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The European Centre of Bio- and Nanotechnology (ECBNT) project is realized within the 

framework of the BioTechMed consortium formed by the academic institutions in Łódź.  

An aim of the Workshop is to identify the most important issues and trends in bio- and 

nanotechnology in order to define future research profile of the Centre. The program will 

focus on three main research areas: Energy, Health and Environment, as recommended by 

the ECBNT’s International Advisory Board (IAB) after its first meeting on 20-21.10.2008 

in Łódź. Members of IAB have kindly accepted an invitation to give plenary lectures at the 

Workshop; the plenary sessions are followed by specialized sessions which  demonstrate 

research potential of the ECBNT partners, with the special emphasis on the cooperation 

with leading scientific centers in Poland and abroad.  
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Thursday, February 12, 2009 
Plenary session (LectureRoom CH-1)  

9:00 – 9:20 OPENING  
9:20 – 10:00 K. Matyjaszewski “Macromolecular Engineering for 

Nanostructured Materials” 
16 

10:00 – 10:40 E. J. Vandamme “Exopolysaccharides from yeasts and (yeast-
like) fungi” 

17 

10:40 – 11:00 Coffee break  

11:00 – 11:40 T. Kowalewski “Control of nanostructure in π-electron 
materials: toward carbon-based nanoelectronics” 

18 

11:40 – 12:20 F. Kremer “Optical Tweezers in Nano-(Bio)-Physics” 19 

12:20 – 14:00 Lunch break  

14:00 – 18:45 Parallel sessions 

Session: Inorganic Nanomaterials (Conference Room – 1th floor) 

Chairs: S. Mitura, J. Rynkowski 

 

14:00 – 14:20 O. Dobrowolski “Nanoscale phenomena in modification of 
polymers: from carbon black to ion bombardment” 

20 

14:20 – 14:40 E. Skiba “Controlled Photo-Synthesis of Gold Nanoparticles” 21 

14:40 – 15:00 J. Grams “Application of time-of-flight secondary ion mass 
spectrometry to the surface studies of selected solid materials” 

22 

15:00 – 15:20 I. Piwoński “Sol-gel chemistry in nanotechnological 
applications” 

23 

15:20 – 15:30 J. Grobelny “Nanoparticles Metrology using Atomic Force 
Microscopy” 

24 

15:30 – 15:40 G. Celichowski “Modification of gold nanoparticles for 
biomedical applications”  

25 

15:40 – 16:00 L. Khriachtchev “Optical properties of silicon nanocrystals in 
silica” 

26 

16:00 – 16:30 Coffee break  

16:30 – 16:50 A. Stanishevsky “Nanoscale diamond materials: A platform for 
biomedical arena” 

27 

16:50 – 17:10 Z. Kołaciński “Microwave plasma for CNTs deposit continuous 
fabrication at atmospheric pressure” 

28 

17:10 – 17:30 P. Jacquet “Procedure for PVD coatings hardness 
measurements by mean of a microhardeness tester” 

29 
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17:30 – 17:50 J. Łysko “Diamond microfluidic devices for bioanalysis” 30 

17:50 – 18:10 P. Louda “Nanomaterials for  automotive industry” 31 

18:10 – 18:30 S. G. Pierzynowski “Nanodiamond powder particles for 
medicine” 

32 

18:30 – 18:45 T. Jakubowski “Micro- and nano-diamonds from extraterrestrial 
matter” 

33 

Session: Molecular Dynamics (Lecture Room CH-5) 

Chairs: W. Bartczak, J. Ulański 

 

14:00 – 14:25 G. Boiteux “Amorphous Polymer Composites with nanofillers : 
influence of the nanoparticles on their molecular dynamics” 

34 

14:25 – 14:50 M. Wübbenhorst “Glass transition dynamics in confined and 
low-dimensional systems: From nanoporous guest/host systems, 
smectic liquid crystals to ultra-thin polymer films”  

35 

14:50 – 15:15 A. Schönhals “Polymer based Nanocomposites - Interplay 
between interfacial and bulk effects” 

36 

15:15 – 15:40 A. Kyritsis “Molecular dynamics in intercalated poly(propylene-
oxide)amines/layered silicate nanocomposites” 

37 

15:40 – 16:00 L. Okrasa “Molecular dynamics in macromolecules with 
different architecture” 

38 

16:00 – 16:30 Coffee break  

16:30 – 16:50 M. Pastorczak “The molecular dynamics in sub-zero 
temperatures in PVME hydrogels” 

39 

16:50 – 17:15 A. Sikorski “Thermodynamic Properties of Polymer Chains. The 
Comparison of Some Monte Carlo Techniques” 

40 

17:15 – 17:35 P. Polanowski “Dynamic  lattice liquid model as a tool to 
investigation of non-equilibrium processes” 

41 

17:35 – 17:55 R. Kiełbik “Hardware implementatation of Dynamic Lattice 
Liquid model as a way of investigation of very complex molecular 
system” 

42 

Session: Electronic and Opto-electronic Nanostructured Materials (CH-5) 

Chairs: Z. Lisik, A. Napieralski, J. Ulański 

 

17:55 – 18:20 J. Sworakowski “Nano- and micro-scale electro-optic molecular 
switches based on photochemically modified mobilities of charge 
carriers. Design vs. reality” 

43 

18:20 – 18:45 I. Głowacki “Charge carrier recombination in 
electrophosphorescent polymer composites as investigated by 
spectrally resolved thermoluminescence” 

44 
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Session: Nanostructured Biomaterials and Biochemicals (CH-1) 
Chairs: G. Bujacz, Z. Kamiński 

 

14:00 – 14:30 A. Górak: Monoclonal Antibody Purification: an European 
Research Initiative 

45 

14:30 – 15:00 B. Kolesińska “Catalytically active N-lipidated peptides 
immobilized on solid support” 

46 

15:00 – 15:15 M. Peplińska “Genetic properties Gluconacetobacter xylinus E-
25 strain” 

47 

15:15 – 15:30 K. Kowalska “Bacterial cellulose in medicine” 48 

15:30 – 15:45 K. Makowski “Extremophiles as a source of valuable enzymes 
and active compounds” 

49 

15:45 – 16:00 M. Przybyt “Biosensors – where we are - where we go” 50 

16:00 – 16:30 Coffee break   

16:30 – 17:00 Z. Leśnikowski „Biosensors and DNA chips. Emerging 
applications of boron clusters in nanotechnology” 

51 

17:00 – 17:30 B. Nawrot “Anti-amyloid approaches based on inhibitory nucleic 
acids” 

52 

17:30 – 17:45 K. Rożniakowski “Self-organization of peptides” 53 

17:45 – 18:00 G. Bujacz “Crystal structures of Fc complexes with 
peptidomimetic ligands” 

54 

18:00 – 18:15 W. Ambroziak “Fermentation activity of immobilized yeast 
cells” 

55 

18:15 – 18:45 B. Wandelt “Molecularly Imprinted Polymers as smart sensing 
elements” 

56 

19:30 – Conference dinner in Restaurant „Gęsi Puch” 
(at the corner Al. Politechniki/Radwańska street). 
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Friday, February 13, 2009 
Plenary session (Lecture Room CH-1) 

 

 

9:00 – 9:20 R. Wohlgemuth “Back to the Future of Industrial Biotechnology” 57 

9:20 – 10:00 P. Pons “Micro- and Nano-Systems (MINAS) research at LAAS-
CNRS” 

58 

10:40 – 11:00 Coffee break  

11:00 – 11:40 J. Kenny “Processing and properties of polymer nanocomposites 
with carbon nanotubes and other nanoobjects” 

59 

11:40 – 12:20 A. Pron “Nanocomposites of semiconductor nanocrystals and 
electroactive polymers via bio-inspired molecular recognition” 

60 

12:20 – 13:00 Lunch  

13:00 – 17:25 Parallel sessions 

Session: System Biotechnology (Conference Room – 1st floor) 

Chairs: M.Koziołkiewicz, S.Ledakowicz 

 

13:00 – 13:30 S. Ledakowicz:  System Biotechnology as a chance for integration 
of molecular biology and engineering 

61 

13:30 – 14:00 M. Bizukojć: Metabolic modelling of a two-species culture 
comprising a 1,3-propanediol producer Clostridium butyricum and 
a methanogenic archeon Methanosarcina mazei 

62 

14:00 – 14:30 K. Kubiak “Small RNA molecules as universal and useful 
regulators of gene expression” 

63 

14:30 – 15:00 D. Krowarsch “Synthesis and characteristic of biomaterials for 
specific medical applications” 

64 

15:00 – 15:20 Coffee break  

15:20 – 15:50 R. Ostaszewski “Application of biocatalysis to the synthesis of 
pharmaceuticals” 

65 

15:50 – 16:20 K. Skowronek “Bioinformatics in protein engineering: 
Manipulating restriction enzyme specificity guided by 
bioinformatics” 

 
66 

16:20 – 16:40 B. Brożek-Płuska “Breast tissue diagnosis by Raman 
spectroscopy” 

67 

16:40 – 17:00 P. Ciąćka “Ultrafast energy flow at the phospholipid-water 
interface” 

68 
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Session: Electronic and Opto-electronic Nanostructured Materials (CH-5) 
Chairs: Z. Lisik, A. Napieralski, J. Ulański 
 

 

13:00 – 13:25 J. Pfleger “Optical and electrical properties of semiconducting 
polymers loaded with gold and silver nanoparticles” 

69 

13:25 – 13:50 A.Tracz “Solution Zone Casting; a method for fabrication of 
oriented organic layers and micropatterns  for optoelectronics” 

70 

13: 50 – 14:10 E. Dobruchowska “Organic and hybrid materials for photovoltaic 
application” 

71 

14:10 – 14:35 J. Ulański “All-organic, flexible Field-Effect-Transistors: towards 
Plastic Electronics” 

72 

14:35 – 15:00 S. Wiak “Integrated computer Models of Intelligence 
Microsystems” 

73 

15:00 – 15:20 Coffee break  

15:20 – 15:45 Z. Lisik “Technology of Silicon Carbide – Polish Government 
Project” 

74 

15:45 – 16:10 W. Olejniczak “Scanning tunneling spectroscopy and raman 
spectroscopy of mono-, bi- and tri- graphene layers deposited on 
conductive au/cr/sio2/si substrate” 

75 

16:10 – 16:35 A. Napieralski “From Microsystems to Nanotechnology - TUL 
DMCS projects” 

76 

16:35 – 17:00 W. Nakwaski “Application of Computer Physics to Simulation of 
Junction Lasers Work” 

77 

17:00 – 17:25 M. Sibiński “Polycrystalline Solar Cells for BIPV Applications” 79 

Session: Biomaterials and Nanostructured Polymers (CH-1) 

Chairs: J. Rosiak, I. Krucińska 

 

13:00 – 13:30 S. Słomkowski “Studies on biomaterials and nanostructured 
polymers at the Centre of Molecular and Macromolecular Studies, 
Polish Academy of Sciences” 

79 

13:30 – 13:55 A. Pawlak “Shear-induced crystallization of isotactic 
polypropylene based nanocomposites with montmorillonite” 

80 

13:55 – 14:20 A Różański “Low density polyethylene-montmorillonite 
nanocomposites for film blowing” 

81 

14:20 – 14:40 Z.J. Kaminski “Supramolecular structures formed by N-lipidated 
peptides immobilized on cellulose. Artificial receptors” 

82 

14:40 – 15:00 A. Komisarczyk “Electro-spun smart and multifunctional non-
woven textiles” 

83 

15:00 – 15:20 Coffee break  

15:20 – 15:40 B. Walkowiak “Molecular and Nanostructural Biophysics 
Laboratory in TECHNOPARK Lodz” 

84 
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15:40 – 16:00 P. Ulański “Synthesis of nanogels by radiation-induced 
intramolecular cross-linking of single polymer chains” 

85 

16:00 – 16:20 M. Kozanecki “Water structure and intermolecular interactions in 
polymer hydrogels” 

86 

16:20 – 16:40 P. Kulpiński “Cellulose nanofibers – directions of development” 87 

16:40 – 17:00 M. Kozicki “Bio- and nano-technology in Department of Textile 
Finishing – TUL” 

88 

17:30 – 18:30   Meeting of IAB (Conference Room 1st floor) 

 

 
 
Saturday, February 14, 2009 Friday 

 

 
9:00 – 11:00 

 
Joint meeting of IAB and Scientific Council of ECBNT; 
discussion on the research profile of the European Centre of Bio- and 
Nanotechnology  

Afternoon Social program, departures 
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MACROMOLECULAR ENGINEERING 

FOR NANOSTRUCTURED MATERIALS 
 

Krzysztof Matyjaszewski 
 

Carnegie Mellon University, Center for Macromolecular Engineering 
Pittsburgh, PA, 15213, USA 

matyjaszewski@cmu.edu 
 
Macromolecular engineering is a powerful tool for preparation of targeted functional 
nanostructured materials [1]. It includes: (i) rational design of the macromolecular structure 
including chain size, uniformity/heterogeneity, topology, microstructure (sequencing and 
tacticity), composition and functionality; (ii) precise synthesis with high selectivity at reasonable 
cost, both in effort and environmental impact; (iii) assembly of macromolecules to supramolecular 
objects via controlled processing, including temperature, pressure, solvents, mechanical stresses, 
etc.; (iv) detailed characterization of the prepared materials at both molecular and macroscopic 
level. It can be also assisted by modeling of polymerization and processing conditions to aid in the 
design of appropriate conditions to reach targeted properties and function, and optimization of the 
entire process. 

Scheme below presents some principles of ATRP (atom transfer radical polymerization) 
which is among the most efficient techniques for macromolecular engineering. It illustrates 
underlying and enabling synthetic chemistry procedure based on reversible atom transfer, it shows 
some examples of the molecular architectures available from ATRP and also some self-assembled 
or pre-assembled nanostuctured materials [2]. The (co)polymers made by ATRP and other 
controlled radical polymerization processes have many potential applications as components of 
coatings, elastomers, adhesives, surfactants, dispersants, lubricants, additives, but also as specialty 
materials in biomedical and electronic areas and could affect the annual market of ~$20 billion. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

[1] Matyjaszewski, K.; Spanswick, J., Materials Today 2005, 8, 26; Matyjaszewski, K. Gnanou, 
Y.; Leibler, L., Macromolecular Engineering, Wiley-VCH, Weinheim 2007;  

[2] Matyjaszewski, K.,Davis, T. P., Eds. Handbook of Radical Polymerization; Wiley, Hoboken 
2002; Wang, J. S., Matyjaszewski, K. J. Am. Chem. Soc. 1995, 117, 5614; Matyjaszewski, K., 
Xia, J. Chem. Rev. 2001, 101, 2921; Matyjaszewski, K. et al. US 5,763,548; US 5,789,487; US 
5,807,937; US 5,945,491; Matyjaszewski, K. et al. Proc. Nat. Acad. Sci. 2006, 103, 15309; 
Angew. Chem. 2006, 45, 4482; J. Am.Chem. Soc. 2006, 128, 10521. 
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EXOPOLYSACCHARIDES FROM YEASTS 

AND (YEAST-LIKE) FUNGI 
 

Erick J. Vandamme, Sofie L. De Maeseneire and Inge N.A. Van Bogaert 
Laboratory of Industrial Microbiology and Biocatalysis, Department of Biochemical and 
Microbial Technology, Faculty of Bioscience Engineering, Ghent University, Belgium. 

(Erick.Vandamme@UGent.be) 
 
Several basidiomycetous and ascomycetous yeasts and fungi are known to produce (capsular) 
extracellular polysaccharides (EPS). Most of these EPS contain D-mannose, either alone or in 
combination with other sugars or phosphate. A large chemical and structural variability is found 
between yeast and fungal species and even among different strains. The types of polymers which 
are synthesized can be chemically characterized as mannans, glucans phosphomannans, 
galactomannans, glucomannans and glucuronoxylomannans. Despite these chemical differences, 
almost all of these fungal exopolysaccharides display some sort of biological activity, either 
malign or beneficial. The latter ones find already application in chemistry, pharmacy, cosmetics or 
as nutraceutical or probiotic. Furthermore, some yeast exopolysaccharides, such as pullulan, 
exhibit specific physicochemical and rheological properties, making them useful in a wide range 
of technical applications. Other fungal EPS, such as scleroglucan (produced by Sclerotium 
glucanicum.) find use in the oil industry, where it facilitates crude oil recovery, and as a matrix for 
drug delivery systems. Schizophyllan is produced by Schizophyllum commune and is in use as an 
immunostimulatory anti-malignant tumor agent. The biosynthesis, genetical and 
bioprocesstechnological aspects related to fungal EPS formation have so far not been sufficiently 
studied, so as to allow for improved high yielding fermentation and recovery processes. First, a 
survey is given of the characteristics, the production and the application potential of currently well 
studied yeast and fungal extracellular polysaccharides. Own research data will then focus on the 
exopolysaccharides produced by Tremella mesenterica NRRL-Y-6158, named tremellan. It is 
composed of an α1,3-D-mannan backbone, to which β1,2-side chains are attached, consisting of 
D-xylose and D-glucuronic acid. Physicochemical fermentation parameters were optimised to 
produce high tremellan levels. Implementation of fed-batch and cyclic fed-batch fermentation 
with extra glucose feed increased the EPS-yield further to 10 g/l. The Tremella-polymer displays a 
pseudoplastic behaviour, but its viscosity is – surprisingly – drastically lowered by the presence of 
starch. It is thixotropic with a very fast recovery, a characteristic which is also delayed by starch. 
Tremellan displays some useful technical properties, such as thickening and high waterholding 
capacity as well as film forming ability, which might result in its use as a coating material for 
pharmaceutical and food applications. Tremellan was also shown to stimulate the immune system, 
using an in vitro neutrophil cell assay system. 

These examples indicate the great potential of yeasts and fungi to produce a wide variety of 
exopolysaccharides. This is a domain of industrial biotechnology, where so far only the tip of the 
iceberg has been explored. 
 
 
[1] De Baets S. and Vandamme E.J. 2001. Extracellular Tremella polysaccharides: structure 

properties and applications. Biotechnology Letters, 23, 1361-1366 
[2] De Baets S., Du Laing, S. and Vandamme E.J. 2002. Yeast Extracellular Polysaccharides. In 

« Biopolymers Series”: (Vol 6), Polysaccharides from Eukaryotes, Wiley-VCH, p. 93-122. 
[3] Van Bogaert, I.N.A, De Maeseneire, S.L. and Vandamme, E.J. 2008. Extracellular 

Polysaccharides produced by Yeasts and Yeasts-like Fungi. In “Yeast Biotechnology: 
Diversity and Applications” (eds. G. Kunze and T. Satyanarayana), (in press), Springer 

[4] Soetaert, W. and Vandamme, E.J. 2006. The Impact of Industrial Biotechnology. 
Biotechnology J., 1, 756-769 
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CONTROL OF NANOSTRUCTURE IN π-ELECTRON MATERIALS: 

TOWARD CARBON-BASED NANOELECTRONICS 
 

Tomasz Kowalewski 
 

Department of Chemistry 
Carnegie Mellon University 

4400 Fifth Avenue, Pittsburgh, PA 
 
This presentation will describe results of our recent work on two 
approaches utilizing macromolecular self-assembly as a route to 
novel nanostructured carbon π-electron materials.   These 
approaches involve 1) control of nanostructrure in 
homopolymers and block copolymers of regioregular 
poly(alkylthiophenes) 1,2 and 2) synthesis of porous 
nanographenes through pyrolysis of self-assembled block 
copolymer precursors containing polacrylonitrile3,4.  The first 
approach will be illustrated with AFM, TEM, electron- and x-ray diffraction results, 
demonstrating formation of various nanoscale morphologies (from granular to extended ribbons or 
"nanowires"), depending on solidification conditions and polymer composition.  Proximal probe-
based characterization of electrical properties of these nanostructures and their impact on 
performance of field effect transistors will be also discussed.  The second approach will be 
illustrated by the examples of a variety of carbon nanostructures, ranging from nanodots, through 
nanofilaments to lamellae, prepared by thermal stabilization of nanoscale morphology and 
subsequent pyrolysis of block 
copolymers containing 
polyacrylonitrile and 
incompatible, sacrificial, block.  
The role of copolymer 
composition and processing 
conditions in determining the 
nanostructure, extent of 
graphitization, and optical and 
electrical properties will be 
described.  Numerous potential 
applications of materials 
obtained by both approaches 
and their general promise for 
the field of carbon-based 
electronics will be discussed. 
 
 
[1] Zhang, R.; Li, B.; Iovu, M. C.; Jeffries-El, M.; Sauve, G.; Cooper, J.; Jia, S.; Tristram-Nagle, 

S.; Smilgies, D. M.; Lambeth, D. N.; McCullough, R. D.; Kowalewski, T. J.Am.Chem.Soc. 
128,  2006, 3480-3481. 

[2] Liu, J.; Zhang, R.; Sauve, G.; Kowalewski, T.; McCullough, R. D. J.Am.Chem.Soc. 130, 
2008, 13167-13176. 

[3] Kowalewski, T.; Tsarevsky, N. V.; Matyjaszewski, K. J.Am.Chem.Soc.124,  2002, 10632-
10633. 

[4] Tang, C.; Bombalski, L.; Kruk, M.; Jaroniec, M.; Matyjaszewski, K.; Kowalewski, T. Adv. 
Mat. 20, 2008, 1516-1522. 
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OPTICAL TWEEZERS IN NANO-(BIO)-PHYSICS 

 
F.Kremer 

Universität Leipzig, Fakultät für Physik und Geowissenschaften 

 
Optical Tweezers (OT) are experimental tools which are based on photonic forces acting on a 
micro- or nanoparticle. Its position in space can be determined with the precision of (+/-1 nm) and  
forces acting on it are measured in the range between 1 - 100 pN with the extraordinary resolution 
of (+/-50 fN). This enables novel experiments with single polymerchains and isolated colloids. In 
this review briefly the principle of OT will be explained and its impact for Naon-Bio-Physics will 
be examplified with the following experiments: (i) Measurement of the force-separation 
dependence of single chains of double-stranded DNA having different length (ii) Forces of 
interaction between blank colloids in media of varying ionic strength (iii) Forces of interaction 
between DNA-grafted colloids in dependence on the grafting density and the molecular weight of 
the chains. (iv) Direct measurements of receptor/ligand interactions on a single contact level and 
(v) direct measurements of the electrophoretic mobility of single colloids. 

 

 
[1] Salomo, M.; K. Kegler, M. Struhalla, J. Reinmuth, W. Skokow, U. Hahn and F. Kremer, "The 

elastic properties of single double-stranded DNA chains of different lenght", J. of Colloid & 
Polymer Science 284, No.11, 1325-1331 (2006) 

[2] Salomo, M.; C. Gutsche, K. Kegler, M. Struhalla, K. Kroy, J. Reinmuth, W. Skokow, C. 
Immisch and F .Kremer "The binding of TmHU to single ds-DNA as observed by Oprtical 
Tweezers,  
J. Mol. Biol. 359, 769-776 (2006) 

[3] Salomo M.; U. Keyser, K. Kegler, M. Struhalla, C. Immich, U. Hahn and F. Kremer, 
"Kinetics of TmHU binding to DNA as observed by optical tweezers", Microscopy Research 
& Technique 70, No. 11, 938-943 (2007) 

[4] Salomo, M.; U. F. Keyser, M. Struhalla, F. Kremer, "Optical tweezers to study single protein 
A/Immunglobulin G interaction at varying conditions", European Biophys. J. 37, 927-934 
(2007) 

[5] K.Kegler, M.Salomo and F.Kremer  “Optical tweezers to measure the forces of interaction 
between DNA – grafted colloids”PRL 98, 058304 (2007) 

[6] Otto, O.; C. Gutsche, F. Kremer, U. F. Keyser, "Optical tweezers with 2.5 kHz bandwidth 
video detection for single-colloid-electrophoresis", Rev. Sci. Instr. 79, 023710 (2008) 

[7] Dominguez-Espinosa, G.; A. Synytska, A. Drechsler, C. Gutsche, K. Kegler, P. Uhlmann, M. 
Stamm, F. Kremer  "Optical Tweezers to measure the interaction between Poly(acrylic acid) 
Brushes", Polymer 49, 4802-4807 (2008) 

[8] Kegler, K.;M.Konieczny, G.Dominguez-Espinosa, C.Gutsche, M. Salomo, F. Kremer and C. 
N.Likos"Polyelectrolyte-Compression Forces between Spherical DNA Brushes" 
PRL. 100, 118302 (2008) 
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NANOSCALE PHENOMENA IN MODIFICATION OF POLYMERS: 

FROM CARBON BLACK TO ION BOMBARDMENT 
 

Otmar Dobrowolski and Dariusz Bieliński  
 

Technical University Of Lodz, Institute of Polymer and Dye Technology, 
Stefanowskiego 12 / 16, 90 – 924 Łódź 

 
The presentation discusses the results of several scientific projects from the area of the materials 
engineering of polymer-based composites containing inorganic nanoparticles. 
Additionally, activities cocnerning surface engineering of polymer nanocomposites, including s 
chemical modification of the surface of polymers as well as physical modification are presented. 
The detailed outline of the presentation includes: 
- influence of morphology, in the meaning of filler particles dispersion and distribution on 

physical properties of polymer / filler composites, 
- fabrication of nanocomposites containing carbon nanotubes, 
- application of silver nanoparticles to polymer in bulk as well as immobilization on its surface, 
- modification of polymer based dental composites, 
- tribochemical modification accompanying friction of polymer – metal couple, 
- ageing amd chemical modification of the surface layer of polymers, and 
-  physical modification of  the surface layer of polymers using ion bombardment. 
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CONTROLLED PHOTO-SYNTHESIS OF GOLD NANOPARTICLES 

 
Elżbieta Skiba1 Adelaide Miranda2,  Patrícia A. Carvalho3, 

Peter Eaton2, Baltazar de Castro2, John Shelnutt4, Eulália Pereira2. 
 

1 Institute of General and Ecological Chemistry, Technical University of Łódź, 
Żeromskiego 116, 90-924 Łódź, Poland 

2 REQUIMTE – Chemistry Department of Science Faculty, Porto University,  
Rua do Campo Alegre, 687, 4169-007 Porto, Portugal 

3 Materials Engineering Department of Instituto Superior Técnico,  
Av. Rovisco Pais, 1049-001 Lisboa, Portugal 

4 Department of Chemistry, University of Georgia,  
Athens, Georgia 30602-2556, United States of America 

 
The deep interest in preparation and investigations of metal nanoparticles has beginning since 
1970’s, because of their potential applications in different fields like physics, chemistry, 
optoelectronic, biology, medicine, and interdisciplinary fields. 

We present a study of the photochemical method for the synthesis of gold nanoparticles. 
Metal nanoparticles were obtained in an aqueous medium with pH values ranging from 6,5 to 8,0. 
The system include hydrogen tetrachloroaurate(II) HAuCl4, triethanolamine used as an electron 
donor, hexadecyltrimethylamonium bromide and tin(IV) porphyrin which played role as a 
photsensitizer. 

The particle growth process was monitored by ultraviolet-visible spectroscopy. Time-
dependent UV-VIS spectra show one or two plasmonic bands, in the visible range, which 
correspond to the formation of nanoparticles with different morphology.  

The morphology of the particles was evaluated by Transmission Electron Microscopy (TEM) 
and Tapping mode Atomic Force Microscopy (AFM). 
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APPLICATION OF TIME-OF-FLIGHT SECONDARY ION MASS 
SPECTROMETRY TO THE SURFACE STUDIES OF SELECTED 

SOLID MATERIALS 
 

Jacek Grams 
 

Institute of General and Ecological Chemistry, Technical University of Łódź 
ul. Żeromskiego 116, 90-924 Łódź, Poland 

 
Time-of-flight secondary ion mass spectrometry (ToF-SIMS) is a very useful technique for 
surface studies of different types of solids. It allows a simultaneous recording of all emitted ions 
in a wide mass range (up to 10 000 amu), and achieving high transmission of secondary ions, high 
sensitivity and high mass resolution. Moreover, owing to the use of secondary ion mass 
spectrometers with time-of-flight analyser the information from the top monolayers of the 
investigated surface (not only on the elemental but also molecular level) can be obtained. An 
application of ToF-SIMS usually does not demand employing a special procedure of sample 
preparation. On the other hand the main disadvantage of time-of-flight secondary ion mass 
spectrometry is related to the “matrix effect”, which hinders performing qualitative measurements 
[1]. 

The literature data [2,3] concerning the use of ToF-SIMS to the studies of solids is very 
extensive and indicates that this technique can be applied to the investigations of biomaterials, 
biomolecules, drug delivery systems, polymers, materials used in electronic industry, different 
organic surfaces (i.e. self-assembled monolayer surfaces), environmental samples, organic 
coatings, surface contaminations, catalysts, minerals, paper, glass, etc. The main goal of this work 
is to demonstrate the applications of time-of-flight secondary ion mass spectrometry to the surface 
studies of above mentioned groups of solid materials on the basis of both the measurements 
performed in the Institute of General and Ecological Chemistry at Technical University of Łódź 
and literature data. 
 
 
[1] Grams J.: “New Trends and Potentialities of ToF-SIMS in Surface Studies”, Nova Science 

Inc., New York 2007 
[2] Vickerman J. C., Briggs D. (Eds.): “TOF-SIMS Surface Analysis by Mass Spectrometry”, IM 

Publications and SurfaceSpectra Limited, Chichester 2001 
[3] Benninghoven A., Angew. Chem. Int. Ed. Engl., 33, 1994, 1023 
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SOL-GEL CHEMISTRY 

IN NANOTECHNOLOGICAL APPLICATIONS 
 

Ireneusz Piwoński 
 

University of Lodz, Department of Chemical Technology and Environmental Protection 
Pomorska 163, 90-236 Łódź 

 
One of the most versatile techniques commonly used in nanomaterials’ engineering and 
nanotechnological applications is sol-gel chemistry. It offers broad possibility of preparation of 
many metal oxides, composites, organic-inorganic hybrids and other materials in the form of 
mesoscopic objects (fibers, nanorodes, nanoparticles) as well as thin structured films, porous 
materials and nanocomposites. 

In this work the illustration of these possibilities is presented. Silica nanorodes prepared with 
the use of various templates is shown as an example of the synthesis of elongated ceramic 
materials. Another part of this study is devoted to the preparation of titania nanoparticles, which 
are considered as promising material in such applications as solar energy conversion, 
photocatalysis, biomedical systems etc.  

Next, the preparation of nonporous or porous titania and zirconia ultrathin layers deposited in 
sol-gel dip-coating procedure is described. The material morphology including porosity level and 
pore-size was controlled by application of appropriate type and concentration of surfactants or 
polymer beads which served as template. These types of materials may be applied as sensors, 
catalysts, low-k materials, photonic crystals etc. 

Furthermore, the synthesis of nanocomposite systems based on titania or alumina layers 
containing hard ceramic nanoparticles (Al2O3, ZrO2) is presented. Application of nanoparticles 
considerably enhances the mechanical and tribological properties of the material.  

Atomic Force Microscopy (AFM) was used in all experiments of surface and nanoobjects 
imaging. 
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NANOPARTICLES METROLOGY USING ATOMIC FORCE 

MICROSCOPY 
 

Jaroslaw Grobelny, Emilia Tomaszewska, Dorota Sobczyk   
 

Department of Chemical Technology and Environmental Protection, 
University of Lodz, 90-236, Lodz, Poland 

 
Nanotechnology demands nanoparticle characterization, e.g., size, shape, and mechanical 
properties, due to the potential role of nanoparticles in a variety of applications.  Atomic force 
microscopy (AFM) has been identified as a major tool for imaging and size measurements of 
nanoparticles in spite of the challenges they pose due to strong surface forces: Nanoparticles have 
to be strongly connected to the surface to overcome the competing probe-particle interaction. If 
not, the imaging attempts result in unintended removal or displacement of particles. 

A capability of AFM that has not been adequately explored is to measure the mechanical 
properties through a force-distance (probe sample separation) (f-d) analysis (Fig.1).  In this mode 
an AFM probe is brought down onto the particles and the force response is measured as a function 
of probe displacement.  A careful analysis of these measurements can give insights into the 
nanomechanical properties of individual nanoparticles. 
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FIG. 1 Typical force-displacement curve of nanoparticles aggregates. 

 
This work was supported by MNiSW Grant No: N N507 350435 
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MODIFICATIONS OF GOLD NANOPARTICLES  

FOR BIOMEDICAL APPLICATION 
 

Grzegorz Celichowski, Jarosław Grobelny, Emilia Tomaszewska 
 

Katedra Technologii Chemicznej i Ochrony Środowiska, Uniwersytet Łódzki 
ul. Pomorska 163, 91-563 Łódź 

e-mail: gcelichowski@uni.lodz.pl 
 
Keywords: gold nanoparticles, AFM, DLS, nanoparticles modifications 
 
Modified gold nanoparticles (AuNP) are nanomaterials witch area of application grows quickly. 
On the AuNP surface wide spectrum of chemical and biochemical compounds my be attached 
with following functionality: fluorescent markers, antibodies, therapeutics drags, NMR contrasts, 
isotopic labels and others. Successful application of this kind of modifications depends on size 
and stability of AuNP. Presented work is focused on the synthesis and characterization of AuNP. 
First step of the modification was performed by reaction of cystamine with the AuNP surface. 
After this reaction amine functional group is present on the AuNP surface and play double role for 
future incorporation of bioactive compounds. First of all –NH2 group play role of anchoring point 
for variety of compounds which have no opportunity to react with gold surface directly and 
secondarily it helps to stabilize gold colloidal solution. To control size and stability of colloids the 
following analytical methods were used:  
• AFM and SEM microscopy for imaging, size and size distribution measurement of 

nanoparticles 
• DLS with Zeta potential measurements for characterization of colloid stability in pH 1,8-14 

range.  
As a final result of presenting work we obtained  
Well-characterized monodisperse AuNP of the sizes range from 10nm to 60 nm modified by 
cystamine were obtained. Colloids are prepared for final modification by bioactive molecules. 
 
This work was supported by MNiSW Grant No: N N507 350435 
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OPTICAL PROPERTIES OF SILICON NANOCRYSTALS IN SILICA 

 
Leonid Khriachtchev 

 
Laboratory of Physical Chemistry, P. O. Box 55, FIN-00014 

University of Helsinki, Finland 
 
Silica matrix containing silicon nanocrystals (Si-nc) is a photonic material with a large variety of 
promising applications [1]. In this contribution, we present a series of experimental data on optical 
characterization of this material. The experiments were performed on thermally annealed silicon-
rich silicon oxide films and Si/SiO2 superlattices prepared as substrate-supported and free-standing 
layers. Raman spectroscopy characterizes Si-nc in silica matrix, and the 1.5-eV 
photoluminescence (PL) is strong in these samples. A spectral filtering of PL observed in these 
systems allows measuring their optical properties [2,3]. In particular, evidence of birefringence is 
provided with these experiments and supported by m-line measurements [4]. The extracted optical 
properties are in agreement with chemical composition estimated by X-ray photoelectron 
spectroscopy [5]. The red-NIR PL of these samples shows systematic correlations with the optical 
and structural properties. Based on this, the PL mechanisms are discussed [6]. 

The work was supported by the Academy of Finland through the Finnish Center of Excellence 
“Computational Molecular Science” and the FinNano Project “Optical and Surface Properties of 
Nanoparticles”. Cooperation with Sergei Novikov, Timur Nikitin, Olli Kilpelä, Jouko Lahtinen, 
Rama Velagapudi, Markku Räsänen, Juha Sinkkonen, Claudio Oton, Daniel Navarro-Urrios, and 
Lorenzo Pavesi is gratefully acknowledged. 
 
 
[1] Silicon Nanophotonics: Basic Principles, Present Status and Perspectives, edited by L. 

Khriachtchev (World Scientific, 2008). 
[2] L. Khriachtchev, M. Räsänen, and S. Novikov, Appl. Phys. Lett. 83, 2003, 3018. 
[3] L. Khriachtchev, M. Räsänen, S. Novikov, and J. Lahtinen, J. Appl. Phys. 95, 2004, 7592.  

L. Khriachtchev, D. Navarro-Urrios, L. Pavesi, C. J. Oton, N. E. Capuj, and S. Novikov. J. 
Appl. Phys. 101, 2007, 044310. 

[4] L. Khriachtchev, T. Nikitin, R. Velagapudi, J. Sainio, J. Lahtinen, C. J. Oton, and S. Novikov. 
J. Appl. Phys. 104, 2008, 104316. 

[5] [6] L. Khriachtchev, T. Nikitin, R. Velagapudi, J. Lahtinen, and S. Novikov. Appl. Phys. Lett. 
94, 2009, 043115. 
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NANOSCALE DIAMOND MATERIALS: A PLATFORM FOR 

BIOMEDICAL ARENA  
 

Andrei Stanishevsky 
 

University of Alabama at Birmingham, Birmingham, AL 35294, USA 
 
Nano- and bio-technological advancements put forward the needs for new materials and 
approaches for tissue engineering, thus supporting innovative strategies, by which new 
combinations of biocompatible, yet inert material can be employed together with living cells or 
bioactive proteins in order to sustain regeneration and repair of damaged, diseased and aged 
tissues. For this purpose, following the pyrolytic graphite application in artificial heart valves 
novel carbon materials such as carbon nanotubes, fullerenes [1], hard amorphous carbon films [2], 
nanocrystalline diamond (NCD) films [3] and diamond particles [4] have been applied. 

Pertinent biomaterial requirements are biocompatibility, chemical stability, and mechanical 
strength which are perfectly fulfilled by NCD coated surfaces [5]. However, while diamond 
nanoparticles usually exhibit reach surface chemistry right after the synthesis and purification, 
NCD films do not. This requires often non-conventional approaches to the surface modification of 
NCD to attain desired functionality, e.g., the usage of plasma termination that provides either 

enhanced cell attachement (H-terminated) 
or can completely block it (F-terminated) as 
shown in Figure 1. However, the methods 
to control chemical or biological 
modifications of diamond surfaces have not 
yet been well established. 

This presentation provides further an 
overview of properties and recent progress 
in surface engineering and modification of 
NCD thin films and diamond nanoparticles, 
and the functionalization of these materials 
for creating a stable platform for highly 
selective cellular response, bio-labeling, 

m
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igure 1. MSCs attachemnent to (a) Hydrogen- and 
b) Fluorine-terminated NCD. 
therapeutics, and for integration of 
icroelectronics with biological modification and sensing.  

[1] Fiorito S., Serafino A., Andreola F., Togna A., Togna G.: J. Nanosci. Nanotechnol. 6, (2006) 
591.  

[2] Roy R.K., Lee K.R.: J. Biomed. Mater. Res. 83B, (2007) 72. 
[3] Clem W., Chowdhury S., Catledge S., Weimer J.J, Shaikh F.M., Hennessy K.M., Konovalov 

V., Hill M, Waterfeld A., Bellis S., Vohra Y.K.: Biomaterials 29, (2008) 3461. 
[4] Vial S., Mansuy C., Sagan S., Irinopoulou T., Burlina F., Boudou J.P., Chassaing G., Lavielle 

S.: Chem. Bio. Chem. 9 (2008) 2113. 
[5] Narayan R.J., Wei W., Jin C., Andara M., Agarwal A., Gerhardt R.A., Shih C.C., Shih C.M., 

Lin S.J., Su Y.Y., Mamedov S., Boolchand P., Ramamurti R., Singh R.N.: Diamond Relat. 
Mater. 15 (2006) 1935. 
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MICROWAVE PLASMA FOR CNTs DEPOSIT CONTINUOUS 

FABRICATION AT ATMOSPHERIC PRESSURE 
 

Z. Kolacinski, L. Szymanski1), M. Druri, G. Raniszewski, S. Mitura, K. Cedzynska, W. 
Kaczorowski 

Technical University of Lodz , 1) Academy of Humanities and Economics in Lodz 
 

Carbon nanotubes (CNTs) deposit on various substrates is urgently required for many 
technological applications such as electron emitters, supercapacitors, rechargeable batteries, 
photovoltaic cells, drug carriers etc. Of all the various CNTs so far discovered, the production of 
multiwall CNTs was identified as the best candidate for scale-up and industrialization. One of the 
main challenges to obtain the optimal product properties is the dispersion in matrix.  This requires  
carbon radicals and metal catalyst atoms uniform aerosol concentration to be treated in some time 
by the adequate temperature around 10000C. 

Among all the methods of synthesis for CNTs the Chemical Vapor Deposition (CVD) of 
liquid aerosols hydrocarbon/metallocene is one of the most efficient and flexible provided that 
metal catalyst is gasified and heated up to the reaction temperature. We have being using pure 
plasma synthesis methods and PACVD with different setups of hybridization (Fig.1).  

 
Fig.1 Arc plasma CNT synthesis – left and Microwave-CVD hybrid CNT synthesis  - right 

Plasma Assisted CVD process allows the synthesis of clean multi walled CNTs with low 
content of sub-products such as metallic particles and amorphous carbon. The velocity of growth 
can reach high values such as 50 m/min and the length can be varied from some tenths of microns 
to few parameters according to synthesis parameters. The process control requires on-line FTIR 
spectroscopy. Currently we have been trying deposition on solid substrates represented by quartz 
or silicon but our work is targeted to use soft substrates as well. 

  
Fig.2 Microwave enhanced plasma jet carrying deposit material - left and plasma spectrum- right 
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PROCEDURE FOR PVD COATINGS HARDNESS 
MEASUREMENTS BY MEAN OF A MICROHARDENESS TESTER  

 
Philippe Jacquet1,2, Vincent Mussigmann1,2, Lukas Kolodjieski3 
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3 Technical University of Lodz, Faculty of Mechanical Engineering, 

90-924 Łódź, Żeromskiego street 116, Poland 
 
 
 

 

 

 
Most of the time, hardness of PVD coatings is measured by nano-identation. This technique needs 
some material which is not really wide spread for the moment. This work presents – as an 
alternative to nano-indentation – a new method for measuring coatings’ hardness by mean of a 
microdurometer with low loads and a Sweeping Electronic Microscope. This kind of apparatus is 
less sensitive to some parameters as : surface’s roughness, indent’s defects, superficial passive or 
oxide layers, external disturbances as vibrations,…This work takes into account all the 
requirements which are necessary for hardness measurements under good conditions. For 
example, in case of an indentation’s depth higher than 10% of the coating, the result is highly 
influenced by the substrate. The procedure which is presented here allow to become free of the 
substrate and the load’s influence (phenomenon known as Ident Size Effect). Results which are 
presented deal with 3 to 6µm coatings of Zirconium-Niobium nitrides deposited on stainless steel 
substrates but the technique can be applied to different coatings.   
 
Keywords 
Micro-hardness, coatings, SEM, Zirconium, Niobium, Nitriding. 
 
 
[1] Iost A., Ruderman Y., Bigerelle M., „Dureté des revêtements: quel modèle choisir?”, 

Matériaux et techniques, 93, 2005, pp. 201-211. 
Sangwal K.. “On the reverse indentation size effect and microhardness measurement of solids”, 
Materials Chemistry and Physics, 63, 2000, pp. 145-152.
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University of Lodz, Institute of Materials Science and Engineering, Stefanowskiego 1/15, Lodz, 

Poland 
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The selection of optimal material and optimal manufacturing technologies is a key issue in 
designing a new generation microfluidic device [Karczemska 2002]. Diamond’s extreme 
properties such as the highest known thermal conductivity, remarkable bio-adhesion properties, 
high electrical resistivity and chemical inertness, make it a great material for this application 
[Björkman 2001]. 

In the present work we focus on manufacturing a diamond microfluidic device for quick 
separations of DNA and proteins by electrophoresis. A transfer moulding technique, a sort of net-
shape technique, will be used to grow the diamond microfluidic devices structures on sacrified 
substrates [Ralchenko2004]. This approach is based on diamond deposition from gas phase on 
pre-patterned templates to produce exact copy of the pattern after removal of the substrate.  

The experimental work has been done already, and examples of open channels in CVD 
diamond have been demonstrated. 
 
Acknowledgement 
Supported by project ERA-NAT MNT/98/2006. 
 
[1] Karczemska, A., Sokołowska, A.: “Materials for DNA sequencing chip”; Journal of Wide 

Bandgap Materials, 9, No. 4 April 9, 2002, pp 243. 
[2] Ralchenko, V., et al., “Nano-and microcrystalline CVD diamond films on surfaces with 

intricate shape”, in A.A. Voevodin et al. (eds), Nanostructured Thin Films and 
Nanodispersion Strengthened Coatings, Kluwer, 2004, p. 209. 

[3] Björkman, H., Ericson, C., Hjertén, S., Hjort, K.; "Diamond microchips for fast 
chromatography of proteins"; Sensors & Actuators B 79, 2001, pp 71-77. 
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NANOMATERIALS FOR AUTOMOTIVE INDUSTRY 

 
Petr Louda1, Mateusz Fiajlkowski1,Piotr Niedzielski2, Stanislaw Mitura1,2 

 
1Department of Material Science. Faculty of Mechanical Engineering. Technical University of 

Liberec, Studentská 2, 461 17 Liberec, Czech Republic 
2Centre of Excellence NANODIAM, Institute of Materials Science and Engineering, Technical 

University of Lodz, Lodz, Poland 
 

The research of nanolayers and functional nanostructures in thin coatings will be purpose-oriented 
on the improvement of usable properties of important materials, e.g. the development of self-
cleaning and super hard layers and products usable for the protection of the environment.  The 
preparation of methods for the optimising of usable mechanical, electrical, magnetic, optical and 
other properties of composite and nanostructural materials and their dependency on the 
preparation and on the parameters of nanofibres and nanoparticles, which make up these 
materials. 

The efficient transfer of knowledge, which would widen the spectrum of industrially useful 
technologies based on the practical utilisation of nanolayers, nanostructures and nanocomposites 
in the materials manufacturing. The assessment of possible impacts on the industrial production 
and environment [1,2]. 
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Unusually advantageous features of diamond, first of all good biocompatibility and high hardness 
are accompanied by its poor properties – mainly brittleness which eliminates this material from 
the majority of medical applications. Applications to steel medical implants is not possible 
through a direct combination of a covalently bonded material, such as diamond, with a materials 
characterized by metallic bonds. A result of  our studies, was a development of a deposition 
method of a nanocrystalline diamond film, adhesively bound, through a carbide interlayer, with 
the metallic substrate [1]. A concept of the gradient transition from carbide forming metal to 
diamond film was applied. The studies of carbon films as coatings for implants in surgery were 
aimed at the investigations of biological resistance of implants, histopathological investigations on 
laboratory animals, tests of corrosion resistance, measurements of mechanical properties and a 
breakdown test in Tyrode's solution. Finally: carbon, especially in the form of the nanocrystalline 
diamond film, have found industrial applications in the area of medical implants. Different 
medical implants are covered by Nanocrystalline Diamond Coatings. NCD forms the diffusion 
barrier between implant and human environment. 

The additional aim of the study was to confirm a high degree of diamond compatibility with 
the human organism in order to investigate the so called extended surface. For this reason, the 
diamond powder particles was a subject of investigations. A novel assay for testing the 
biocompatibility of highly dispersed solid-state biomaterials was developed and applied to DPP 
preparation [2]. 

Physical and chemical carbon nanoparticles properties present unlimited potentials for 
biological and medical applications. Most of the in vitro studies indicate nanodiamond 
biocompatibility as a carbon related material [2]. Therefore, the recent study presents significant 
effect of nanodiamonds on redox homeostasis (SOD, GPx, and GR). Based on SOD activation and 
concomitant GPx deactivation, we demonstrate diamond nanoparticles prooxidative activity 
within red blood cells. Our study did not confirm systemic oxidative stress caused by 
nanodiamonds administration, while the concentration of blood plasma TBARS and TAS 
remained unaffected. The demonstrated results indicate the emerging demand for further extensive 
studies regarding to establishment of minimal toxic doses of nanodiamond as well as detailed 
estimation of biological properties of detonation diamond nanoparticles in studies in vivo. 

 
 

[1] Mitura S. (Ed.): Nanotechnology in Materials Science, Pergamon Press, Elsevier, 2000. 
[2] Bakowicz-Mitura K., Louda P., Bartosz G., Mitura S.: Bioactivity of Diamond, ch. 11, pp.99-

116; in: S.Mitura, P.Niedzielski, B.Walkowiak (Editors): Nanodiam, New technologies for 
medical applications: studying and production of carbon surfaces allowing for controllable 
bioactivity, 2007, PWN, Warsaw. 
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The presence of diamonds in meteorites was confirmed for the first time in the Novo-Urei ureilite 
in 1888. Mainly diamonds occur in three types of meteorites : chondrites, especially in 
carbonaceous chondrites; ureilites and iron meteorites (Canyon Diablo) [1]. 

First mentioned type carbonaceous chondrites contain up to 3500 ppm of diamonds this type 
is called presolar diamonds – nanodiamonds because they are older than Solar System. Diamonds 
have usually 2 – 3 nm size (up to 10 nm), their origin is still discussed (Supernovae) but process 
could be low-pressure condensation similar to CVD. Diamond from ureilites have quite differend 
origin (HPHT) and size (µm). They are set in carbon vein like area between olivines minerals. 
Diamonds from Ureilites was create on Ureilitic Parent Body during impact process. Last type of 
diamonds are discover in Canyon Diablo iron meteorite, and this is typical (HPHT) origin during 
impact to the Earth. 

Our investigation of diamond from meteorites, are based by Micro – Raman spectroscopy. 
Diamond peak was discover in carbonaceous chondrite Allende 1326 cm -1 [ 2] and in ureilites. In 
this second group be obtain diamond peaks from 1321 cm -1 to 1334 -1, such differences of Raman 
shift can be caused by few things including size of crystal, polytypes of diamond or shock process 
[3]. Statistic research of diamonds in ureilites show different types of diamond in various sample 
in the same meteorite type [4]. Diamonds in extraterrestrial matter is a good indicator of process 
on space and meteoritic Parent Bodies. 
 
 
[1] Szurgot M., Karczemska A., Kozanecki M., n:. Mitura S., Niedzielski P., Walkowiak B., 

(Eds.): Warsaw 2006 Nanodiam, PWN, 2006, p.259 
[2] Gucsik A., Verchovsky A. B., Ott U., Karczemska A., Kozanecki M., Szurgot M., Fisenko A. 

V., Semenovat L. F., 39th Lunar and Planetary Science Conference, Abstract #1201, 2008 
[3] Jakubowski T., Karczemska A., Kozanecki M., Gucsik A., Mitura S., 40th Lunar and 

Planetary Science Conference, Abstract #1382, 2009  
[4] Karczemska A., Jakubowski T., Kozanecki M., Szurgot M., Gucsik A., Mitura S., 

Conference on Micro-Raman Spectroscopy and Luminescence Studies in the Earth and 
Planetary Sciences, Abstract  #3025, 2009 

 



Workshop on Progress in Bio- and Nanotechnology, Łódź 2009 
----------------------------------------------------------------------------------------------------------- 
34

 
AMORPHOUS POLYMER COMPOSITES WITH NANOFILLERS : 

INFLUENCE OF THE NANOPARTICLES  
ON THEIR MOLECULAR DYNAMICS 

 
Gisèle Boiteux1, Olivier Gain1, Joanna Pietrasik2, Magdalena Gaca2, 
Marian Zaborski2, Lidia Okrasa3, Hugues Couderc4, Jean Grenet4, 

Allisson Saiter4, Jean-Marc Saiter4, Nandika De Souza5 
 

1Université Lyon, Lyon, F-69003, France; Université Lyon 1, IMP/LMPB Laboratoire des 
Matériaux Polymères et Biomatériaux, Bât.ISTIL, 43 bd du 11 Novembre, Villeurbanne, F-69622, 

France; CNRS, UMR5223, Ingénierie des Matériaux Polymères,  
Villeurbanne, F-69621, France. 

2Technical University of Lodz, Institute of Polymer and Dye Technology,  
Stefanowskiego 12/16, 90 924 Lodz, Poland 

3Technical University of Lodz, Department of Molecular Physics,  
Zeromskiego 116, 90 924 Lodz, Poland 

4UMR 6522, Laboratoire PBM, Team LECAP, Faculté Sciences, Université Rouen,  
Avenue de l’Université, BP12, 76801 Saint Etienne du Rouvray CEDEX, France 

5University of North Texas, Department of Material Science,  
Denton, Texas, 76203-5310, United States of America 
* Corresponding author: gisele.boiteux@univ-lyon1.fr 

 
In many applications additives in polymers are fillers like montmorillonite, silica, carbon black or 
zinc oxide or cross-linking agents, dispersants and anti-degradants, used in order to improve their 
properties such as processing, tensile strength, wear resistance and performance…. Filler particles 
are mostly composed of the primary particles but can be strongly bonded to other primary 
particles to form aggregates and agglomerates. In the case of the montmorillonite basal distance 
relates to the intercalated dispersion state. 

In this work we discuss the influence of nanofillers on the molecular dynamics of organic-
inorganic hybrid materials by means of DSC, DMA and BDS. 

Two types of amorphous polymer matrix are under study, varying the process and the amount 
of the incorporated nanofillers. First a PETg matrix was chosen because it is unable to crystallize 
(copolymer of terephtalic acid, ethylene glycol and 1,4-cyclohexane dimethanol) which is mixed 
with Montmorillonite (MMT) chosen as a modifier with an important specific surface. Also a 
carboxylated acrylonitrile-butadiene rubber matrix is filled in situ by the sol-gel process [1-5] 
using N-2-aminoethyl-3-aminopropyltrimethoxysilane. Furthermore, the amino groups on the 
alkyl substituent of the silane has to act also as cross-linking moieties.  

The nature and the dispersion mode of the nanofillers in the systems under studies influence 
on the relaxation phenomenon of the composites. In the first example PETg-montmorillonite we 
have shown that the incorporation of MMT leads to decrease the amount of vitreous phase able to 
relax at the glass transition, accelerates the kinetics of relaxation of this vitreous phase, makes 
stronger the liquid glass former and does not modify the β - relaxation characterized using the 
apparent activation energy Ea. So, this is the cooperative behaviour of the vitreous phase that is 
drastically modified by a small amount of MMT. 

In the second example, it was of interest to determine the mobility of the elastomeric systems 
as the subsequent hydrolysis and condensation reactions of methoxy groups provided the silica 
filler with better dispersion when compared to the composites containing the silica added during 
the preparation of rubber mixes. Also the dynamic analysis demonstrates that these composites are 
crosslinked with ionic bonds, created by the interactions of amino groups of the silane and 
carboxyl groups. Structural relaxation behaviours relate quite well to the molecular dynamics of 
the composites under studies. 
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The nature of the glass transition remains one of the most interesting unsolved problems in the 
physics of condensed matter. One key idea towards a deeper understanding of the glass transition 
is the assumption of a correlation length ξ for the dynamics in glass forming liquids, which 
increases in size as the temperature is lowered. The study of spatially confined glass forming 
systems is, therefore, an attractive way to determine ξ . 

The aim of the lecture is to present experimental evidence for finite size effects, i.e. 
confinement induced deviations in the glass transition dynamics, using dielectric relaxation 
spectroscopy (DRS), calorimetric and pyroelectric techniques. Results are discussed from various 
small molecule glass forming systems [1-3] and ultra-thin polymer films [4-8], which represent 
systems of different dimensionality and molecular order of the glass forming ensemble. Despite 
the structural diversity, typical cooperativity lengths in the order of 2 < ξ < 5 nm were found for 
both polymeric and low molecular mass systems.  

Finally, a novel, alternative approach to determine ξ is proposed, which relies on the variation 
in the confinement length under real-time conditions. This idea was implemented recently by DRS 
measurements on ultrathin layers of glycerol, sorbitol and threitol during organic molecular beam 
deposition (OMBD). 
 
[1] M. Wübbenhorst, G. J. Klap, J. C. Jansen, H. van Bekkum, and J. van Turnhout, J. Chem. 

Phys.,  111, 1999, 5637-5640. 
[2] A. L. M. Smits, M. Wübbenhorst, P. H. Kruiskamp, J. J. G. van Soest, J. F. G. Vliegenthart, 

and J. van Turnhout, J. Phys. Chem. B, 105, 2001, 5630 -5636. 
[3] Z. Yildirim, M. Wübbenhorst, E. Mendes, S. J. Picken, I. Paraschiv, A. T. M. Marcelis, H. 

Zuilhof, and E. J. R. Sudhölter, J. Non-Cryst. Solids,  351, 2005, 2622-2628. 
[4] M. Wübbenhorst, C. A. Murray, and J. R. Dutcher, Eur. Phys. J. E direct, 12, 2003, S109-

S112. 
[5] V. Lupascu, H. Huth, C. Schick, and M. Wübbenhorst, Thermochimica Acta,  432, 2005,  

222-228.  
[6] V. Lupascu, S. J. Picken, and M. Wübbenhorst, J. Non-Cryst. Solids,  352, 2006, 5594-5600. 
[7] S. Napolitano and M. Wübbenhorst,  J. Phys. Chem. B,  111, 2007, 9197 - 9199. 
[8] S. Napolitano, V. Lupascu, and M. Wübbenhorst, Macromolecules,  41, 2008, 1061-1063. 
[9] S. Peters, S. Napolitano, H. Meyer, M. Wübbenhorst, and J. Baschnagel, Macromolecules, 

41, 2008, 7729 - 7743. 
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Polymer based nanocomposites continue to receive tremendous attention for different 
applications. They show remarkable property improvements (increased tensile properties, 
decreased gas permeability, decreased solvent uptake, increased thermal stability and flame 
retardance) when compared to conventionally – scaled composites. Different polymer based 
nanocomposites are prepared where polypropylene, polyethylene, polycarbonate and polystyrene 
are used as polymer matrices. As nanoparticles montmorillonite (CLAY) [1], layered double 
hydroxides (LDH) [2], multiwaled carbon nanotubes and polyhedral oligomeric silsesquioxanes 
(POSS) [3,4] are used. The property – structure relationships of these nanocomposites are 
investigated by dielectric spectroscopy and gas transport measurements (permeation, sorption). 
Additionally FTIR, DSC and density measurements are applied. The results are discussed with 
regard to the phase structure of the nanocomposites. Especial attention is paid to characterize the 
interfacial region between the polymeric matrix and the different nanoparticles. This regards also 
to estimate the length scale of interaction between the nanoparticle and the matrix. 
 
 
[1] Böhning, M.; Goering, H.; Fritz, A.; Brzezinka, K.W.; Turky, G.; Schönhals A.; Schartel B.: 

Macromolecules, 38, 2005, 2764 
[2] Schönhals, A.; Costa, R. F.; Goering, H.; Wagenknecht, U.; Heinrich, G.: Macromolecules, 

submitted 
[3] Hao, N.; Böhning, M.; Goering H.; Schönhals, A.: Macromolecules 40, 2007, 2955 
[4] Hao, N.; Böhning, M.; Schönhals, A.: Macromolecules 40, 2007, 9672 
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Polymer-layered silicate nanocomposites (PLSN) have attracted much attention because of 
significant improvement in several properties in comparison to pristine polymers. For the 
synthesis of PLSNs the choice of layered materials is often the smectite clays (e.g. 
montmorillonite, hectorite) due to their highly expansive characteristic and their rich intercalation 
chemistry which allows them to be chemically modified and to become compatible with the 
polymer precursors. It is well established that macroscopic properties in PLSNs depend on the 
choice of the clay mineral and the type of organic modifier that greatly affect interfacial 
interactions and nanoscale morphology of the polymer - layered silicate. Recently, a new method 
of preparing epoxy-clay nanocomposites has been proposed [1]: the direct incorporation of poly 
(propylene oxide) amines (also used as epoxy curing agents) in the galleries of montmorillonite 
clays via ion-exchange.  

The aim of this work is the investigation of the molecular dynamics of poly (propylene oxide) 
amines intercalated in montmorillonite clays by means of Differential Scanning Calorimetry 
(DSC), Thermally Stimulated Depolarization Currents (TSDC) and broadband Dielectric 
Relaxation Spectroscopy (DRS) methods. The amines of interest were the commercially available 
α, ω-diamines known as Jeffamine D-series amines with molecular weights in the range 400 – 
4000. Poly (propylene oxide) amines exhibit the dielectric normal mode due to the fluctuation of 
the end-to-end vector as well as the segmental mode due to local, segmental fluctuations. 
Dielectric Spectroscopy, thus, can provide information on the chain dynamics monitoring all the 
possible motions of the macromolecules, from local chain motions up to global chain translational 
and rotational motions. 

Our results reveal a remarkable dependence of the long range molecular mobility of the 
intercalated diamines (with both chain ends attached to the silicate surface) on the chain length of 
the polymeric chains and on the basal spacing of the organoclays. Specifically, for the intercalated 
D400 (the shortest chain, ~ 6 repeating units) the segmental relaxation is strongly suppressed 
whereas for the intercalated D2000 and D4000 the segmental mobility is retarded (the effect being 
less pronounced for the longest chains). Varying gallery height (i.e. the available space for chain 
motion) and tuning the level of interaction among diamines’ head groups and the negatively 
charged surface of the clay platelets we are able to investigate the effects of restricted geometry on 
the molecular dynamics in our PLSN system. The results are discussed in terms of chain 
configurations, polymeric chain - clay surface interactions and confinement effects. 
 
 

[1] Triantafillidis C.S., LeBaron P.C., Pinnavaia T.J., Journal of Solid State Chemistry 167, 
(2002) 354-362.  
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The molecular dynamics in polymers depends strongly not only on chemical structure of 
macromolecules but also on their architecture and supramolecular structure. In last decade there 
were realized in Department of Molecular Physics of Technical University of Lodz several 
international projects, which goal was beside others, the investigation of molecular dynamics of 
different polymer systems. 

Perfluoropolyethers (PFPEs) are the family of medium-low MW polymers composed entirely 
of carbon, fluorine and oxygen atoms, which exhibit liquid phase behaviour over very wide 
temperature range (-100oC to 450oC). The PFPE materials have generally very low dielectric 
constant, which depends strongly on the chemical structure of these materials. The incorporation 
of the hydrogen atoms or hydroxyl group instead of fluorine in the end groups is enough to 
increasing the dielectric constant few times. Also the molecular relaxation strongly depends on 
molar mass. The differences in the glass transition in this family are even tens degrees.  

Another project has concerned of polyurethanes (PU). Their properties strongly depend on 
their chemistry and resulting architecture. The main goal of this work was the investigation of 
molecular dynamic of the polyurethanes with different architecture, linear and hyperbranched, and 
of their blends with different compositions. The DSC measurements showed that the linear PU has 
two glass transition phenomena and that the hyperbranched PU has only one. Relaxation 
phenomena investigations allowed to describe the miscibility of these two PUs. The PU networks  

The block copolymer samples with variation of the composition grandients within the blocks 
constitute interesting examples of possibilities to modify the structure and properties in broad 
range. Two specific cases were considered in this work: (1) the nearly symmetric AB diblock 
copolymer consisting of a pure butylacrylate block A and a block B with a composition gradient 
of butylacrylate and methylmethacrylate comonomers; and (2) the symmetric triblock BAB. In all 
samples a microphase separated state is observed by means of DSC and SAXS. Main effect 
related to replacing pure methylmethacrylate block by blocks with composition gradients with 
increasing contents of butylacrylate consists in a decrease of the glass transition temperature of the 
mixed microphase whereas the glass transition of the block A remains nearly constant. Results 
indicate possibilities of a wide variation of properties by means of small changes of composition 
distributions of comonomers in the two types of gradient copolymers. 
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Hydrogels prepared of poly (vinyl methyl ether) (PVME) are of special interest of  pharmacy and 
medicine industries as they exhibit a volume-phase-transition at ca. 37°C [1]. Solutions of PVME 
as well as gels reveal however, the most complex and still not fully understood, properties in sub-
zero temperature range [2-4], where dynamics of liquid water, ice and polymer strongly influence 
each other [5]. These peculiar properties are much more interesting in hydrogels, in which PVME 
constitutes 3-dimensional permanent network.  

In this work molecular relaxation in series of radiationally crosslinked PVME hydrogels were 
investigated by broadband dielectric spectroscopy (BDS) in the temperature range -100 ÷ 0°C. 
Variations in temperature dependence of observed relaxation processes were correlated with 
changes in water-polymer and water-water interactions studied by Raman spectroscopy in 
temperature range -173 ÷ 0°C. Finally, the amount of uncrystallised water fraction in studied 
hydrogels were determined from dielectric, Raman and calorimetric (DSC) measurements.  
Such comparison allowed us to draw some general conclusions on the species of bound water 
which differ in their vibronic states, mobility in an electric field or freezing/melting ability. 
 
 
[1] Arndt, K-F, Schmidt, T., Menge, H. Macromol. Symp. 164, 2001, 313-322. 
[2] Loozen E, Van Durme, K., Nies , E., Van Mele B., Berghmans, H. Polymer, 47, 2006, 7034-

7042. 
[3] Zhang T, Nies, E.,  Todorova, G.,  Li, T., Berghmans, H., Ge, L. J. Phys. Chem. B 112, 2008, 

5611-5615. 
[4] Cerveny S, Colmenero J, and Alegria A. Macromolecules, 38, 2005, 7056-7063. 
[5] Shinyashiki N, Shimomura, M., Ushiyama, T.,  Miyagawa, T., and Yagihara S. J. Phys. 

Chem. B, 111, 2007, 10079-10087 
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In last decades, a rapid development of simulation methods applied to study the properties of 
polymer and biopolymer systems has been observed. However, for the most macromolecular 
systems, models were rather complicated and contained enormous amount of parameters and, 
therefore, it is sometimes difficult to judge which of them are really important in order to obtain 
proper results. This was the main reason for designing and studying simple models of 
biopolymers. A coarse-grained model of polymer chains was thus designed and studied [1]. In our 
model we replaced a real macromolecule with a sequence of statistical segments (united atoms) 
while the remaining atomic details were suppressed. Such a chain was restricted to a lattice of a 
[310] type which was frequently used in simulations of polymers and biopolymers (the bond 
fluctuation model). Two kinds of polymer beads were defined: hydrophilic and hydrophobic (HP 
model). They were arranged in some sequences. The force field used consisted of the long-range 
contact potential between residues and the local potential preferring some conformational states. 
In order to obtain the thermodynamic description of our model we used the Multihistogram 
(WHAM) method (the procedure that relies on a mutual overlap of the probability of states in the 
neighboring replicas) combined with the Parallel Tempering (the Replica Exchange) Monte Carlo 
sampling scheme [2]. Optimal set of temperatures for the Parallel Tempering simulations was 
found by an iterative procedure. The simulations using the Wang-Landau algorithm 
(Multicanonical Monte Carlo method) were also carried. The influence of the temperature and the 
force field on the properties of coil-to-globule transition was studied by the above mentioned 
methods. It was shown that the WHAM and Wang-Landau methods could give more precise 
results when compared to a Metropolis and Replica Exchange methods. 
 
 
[1] Dill, K.A., Bromberg, S., Yue, K., Fiebig, K.M., Yee,  D.P., Thomas, P.D., Chan, H.S.:  

Protein Sci.: 4, 1995, 561. 
[2] Sikorski, A., Gront, D.: Acta Phys. Polon. B 38, 2007, 1899. 
[3] Wang, F., Landau, D.P.: Phys. Rev. Lett. 86, 2001, 2050. 
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Computer simulation has become one of the major tool in material science, which provides an 
insight in molecular structures and dynamic behavior under various specific conditions. There are 
many algorithms for the simulation of simple as well as complex systems (polymer solution, 
reaction front, fractal growth etc…) on a lattice, but only few of them can work with density 
factor ρ=1 (such statements indicates that each lattice site is occupied by one molecular unit) and 
which properly reflect the dynamics over a broad time range. The Dynamic Lattice Liquid (DLL) 
model can work with density factor ρ=1 and became a basis for the first parallel algorithm which 
takes into account coincidences of elementary molecular movements resulting in local cooperative 
transformation. 

We present applications of DLL model to investigate a simple non-equilibrium processes like 
reaction diffusion front problem [1,2] and non-equilibrium fractal growth [3].  
 
 
[1] Polanowski P., Koza Z.,  Phys. Rev. E., 74, (2006), 36103. 
[2] Polanowski P., Kozanceki M., Pakuła T., Materials Science-Poland,  24, (2006), 453.  
[3] Polanowski P., J. Non. Cryst. Sol. 353, (2007), 4575. 
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Computer modeling is nowadays one of the most important sources of information about details 
concerning behavior of complex molecular and macromolecular systems at the molecular or 
atomic scale. Recently, very effective methods of atomistic, molecular or macromolecular 
modelling have been developed (Pakula and co-authors), named the Cooperative Motion 
Algorithm (CMA) and Dynamic Lattice Liquid (DLL) model [1,4] which allows for dynamic 
simulations in dense systems of complex molecules or macromolecules by considering natural 
possibilities of cooperative molecular rearrangements.  

The main aim of this work is the construction of a dedicated computer (realizing the DLL 
architecture) with enormous computation power. The success of the discussed simulation methods 
has been demonstrated in numerous applications in which dense packing, specific interaction, 
complex molecular structures and complex hierarchical dynamics have important effects on 
behavior of modelled systems [1]. The already tested or potential applications concern all fields of 
science and technology in which atomistic, molecular, macromolecular and supramolecular 
structural and dynamic consideration are of importance or of interest.  

Using the technique based on field 
programmable gate arrays (FPGA), a prototype 
machine was realized [2]. This machine is shown 
in Fig 6. It is hardware realization of DLL 
algorithm. The prototype contains 216 elementary 
DLL cells. It is composed of 7 PCBs (printed 
circuit boards). Six of them contains three 
XC3S4000 FPGAs on each board. In each FPGA 
an 2x6 array of DLL cells is implemented. Three 
FPGAs on the board constitute two dimensional 
array containing 36 (6x6) DLL cells. The seventh 
board, containing two FPGAs, controls the 
simulation being performed by six board 
constituting three dimensional array containing 
216 (6x6x6) DLL cells. The execution of virtually 
unbounded simulations requires an 
implementation of cyclic boundary conditions. Therefore the construction of the machine is based 
on the cylinder shape in order to reduce the delay differences.  

Fig. 1 view of the prototype. 

Obviously, the developed model is useless as far as the realistic physical or chemical 
simulations are concerned. In practical applications the DLL array should have about 106 
(100x100x100) elements. Anyway, the existing model allows for verification of the ideas and 
proposed algorithmic solutions. 
 
 
[1] Polanowski P., Koza Z., Phys. Rev. E 74, 2006, 036103  
[2] Polanowski P., Jung J., Kiełbik R., Napieralski A., Lichy K., Przegląd Elektrotechniczny, 

ISSN 0033-2097, R. 84 NR 11/2008 
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A dominant trend in design of electronic and photonic devices in recent decades has been 
a decrease of their dimensions. In molecular systems, it is in principle possible to design 
electronic devices based on premises deduced from properties of individual molecules. 
Among materials of interest, multistable molecular systems have attracted much attention. 
On the nano-scale, the multistable systems can act as elements of molecular switches. On 
the other hand, such systems can also be functional on the mezo- or macro-scale. 

Photochromic molecules, capable of undergoing photochemically driven reversible reactions, 
are examples of bistable molecular systems. The simplest way of monitoring the photochromic 
reactions consists in measurements of optical spectra; in some devices, however, a direct electrical 
response would be more desirable. In these cases, photochromic molecules should be employed 
whose electrical properties would be modified in a controlled way by incident light. The switches 
described in the literature (see, e.g., [1-4]) consisted of photochromic moieties (‘switches’) 
incorporated in the main chains of π-conjugated polymers (‘molecular wires’). We adopted a 
different approach: the switch has been attached to a σ -conjugated polymer as a side group or 
even has only been molecularly dispersed in the polymer [5-8]. Both the literature reports and our 
results confirm a possiblity of effective switching. The architecture of such devices must, 
however, be optimized as presently used materials are rather slow. Moreover, there are additional 
requirements associated with relations between energy levels of the wires and the switches.   

A part of the results reported in this contribution was obtained within the Human Potential 
Programme (Marie Curie RTN BIMORE, grant No MRTN-CT-2006-035859), supported by the 
European Commission. 
 
 
[1] Tsujioka T., Hamada Y., Shibata K.: Appl. Phys. Lett., 78, 2001, 2282-2284 
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CHARGE CARRIER RECOMBINATION  

IN ELECTRPHOSPHORESCENCE POLYMER COMPOSITES  
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Ireneusz Głowacki  
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90-924 Lodz, Zeromskiego 116, Poland, e-mail: Ireneusz.Glowacki@p.lodz.pl 

 
Organic electrophosphorescence light-emitting diodes (OLEDs) using phosphorescence dyes 
emitting from their triplet states are intensively studied because of their high emission efficiency. 
The phosphorescent molecules allow harvesting light not only from the singlet but also from the 
triplet excitons; therefore, much higher than 25 % internal quantum efficiency can be achieved 
theoretically. High efficient OLEDs have been indeed reported by doping red to blue emissive 
iridium complexes in both a low molecular weight and polymer organic hosts. However, polymer 
light-emitting diodes (PLEDs) have attracted considerable interest due to easy processability in 
solution, which allows the application of spin-coating and printing methods for preparation of 
large- area and flexible display devices [1]. 

In this study, iridium complexes were used as the dopants, and poly(N-vinylcarbazole) (PVK) 
or mixture of PVK with derivative of oxadiazole (PVK/PBD) were used as the matrices. The 
charge trapping and radiative recombination are two essential processes influencing the efficiency 
of the electroluminescent devices. One of the most direct methods of investigation of the charge 
carriers trapping, detrapping and radiative recombination is thermoluminescence (TL) [2]. 
Moreover, using of spectrally resolved TL allows to distinguish a different types of excited states, 
traps and recombination centres which can be presented in the electroluminescent composites. 

From comparison of the TL results for PVK and for PVK + 40 wt % PBD one can notice that 
TL maximum around 135 K is shifted by 20 K to lower temperature and main band of emitted 
light is red-shifted by 20 nm. The results indicate that origin of the TL maximum in PVK/PBD 
blend can be related to triplet (maximum at 550 nm) and singlet (maximum at 430 nm) exciplex 
formed between carbazole group and PBD molecule. The introduction of any type of the 
investigated iridium complexes to PVK and PVK/PBD results in disappearing of the monomeric 
emission in both high- and low-temperature peaks in TL. However each of the investigated dyes 
results in different changes of the TL spectrum in comparison to the neat matrices. 

Generally, upon doping population of deeper traps considerably increases. Moreover it was 
noticed that the spectra of light emitted during the TL experiment correspond to the 
electroluminescence spectra. This means that the TL experiments reflect dominant recombination 
process occurring in electroluminescence phenomenon. 

 
 

[1] Dobruchowska E., Glowacki I., Jung J., Wiatrowski M. Ulanski J., “Plastic Electronics: 
Nanomaterials for Opto-electronic Applications” in White Book: Polymer Nanoscience and 
Nanotechnology, an Europen Perspective, Scientic Council of NanofunPoly, 2008, 169 

[2] Sainova D., Neher D., Dobruchowska E., Luszczynska B., Glowacki I., Ulanski J., Nothofer 
H-G., Scherf U., Chem. Phys. Lett. 371, 2003, 15. 
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RESEARCH INITIATIVE 
 

Prof. Dr.-Ing. Andrzej Górak 
 

Technische Universität Dortmund, Germany 
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Recent developments in fermentation technology have strengthened the need to significantly 
improve the down-stream processing of biopharmaceuticals, since this is often considered as the 
bottleneck in the production process. The European Integrated Project AIMs (Advanced 
Interactive Materials by Design) is approaching this problem by integrating material and process 
development to optimise the performance of down-stream processing on the example of 
monoclonal antibody purification. 

Nowadays, cost-intensive chromatographic affinity steps are often used to capture the target 
molecules and considered as a key element for the optimisation of the overall process. Within 
AIMs, the concept of affinity materials consisting of a support structure and specifically design 
ligands has been expanded to membrane chromatography and extraction to include the potential of 
other technologies. 

New ligands are developed on the basis combinatorial chemistry and immobilised on 
improved supports. Molecular modelling results validated by X-ray crystallography give insight in 
the interaction of support, ligand, and target molecules to improve the understanding. The 
structure and performance of new materials for chromatography, membrane chromatography and 
extraction is characterised experimentally and advanced modelling strategies are used to develop 
simulation tools that allow correlating these properties. Different aspects of down-stream-
processing are brought together to a generic approach for optimised process design in terms of 
productivity, yield, media consumption and investment in a short period of time. Mini-plant 
experiments complete the overall project approach and ensure the reliability of the theoretical 
work. 

 
 

The AIMs project is funded within the 6th framework program (contract-No. NMP3-CT2004-
500160) and comprises 24 partners from 12 European countries including 4 industrial companies, 
4 SMEs, 14 academic institutions and 2 stakeholders. 
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CATALYTICALLY ACTIVE N-LIPIDATED PEPTIDES 

IMMOBILIZED ON SOLID SUPPORT 
 

Beata Kolesińska1, Justyna Frączyk1 and Zbigniew J. Kamiński1 
 

1Institute of Organic Chemistry, Technical University of Łódź, Żeromskiego 116, 90-924 Łódź 
 

We designed and prepared supramolecular structures formed by N-lipidated oligopeptides 
immobilized in the regular pattern on the cellulose surface which are able to specific binding of 
ligand molecule. Due to the conformational flexibility of the fragments forming the 
supramolecular structure, the shape and properties of the binding cavities are adjusted the most 
effectively to requirements of the guest molecules. The previous studies documented that process 
of binding guest molecules is highly selective, reversible and competitive. Therefore, we supposed 
that under favorable circumstances the structures could operate as catalysts if suitable, 
catalytically active molecular fragment are included inside the binding pocket. In order to verify 
this hypothesis we prepared library of supramolecular hosts with catalytic triade: His Asp(Glu) 
Ser, incorporated into the binding pocket (Fig. 1).  
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Fig. 1. Proposed mechanism of catalytic activity of N-lipidated peptides 

For the first generation library the rate of hydrolysis of p-nitophenyl esters of N-protected 
amino acids was measured by spectrophotometric determination of liberated p-nitrophenole in 
buffered, aqueous methanol and compared with appropriate data obtained in the absence of 
catalytic structures. The most active catalyst were selected from the library and their stability, 
selectivity and ability for re-use was studied. For the second generation of library the 
stereoselectivity of artificial esterase was studied. It has been found that enzymes prepared from 
natural L-amino acids hydrolyzed p-nitrophenyl esters of L-dipeptides, but D-enantiomers were 
resistant towards degradation.  
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GENETIC PROPERTIES  

OF GLUCONACETOBACTER XYLINUS E25 STRAIN 
 

Marta Peplińska,Stanisław Bielecki, Katarzyna Kubiak, 
Marek Kołodziejczyk, Alina Krystynowicz, Krzysztof Makowski 

 
Institute of Technical Biochemistry  

Technical University of Lodz, Stefanowskiego 4/10, 90-924 Łódź; 
 
In natural environments biofilms are microbial lifestyles. Microorganisms can survive in adverse 
conditions by dint of extracellular biofilm synthesis. Bacterial cellulose (BC), a polysaccharide  
produced by some of Proteobacteria, is a very interesting material with a  great biotechnologic 
and biomedical potential. It displays many unique properties with comparison to plant cellulose 
such as higher purity, higher crystallinity, higher water absorption and stronger biological 
adaptability.  

Gluconacetobacter xylinus  is the most prolific bacterium of the cellulose producing microbes. 
Although this species is a common producer of BC, its productivity and aerobic requirements vary 
a lot between strains. The G. xylinus E25 strain is deposited at pure culture collection of Technical 
University of Lodz and is routinely used for cellulose dressings biosynthesis in stationary culture. 
On the other hand, in agitated cultures this strain exhibit unstable production by appearance of 
cellulose non-producing forms (Cel-) [1]. On contrary G. xylinus strain NQ5 (ATCC53582), is 
able to synthesize high level of BC, even in agitated cultures. Therefore we have started research 
on genomic differences between these two strains (NQ5 & E25). As genome sequence of the G 
xylinus in unknown yet, for the initial studies SSH (select subtractive hybridization) technique 
was used. 

Second attempt is to identify genes which are differentially expressed in these two strains. It is 
more probable that dissimilar productivity of compared strains is a result of various gene 
expression regulation, manifested on the level of transcripts or proteins.  The next experiments 
will be carried on the post-transcriptional level (mRNA) using SSH method as well. 

This investigations can be useful in further research, concerning the genetic aspects of 
cellulose biosynthesis and mechanisms of regulation of this process. Identified differences 
between the strains will bring some information about reasons of cellulose deficiency in       G. 
xylinus cells. In future plans there is construction of modified E25 strain with more preferable 
characteristics from technological point of view.  
 
 
[1] Krystynowicz A., Koziołkiewicz M., Wiktorowska-Jezierska A., Bielecki S., Klemenska E., 

Masny A., Płucienniczak A.: „ Molecular basis of cellulose biosynthesis disappearance in 
submerged culture of Acetobacter xylinum”, Acta Biochimica Polonica, 52, 2005, 691-698 
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BACTERIAL CELLULOSE IN MEDICINE 

 
Karolina Kowalska1, Marek Kołodziejczyk2, Alina Krystynowicz2,  

Krzysztof Makowski2, Zbigniew Pasieka2, Stanisław Bielecki2 

 
1 Medical University of  Lodz,  Department of Experimental Surgery, 92-214 Lodz, Bielańska 33 

2 Technical University of Lodz, Institute of Technical Biochemistry, 90-924 Lodz, 
Stefanowskiego 4/10 

 
In stationary culture bacteria Gluconacetobacter xylinus E25 produce a thick, slippery cellulosic 
pellicle at the surface of culture medium. The membrane is produced extracellularly and contains 
bacterial cells embedded inside. It is known that under suitable conditions as much as 50% of the 
supplied substrate carbon is assimilated into cellulose to produce the membrane of a highly 
reticulated, crystalline and ultra fine structure of nano-fibers. 

Physicochemical properties, susceptibility to vascularisation and tissue overgrowing make 
this material perfect for medical applications. The high mechanical strength in the wet state, the 
substantial permeability for liquids and gases and low level of skin irritation render the gelatinous 
cellulosic membrane applicable as an artificial skin for temporary wound covering.  

Latest studies showed that bio-cellulose, as a natural polymer produced by bacteria, is a 
highly biocompatible material. It has already found an application as a wound dressing but there 
are also experiments concerning its internal use as vessel substitutes and hernia meshes. Following 
specific modification process there is a possibility to produce cartilage-like substitute for trachea, 
auricular and nasal concha or even tubes for nerves regeneration. Obtained biomaterials are 
similar to natural tissues, with  biocompatibility, mouldability, biophysical and chemical 
properties fitting the needs of plastic and reconstructive surgery. Some of these biotechnological 
products have been already applied in medicine, some others have been subjected to intensive 
clinical investigation.  
 
 
[1] Pasieka Z., Kowalska K., Grobelski B., Ławniczak P.: “Current use of modified bacterial 

cellulose in reconstructive surgery”, 43rd Congress of the European Society for Surgical 
Research, Warszawa, 21-24.05.2008; British Journal of Surgery 95(S6), 2008: 40-41; 

[2] Kowalska K., Pasieka Z., Kuzdak K., Bielecki S., Kołodziejczyk M., Jóźwik K., Grobelski B., 
Białas M., Cała J.: “Application of bacterial cellulose tubes in regeneration of damaged 
peripheral nerves – on animal model”, Session of Polish Club of Endocrinological Surgery, 
Jurata, 25-27.09.2008;  

[3] Śmietański M., BigdaJ., Iwan K., Kołodziejczyk M., Krajewski J., Śmietańska I.A., Gumela 
P., Bury K., Bielecki S.: “Assesment of usefulness by different tacks in laparoscopic central 
hernia repair”, Surgical Endoscopy 21, 2007: 925-928; 

[4] Gendaszewska-Darmach E., Kołodziejczyk M., Krystynowicz A., Bielecki S., Koziołkiewicz 
M.: “Phosphorothioate analogs of nucleotides accelerate wound healing”, XIth Gliwice 
Scientific Meetings 2007; Gliwice,  16-17.11.2007 (P-5): 59; 
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AND ACTIVE COMPOUNDS 
 

Krzysztof Makowski, Aneta Białkowska, Tomasz Florczak, Halina Kalinowska, Marianna 
Turkiewicz 

 
Technical University of Lodz, Institute of Technical Biochemistry, Stefanowskiego 4/10, 90-924 

Lodz, Poland 
 

The term “Extremophiles” relates to various microorganisms that are capable of living and 
proliferating in extremely unfriendly environmental conditions like: high or low temperature, 
salinity, γ-radiation, high pressure, low or high pH value, low water content or presence of heavy 
metal ions. 

Because of their unique survival strategies they are potential source of valuable biocatalysts 
and metabolites for medicine, environmental protection, pharmacy, chemistry, food industry, 
cosmetology and entertainment. 

The Institute of Technical Biochemistry possesses collection of more than 150 cold-adapted 
(psychrophilic) microbial strains isolated from soil and marine water samples picked up in the 
neighbourhood of  Henryk Arctowski Polish Antarctic Station (62°09'41''S; 58°28'10''W). 

During over 15 years studies several enzymes, with great application potential,  like 
proteases, lipases, β-galactosidases, esterases have been isolated, characterized and used for 
reactions carried out in bench-scale. Selected results of these studies will be presented. 
 
 
[1] Makowski K., Białkowska A., Olczak J., Kur J., Turkiewicz M.: Enzyme Microbial 

Technology 44(2), 2009, 59-64 
[2] Długołecka A., Cieśliński H., Turkiewicz M., Białkowska A.M., Kur J.: Protein Expr Purif., 

62(2), 2008,179-84 
[3] Cieśliński H., Białkowska A.M., Długołecka A., Daroch M., Tkaczuk K.L., Kalinowska H., 

Kur J., Turkiewicz M.: Arch Microbiol.,  188(1), 2007, 27-36 
[4] Makowski K., Białkowska A.., Kalinowska H., Kur J., Cieśliński H., Turkiewicz M.: FEMS 

Microbiology Ecology; 59, 2007, 535–542   
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BIOSENSORS – WHERE WE ARE - WHERE WE GO 

 
Małgorzata Przybyt 

 
Technicala University of Lodz, Department of Biotechnology and Food Chemistry, Institute of 

General Food Chemistry 
 
Activity of the biosensor group in Institute of general Food Chemistry is presented. The group is 
concerned mainly on construction of biosensors with electrochemical and optical detection 
system. Amperometric biosensors were constructed on basis of oxygen electrode with oxidazes 
immobilized in silica gel by sol-method [1,2]. The method of immobilization was optimised (gel 
precursor, composition, pH) to obtain enzyme electrodes with high sensitivity and applied to 
different oxidazes and bienzymatic systems. The sol-gel method was also applied to immobilize 
enzymes on potentiometric tungsten electrodes [3]. It was found that tyrosinase electrode shows 
the potentiometric response to mono- and ortodiphenols with very low detection limit. It was 
proposed that the potential changes reflect the red-ox state of the enzyme. The sol gel-method was 
applied in fluorescence optode for glucose with pyrene as indicator [4,5]. Practical application of 
enzyme electrodes was tested in project QUALI_JUICE (CN 012461, VI Framework) concerned 
on use of lactate biosensors in fruit juice production .Because the main method of enzyme 
immobilization was the sol-gel method studies on sol-transition, state of fluorescent oxygen 
indicators and stability of glucose oxidase in silica gels were carried out [6-10]. 

New approach in sensor construction is mimicking of biological material by molecularly 
imprinted polymers. Functional fluorescent polymer with new fluorescent probe (styryl pirydinum 
derivative) was synthesized and characterized for cAMP assay [11,12]. Molecular imprinting 
technique was also applied in order to produce polymeric material selective towards β-carboline 
alkaloids. Various experimental and computational methods were used to study the 
physicochemical properties of prepolymer and polymeric matrix and interactions with target 
molecule [13]. Another biomimetic approach is to use catalyst with catalytic function of the 
enzyme. This was done by inclusion of Cu2+ ions in silica gel with amine groups [14]. The 
obtained material can be used in amperometric and potentiometric electrodes showing the same 
activity as tyrosinase ones. 
 
 
[1] Przybyt M., Białkowska B.: Material Science, 20, 2002, 63-79 
[2] Przybyt M., Białkowska B.: in Frontiers of Multifunctional Nanosystems, ed. Buzaneva E., 

Scharff P., Kluver Academic Publishers, 2002, 91-108 
[3] Przybyt M.: Material Science, 21, 2003, 417-429 
[4] Jóźwik d., Miller E., Wysocki S.: Annals of the Polish Chemical Society, 1, 2005, 564-568 
[5] Miller E., Wysocki S., Jóźwik D.: Int. J. of Photoenergy, 7, 2005, 45-49 
[6] Miller E., Wandelt B., Wysocki S., Jóźwik D., Mielniczak A.: Biosens.& Bioelectr., 20, 

2004, 1196-1202 
[7] Przybyt M.: Annals of the Polish Chemical Society, 2, 2005, 383-387 
[8] Miller E., Jóźwik D., Wysocki S.: J. Photochem. PhotoBiol. A, 169, 2005, 221-228 
[9] Miller E. Jóźwik D.: Colloid Polym. Sci, 2007, 1561-1571 
[10] Przybyt M.: Material Science, 21, 2003, 397-416 
[11] Wandelt B., Mielniczak A., Turkewitsch P., Wysocki S.: J. Lumin. 102-103, 2003, 774-781 
[12] Wandelt B., Mielniczak A., Cywiński P.: Biosens.& Bioelectr., 20, 2004, 1031-1039 
[13] Kowalska A., Stobiecka A., Wysocki S.: J. Mol. Struct. THEOCHEM, in Press, 2009 
[14] Przybyt M.: Annals of the Polish Chemical Society, 2, 2005, 378-382 
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Zbigniew J. Lesnikowski 
 

Institute of Medical Biology, Polish Academy of  Sciences, Laboratory of Molecular Virology & 
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DNA chip technology is rapidly advancing and applications to diagnostics, gene discovery, gene 
expression and mapping have been convincingly demonstrated. Array-based assays allow a range 
of characteristics, such as drug resistance to be rapidly and simultaneously determined. Near 
instantaneous detection of pathogens from clinical material, combined with simultaneous 
prediction of their antimicrobial resistance profiles, would revolutionize the impact of 
microbiology on the management of infections [1]. 

Recent activity has focused on the development of hybridization assays based on various 
optical coding systems and allowing simultaneous detection of multiple DNA targets. 
Electrochemical detection of nucleic acids is an attractive alternative to established fluorescence 
and other optical coding technologies, with advantages including cost, sensitivity and direct 
electronic readout, and it is becoming frequently used in biosensors and DNA chips development 
[2,3]. 

Due to their unique structure and 
properties boron clusters find various 
applications in research and practice 
including emerging use in developing 
boron based nanostructured materials and 
devices [4,5]. The electrochemical activity 
of simple boron compounds has been 
known for a log time. With the discovery 

of boron clusters in the 1960’s the electrochemical properties of caged boranes, carboranes and 
their complexes with metals, metallaboranes and metallacarboranes have been the subject of 
extensive studies. Recently we proposed a new, original approach to the electrochemical DNA 
detection based on polyhedral boron clusters [6] and designed a prototype biosensor in which new 
indicator of DNA hybridization connected with commercial paramagnetic beads (DB) and a 
carbon paste electrode was utilized [7]. This and other recent findings on applications of boron 
clusters in design of new nanomaterials will be discussed. 
 
 
[1] Teles, F.R.R., Fonseca, L.R. Talanta, 77, 2008, 606-623.  
[2] Drummond T.G., Hill, M.G., Barton, J.K.: Nature Biotech., 21, 2003, 1192-1199. 
[3] Lesnikowski, Z. J., Curr. Org. Chem. 11, 2007, 355-381. 
[4] Shirai, Y., Morin, J-F., Sasaki, T., Guerrero, J.M., Tour, J.M., Chem. Soc. Rev.,35, 2006,1043 

– 1055. 
[5] Hawthorne, M.F., Zink, J.I., Skelton, J.M., Bayer, M.J., Liu, C., Livshits, E., Baer, R., 

Neuhauser, D. Science, 303. 2004, 1849 – 1851. 
[6] Olejniczak, A.B., Corsini, M., Fedi, S., Zanello, P., Lesnikowski, Z.J. Electrochem. 

Commun.,  9, 2007, 1007-1011.  
[7] Jelen, F., Olejniczak, A.B., Kourilova, A., Lesnikowski, Z.J.,  Palecek, E. Anal. Chem., 81, 

2009, 840-844. 

 



Workshop on Progress in Bio- and Nanotechnology, Łódź 2009 
----------------------------------------------------------------------------------------------------------- 
52

 
ANTI-AMYLOID APPROACHES BASED ON INHIBITORY  

NUCLEIC ACIDS 
 

Barbara Nawrot,1 Małgorzata Sierant,1 Julia Kaźmierczak-Barańska,1 Alina Paduszyńska,1 and 
Katarzyna Kubiak 2 
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4/10, 90-924 Lodz, Poland 
 
Our recent studies have been focused on development of anti-amyloid approaches for prevention 
and treatment of Alzhemier’s disease (AD), based on sequence specific silencing of genes 
involved in pathogenesis of this neurological disorder. According to the amyloid cascade 
hypothesis, accumulation of beta-amyloid peptides (Abeta) is the primary factor driving to neural 
degeneration. Abeta is the product of the proteolytic cleavage of the APP (amyloid precursor 
protein) substrate protein by beta- and gamma-secretases. It was demonstrated that beta-secretase 
(aspartyl protease Asp2), also called beta-site APP cleaving enzyme (BACE1), is an excellent 
target for anti-amyloid therapeutic drug design [1]. Till now, several approaches have been 
evaluated to find an effective inhibitor for human beta-secretase, mostly in the field of 
peptidomimetic, non-cleavable substrate analogues.  

Our approach is based on targeting the BACE mRNA and its down-regulation with small 
inhibitory nucleic acids (siNAs) [2]. Those include catalytic nucleic acids (ribozymes and 
deoxyribozymes) as well as siRNAs. Plasmid-coded hammerhead ribozymes and synthetic 
deoxyribozymes 10-23 were the first found to be efficient inhibitors of BACE1 gene expression in 
a sequence-specific manner, measured, both, at the mRNA and protein levels [3,4]. Synthetic 
siRNA, as well as vector-coded shRNAs, proved to be able to down-regulate BACE1 mRNA in 
human cell lines as well as in adult mice hippocampal neural stem cells and animal model [5,6]. 
While silencing of BACE1 protein is shown to be safe for the cells and organisms, silencing of 
gamma-secretase by down-regulation of expression of its enzymatic component - presenilin 1 (PS-
1) is lethal. The preliminary results on the allele-specific silencing of mutant PS-1 (L382V, C→G 
transition), which is the main cause of an early onset Familial Alzheimer’s Disease (FAD). will be 
presented [6]. 
 
 
[1] Citron M.: J. Neurosci. Res. 2002, 70, 373-379.  
[2] Nawrot B.: Acta Biochim. Pol. 2004, 51, 431-444.  
[3] Nawrot B. Antoszczyk S. Maszewska M. Kuwabara T. Warashina M. Taira K. Stec WJ.: Eur. 

J. Biochem. 2003, 270, 3962-3970. 
[4] Nawrot B. Sipa K. Widera K. Antoszczyk S. Sierant M. Wojcik M. Maszewska M.: 

Proceedings of JMMC, Ed. Medimond s.r.l., Vienna, 2005, 49-54.  
[5] Sierant M. Kubiak K. Warashina T. Kazmierczak-Baranska J. Nawrot B.: submitted 
[6] Sierant M. Kubiak K. Kazmierczak-Baranska J. Paduszynska A. Kuwabara T. Warashina M. 

Nacmias B. Sorbi S. Nawrot B. Nucleic Acids Symposium Series, 2008, 52, 41-2.  
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Kamil Rożniakowski, Beata Kolesińska and Zbigniew J. Kamiński 
 

Institute of Organic Chemistry, Technical University of Łódź, Żeromskiego 116, 90-924 Łódź 
 
Molecular self-assembly offers unique directions for the fabrication of novel supramolecular 
structures and advanced materials. The inspiration for the development of such structures is often 
derived from self-assembling modules in biology, as natural systems form complex structures 
from relatively simple building blocks. Peptide-based nanostructures indicate an important route 
toward the production of ordered nanostructures as several studies had demonstrated their ability 
to form well organized assemblies. This includes cyclic peptides designed with alternating D- and 
L- amino acids, amphiphile peptides, peptide-conjugates and ionic self-complementary peptides. 

An example of naturally occurring self-assembly process affording nano scale objects by 
polypeptides is amyloid fibril formation. These 7-10 nm fibrillar assemblies were already used for 
the formation of conductive nanowires. Also the short peptides have been used as model systems 
to study the molecular mechanism that leads to amyloid fibril formation. Based on the analysis of 
short amyloid forming fragments, it has been postulated that aromatic interactions may play a 
significant role in the self-assembling process. This hypothesis led to the discovery what is the 
core recognition motif of the Alzheimer’s β-amyloid polypeptide (wild-type Aβ42 
DAEFRHDSGYEVHHQKLVF19FAEDVGSNKG AIIGLMVGGV and the variant with Pro19) 
[1]. The accumulation of aromatic residues has been also confirmed in the analogos sequence – 
amylin (IAPP - Islet Amyloid Polypeptide) which is a 37-residue peptide hormone secreted by 
pancreatic β-cells at the same time as insulin [2]. Amylin fibrils commonly found in pancreatic 
islets of patients suffering diabetes mellitus type 2, or harboring an insulinoma, can induce 
apoptotic cell-death in insulin-producing beta cells, an effect that may be relevant to the 
development of type 2 diabetes. This observation strongly stimulated search for understanding 
molecular information and mechanism needed to self assemble this novel class of peptide into 
nanotubes. The simplest objects prone to self-assembly are aromatic dipeptide, the 
diphenylalanine element and the diphenylglycine, forming nanotubes or spherical nanometric 
assemblies. Remarkably flexibilities of peptides fragments in formation of nanostructures recently 
has been considered important for many applications in various fields including molecular 
electronics, tissue engineering, and material science.  
 
 
[1] Chiti, F.; Dobson, C.M.: Ann. Rev. Biochem., 75, 2006, 333–366  
[2] Riediger, T.; Zuend, D.; Becskei, C.; Lutz, T. A.: Name F. S.: Am. .J. Physiol. Regul. Integr. 

Comp. Physiol., 286, 2004, 114-122. 
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Monoclonal antibodies (MAb) [1], due to their high selectivity to the target-specific receptors, are 
recently used as main anticancer drug components, as well as being utilized in many diagnostic 
tests. Their production is very expensive because of high costs of purification process. The current 
methods of MAb purification are based on chromatography columns with protein A or G agarose, 
which interact with the Fc fragment of the monoclonal antibodies. Proteins A and G are universal 
for use with a wide range of antibodies, however, they are expensive and impractical for 
purification on an industrial scale. Our research is a part of the European AIMs Project, the goal 
of which is to develop innovative, interactive materials, which could optimize cost-effective 
processes of MAb purification.  

As a source of Fc for our studies we used an anticancer drug - Herceptin [2], in which the 
monoclonal antibody IgG1 is the active component. We performed the cleavage of IgG1 using 
papain to obtain an isolated Fc fragment, which after purification, concentration and buffer 
exchange was crystallized with ligands. Crystals were measured on the EMBL synchrotron in 
Hamburg. We determined a number of crystal structures of the Fc complexes with peptidomimic 
ligands. All structures were solved in the P212121 space group. In the asymmetric unit, there are 2 
monomers (A, B) creating a homodimer, the shape of which is reminiscent of a twisted horseshoe. 
The interactions of chains A and B in the crystal lattice are not identical. Chain A is involved in 
more crystal contacts and chain B has a better access to the water channels. The unit cell contains 
four homodimers related by three perpendicular two-fold screw axes. The domains of each 
monomer (CH2, CH3) possess predominantly β architecture. The CH2 domains are naturally 
glycosylated and a proper distance between them is maintained through the polysaccharide chains 
interactions.  

The structural informations of the Fc-ligand complexes were used in the designing of a new 
generation of active components for chromatographic columns. In this research we used a method 
of ligand searching adapted from the current trends in drug design. The knowledge of structural 
interactions allowed designing more specific ligands, leading to better chromatographic material 
for protein purification, which will significantly reduce the overall costs of monoclonal antibody 
production. 

 
 

[1] Saphire, E.O., Parren, P.W., Pantophlet, R., Zwick, M.B., Morris, G.M., Rudd, P.M.,  
Dwek, R.A., Stanfield, R.L., Burton, D.R., Wilson, I.A.: Science, 293, 2001,  1155-1159  

[2] Baselga J, Norton L, Albanell J, Kim YM, Mendelsohn J. Cancer Res., 58(13), 1998, 2825-
31.  
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FERMENTATION ACTIVITY OF IMMOBILIZED YEAST CELLS 

 
Wojciech Ambroziak 

 
Institute of Fermentation Technology and Microbiology, Technical University of Lodz 

 
Cell adhesion  is the fundamental phenomenon that govern and describes bioengineering 
processes that employ microorganisms immobilization with focusing on different biotechnological 
aplications, including beer and biofuel production. Immobilisation of cells has become popular in 
industrial processes  due to the obvious advatages. Brewing industry is especially deeply 
interested for economical reason, in brewery yeast cells immobilization and its application to 
continuous processes with increasing productivity of cells loading in bioreactors and the 
advantage of the reducing time of fermentation and maturation. 

The leading idea of this study was to investigate cells growth, metabolic activity and 
fermentation ability of selected yeast strains, entrapped inside multichamber cores formed from 
foamed alginate or  adhered on the surface of porous ceramic supports made from hydroxyapatite 
or chamotte.  

The alginate multichamber beads were covered with an additional layer of 0, 1 % poly-L-
lysine and 0,1M silicate gel to increase their mechanical stability and avoid the cells leakage.  
Percolated nanostructured ceramics fabricated from hydroxylapatite with a porous structure and 
opportunity to deposit the electrical charge on the surface and chamote made from clay were used. 
Effect of adhesion and their stability, biomass growth and cell viability, evaluation of 
fermentation performance, ATP, trehalose and glycogen, carbohydrates and flavor and aroma 
profiles were examined. For these purposes new analytical methods were developed included gas 
and liquid chromatography, enzymatic assay of specific enzymes activities of cells in situ, and 
specific metabolites by HPLC and GC method. Biotechnological studies of main fermentation 
processes with the use of  immobilized brewery yeast  were conducted on laboratory scale using  
semi-continuous or yeast ,,repitching” method.  

The results of the research with immobilized yeast have shown high ethanol production, 
proper profiles of green beer flavour, acceptable product quality, good yeast adaptation to 
conditions  of  fermentation  process and the reduction of time required for primary fermentation 
from 10 to few days. Immobilized cells are considered to be more tolerant against ethanol then 
free cells. The extensive production of acetaldehyde  in the green beer with immobilized cell does 
not present any technological difficulties. Yeast immobilization offers significantly shorter 
fermentation times, cheap carrier materials, reduction of investment costs and production of beer 
with generally acceptable and sufficiently balanced flavour, which levels can be controlled by 
manipulating the content of wort concentration, pitching rate, yeast strain and fermentation 
temperature. The course of primary fermentation process with immobilized yeasts was 
comparable to that with free yeast. 
 
Supported by 2 P06T 081 29 and 1283/P01/2007/32 KBN Grants and 6PR PERCERAMICS 
Project no.: NMP3-CT-2003- 504937 
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MOLECULARLY IMPRINTED POLYMERS AS SMART SENSING 
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Department of Molecular Physics, Technical University of Lodz, Poland 
 
Molecular imprinting of polymers (MIPs), provides a  powerful approach for obtaining effectively 
working sensory systems. Molecular imprinting is realized by copolymerisation of functional 
monomers in the presence of a target molecule that acts as a molecular template [1]. Subsequent 
removal of the template result in functionalised molecular cavities that are able to recognize the 
template molecule. The size and shape of the molecular cavity inside of the polymer and also the 
distribution of the functional groups forming the internal electronic structure of the cavity make 
that is able to selectively adsorb of the template molecule. The important element of the molecular 
cavity is a receptor. Interactions between the template and the receptor create changes of the 
electronic structure which are then transduce outside of the material as an electrical and/or optical 
signal.  

We developed the MIPs as polymeric optical sensor in which one of the functional monomers 
is fluorescent [2]. The fluorescence measurements: steady-state and  time resoved have been 
applied as analytical methods [3]. Recently we adopted the pyrazolequinoline derivative (highly 
fluorescent dye) for obtaining of the fluorescent MIPs that the fluorescence of the polymer is 
strongly changeable dependently on the analyte binding. The MIPs were polymerised as porous 
materials in bulk as well as thin-layer films.  

For identification of peptides and bigger biological objects like microorganisms a suface 
molecular imprinting of polymers (SMIPs) methodology have been developed. The SMIPs 
technology leads to surface imprinted cavities with molecular memory of particular system-
template. During the preparation process, the template by means of biological object like 
microorganism forms complex supramolecular structure with the functional monomers. After 
removing of the microorganisms the polymeric surface showing enhance of adhesion of the 
microorganisms to the imprinted polymer matrix [4].  

The processing and monitoring of polymeric sensory systems for nucleotides with optically 
active receptors incorporated into the polymer will be discussed. The recognition and selectivity 
of adsorption of the template microorganism as well as identification of the Saccharomyces 
cerevisiae yeast cells using the surface imprinted polymer matrix also will be discussed.  
 
 
[1] Haupt K.; Mosbach K.: Chem. Rev., 100, (2000) 2495 
[2] Turkewitsch P., Wandelt B. Darling G.D., Powell W.S., Anal. Chem., 70, (1998) 2025 
[3] Wandelt B., Mielniczak A., Cywiński P., Biosensors & Bioelectronics, 18, (2004)465  
[4] Wandelt B., Sadowska M., Cywiński P., Hachulka K., Molec. Cryst. &Liq. Cryst., 486 

(2008) 1299-1312 
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The sustainable use of limited resources by nature to provide target molecules with biocata-lytic 
reactions continues to be a role model for chemical synthesis. The application of bio-catalysts to 
functional group transformations is shaped by the search for selectivity, the shift from fossil-based 
to biobased raw materials and the economy of molecular transformations like atom economy and 
step economy. Safety, health and environment issues are key drivers for process improvements in 
chemical industry and the development of reactions or pathways replacing hazardous reagents is a 
major factor determining the sequence of molecular trans-formations from raw material to 
product.   

Biocatalyst production technologies and integrated process engineering have been instrumen-
tal in the establishment of biocatalytic reaction steps in chemical synthesis. The inherent pro-
perties of biocatalysts make them the privileged catalysts for highly selective asymmetric mo-
lecular transformations like e.g. hydrolysis reactions, oxidation reactions, carbon-carbon bond 
formation reactions as well as molecular unit transfer reactions. The universe of six enzyme 
classes provides a tremendous goldmine for discovering improved versions of enzymes with 
known functions as well as for finding completely novel enzymes. With the growing collec-tion of 
biocatalytic reactions the retrosynthetic thinking from chemical synthesis can be ap-plied to 
biocatalysis as well.   

Once the feasibility of a biocatalytic reaction has been proven, up- and downscaling experi-
ments have been useful for engineering the most adequate process design. In the case of the first 
large-scale biocatalytic Baeyer-Villiger oxidation, the debottlenecking of the substrate feed and 
product recovery, final purification and overcoming thermodynamic limitations have been 
essential in establishing bioprocesses with high yields of enantiopure products [1,2]. These 
downscaling experiments in conjunction with new analytical techniques have proven useful also 
in the case of asymmetric synthesis of natural compounds. Spatial and temporal organisation of 
biocatalysts, reactands or products is another interesting engineering option for biocatalytic 
process design.  

The interdisciplinary character of the dead ends and locks between chemistry, biology and en-
gineering requires investigations of the interfaces. Communication across scientific and 
technological disciplines including the value creation perspective is important for the deve-
lopment of a better synthesis of the final product-in-the-bottle. Whether the successful prob-lem 
solution will come from the engineering of substrates, reaction media, process conditions or from 
the search for better and new enzymes, progress in the understanding of the molecular 
mechanisms of enzyme action will be key for the further development of the science of syn-thesis 
with its challenges towards the more difficult and more complex target molecules [3].  
 
 
[1] Hilker I, Gutierrez M.C., Furstoss R., Ward J., Wohlgemuth R., Alphand V., Nature Prot. 3, 

2008, 546-554 .  
[2] Kaiser P., Ottolina G., Carrea G., Wohlgemuth R., New Biotechnology 2009 (in press) 
[3] Wohlgemuth R., New Biotechnology, 2009 (in press).
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(http://www2.laas.fr/laas/2-5252-MINAS-Area.php) 
 

The MINAS research is devoted to micro and nano systems design, fabrication and 
characterization This research is distributed into 7 research groups, including 78 researchers and 
117 phD students : 
‐ Integration of energy management systems 
‐ Micro and nano system for wireless communication 
‐ Microwave integrated devices and systems for telecommunication 
‐ Photonics 
‐ Nano-bio-systems 
‐ Microdevices and microsystems for detection 
‐ Nano engineering and system integration 

 
This research is focused on the study and development of multidisciplinary and multifunctional 
micro and nano systems : 
‐ Micro and nano technologies integrating new functional organic and inorganic materials, 

heterogeneous integration technologies 
‐ Multi-physical and multi-scale modeling for micro and nano systems, bio-nano-technologies 

and ultimate electronics 
‐ Complex microsystems design and virtual prototyping 
‐ Microsystems reliability 
‐ Micro and nano sytems for detection and actuation 
‐ Micro-nano-fluidics and nano-bio-systems 
‐ Optical sources and functions for photonic integration, nano-photonics, MOEMS and micro-

optics 
‐ Power-electronics components and electrical energy management integration systems 
‐ RF MEMS and integrated microwaves circuits 

 
The application fields are very large including : 
‐ Telecommunication 
‐ Pharmacological research and bio-medical diagnosis 
‐ Aeronautics and space 
‐ Domotics 
‐ Adaptative and ophthalmic optics 
‐ Metrology 

 
Technological development and manufacturing are operated in a 1500m2 clean room (28 
engineers and technicians) (http://www2.laas.fr/laas/2-6846-Basic-Technological-Research.php) 
Characterization of micro and nano-systems are performed in a 800m² instrumental platform (20 
engineers and technicians) where electronic, radio frequency, optical and bio-chemical 
characterizations can be addressed. 

 



Lectures 
----------------------------------------------------------------------------------------------------------- 

59

   

PROCESSING AND PROPERTIES OF POLYMER 
NANOCOMPOSITES  

WITH CARBON NANOTUBES AND OTHER NANOOBJECTS 
 

José M. Kenny 
 

European Centre for Nanostructured Polymers 
University of Perugia, 

Loc. Pentima Bassa 21, 05100 Terni, Italy 
jkenny@unipg.it, www.ecnp.eu.org; www.unipg.it/materials 

 
Carbon nanotubes (CNTs), carbon nanofibres (CNF) and grafenes are carbon structures with 
extraordinary mechanical, chemical and electrical properties. These unique properties make these 
carbon nanoobjects (CNOs) extremely valuable in a wide range of end-use applications. In 
particular, the use of CNOs as nanofillers of thermoplastic and thermosetting polymer matrices 
allows the production of innovative materials with breakthrough structural and functional 
properties. However, the achievement of these properties requires a careful definition of 
processing routes and conditions able to produce nanocomposites with designed and controlled 
nanofiller dispersion, orientation and alignment. It is the aim of this research work to consider the 
approaches to controlled processing and chemical functionalization of CNOs and to account for 
the advances that have been produced so far in the processing of these innovative materials. 

More specifically, due to their exceptional mechanical, thermal and electrical properties, 
carbon nanotubes (CNTs) have been used in the last decade for the development of high 
performance nanostructured materials. Since their discovery in 1993 the research in this exciting 
field has been in continuous evolution, being most of the research focused on the assessment of 
the CNT properties and the development of advanced structural composites based on CNTs. 
Single-walled carbon nanotubes (SWNTs) are considered as the simplest member of the family of 
CNTs, consisting of one graphitic sheet, which has been rolled up into a cylindrical shape. 
Depending on the arrangement of the hexagon rings along the tubular surface, CNT can be 
metallic or semiconducting. However, the incorporation of nanotubes is not a trivial task mainly if 
a good dispersion for a chemical grafting to the polymer matrix are mandatory to maximize the 
advantage of nanotube reinforcement. In fact, the affinity to adhere to each other, renders as-
grown SWNTs intractable and indispersable in common solvents.  

On the other hand, it has been demonstrated that CNT can be made soluble when they 
interact with different classes of compounds. The key challenges that are in the way of realizing 
composites made out of carbon nanotubes are securing a reliable control over their surface 
chemistry through either covalent or non-covalent modification and achieving dispersion.  

Here we report some examples of nanocomposites with CNTs highlighting a meshwork of 
interactions between the mechanical, electrical and optical properties of CNTs and the interface 
with the polymer matrix with the aim to offer an overview on the approaches of chemical 
functionalization of CNTs and to account for the advances that have been produced so far. The 
use of electrical and magnetic fields as processing aids for the production of aligned 
nanocomposites is also reported. 
 

 

http://www.ecnp.eu.org/
http://www.unipg.it/materials
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Nanocomposites of semiconductor nanocrystals and electroactive polymers are new materials 
whose spectroscopic, electronic, redox and electrochemical properties can be precisely tuned to 
meet specific requirements for their application in a given electronic or electrochemical device. 
From this point of view the control of their supramolecular organization is of crucial importance. 
The most important methods of the preparation and processing of supramolecularly ordered 
nanocomposites will be reviewed. This will involve physical methods like epitaxial directional 
crystallization of the polymeric component [1] and chemical ones such as nanocrystals’ initial 
ligands exchange for the polymeric ones [2], grafting of electroactive polymers to nanocrystals’ 
surface through a linker ligand [3] etc. Special attention will be paid to the preparation of 
molecular hybrids of semiconductor nanocrystals and electroactive polymers which self-assemble 
via molecular recognition (a representative example is shown in Scheme 1) [4]. An interesting 
feature of the described system is the possibility of its processing using the layer by layer (LbL) 
technique [5]. 
 

                                              
Scheme 1: Molecular recognition between 1-(6-mercaptohexyl)thymine capped CdSe 
nanocrystals (Thy-CdSe) and diaminopyrimidine ( functionalized poly(3-hexylthiophene) (DAP-
P3HT)  
 
 
[1] Brinkmann M, Aldakov D and Chandezon F  Adv.Mat.19 (2007) 3819 
[2] Pokrop R, Pamuła K, Deja-Drogomirecka S, Zagorska M, Borysiuk J, Reiss P and Pron A. J. 

Phys. Chem. C. (in press) 
[3] Querner C, Reiss P, Bleuse J and Pron A  J.Am.Chem.Soc. 126 (2004), 11574 
[4] De Girolamo J, Reiss P, Pron A, J. Phys. Chem. C., 111, (2007) 14681 
[5] De Girolamo J, Reiss P, Pron A, J. Phys. Chem. C., 112, (2008) 8797 
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SYSTEMS BIOTECHNOLOGY AS A CHANCE FOR INTEGRATION 

 OF BIOLOGY AND ENGINEERING 
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Differences in education backgrounds of engineers and biologists have been presented with the 
emphasis of advantages and disadvantages of both professionals approach to solving of 
contemporary problems in biotechnology.  

Before the systems biology was defined  the roles and challenges of bioprocess and 
biochemical engineering, metabolic engineering and bio-informatics  were demonstrated.   Some 
examples of  holistic approach to description of the complex system such living cell presents 
were given. Pictorial description of e-cell and erythrocyte was shown.  

The newest achievements of systems biology with  particular attention focused  on 
engineering approach to  biological system were presented. The evolution of the system biology 
to synthetic biology or biological engineering, as well as the perspectives  of this fast developing 
discipline was also depicted. 

The important conclusion of this presentation is that systems biotechnology is the real chance 
for integration of life sciences and engineering. 
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METHANOSARCINA MAZEI. 
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Clostridium butyricum is an anaerobic bacterium capable of fermenting glycerol into 1,3-
propanediol, which is an attractive monomer for the manufacturing of new polymers. As typically 
in many other fermentation processes, this bioprocess is accompanied by the excretion of 
inhibitive by-products: acetate, formate and butyrate. In order to relieve by-product inhibition and 
at the same time to make use of them for energy production a novel mixed culture system 
comprising Methanosarcina mazei and C. butyricum has been proposed. In order to know whether 
such a syntrophic-like growth of these two organisms allows an efficient utilisation of the 
inhibitive by-products and to find the optimum conditions for this, a conceptual study of this two-
species culture has been performed in this work with the use of metabolic modelling [1]. 

The metabolic networks for these two microorganisms were reconstructed on the basis of 
genomic information and physiological data [2-4]. The individual networks were first tested 
separately for their conformity with experimental data available in literature [5,6]. Then several 
scenarios were computed with the use of optimisation procedures to determine M. mazei 
preferences in scavenging acetate and formate under various substrate availability, including 
situation when methanol, which is an impurity in the raw glycerol from biodiesel plants, is present 
in the system. The calculations revealed that if methanol was present, methane production from 
methanogen could be increased by about 130%. Furthermore, it was found that M. mazei was 
capable of utilising C. butyricum by-products with good efficiency. On average, over 70% of 
acetate was scavenged by M. mazei. The simulations also revealed that switching of M. mazei 
metabolism towards methanogenesis and avoiding extensive biomass growth of M. mazei, 
especially in the presence of hydrogen. assure efficient operation of this two species system. 
Furthermore, if C. butyricum produced no hydrogen, acetate utilisation would be preferred. 
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Gene silencing directed by small RNA molecules is a powerful, evolutionary conserved 
mechanism. Intensive investigations in this field have taken place since the discovery of RNAi 
phenomenon (RNA interference) about a decade ago [1]. Short RNA duplexes (siRNA, short 
interfering RNA) play a central role in this mechanism by guiding a multiprotein complex with 
endonuclease activity to the target mRNA. Shortly after initial studies, the effect was induced in 
human cells and first therapeutic trials have been conducted in 2004. Furthermore, the possibility 
to enhance pharmacokinetic properties of siRNAs by chemical modifications makes them quite 
universal gene silencing tools [2].  

Vigorous attention driven to small noncoding RNA (sRNa, ncRNA) involved in the gene 
expression regulation have revived the research in these field in prokaryotic organisms as well. 
There are several RNA regulators in bacteria cells, known since 1970’s, but an overflow of new 
discoveries of ncRNAs arose lately. At present over 70 of such molecules have been found in 
Escherichia coli genome [3].  

Bacterial regulatory RNA act in two basic ways: via interaction with proteins functioning as 
gene expression regulators or by binding with mRNA (in RBS, UTR or promoter regions). There 
are growing evidences of crucial role of ncRNAs in known regulatory pathways such as two 
component systems (TCS). An interesting example of such pathway is so called quorum sensing 
(QS), responsible for “social behaviour” (e.g biofilm formation) of microbes. In Vibrio cholerae 
and Salmonella tphimurium regulatory influence of CsrA/CsrBCD system (regulatory 
protein/RNA partners) on QS-dependent biofilm formation was shown [4]. An introduction of 
vectors coding RNA regulators into bacterial hosts gives possibility to influence complex 
regulatory pathways in a simple way. Proper expression of RNA molecules is much less complex 
than proteins, and is more rapid as well. 

Our research is focused on Gluconacetobacter xylinus productive strain, used in IBT for 
cellulose biosynthesis. Recent evidence of QS system functioning in G. intermedius [5] have 
driven our interests towards identification of crucial genes involved in  QS as well as genes of 
conserved proteins, interacting with regulatory RNAs in G. xylinus. Preliminary results will be 
discussed. 
 
 
[1] Fire A., Xu Si Q., Montgomery M.K., Kostas S.A., Driver S.E., Mello C.C.: Nature, 391, 

1998, 806-813. 
[2] Sipa K. Sochacka E., Kaźmierczak-Barańska J., Maszewska M., Janicka M., Nowak G., 

Nawrot B.: RNA, 13, 2007, 1301-1316 
[3] Vogel J., Sharma C.M.: Biol. Chem. 386, 2005, 1219-1238 
[4] Bejerano-Sagie M., Xavier K.B.: Curr. Opin. Microbiol.,  2007, 10, 189–198 
[5] Iida A, Ohnishi Y, Horinouchi S. J. Bacteriol. 2008, 190, 2546-2555 
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Over 95% of the current drugs are characterized by poor pharmacokinetic and biopharmaceutic 
parameters. Considering this, an urgent need arises to develop more efficient carrier systems for 
the targeted drugs, acting exclusively on the diseased organ/tissue and not affecting healthy cells. 
The development of such system would increase the drug potency and at the same time minimize 
its side effects. The project focuses on two areas of bionanotechnology – the targeted drug 
delivery and imaging. 

Nanoparticles functional in imaging and the delivery of active compounds to the 
pathologically-altered tissue fragments will be constructed based on superparamagnetic metal 
oxides coated with gold. The particles will carry proteins recognizing tumor cells (via interaction 
with cancer-specific markers), as well as cytotoxic agents. In addition, organic linkers will be 
developed, allowing for the specific display, delivery, release and activation of therapeutic 
compounds in pathologically-modified sites. 

To achieve this objective, an extensive repertoire of methods will be used from the areas of 
material chemistry, physical biochemistry, molecular biology (including phage display), cell 
biology and molecular modeling. 
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APPLICATION OF BIOCATALYSIS TO THE SYNTHESIS OF 

PHARMACEUTICALS 
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Biocatalysis is a methodology of growing importance for the synthesis of pharmaceuticals, 
resulting in the establishment of many successful synthetic protocols [1]. Main reason for this is 
the enormous selectivity of biocatalysts. For most applications native and immobilized enzymes 
are used. The importance of enzyme used as a biocatalysts for the synthesis of key intermediates 
in drug synthesis will be presented on selected examples. Special attention will be paid to enzyme 
role and importance of immobilization procedures for biocatalyst activity and selectivity [2,3,4]  
 
This work was financially supported by Polish State Committee for Scientific Research, Grant 
N405 007 31/0544. 
 
 
[1] K. Faber. Biotransformations in Organic Chemistry -- A Textbook. Springer-Verlag, Berlin, 

Germany, fifth edition, 2004 
[2] Szymanski, W.; Ostaszewski, R.; Tetrahedron:Asymmetry, 17, 2006, 2667-2671 
[3] Szymanski, W.; Zwolinska, M.; Ostaszewski, R.; Tetrahedron, 63, 2007, 7647-7653. 
[4] D. Koszelewski, A. Redzej, R. Ostaszewski, J. Mol. Cat. B., 47,  2007, 51-57. 
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Krzysztof Skowronek, Sebastian Pawlak, Katarzyna Poleszak and Janusz M. Bujnicki 

 
Laboratory of Bioinformatics and Protein Engineering, International Institute of Molecular and 

Cell Biology, Warsaw 
 
Type II restriction endonucleases (REases) comprise one of the largest group of experimentally 
characterized enzymes. They recognize and cleave DNA sequences with very high specificity and 
in vivo are accompanied by DNA modification methyltransferases with similar specificities that 
protect the host DNA from cleavage. Among more than 3700 known REases, so far only 270 
distinct sequence specificities have been characterized. On the other hand, there are 4096 different 
combinations of a 6-base pair recognition sequence alone. For many applications of REases in 
molecular medicine and biotechnology such a limitation of the recognition sequence set is 
detrimental. One proposed approach to overcome it, is to create enzymes with new specificities by 
means of protein engineering (e.g. by mutagenesis). Protein engineering of REases is however 
challenging due to limited coverage of known enzymes by structural data, high diversity of 
sequences, structures, and catalytic mechanisms, as well as the presence of elaborate networks of 
interactions that couple substrate recognition with cleavage activity in individual enzymes. 

We present preliminary results of two case studies: engineering of REases guided by 
bioinformatics. We have focused on enzymes containing unspecified nucleotides in their 
recognition sequences: Bsp6I (GCNGC) and NlaIV (GGNNCC). Selecting enzymes with such 
sequence specificities allowed us to avoid two potential problems: i) none of the existing protein-
DNA contacts have to be eliminated or changed (only new contacts should be introduced) and ii) 
the bacterial host with the wild-type DNA methyltransferase will be protected from the activity of 
variants of the enzyme with a novel, more stringent specificity. We have used bioinformatic tools 
to build structural models of the target enzymes, and supported the validity of these models by 
experimental analyses. The structural models were used to identify for mutagenesis such regions 
of the enzymes, which could potentially develop new contacts with central nucleotides 
(unrecognized by the wild type enzymes). 

Bsp6I is a dimer that recognizes a non-palindromic DNA sequence.,We have engineered a 
system, which allows independent manipulation of each subunit, either through tandem 
purification of differently tagged two coexpressed recombinant proteins or in a single-chain 
variant of the REase. We have obtained variants with a preference towards GGWCC (W=A or T) 
sequence, which can either introduce double stranded cuts (as the wild type enzyme) or act as 
sequence and strand specific nickase. 

In case of NlaIV, several mutant libraries were made by orthogonal saturation mutagenesis of 
selected regions, with mutagenic oligonucleotides synthesized via the split-and-mix strategy. 
These libraries were expressed in a compartmentalized in vitro transcription-translation system 
and screened for GGWWCC cleavage preference in a novel in vitro selection system. Our system 
allows for iteration of the selection process entirely in vitro, without cloning or in vivo plasmid 
propagation. We have obtained several variants with altered sequence preference. 

Our preliminary data indicate that integration of bioinformatics analyses (in particular protein 
structure prediction) with techniques of protein engineering is a promising strategy in this 
important and challenging field of biotechnology. 
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BREAST TISSUE DIAGNOSIS BY RAMAN SPECTROSCOPY 
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1Technical University of Lodz, Chemistry Department, Laboratory of Laser Molecular 
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2Department of Oncology, Medical University of Lodz, Paderewskiego 4, 93-509 Łódź, Poland 

3Max-Born-Institute, Max-Born-Str. 2A 12489 Berlin, Germany, e-mail: abramczy@mbi-
berlin.de 

 
We would like to present our recent results on normal, malignant, and benign  breast tissue by 
Raman spectroscopy for 100 patients and compare them with the results of histopathological 
analysis to estimate the sensitivity and specificity of the method. The data are statistically 
analyzed with  PCA methods. We demonstrate that lipid and carotenoid molecules play a key role 
in activity of human membranes and decide about the health-disease balance in living creatures.  
Our recent papers [1-3] on cancer diagnostics by Raman spectroscopy demonstrates its power as 
diagnostic tool for breast cancer diagnosis. The results demonstrate the ability of Raman 
spectroscopy to accurately characterize breast cancer tissue and provide evidence that carotenoids 
and lipids of the tissue play an essential role as a Raman biomarkers that are able to distinguish 
between normal, malignant and benign types. We discuss molecular mechanisms of energy 
dissipation in normal and malignant tissue and the role played by carotenoids including ability to 
act  as lipid-phase anti-oxidants, and the light harvesting  antenna that can protect system from 
oxidative damage, as well as to act as upregulator of junctional communication in  connexins. To 
answer the questions about the photostability we have to understand mechanisms of energy 
dissipation upon an optical excitation [4].  
 
 
[1] Abramczyk H., Placek I., Brożek – Płuska B., Kurczewski K.,  Morawiec Z., Tazbir M.:  

J. Mol. Liquid., 141, 2008, 145-148 
[2] Abramczyk H., Placek I., Brożek – Płuska B., Kurczewski K.,  Morawiec Z., Tazbir M.: 

ISRAPS Bulletin, 20, no.1, 2008  
[3] Abramczyk H., Placek I., Brożek – Płuska B., Kurczewski K.,  Morawiec Z., Tazbir M.:   

Spectroscopy, 22, number 2-3, 2008, 113-121 
[4] Abramczyk H.:  J. Chem. Phys., 120, 2004, 11120 
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ULTRAFAST ENERGY FLOW AT THE PHOSPHOLIPID-WATER 

INTERFACE 
 

Piotr Ciąćka and Halina Abramczyk 
 

Technical University of Lodz, Department of Chemistry, Laboratory of Laser Molecular 
Spectroscopy, Wróblewskiego 15 Street, 93-590 Łódź, Poland 

 
We report on energy dynamics at the water/lipid interface. Femtosecond infrared one- and two-
color pump-probe experiments were used to investigate vibrational relaxation dynamics of C-H 
stretch modes in the lipid alkyl chains of Dipalmitoyl phosphatidylcholine (DPPC) and O-H 
stretch modes of water at the water/lipid interface for a controlled humidity of the sample.  

The detailed vibrational dynamics of alkyl chain modes of lipid, interfacial water and mutual 
interactions has been elucidated. The results reveal that coherent energy transfer occurs from the 
excited state of the O-H stretch mode of water to the CH2 groups and the terminal CH3 groups in 
the lipid alkyl chains. Vibrational relaxation of water is significantly slower than that in bulk 
water. The vibrational lifetimes of C-H stretch modes in the lipid alkyl chains of DPPC both in the 
CH2 groups and the terminal CH3 groups decrease when the water content of the sample is 
lowered.  
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OPTICAL AND ELECTRICAL PROPERTIES OF 

SEMICONDUCTING POLYMERS LOADED WITH GOLD AND 
SILVER NANOPARTICLES 

 
Jiri Pfleger, Klara Podhajecka, Ondrej Dammer and Samrana Kazim 

 
Institute of Macromolecular Chemistry ASCR, v.v.i., Heyrovsky Sq. 2, 162 06 Prague 6,  

Czech Republic 
 
Noble metal nanoparticles (NP) were proposed to improve performance of many optoelectronic 
devices due to the resonance interaction of surface plasmons with incident light or with excited 
states of attached functional molecules. In organic photovoltaic devices they can (i) modify the 
photoinduced charge transfer from donor to acceptor, (ii) modify the deactivation processes of 
excited molecules and (iii) locally increase optical absorption due to surface plasmon extinction 
and/or increased electric field in the vicinity of nanoparticles. The properties of π-conjugated 
polymer nanocomposites, based on 
MEH-PPV or soluble polythiophenes 
and containing Ag and Au NPs 
prepared by various procedures will be 
shown. The derivatization of the 
polymers by imidazolium, pyridinium 
or carboxylic groups led to a better 
adsorption abilities of the polymer on 
the NP surface. Laser ablation was 
tested as an efficient method of the 
preparation of NPs with clean surface 
capable of better interaction with the 
adsorbate. The presence of fractal 
aggregates were detected in the 
nanocomposites in which very strong 
enhancement of local optical fields 
appears. In the photovoltaic devices 
the controlled space distribution of 
NPs has to be optimized to balance the 
plasmonic effect, possible shunt 
resistance and the absorption losses 
resulting in inefficient energy 
dumping.  

An interesting improvement of the
based on poly(3-hexylthiophene) and solu
Ag nanoparticles, prepared by spontane
silver of typical thickness 1 -2 nm, is sho
Ag nanoparticle layer deposited on ITO g
evidenced, as well as the enhancement 
region. 

 
 

Acknowledgement: 
Financial support No. KAN100500652 o
Czech Republic, Program Nanotechnolog

 

Fig. 1: Spectral dependence of the short-circuit
photocurrent of P3HT/PCBM bulk heterojunction
with an interfacial layer of nanoparticles obtained
from vacuum deposited Ag layer of thickness 1 nm
(○), 2 nm (∆), and without Ag nanoparticles ( ). Full
line – surface plasmon optical extinction of Ag
nanoparticles deposited on ITO electrode. 
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SOLUTION ZONE CASTING; A METHOD  

FOR FABRICATION OF ORIENTED ORGANIC LAYERS  
AND MICROPATTERNS FOR OPTOELECTRONICS.  

 
Adam Tracz 

 
Centre of Molecular and Macromolecular Studies, Polish Academy of Sciences, 

Sienkiewicza 112, 90-363 Lodz, Poland 
 
Achievement of macroscopic scale long-range order (and thus orientation) in organic conductors 
and semiconductors is of a great importance in their applications in electronics and 
optoelectronics.  The presentation will describe zone casting - a universal method for the solution 
casting based fabrication of oriented anisotropic layers of molecular materials which does not 
require patterned substrates[1-6]. In this method, solution is continuously supplied onto the 
substrate withdrawn at a controlled rate and the solvent  evaporates from the surface of meniscus 
formed between a flat nozzle and the substrate. Due to the presence of the gradient of the solute 
concentration, its solidification  proceeds within the narrow zone localized in the meniscus.  In 
this way solute molecules can be self-assembled at surfaces into different anisotropic 
nanostructures (columns, rods, lamellae or crystals) uniaxially aligned parallel to the substrate. 
Under some conditions various phenomena like e.g. dewetting, fingering instability, stick-slip 
motion etc. come into play leading to various periodic interruptions in the film deposition[7]. 
Examples of continuous and micropatterned layers of different materials such as low molecular 
weight (semi)conductors, chromophores, discotic molecules and block copolymers, which can 
successfully be processed using this technique, are shown. Some of the obtained layers were 
already shown to have good properties as active layers in field effect transistors [8-11]. 
 
 
[1] Burda, L. et al.: Journal of Physics D-Applied Physics, 16, 1983, p. 1737-1740. 
[2] Tracz, A., et al.: Materials Science-Poland, 22, 2004, p. 415-421. 
[3] Tracz, A. et al.: Journal of the American Chemical Society, 125, 2003, p. 1682-1683. 
[4] Tracz, A. et al.: Nanotechnology, 18, 2007, p. art. no.-485303. 
[5] Anokhin, D.V. et al.: Thin Solid Films, 517, 2008, p. 982-985. 
[6] Tang, C.B. et al.: Journal of the American Chemical Society, 127, 2005, p. 6918-6919. 
[7] Tracz, A., S. Masirek,M. Klos: Israel Journal of Chemistry, 47, 2007, p. 401-408. 
[8] Pisula, W. et al.: Advanced Materials, 17, 2005, p. 684. 
[9] Mas-Torrent, M. et al.: Organic Electronics, 9, 2008, p. 143-148. 
[10] Miskiewicz, P. et al.: Journal of Applied Physics, 104, 2008, p. art. no.-054509. 
[11] Duffy, C.M. et al.: Chemistry of Materials, 20, 2008, p. 7252-7259. 
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Ewa Dobruchowska1, Michal Wiatrowski1, Jaroslaw Jung1, Agnieszka Slazak1, Jacek Ulanski1, 
Amir Baranzahi2, Anna Kanciurzewska2, Elin Carlegrim2, Mats Fahlman2 

 
1Department of Molecular Physics, Technical University of Lodz, Zeromskiego 116, 

90-924 Lodz, Poland 
2Department of Science and Technology, Campus Norrköping, Linköping University, 

S-60174 Norrköping, Sweden 
 
The most of the present world production of photovoltaic (PV) cells is based on crystalline silicon. 
However, the high-temperature fabrication routes to single-crystal and polycrystalline silicon are 
energy intensive and expensive. The search for alternative solar cells is therefore focused on thin 
films of organic (based on π-conjugated polymers) and hybrid (organic-inorganic) 
nanocomposites, that can be prepared by cheaper, e.g. solution based methods. The examples of 
such structures are represented by interpenetrating networks of n-type and p-type organic 
semiconductors that form so called bulk heterojunctions, as well as by dye-sensitized 
nanocrystalline inorganic semiconductor layers [1]. 

Nanocomposites with enhanced surface of p-n junction were prepared with use of so called 
“reticulate doping” method. The idea behind the term "reticulate doping" is that the low molecular 
weight "dopant" (n-type) forms a separate crystalline phase, which penetrates a polymer (p-type) 
matrix or at least its surface layer. We have found, by means of surface potential decay 
measurements, that high degree of crystallinity of the n-type component improves its transport 
properties and brings an increase in photogeneration efficiency at the p-n junction. 

Hybrid organic-inorganic structures, applied in dye sensitized solar cells (DSSCs), combine 
the best properties of organic (e.g. processability) and inorganic materials (e.g. good charge 
transport) properties. A typical DSSC consists of nanocrystalline TiO2 electrode covered with a 
mono-layer of sensitizing dye, a redox electrolyte (e.g. I¯/I3

¯) and a counter electrode such as 
platinized conductive glass. Platinum is known to possess high catalytic activity for reduction of 
I3

¯ to I¯ in the redox electrolyte, which is necessary, for proper cell performance. On the other 
hand, Pt is one of the most expensive components in DSSC. Therefore, the use of non-insulating 
plastic materials, which belongs to the class of so-called conjugated polymers, instead of Pt is 
expected to reduce production costs, particularly in case of large-scale manufacturing. In our 
work, we applied completely plastic counter electrode as PEDOT:PSS on polyester substrate 
instead of platinized conducting glass. Our main attention was focused on studies of behaviour of 
such plastic counter electrode in the presence of I¯/I3

¯ redox couple. In order to probe chemical 
and electronic properties of PEDOT:PSS foil, X-ray photoelectron spectroscopy was used as a 
powerful tool to study the atomic composition of the surface. 
 
This work was realized in a frame of NAIMO Integrated Project, No NMP 4-ct-2004-500355, 
RTN-LAMINATE, EU project No 00135, and it was partially supported by NoE PolyNet UE ICT 
214006. 
 
[1] Dobruchowska E., Glowacki I., Jung J., Wiatrowski M. Ulanski J., “Plastic Electronics: 

Nanomaterials for Opto-electronic Applications”, in White Book: Polymer Nanoscience and 
Nanotechnology, an European Perspective, Scientific Council of NoE NanofunPoly, 2008, 
169. 
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ALL-ORGANIC, FLEXIBLE FIELD-EFFECT-TRANSISTORS: 

TOWARDS ‘PLASTIC ELECTRONICS’ 
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1Department of Molecular Physics, Technical University of Lodz, 90-924 Lodz, Poland 

2Institute of  Mechanical Engineering, Technical University of Lodz, 90-924 Lodz, Poland 
3Institute of General and Ecological Chemistry, Technical University of Lodz, 90-924 Lodz, 

Poland 
 
Large area organic electronics requires technologies with only few production steps, yielding in a 
reproducible way materials with well defined morphology and properties. In general, control of 
organisation of molecules in layers made of organic semiconductors is crucial for fabrication of 
organic opto-electronic devices, e.g. photovoltaic diodes or field effect transistors [1]. It has been 
proven that strong π-π stacking is an effective approach to one-dimensional nanostructures for 
aromatic organic compounds to enhance the charge carrier mobility along the stacking direction. 

Among methods allowing to prepare ordered structures, these based on self-assembly 
phenomenon are highly valued because of their simplicity and low cost. The solution based 
methods, the so-called zone-casting and two-step reticulate doping[1-3], allow to produce highly 
oriented layers of organic semiconductors, as illustrated by two examples in this presentation. 
Flexible organic field effect transistors were fabricated using an insulating polymer, Parylene C, 
simultaneously as the dielectric layer and as the substrate. Thin films of Parylene C were obtained 
by chemical vapour deposition, whereas ordered layers of organic semiconductors, tetrakis-
(docosylthio)-tetrathiafulvalene, were prepared by the zone-casting technique. The zone-cast 
layers of organic semiconductors exhibit unidirectional orientation on large area, ca. 20 cm2, as 
shown by XRD, AFM polarized Raman Microscopy and FET characteristics. The second 
approach consists in the in situ crystallization of organic semiconductor on surface of the polymer 
film. The bi-layer composites with crystalline layers of low molecular weight semiconductor 
(perylene derivative) grown on polymer matrix (poly(3-heksylthiophene) were produce according 
to the two-step reticulate doping procedure. The crystallization of the dopant occurs in the surface 
layer of the polymer film, yielding uniaxially arranged crystalline domains with anisotropic 
optical and electrical properties. 

 
Acknowledgements: The authors acknowledge fruitful collaboration with groups of C. Rovira 
(CSIC, Madrid), K. Müllen (MPI-P, Mainz), G. Barbarella (CNR, Bologne), G. Schmidt (Univ. 
Würzburg),  U. Pietsch (Univ. Siegen) and researchers from Merck Chemicals, Southampton.  
This work was realized in a frame of NAIMO Integrated Project (UE NMP 4-CT-2004-500355), 
Nanofun-Poly NoE Project (UE NMP 3-CT-2004-500361), KBN Grant 3 TO8E 01327 and is 
partially supported by PolyNet NoE Project (UE ICT 214006). 
 
[1] Dobruchowska E., Glowacki I., Jung J., Wiatrowski M. Ulanski J., “Plastic Electronics: 

Nanomaterials for Opto-electronic Applications”, in White Book: Polymer Nanoscience and 
Nanotechnology, an European Perspective, Scientific Council of NoE NanofunPoly, 2008, 169 

[2] Miskiewicz P., Mas-Torrent M., Jung J., Kotarba S., Glowacki I., Gomar-Nadal E., Amabilino 
D. B., Veciana J., Krause B., Carbone D., Rovira., C., Ulanski J., Chem. Mater., 18, 2006, 
4724 

[3] Miskiewicz P., Kotarba S., Jung J., Marszalek T., Mas-Torrent M., Gomar-Nadal E., 
Amabilino D. B., Rovira C., Veciana J., Maniukiewicz W., Ulanski J., J. Appl. Phys., 104, 
2008, 054509 

 
*present address: Merck Chemicals, Chilworth Science Park, University Parkway, Southampton, 
SO16 7QD, U K 
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Micro-Electromechanical-Systems (MEMS) technology has generated a significant interest of academic, 
research and business sectors. MEMS are a combination of mechanical and electrical features on a very 
small scale. The design, analysis, and control of micro-electromechanical systems are inherently geometric 
in nature. Accelerometers are important devices in the range of variety applications such as air bag actuation 
(by Analog and Berkeley Sensor and Actuator Centre), micro robots, etc. Silicon inertial sensors were 
initially used in military applications before finding a major new market at the end of the 1980s as airbag 
sensors in cars. Micromachined sensing elements for accelerometers can be fabricated either by bulk 
micromachining, surface micromachining or the LIGA (German abbreviation for Lithografie, 
Galvanoformung, Abformung) process. The two most commonly used methods for detecting the position of 
the seismic mass are piezoresistive or capacitive signal pick-off. Analytical models are exploited to define 
coupling between different directions of motion, derived be means of virtual principle work. Finite element 
analyses are done for a range of suspending spring, for different spring structures, in order to verify the 
models and determine the validity range as well.  

A good strategy in design of MEMS should capture the essential static and dynamic behaviour of the 
device using a minimal set of equations, which are in terms of the physical design parameters and material 
properties. Analytical models are useful to describe coupling between different directions of motion, and are 
derived by use of the energy methods. The effect of spring mass on resonant frequency of different modes is 
taken into account by an “effective mass model”.  

In the design of microsystems, sophisticated CAD systems, based on Finite Element Method (FEM), 
like OPERA from Vector Fields, COSMOS and ANSYS, are exploited  for modelling and simulation the 
behaviour of the system components with high accuracy. Finite element analyses is the most commonly 
used methods for numerical mechanical and electrostatic simulations. Unfortunately, FEM simulations are 
time consuming. In the conceptual design stage modelling, simulation and analysis tools should consider the 
functional interaction between domain specific subsystems.  

In author opinion, a modelling and simulation tool for complex MEMS systems should be able to 
handle Object-Oriented Models in multiple physical domains, since the model of a mechatronic system 
consists of the integration of submodels in multiple physical domains and the information domain. Both, 
mechanical and electric models give the input data for defining the Object-Oriented Model (OOM), based 
on Matlab-Simulink platform, fulfilling the general demand of dynamic behaviour simulation of comb drive 
structure. A Simulink library of accelerometer elements (springs and comb-drives and additional 
components) has been created to model the accelerometer subsystems and to simulate complete system 
behaviour.  

A novel complex strategy in computer  modelling of accelerometer, based on solid modelling, is 
proposed by authors in this paper. This methodology consists of the following general steps: 
• Creation mathematical model of 3D structure, 
• Parameterized model to speed up introducing accelerometer geometry, 
• Creation the complex electromechanical models of accelerometer dynamic behaviour (system of electric 

and mechanical partial differential equations – based on model lumped parameters). 
• Creation Library of Object-Oriented accelerometer components.  

[1] Schwarz P. (2004), Clauß Chr., Diener K.-H., Elst G., Haufe J., Jancke R., Schneider A., Schneider P., 
„Web-Based, Simulation-Oriented Training Courses in Eelectronics and Microsystems Technology.”, 
Proc. 5th EUROSIM Congress on Modelling and Simulation, Paris, September 6-10, 2004 

[2] Sun W. (2000), Multi-volume CAD Modeling for Heterogeneous Object Design and Fabrication, 
Journal of Computer Science and Technology, Vol 15, No. 1, 2000, pp. 27 – 36 

[3] Wiak S. (2004), Cader A., Drzymała P., Welfle H., “Virtual Modeling and Optical Design of 
Intelligent Micro-accelerometers; 7th International Conference Artificial Intelligence and Soft 
Computing – ICAISC 2004; Zakopane  7-11 Juny 2004 Springer, Subseries of Lecture Notes in 
Computer Science, (editors: L. Rutkowwski, J. Siekmann, R. Tadesusiewicz, L.A. Zadeh), pp. 942-
947. 
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Technical University of Lodz, POLAND 

 
Recently, the investigations dealing with the silicon carbide are more and more intensive. It is 
caused by its extremely attractive parameters in comparison to silicon ones. It is characterized by 
the larger band gap, the better heat conductivity, the larger electron saturation velocity and the 
larger critical electric field strength. These parameters, potentially, allow manufacturing devices 
characterized by ratings unattainable for the devices manufactured from silicon or other 
semiconductors. The large critical electric field strength allows getting p-n junctions with the 
breakdown voltage larger than 10 kV. The large band gap makes possible manufacturing low 
noise devices or devices working at high temperatures exceeding even 700°C whereas the large 
saturation electron velocity makes SiC an excellent candidate for high frequency devices with the 
possible maximal frequency reaching THz.  

The basic obstacle in practical use of silicon carbide consists in different, very often extreme, 
demands concerning the technology processes. It causes that the technologies well know in the 
silicon technology occur often to be inappropriate in the case of silicon carbide. The Polish 
National Silicon Carbide Program is aimed at solving some of these problems. It consists of three 
thematic tasks aimed at SiC in bulk and substrate form, SiC device manufacturing and SiC devices 
application, respectively. 

 The first task is dominating in the program. Its main project is devoted to work out the 
technology of 6H:SiC and 4H:SiC monocrystal bulks produced from silicon carbide powder using 
the methods basing on Lelly approach. Other projects of this task concern next steps necessary to 
obtain 6H:SiC and 4H:SiC polished substrates with and without an epilayer, characterized y the 
quality satisfying device producers.  

The second one covers projects dealing with device manufacturing. Since the well-
characterized substrate is a base for any research activity, a few projects is concentrated on the 
SiC structures characterization methods. Others deal with the technology problems like the 
technology of selective ion implantation, which is the key process for MISFET technology as well 
as the termination in high voltage devices, the technologies of electrical contacts and packaging 
technology taking also into account the problems resulting from SiC application in high 
temperature electronics. In this task, the separate group is formed by the projects aimed at the 
technology of particular devices with the final goal to deliver the demonstrators of these devices. 
They deal with Schottky diodes, PiN diodes, MISFET and JFET transistors manufactured on SiC 
substrates as well as with high-frequency HFET transistors and Schottky diodes manufactured as 
AIIIN/SiC heterostructures.  

The third task covers two projects concentrated on the investigations of advantages and 
disadvantages resulting from the application of SiC devices in power electronics circuits. Basing 
on the commercial available elements like Schottky diodes and MESFET transistors mainly, they 
cover the investigations of device features from the point of view of their influence on design 
process and work conditions in the real power electronics equipment.  
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3 Faculty of Technical Physics, Poznan University of Technology, Nieszawska 13A, 60-965 
Poznan, Poland 

 
In the first part of our talk short introduction to physics of graphene will be given including 
quantum electrodynamical (QED) consequences of linear dependence of energy of electrons as a 
function of wave vector. The basic applications of graphene in electronics will be briefly outlined.  

The second part of our talk deals with graphene devices. Graphene devices require electric 
contacts with metals, particularly with gold. Scanning tunneling spectroscopy studies of electron 
local density of states performed on mono-, bi- and tri- graphene layer deposited on metallic 
conductive Au/Cr/SiO2/Si substrate shows that gold substrate causes the Fermi level shift 
downwards which means that holes are donated by metal substrate to graphene which becomes p-
type doped [1,2]. These experimental results are in good accordance with recently published 
density function theory calculations [3]. The estimated positions of the Dirac point show that the 
higher number of graphene layers the lower Fermi level shift is observed.  
 
[1] Klusek Z. et al. arXiv:0901.0070v1 
[2] Klusek Z. et al. sent to Phys. Rev. Lett. 
[3] Giovannetti G. et al. Phys. Rev. Lett. 101, 026803 (2008). 
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FROM MICROSYSTEMS TO NANOTECHNOLOGY – TUL DMCS 

PROJECTS 
 

Andrzej Napieralski 
 

Department of Microelectronics and Computer Science 
 
The silicon micro- and nanosystems are nowadays one of the most rapidly developing branch of 
electronics. Particularly it refers to this sort of entities in which the incoming signal sensors are 
integrated with circuits responsible for data processing, analogue to digital converters, buffers, 
memories etc. The origin of sensed signals can be of various kinds. There are sensors of heat, 
concentration of ions in certain solution (ISFET sensors), acceleration, infrared radiation etc. This 
is connected with very fast development of micro- and nanoelectronic technologies, which are 
supported with design kits. 

Modern electronic micro- and nanosystems often comprise various sensors whose operation 
principle is based on different physical phenomena not necessarily purely electrical ones. 
Specialised networks dedicated for continuous monitoring of air, water and soil pollution, which 
are currently under development in many industrialised countries, might serve as good examples 
of such systems [1,2]. For proper Computer Aided Design (CAD) of these complex systems, 
engineers need adequate device models and simulation tools rendering possible multidomain 
simulation [2]. 
 
 
[1] Szermer M., Daniel M., Napieralski A., “Design and Modelling of Smart Sensor Dedicated 

for Water Pollution Monitoring”, Proceedings of the 2003 Nanotechnology Conference 
NANOTECH 2003, San Francisco, CA, USA, 1, 23-27 February 2003, pp. 110-114 

[2] Janicki M., Daniel M., Napieralski A., “Modelling of Temperature Phenomena in Ion 
Sensitive Transistors”, Proceedings of the 9th International Workshop on Thermal 
Investigations of ICs and Systems THERMINIC’2003, Aix-en-Provence, France, 24-26 
September 2003, pp. 335-340 
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METHODS OF COMPUTER PHYSICS USED TO SIMULATE AN 

OPERATION OF DIODE LASERS 
 

Włodzimierz Nakwaski 
 

Laboratory of Computer Physics, Institute of Physics 
Technical University of Lodz, ul. Wolczanska 219, 90-924 Lodz, Poland 

 
During the presentation, methods of computer physics will be presented and their application to 
model an operation of modern vertical-cavity surface-emitting diode lasers will be explained. 
Computer physics methods used to simulate some physical phenomena or to carry out so called 
physical experiments are the methods, in which a computer plays an essential role. Computer 
experiments are used to simulate physical phenomena when their pace is too rapid, when sizes of 
a device under consideration are too small or when normal physical experiments are too expensive 
or too dangerous for people or an equipment. In the case of diode lasers, they sizes are definitely 
too small and preparing one device for measurement purposes is too expensive, therefore 
computer experiments instead of normal ones are justified. 
 
 

 



Workshop on Progress in Bio- and Nanotechnology, Łódź 2009 
----------------------------------------------------------------------------------------------------------- 
78

 
POLYCRYSTALLINE SOLAR CELLS FOR BIPV APPLICATIONS 

 
Maciej Sibiński 

 
Department of Semiconductor and Optoelectronic Devices 

Technical University of Łódź Wólczańska Street 211/215 90-924 Łódź 
 

Big potential of cadmium telluride in photovoltaic applications was proved by many researchers 
among last decade [1,2]. These cells, in their typical construction, based on CdS/CdTe 
semiconductor heterojunction, are expected to be the future generation devices owing to their 
good mechanical and optical parameters, and relatively low production cost. However the 
monolithic CdS/CdTe cells are now entering the early production phase, there are still the 
possibilities of expanding of their capabilities by exploring of the new application fields. Basing 
on this idea authors proposed the implementation of modified CdS/CdTe cell structure in 
universal, attractive application called BIPV (Building Integrated Photovoltaics) [3, 4]. The CdTe 
cell construction gives the opportunity of achieving the goal, under the conditions [5] of the 
proper technology modifications, as well as proper substrate implementation, based on the 
material studies, which is the main goal of the paper. Additionally, unique properties of CdS/CdTe 
cell make possible the closest integration with the architectonic element, delivering the PV 
product of a new quality standard. Thus the idea of the fully integration of PV elements with the 
surrounding environment [6] may be practically realized. Realization of this concept is also in the 
scope of presented research.  
 
 
[1] P. Meyers, S. Albright “ Technical and economic opportunities for CdTe PV at the turn of the 

millenium” Prog. Photovolt. Res. Appl. 8, 2000,  ss.161-169 
[2] C. Eberspacher, Ch. Gay, P. Moskowitz „Strategies for enchancing the commercial viability 

of CdTe-based photovoltaics”. Solar Energy Materials and Solar Cells 41/42 1996 ss 637-653.  
[3] M. Sibiński “Thin film CdTe Solar Cells in Building Integrated Photovoltaics”, 1st 

International Conference Solar-Wind-Hydrogen/Fuel Cells RenewableEnergies, Spain, 2003, 
ss 13-15 

[4] M.Sibiński, T. Widerski „Wykorzystanie ogniw słonecznych typu CdTe/CdS w technologii 
BIPV”. III Krajowa Konferencja Elektroniki KKE. Koszalin 2004, s. 509-514. 

[5] M. Sibiński, M. Burgelman „Development of the thin-film solar cells technology”. 
Microtherm ‘2000  Łódź-Zakopane 2000 ss 53-60. 

[6] C. Sohie “Integration of photovoltaics in architecture” 3rd World Conference on Photovoltaic 
Energy Conversion  Japan 2003 ss 2120- 2124. 
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STUDIES ON BIOMATERIALS  

AND NANOSTRUCTURED POLYMERS  
IN THE CENTRE OF MOLECULAR AND MACROMOLECULAR 

STUDIES OF THE POLISH ACADEMY OF SCIENCES 
 

Stanislaw Slomkowski 
 

Centre of Molecular and Macromolecular Studies 
Polish Academy of Sciences 

Sienkiewicza 112, 90-363 Lodz, Poland 
 
Comprehensive survey of  studies on biomaterials and nanostructured polymers that are carried on 
in the Centre of Molecular and Macromolecular Studies PAS (CMMS PAS) will be presented 
during the lecture. There are several research groups in Departments of Polymer Chemistry, 
Polymer Physics and Engineering of Polymer Materials concentrated on studies related to the title 
area. Below there are listed major subjects of these studies:  
 
1. Controlled synthesis and detailed characterization of star-shaped biodegradable 

macromolecules 
2. Synthesis of inorganic-polymer nanohybrids with controlled morphology and their 

application as building blocks of polymer scaffolds 
3. Synthesis of hydrophilic-hydrophobic block copolymers and their self-assembly into 

nanoparticles. 
4. Direct synthesis and physicochemical methods of fabrication of biodegradable nano- and 

microparticles and their application for drug delivery.  
5. Colloidal particles for diagnostic applications 
6. Fabrication of one-macromolecule thick interfacial monolayers with properties adaptable to 

environment. 
7. Macromolecules on silica wafers – materials for biosensors 
8. Nanolayers on various substrates by zone-casting and by chemical vapour deposition (CVD) 

methods 
9. Polymers with antimicrobial interfacial properties 
10. Formation and properties of nanostructured polymers by dedicated processing methods 
11. Polymer based nanocomposites 
 
Presentation will be arranged in a way allowing identification of research topics that would benefit 
from close and intensive collaboration with other groups representatives of which will participate 
in the workshop. In particular we expect that other teams with complementary expertise would use 
our presentation as the basis for development of long-lasting common studies arranged into joint 
projects.   
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SHEAR-INDUCED CRYSTALLIZATION OF ISOTACTIC 
POLYPROPYLENE BASED NANOCOMPOSITES WITH 

MONTMORILLONITE  
 

E.Szkudlarek1, A.Pawlak1, E.Piorkowska1, A.Rozanski1, A.Galeski1, B.Monasse2 and J.M.Haudin2 

 
1 Polish Academy of Sciences, Sienkiewicza 112, 90 363 Lodz, Poland 

2 Ecole des Mines de Paris, Centre de Mise en Forme des Materiaux, UMR CNRS 7635, BP 207, 
06 904 Sophia Antipolis, France 

 
Shear-induced isothermal crystallization in iPP based nanocomposites with organo-modified 
montmorillonite was followed by light depolarization technique. Prior to the crystallization, 
samples were sheared at 1 or 2 s-1 for 10 s in a plate–plate system at crystallization temperature of 
136 oC. After isothermal crystallization structure of the specimens was investigated by light 
microscopy and electron microscopy, X-ray techniques and IR spectroscopy. Shearing caused 
enhancement of the nucleation and acceleration of crystallization in the compatibilized 
nanocomposites with the clay. Clay exfoliation was found to play an important role in acceleration 
of the shear-induced crystallization. The sheared samples exhibited only weak orientation of a 
crystals with (040) crystallographic planes parallel to shearing direction that resulted probably 
from a small population of oriented crystals that formed due to shear-induced orientation of iPP 
chains and served as nuclei for further nearly isotropic growth. In addition, shear-induced 
nonisothermal crystallization of the materials was studied. Shearing at 10-40s-1 for 10 or 20s was 
applied during cooling of molten samples at 160, 150 or 140 oC. It was found that shearing 
increases nonisothermal crystallization temperature of the nanocomposite. 
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LOW DENSITY POLYETHYLENE-MONTMORILLONITE 

NANOCOMPOSITES FOR FILM BLOWING 
 

A.Rozanski1, A.Galeski1 and J.Golebiewski2 
 

1 Centre of Molecular and Macromolecular Studies, Polish Academy of Sciences, Sienkiewicza 
112, 90 363 Lodz, Poland 

2 Institute for Plastic Processing, METALCHEM, Marii Sklodowskiej-Curie 55,  
87-100 Torun, Poland 

 
Low density polyethylene nanocomposites were prepared using differently modified 
montmorillonite (MMT) and different compatibilizers. The best results were obtained for MMT 
with largest gallery distance. The best system was further optimized by varying the compounding 
condition. The criteria were mechanical properties nanocomposites, x-ray and TEM proofs of 
exfoliation. The optimized nanocomposites were used for film blowing. The effect of blow ratio 
on mechanical properties and oxygen permeation of films was evaluated for two best 
nanocomposites and two films blown from pristine polyethylene. The texture of crystalline phase 
of blown films was analyzed by x-ray pole figure technique, SAXS and AFM. The two 
component texture was detected, the first component related to the molecular orientation of 
polyethylene by blowing and take-up ratios and the second connected with the formation of free 
surfaces of the film. The relative stability of crystallinity degree of polyethylene component and 
stability of long period from SAXS indicated that the compatibilizer was preferentially located 
around clay platelets and did not enter the amorphous layers of polyethylene. Also the orientation 
of clay platelets was determined by FTIR using 1080 cm-1 band characteristic for Si-O bonds. A 
clear correlation of oxygen permeativity of blown films with clay platelets orientation and degree 
of exfoliation was evidenced. 
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SUPRAMOLECULAR STRUCTURES FORMED BY N-LIPIDATED 

PEPTIDES IMMOBILIZED ON CELLULOSE.  
ARTIFICIAL RECEPTORS 

 
Zbigniew J. Kamiński, Justyna Frączyk and Justyna Majchrzak 

 
Institute of Organic Chemistry, Technical University of Łódź, Żeromskiego 116, 90-924 Łódź 

 
An array of supramolecular structures formed from N-lipidated peptides attached to cellulose via 
aminophenylamino-1,3,5-triazine was synthesized. The structures thus prepared were prone to 
self-organization and to formation of monolayer of ”holes” and “pockets” in dynamic equilibrium. 
These structures were found capable of binding small guest molecules very efficiently recognizing 
the shape, size and polarity of ligands, and thus resembling artificial receptors. Due to the high 
flexibility of N-lipidated peptides it is expected that the host adjusts its shape to wrap guest 
molecules most efficiently. The selectivity and rate of binding was studied by using 
triphenylmethyl dyes. It was found that the selectivity of binding depends on the structure of the 
peptide and the N-lipidic fragment of the receptor and varies with the structure of the analyte. 
Even tiny structural changes in guest molecules were detected by monitoring the alteration of the 
binding pattern [1]. 
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The selectivity of binding was studied by using triphenylmethyl dyes. The interactions of 
colorless guest with the array were visualized by the subsequent processes of competitive 
adsorption-desorption of appropriate reporter dye. We found that the selectivity of binding 
depends on the structure of peptide and lipidic fragment of the receptor and vary with the analyte 
structure. 

The previous studies confirmed that alternation of the binding pattern could detect even tiny 
structural changes of guest molecules and therefore offer a new tool for SAR studies. An assay of 
physiological fluids and tissue homogenates has been found useful for diagnosis of thyroid tumors 
[2].  
 
 
[1] Frączyk, J.; Kamiński, Z. J.: J. Comb. Chem., 10(6), 2008, 934-940. 
[2] Balcerzak, W.; Bednarz, W.; Domosławski, P.; Olewiński, R.; Kolesińska, J.; Kamiński, Z. 

J.; Dziarkowska, K.; Wieczorek, P.: Polish J. Endocrin., 57(4), 2006, 308-313. 
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ELECTRO-SPUN SMART AND MULTIFUNCTIONAL  

NON-WOVEN TEXTILES 
 

Izabella Krucińska, Agnieszka Komisarczyk, Beata Surma, Michał Chrzanowski  
and Eulalia Gliścińska 

 
Department of Fibre Physics and Textile Metrology, Centre of Advanced Technology Pro 

Humano Tex, Faculty of Material Technologies and Design of Textiles 
 
Electrospinning is a technique in which polymer solution or melted polymer is pumped through 
the electrode holes with diameters in the order of 1 mm. After applying the power supply voltage 
there occurs electrical induction and the solution becomes charged. Consequently, the solution in 
its entire capacity is given a single fixed potential. Under the influence of the active electrostatic 
field and the present Coulomb forces, the semispherical drop surface at the nozzle mouth of 
the capillary is strained into a conical shape (known as Taylor cone), and then it is stretched into a 
stream and significantly thinned. The polymer is collected on an earthed collecting element. The 
polymer stream forming mechanism takes approximately 0,0125 ms. The charges that gather on 
the polymer stream surface, in combination with the stream’s surface tension, cause the stream to 
bend, in effect of which the distance covered by the polymer becomes extended. As a 
consequence of the active electrostatic field, the fibres so manufactured have the diameters that 
vary from ten to several hundred nanometres. Electrospinning process needs a polymer in a liquid 
state, which can be released by melting or by solving. At the Department of Fibre Physics and 
Textile Metrology the original multi-nozzle stand for electrospinning of polymer solution was 
build. The effectiveness of 32 nozzles stand is in the range of 5 ml/h-500 ml/h.  

In presented work, the electrospinning process was proposed as a method of production of 
nanofibrous material for sensor and medical application. In a case of material for sensors the 
unique properties of specially developed conductive polymer composites (CPCs) composed of 
PEO and carbon nanotubes (CNT) are demonstrated [1,2]. Obtained electrospun non-wovens are 
characterized by changing the electrical resistance under the influence of selected liquids and 
vapours.  

In a case of medical application as a raw material, the dibutyrylchitin (DBC)was used. DBC 
characterises very good biomedical properties, thereof it can be used as a biomaterial [3,4]. It is 
ease dissolved in common solvents like DMSO or ethyl alcohol. Due to electrospinning of DBC, 
dependently on the technological parameters of process, different shapes and diameters of fibres 
were obtained [5,6,7].  
 
Conclusions 

The electrospinning is a technique allowing forming the fibrous 3D structures from the whole 
range of polymers, even from polymers that cannot be processed using classical man- made 
technologies.  
 
 
[1] Krucińska, I., Surma B., Proc. of Nonwovens Research Academy, Edana, Chemnitz, 2008. 
[2] [Krucińska I., Surma, B., IV-th Global Plastic Electronics Conference, Berlin, 2008.  
[3] Krucińska I., Komisarczyk A., Paluch D., Pielka S., Żywicka B., Zaczyńska E., Czarny A., 

PTChit, XIII Seminarium Robocze, Wrocław, 17-19 września 2007 r 
[4] Krucinska I., Komisarczyk A., Kiekens P., Shounkens G., Paluch D., Zaczynska E., Czarny 

A., Pielka S., International Conference FiberMed06 - Fibrous Products in Medical and Health 
Care, Tampere, Finlandia, 2006 

[5] Krucinska I., Komisarczyk A., Chrzanowski M., Paluch D.: Fibres and Textiles in Eastern 
Europe, 5 (64), 2007, 73-76. 

[6] Krucińska I., Komisarczyk A., Chrzanowski M., Wrzosek H., Gliścińska E. IX International 
Scientific Conference IMTEX, 2007. 

[7] Komisarczyk A., Doctral Thesis, Politechnika Łódzka, Łódź, 2008. 
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MOLECULAR AND NANOSTRUCTURAL BIOPHYSICS 

LABORATORY IN TECHNOPARK LODZ 
 

Bogdan Walkowiak 
 

Department of Biophysics, Institute of Materials Sciences, Technical University of Lodz, 
and 

Centre for Advanced Technology BioTechMed Lodz, Centre of Excellence NANODIAM, 
and 

Department of Molecular and Medical Biophysics, Medical University of Lodz. 
 
Two important facts have to be mentioned as an introduction. The first one, that the 
TECHNOPARK Lodz has successfully applied for financial support concerning creation of hi-
tech laboratories, and the second one, that last December the agreement between the Center for 
Advanced Technology BioTechMed and the TECHNOPARK Lodz was signed. The agreement 
concerns creation of the TECNOPARK branch of BioTechMed Laboratories. 

This agreement introduces a multistage project open for new ideas and new technologies, and 
the laboratories are intended to close cooperation with industrial and academic partners. Currently 
the project is under implementation on two separate levels. The less advanced project has 
promissed financial support from PO-IG structural fund (Operative Project – Innovative 
Economy) allocated to creation of two laboratories. The first one, being a part of the branch of 
BioTechMed is the Laboratory of Industrial Biotechnology. The second one is the Laboratory of 
Hydrogen and Clean Sources of Energy. 

The more advanced project, currently in implementation, concerns two laboratories which 
already have financial support from RPO (Regional Operative Project) structural fund. These are 
the Laboratory for Testing of Electric Devices and the Laboratory of Molecular and 
Nanostructural Biophysics. The last one is also a part of the branch of BioTechMed and will be 
the matter of the presentation.  

The main activity of the Laboratory of Molecular and Nanostructural Biophysics will be 
focused on different aspects of interaction of products of nanotechnology with bilogical objects. 
We want to know results of nanostructure contact with molecules, cells and tissues, and we are 
going to present, to the society and decision makers, well documented effects of nanostructures 
presence in the enviroment and biosphere. We want to cooperate with both academia and industry 
in solving the most hot problems concerning the risk resulting from the presence of 
nanotechnology products in the surronding environment. We would like to underline, that we are 
not against the nanotechnology, we want to support balanced development of nanotechnology and 
economy but also protect the society from unnecessary health hazard.  

The laboratory will consist of several specialist labs: 
- cell cultutre 
- cell biology 
- biochemistry 
- transcriptomics 
- proteomics 
- biophysics 
- personalized medical implants,   

all located on a total surface of 650 m2 with 15 researchers employed for proper laboratory 
operation.  

The laboratory is interested in a close cooperation with the Centre for Bio- and 
Nanotechnology of the Technical University of Lodz, and with other research institutions.  
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SYNTHESIS OF NANOGELS BY RADIATION-INDUCED 

INTRAMOLECULAR CROSS-LINKING  
OF SINGLE POLYMER CHAINS  

 
Piotr Ulański1, Sławomir Kadłubowski1, Jeremiasz K. Jeszka2 and Janusz M. Rosiak1 

 
1Institute of Applied Radiation Chemistry, Technical University of Lodz 

2Centre of Molecular and Macromolecular Studies, Polish Academy of Sciences, Lodz 
 

Polymeric nanogels can be defined either as tiny fragments of water-swellable polymeric 
networks or as single macromolecules of particular topology – internally cross-linked polymer 
coils. They differ from linear polymer chains in many aspects, for instance they are characterized 
by higher stability of shape and dimensions in solutions and posses the ability to trap smaller 
molecules within their structure. Nanogels have been intensely studied in the last decade. Their 
applications will probably mainly focus on nanomedicine (for example as drug delivery systems 
and vectors for gene therapy).  

Most methods utilized so far for synthesizing nanogels require the presence of auxiliary 
chemicals, such as initiators, cross-linking agents and emulsion stabilizers. A method being 
developed at our lab utilizes polymer chains and water as the only substrates, with no additives 
required. Short pulses of fast electrons are applied to dilute aqueous polymer solution and 
generate instantaneously a number of radicals on each linear polymer chain. Subsequent 
predominantly intramolecular recombination of these radicals leads to the formation of covalent 
bonds between chain segments, the final product being a nanogel particle. The method is quite 
general and have been tested on a number of hydrophilic polymers, including polyelectrolytes and 
thermosensitive macromolecules. Further developments include a possibility of independent 
control of the product size and weight, as well as to control the internal structure of nanogels. 
Mechanisms and kinetics of the reactions involved, as well as structural aspects are studied in 
parallel by experimental methods, as pulse radiolysis and laser light scattering, and by Monte-
Carlo simulations using the Co-operative Motion Algorithm.  
 
 
[1] Oh, J.K., Drumright, R., Siegwart, D.J., Matyjaszewski, K.: Progress in Polymer Science, 33, 

2008, 448-477.  
[2] Vinogradov S.V., Bronich T.K., Kabanov A.V.: Advanced Drug Delivery Reviews, 54, 2002, 

135-147.  
[3] Ulański P., Rosiak J.M.: Polymeric Nano/Microgels; In: “Encyclopedia of Nanoscience and 

Nanotechnology” (Ed. H.S. Nalwa), American Scientific Publishers, Stevenson Ranch, CA, 
2004, Vol. VIII, 845-871. 

[4] Kadłubowski S., Grobelny J., Olejniczak W., Cichomski M., Ulański P.: Macromolecules, 36, 
2003, 2484-2492.  

[5] Jeszka J.K., S. Kadłubowski S., Ulański P.: Macromolecules, 39, 2006, 857-870.  
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WATER STRUCTURE AND INTERMOLECULAR INTERACTIONS 

IN POLYMER HYDROGELS 
 

Marcin Kozanecki, Marcin Pastorczak and Jacek Ulański  
 

Departent of Molecular Physics, Technical University of Lodz, 
Zeromskiego 116; 90-924 Lodz 

 
Polymer hydrogels are one of the most strongly investigated recently hi-tech materials mainly 
because of their potential applicability in nano- (electronic, surface modification, synthesis of 
nanoparticles) as well as in biotechnology [1-2]. Up to now, the special attention was focused on 
the correlation between a structure of polymer network and the properties of a gel. However in 
many cases hydrogels contain more than 99,9 % of water and the role of water in properties of 
these materials cannot be overestimate. Very high water fraction is often a source of experimental 
difficulties for various techniques (high ionic conductivity in dielectric spectroscopy, very high 
absorbance in IR spectroscopy). Raman spectroscopy seems to be a perfect tool to study 
hydrogels. Firstly, Raman activity of OH stretching multi-mode band being relatively low 
compare to IR absorption and simultaneously the bands related to stretching vibrations of CHx 
groups are commonly strong. As it was shown, successful analysis of structure of imbibed water 
and intermolecular interactions in hydrogels is possible even for low concentration of polymer [3]. 
Moreover both hydrophilic and hydrophobic water-polymer interactions may be with use of this 
technique seen. 

To show the possible application of Raman spectroscopy in the field of investigation of water 
contain systems, simple model should be chosen. A poly (vinyl methyl ether) (PVME) seems to 
be a perfect model system for studies of an intermolecular interactions in polymer-water mixtures 
(solutions, hydrogels). Moreover, that aqueous solutions of this amphifilic polymer exhibit lower 
critical solution temperature (LCST) playing a crucial role in medical and pharmaceutical 
applications (such as drug delivery systems, artificial attenuators, sensors). LCST manifested in a 
case of hydrogel in volume phase transition (VPT - water is rapidly pulled out from shrinking 
polymer network) is a result of instable balance between hydrophilic and hydrophobic 
interactions.  

In this work changes of intermolecular interactions in PVME hydrogels differing in 
crosslinking degree were studied with use of Raman spectroscopy. Comparison of vibrational 
stretching modes of CHx groups (polymer) and water allowed to construct the picture of 
supramolecular structure of such gels, and what is more important, highly probable scenario of its 
changes during various processes (deswelling, VFT).  

 
 

[1] Krsko P., Libera M.: Materials Today, 8, 2005, 36-44 
[2] Nayak S., Lyon A.: Angew. Chem. Int. Ed., 44, 2005, 7686 – 7708 
[3] Maeda Y.: Langmuir, 17, 2001, 1737-1742 
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CELLULOSE NANOFIBERS – DIRECTIONS OF DEVELOPMENT 

 
Piotr Kulpiński 

 
Department of Man-Made Fibers, Faculty of Textile Engineering and Marketing 

Technical University of Lodz 
 
The Department of Man-Made Fibers is carried out long term research programmes considering 
on the development of making of cellulose fibers by NMMO method. The research is partially 
focused on the solutions of base problems connected to the technology of the fibers and the 
increasing of the scale of production. A lots of efforts are also devoted on the development of the 
new generations of cellulose fibers. 

One of the research directions is focused on the obtaining of modified cellulose fibers with 
the special properties. Usually the modification is achieved by the direct introduction of 
nanoadditives to the spinning dope. Base on the present experience the pilot plant for the 
production of the cellulose fibers with the special properties would be build. 

Another very significant direction of the research is the development of the cellulose 
nanofibers production by mean of NMMO method. The research is focused not only on the 
solution of the base problems connected to the method but also the research is related to the 
increasing of the scale of the production of cellulose nanofibers. The cellulose nanofibers can be 
applied as a very effective material for medical purposes and as a technical materials. 
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BIO- AND NANO-TECHNOLOGY IN DEPARTMENT OF TEXTILE 

FINISHING – TUL 
 

E. Rybicki, E. Matyjas-Zgondek, A. Bacciarelli and M. Kozicki 
 

Institute of Architecture of Textiles, Technical University of Lodz 
 
Antibacterial and antifungal finishing of flat textiles as well as polymer dosimetry in radiotherapy 
are among research interests of our group. As concerns the former one, attempts have been made 
to work out methods of preparation of nano-size metallic particles (silver included) and stable 
aqueous nano-dispersions of antibacterial properties. These are usually characterized in order to 
gain knowledge on size and size distribution, stability and rheological properties by means DLS, 
UV-Vis, Zeta potential and viscosimetry measurements. The application studies requires further 
testing of the above substrates in terms of methods of textile finishing, such as padding-squeezing-
drying, ordinary and digital printing. Furthermore, modified textiles are examined to assess 
durability and strength of the effect of antimicrobial finishing through multiple washing and 
microbiological tests. Currently, a few textile finishing methods are protected by patent 
applications [1-3]. 

On the subject of the polymer gel dosimetry, this is regarded as unique technique for high 
resolution, three-dimensional radiation dose distribution measurements in radiotherapy. The 
polymer gel dosimeters are inherent tools of the polymer gel dosimetry and they are based on 
vinyl monomers embedded in physical gel matrix. Broad range of monomers was selected and 
each of them was successfully combined with other components that are crucial to fulfill the 
requirements for gel dosimeters, such as possibility of dose distribution measurements for doses 
even below 1 Gy and up to a few hundreds of grays, sound stability of recorded dose distribution, 
soft-tissue mimicking, and high dose sensitivity. Under ionizing radiation monomers convert to 
crosslinked structures thus “recording” the absorbed dose distribution as a distribution of altered 
gel dosimeter physicochemical properties. The properties include relaxation rate (R2 = 1/T2) of 
the gel that can be measured by means of e.g. Magnetic Resonance Imaging (MRI) using 
optimized multi echo sequences. Notwithstanding the fact that polymer gel dosimetry has already 
been outstandingly applied in various radiotherapy techniques still elementary research plays an 
important role in understanding the polymer gel dosimeters phenomenon. There is also a room for 
further advancements in the area of data readout, scanning techniques and protocols or chemistry 
of polymer gel dosimeters [4]. As concern the latter one our group is particularly interested in new 
active components for the process of designing other polymer gel dosimeters of enhanced 
properties for specific irradiation methods in radiotherapy treatment. Selected polymer gel 
compositions are protected by patent applications [5-6]. 
 
 
 
[1] Rybicki E., Filipowska B., Walawska A., Kozicki M., Matyjas-Zgondek E.: P-383256 

(February 2008)  
[2] Rybicki E., Kołodziejczyk M., Bacciarelli A., Kozicki M., Matyjas-Zgondek E.: P-384485 

(February 2008)  
[3] Kozicki M., Rybicki E., Matyjas-Zgondek E.: P-386762 (December 2008) 
[4] Kozicki M., Maras P., Rybka K., Bieganski T., Kadłubowski S., Petrokokkinos L.: 

Macromol. Symp., 254, 2007, 345–352 
[5] Kozicki M., Rosiak J.M., Sakelliou L., Angelopoulos A.: P-383257 (June 2007)  
[6] Kozicki M., Rosiak J.M., Sakelliou L., Angelopoulos A.: P-383256 (June 2007) 
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