2. 

The phase behavior of poly(N,N-dimethyl acrylamide)-l-polyisobutylene amphiphilic 

conetworks was investigated by thermal analysis (DSC). DSC curves show two distinct glass 

transition temperature (Tg) values in each samples. This indicates that the phases of the 

conetworks do not mix with each other, but they possess phase separated structure.  

3. 

Morphology studies of the conetworks were performed by atomic force microscopy (AFM). 

Evaluation of the phase mode AFM images revealed that the separated phases are in the 

nanometer range in each case. It can be stated that these conetworks have nanophase 

separated morphology. The most exceptional phase structure of the poly(N,N-dimethyl 

acrylamide)-l-polyisobutylene amphiphilic conetworks was observed with samples in the 

middle of the composition range (44 and 54 wt% polyisobutylene), where both phases are 

continuous in each other. This special morphology is called cocontinuous. In case of the other 

samples, the phase in greater extent composes a matrix, while the other phase is dispersed in 

this matrix. 

4. 

The structure of the conetworks was also studied by small angle X-ray scattering (SAXS) 

method. It can be concluded from the SAXS results that a short range order in the conetwork's 

structure exist in dry state. This is verified by the positions of the scattering maxima, and in 

certain cases the appearing of higher order maxima as well. The calculated domain sizes can 

be found in the 7-15 nm range. Investigations were also made with swollen conetworks, by 
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swelling the samples in water prior to the SAXS measurements.  These experiments provided 

exceedingly important results. It was revealed that the nanophases of the conetworks retain 

their relatively ordered structure even in water swollen state, and the phase sizes never exceed 

20 nm.  

5.  

Results from the structural studies of the amphiphilic conetworks were utilized in a novel 

approach. Due to the totally different character (philicity) of the constituents, the strongly 

hydrophobic polyisobutylene phases may act as reactor walls around the conetwork's 

hydrophilic phases. Moreover, the size of the phases is under 20 nm even in swollen state. By 

passing chemical reagents into the swollen hydrophilic phase, the reaction space will be the 

hydrophilic phase, which then acts as nanoreactor. 

6. 

Applicability of this nanoreactor principle was demonstrated with two kinds of systems. The 

hydrophilic phase of the poly(N,N-dimethyl acrylamide)-l-polyisobutylene amphiphilic 

conetwork was filled with silver nitrate aqueous solution by selective swelling. The 

conetwork was then placed into dimethyl formamide that reacted inside the nanophases with 

silver nitrate resulting in metallic silver particle formation. It was proved by transmission 

electron microscopy (TEM) analysis that silver nanoparticles appeared inside the conetworks 

with ~20 nm size. Existence of silver nanoparticles is indicated also from the result of UV-

VIS spectra, in which an absorption peak appeared around 420 nm. This absorbance is due to 

the surface plasmon resonance (SPR) of the nanosized metal particles.  

7.  

The nanosilver containing amphiphilic conetwork was examined in a model catalytic reaction. 

Nanosized silver particles catalyzed the reduction of 4-nitrophenol with NaBH4 which was 

successfully performed by the nanohybrid material produced in the amphiphilic conetwork. 

The reduction process was followed by UV-VIS spectrophotometry, by detecting the 

decreasing intensity of the 4-nitrophenol absorbance peak. It was proved by the spectra that 

reduction occurred, and the process could be repeated in the course of another catalytic cycle. 

Thus, the applicability of nanosilver containing amphiphilic conetwork in catalytic process 

was demonstrated. 
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8. 

The nanoreactor principle was also applied in another example. In this case, the hydrophilic 

phase of the amphiphilic conetwork was swollen in the solution of titanium tetrabutoxide and 

ethanol, followed by an aqueous hydrolysis according to the sol-gel method. The amphiphilic 

conetwork sample was then annealed, and structural analysis was made by TEM. According 

to the TEM images, nanocrystalline TiO2 was formed inside the phases of the conetwork. 

According to the electron diffraction analysis performed by the TEM equipment, it was also 

showed that the TiO2 nanocrystals have the anatase mineral form.  

IV. Conclusions 

In the course of my Ph.D. studies, the fundamental properties and swelling 

characteristics of poly(N,N-dimethyl acrylamide)-l-polyisobutylene amphiphilic conetworks 

were investigated. The structure of the conetwork samples was thoroughly studied, which 

resulted in several significant conclusions. Poly(N,N-dimethyl acrylamide)-l-polyisobutylene 

amphiphilic conetworks possess phase separated structure. The structural investigations also 

revealed that the separated phases exist in the nanometer size range, so these conetworks have 

nanophase separated morphology. 

Utilizing the revealed nanophasic structural characteristics of the amphiphilic 

conetworks, it was proved by my studies leading to nanohybrids containing nanosilver and 

TiO2 nanocrystals that such conetworks with their unique nanophase separated morphology 

are useful for the preparation of nanohybrid materials. The nanophases of the amphiphilic 

conetworks were utilized as templates in the formation of inorganic nanoparticles of the 

nanohybrid materials. These new results allow to conclude that amphiphilic conetworks can 

contribute as matrix material in the formation of a wide variety of novel nanohybrid materials 

with special compositions and properties. 



6

V. Publications  

1. P. Mezey, A. Domján, B. Iván, R. Thomann, R. Mülhaupt: Morphology studies and 

potential applications of poly(N,N.dimethyl acrylamide)-l-poliisobutylene amphiphilic 

polymer conetworks  

Proceedings: International Symposium on Polymer Conetworks, Gels and Membranes 

Sciences, Technology and Applications, IMEC CRC HAS, Budapest, pp 80-82 (2005) 

2. A. Domján, G. Erd di, P. Mezey, B. Iván, M. Wilhelm, R. Graf, H. W. Spiess, 

J. Gutmann: Structure and morphology of the amphiphilic conetworks:  

NMR and X-Ray scattering studies  

Proceedings: International Symposium on Polymer Conetworks, Gels and Membranes 

Sciences, Technology and Applications, IMEC CRC HAS, Budapest, pp 44-48 (2005) 

3. P. Mezey, A. Domján, B. Iván, R. Thomann and R. Mülhaupt 

Morphology studies and potential applications of poly(N,N-dimethyl acrylamide)-l-

polyisobutylene amphiphilic polymer conetworks  

Proceedings: Nanotechnology 2007: Technical Proceedings of the 2007 NSTI 

Nanotechnology Conference and Trade Show, Volume 2, pp 132-135, 2007 

4. P. Mezey, A. Domján, B. Iván, R. Thomann, R. Mülhaupt 

Novel organic-inorganic nanohybrids based on poly(N,N-dimethyl acrylamide)-l-

polyisobutylene amphiphilic polymer conetworks 

Proceedings: Nanotechnology 2008: Life Sciences, Medicine & Bio Materials - 

Technical Proceedings of the 2008 NSTI Nanotechnology Conference and Trade 

Show, Volume 2, pp 715-718, 2008 

5. B. Iván, Cs. Fodor, G. Kali, P. Mezey, R. Thomann, R. Mülhaupt: Nanophasic 

amphiphilic conetworks and new nanohybrids therefrom 

Polym. Mater. Sci. Eng. 100, 267-268 (2009) 



7

6. B. Iván, A. Domján, G. Erd di, Cs. Fodor, M. Haraszti, G. Kali, P. Mezey, Á. Szabó, 

S. L. Szabó, I. Szalai, R. Thomann, R. Mülhaupt: Smart nanostructured amphiphilic 

polymer conetworks 

Polym. Mater. Sci. Eng., 101, 925-926 (2009) 

7. P. Mezey, A. Domján, B. Iván, R. Thomann, R. Mülhaupt: Silver nanoparticle 

containing poly(N,N-dimethyl acrylamide)-l-polyisobutylene amphiphilic polymer 

conetworks 

Poly. Mater. Sci. Eng. 101, 1512-1513 (2009) 

8. P. Mezey, R. Thomann, B. Iván, R. Mülhaupt 

Atomic force microscopy investigations of the nanophasic morphologies of poly(N,N-

dimethyl acrylamide)-l-polyisobutylene  conetworks 

manuscript

9. P. Mezey, R. Thomann, B. Iván, R. Mülhaupt 

Silver nanoparticles formation in poly(N,N-dimethyl acrylamide)-l-polyisobutylene 

conetworks as nanotemplates 

manuscript

10. P. Mezey, A. Domján, B. Iván, P. Németh, R. Thomann, R. Mülhaupt: Amphiphilic 

conetwork as matrix polymer for synthesizing novel nanohybrid materials 

Polym. Mater. Sci. Eng., 102 (2010) accepted 

VI. Conference Presentations 

1. Mezey P., Domján A., Iván B., Thomann R., Mülhaupt R.: Poli(N,N-dimetil-akrilamid)-

l-poliizobutilén amfifil polimer kotérhálók szerkezetének vizsgálata és nanoreaktorként 

történ  alkalmazásuk 

HAS Chemical Research Center, Scientific Days, Budapest, June 1-2, 2005. 

2. Mezey P., Domján A., Iván B., R. Thomann, R. Mülhaupt: Poli(N,N-dimetil-akrilamid)-

l-poliizobutilén amfifil polimer kotérhálók szintézise és nanoszerkezet

morfológiájának analízise 

Conference of Chemists, Hajdúszoboszló, June 28-30, 2005. 

3. A. Domján, G. Erd di, P. Mezey, B. Iván, M. Wilhelm, R. Graf, H. W. Spiess, J. 

Gutmann: Structure and Morphology of the Amphiphilic Conetworks: NMR and X-Ray 



8

Scattering Studies 

International Symposium on Polymer Conetworks, Gels and Membranes, Budapest, 

September 11-13, 2005. 

4. P. Mezey, A. Domján, B. Iván, R. Thomann, R. Mülhaupt:  Morphology Studies and 

Potential Applications of Poly(N,N-dimethylacrylamide)-l-polyisobutylene Amphiphilic 

Polymer Conetworks 

International Symposium on Polymer Conetworks, Gels and Membranes, Budapest, 

September 11-13, 2005. 

5. Mezey P., Domján A., Iván B.: Poli(N,N-dimetil-akrilamid)-l-poliizobutilén amfifil 

polimer kotérhálók szintézise és nanoreaktorként történ  alkalmazásuk 

Forum of Doctorate Students, Debrecen, April 4, 2006. 

6. Mezey P., Domján A., Iván B., R. Thomann, R. Mülhaupt: Poli(N,N-dimetil-akrilamid)-

l-poliizobutilén amfifil polimer kotérhálók szerkezetének vizsgálata és nanoreaktorként 

történ  alkalmazásuk 

HAS, CRC, 9th Chemistry PhD School, Tahi, April 24-25, 2006. 

7. P. Mezey, A. Domján, B. Iván, R. Thomann, R. Mülhaput: Morphology Studies and 

Potential Applications of Poly(N,N-dimethyl -acryl-amide)-l-polyisbutylene 

Amphiphilic Polymer Conetworks 

1st European Chemistry Congress, August 27-31, 2006. 

8. P. Mezey, A. Domján, B. Iván, R. Thomann, R. Mülhaupt: Novel organic-inorganic 

nanohybrids based on poly(N,N-dimethyl acrylamide)-l-polyisobutilene amphiphilic 

polymer conetworks 

European Polymer Congress, Portoroz, 2-6 July, 2007. 

9. P. Mezey, A. Domján, B. Iván, R. Thomann, R. Mülhaupt: Nanohybrid materials based 

on poly(N,N-dimethylacrylamide)-l-polyisobutylene amphiphilic conetworks 

IUPAC International Symposium on Ionic Polymerization, Kloster Banz, September 9-

11, 2007. 



9

10. P. Mezey, A. Domján, B. Iván, R. Thomann, R. Mülhaupt: New nanohybrids from 

poly(N,N-dimethylacrylamide)-l-polyisobutylene amphiphilic conetworks 

9th Conference on Colloid Chemistry, Siófok, October 3-5, 2007. 

11. Erd di G., Fodor Cs. Groh W. P., Haraszti M., Iván B., Kali G., Mezey P., Pálfi V., 

Soltész A., Szabó L. S., Szanka I., Szarka Gy., Verebélyi K.: Új nanoszerkezet  polimer 

rendszerek, mint új nanohibrid anyagok platformja 

Feast of the Hungarian Science 2007, Budapest, November 14, 2007. 

12. Erd di G., Fodor Cs. Groh W. P., Haraszti M., Hellner Á., Iván B., Kali G., Kasza Gy., 

Mezey P., Pálfi V., Soltész A., Szabó L. S., Szanka I., Szarka Gy., Verebélyi K.: 

Nanoszerkezet  polimereken alapuló új nanohibrid anyagok 

ELTE Innovation Day, Budapest, February 5, 2008. 

13. P. Mezey, A. Domján, B. Iván, R. Thomann, R. Mülhaupt:  

Poly(N,N-dimethyl acrylamide)-l-polyisobutylene amphiphilic polymer conetworks and 

nanomaterials thereof 

Polymer Networks Group Conference, Larnaca, Cyprus, June 22-26, 2008 

14. Mezey P., Domján A., Iván B., R. Thomann, R. Mülhaupt: Amfifil kotérhálón alapuló 

szerves-szervetlen nanohibrid anyagok 

HAS Chemical Research Center, Scientific Days, Budapest, December 3-5, 2008.  

15. P. Mezey, A. Domján, B. Iván, R. Thomann, R. Mülhaupt: Silver nanoparticle 

containing poly(N,N-dimethyl acrylamide)-l-polyisobutylene amphiphilic polymer 

conetworks 

238th ACS National Meeting, Washington, DC, USA, August 16-20, 2009 


