


Springer Laboratory



Springer Laboratory Manuals in Polymer Science

Pasch, Trathnigg: HPLC of Polymers
ISBN: 3-540-61689-6 (hardcover)
ISBN: 3-540-65551-4 (softcover)

Mori, Barth: Size Exclusion Chromatography
ISBN: 3-540-65635-9

Pasch, Schrepp: MALDI-TOF Mass Spectrometry of Synthetic Polymers
ISBN: 3-540-44259-6

Kulicke, Clasen: Viscosimetry of Polymers and Polyelectrolytes
ISBN: 3-540-40760-X

Hatada, Kitayama: NMR Spectroscopy of Polymers
ISBN: 3-540-40220-9

Brummer, R.: Rheology Essentials of Cosmetics and Food Emulsions
ISBN: 3-540-25553-2

Mächtle, W., Börger, L.: Analytical Ultracentrifugation of Polymers
and Nanoparticles
ISBN: 3-540-23432-2

Heinze, T., Liebert, T., Koschella, A.: Esterification of Polysaccharides
ISBN: 3-540-32103-9

Koetz, J., Kosmella, S.: Polyelectrolytes and Nanoparticles
ISBN: 3-540-46381-X



Joachim Koetz · Sabine Kosmella

Polyelectrolytes
and Nanoparticles
With 36 Figures and 6 Tables

123



Prof. Dr. Joachim Koetz

Universität Potsdam
Institut für Chemie, Professur für Kolloidchemie
Karl-Liebknecht-Straße 24/25, Haus 25, Raum D/2.19
14476 Golm
Germany
e-mail: koetz@rz.uni-potsdam.de

Dr. Sabine Kosmella

Universität Potsdam
Institut für Chemie
Karl-Liebknecht-Straße 24/25, Haus 25, Raum D/2.19
14476 Golm
Germany
e-mail: kolloid@rz.uni-potsdam.de

Library of Congress Control Number: 2006933732

DOI 10.1007/978-3-540-46382-5

ISBN-13 978-3-540-46381-8 Springer Berlin Heidelberg New York

e-ISBN 978-3-540-46382-5

This work is subject to copyright. All rights are reserved, whether thewholeor part of the material is concerned,
specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting, reproduction
on microfilm or in any other way, and storage in data banks. Duplication of this publication or parts thereof
is permitted only under the provisions of the German Copyright Law of September 9, 1965, in its current
version, and permissions for use must always be obtained from Springer. Violations are liable for prosecution
under the German Copyright Law.

The publisher and the authors accept no legal responsibility for any damage caused by improper use of the
instructions and programs contained in this book and the CD-ROM. Although the software has been tested
with extreme care, errors in the software cannot be excluded.

Springer is a part of Springer Science+Business Media
springer.com

© Springer-Verlag Berlin Heidelberg 2007

The use of general descriptive names, registered names, trademarks, etc. in this publication does not imply,
even in the absence of a specific statement, that such names are exempt from the relevant protective laws and
regulations and therefore free for general use.

Cover design: WMXDesign GmbH Heidelberg, Germany
Typesetting and production: LE-TEX Jelonek, Schmidt & Vöckler GbR, Leipzig, Germany

2/3141 YL 5 4 3 2 1 0 - Printed on acid-free paper



Springer Laboratory Manuals in Polymer Science

Editors

Prof. Howard G. Barth
DuPont Company
P.O. box 80228
Wilmington, DE 19880-0228
USA
e-mail: Howard.G.Barth@usa.dupont.com

Priv.-Doz. Dr. Harald Pasch
Deutsches Kunststoff-Institut
Abt. Analytik
Schloßgartenstr. 6
64289 Darmstadt
Germany
e-mail: hpasch@dki.tu-darmstadt.de

Editorial Board

PD Dr. Ingo Alig
Deutsches Kunststoff-Institut
Abt. Physik
Schloßgartenstr. 6
64289 Darmstadt
Germany
email: ialig@dki.tu-darmstadt.de

Prof. Josef Janca
Université de La Rochelle
Pole Sciences et Technologie
Avenue Michel Crépeau
17042 La Rochelle Cedex 01
France
email: jjanca@univ-lr.fr

Prof. W.-M. Kulicke
Inst. f. Technische u. Makromol. Chemie
Universität Hamburg
Bundesstr. 45
20146 Hamburg
Germany
email: kulicke@chemie.uni-hamburg.de

Prof. H. W. Siesler
Physikalische Chemie
Universität Essen
Schützenbahn 70
45117 Essen
Germany
email: hw.siesler@uni-essen.de



Dedication

After surviving a plane crash on March 6, 2005, in the Alps, I started to write this
book, which is dedicated to my father Gottfried, my wife Sybille, my two daughters
Theresa and Stephanie, as well as to my aviation friends Boris, Ingolf, and Peter.

Joachim Koetz



Preface

Polyelectrolytes, i.e., water-soluble polymers with a lot of dissociating functional
groups, and nanoparticles, i.e., fine particles with diameters on the nanometer
scale, are two substance classes of growing interest. Both polyelectrolytes and
nanoparticles can be found in many industrial applications such as in paints, pa-
per coatings, cosmetics, and pharmaceuticals. For adjusting the properties of such
multicomponent systems, the knowledge of the macromolecular and electrochem-
ical features of the polyelectrolytes on the one hand, and the size and shape of the
nanoparticles on the other hand is essential.

Understanding thebasicprinciples involved in thepreparationofnanoparticles
and control of the interparticle interaction forces by adsorbing polyelectrolytes is
therefore crucial, both from a scientific and application oriented point of view.

Over the last years, the term nanotechnology, which refers to the technology
that produces nanosize particles, has been established, and a new fast-growing
market has been born. The pioneers in this field were the alchemists, who were
already able in the 16th century to produce colloidal gold, however, without knowl-
edge of the scientific background of the formulation process. Today, of course, we
know much more about the colloidal metal nanoparticles, but still some questions
are open. Therefore, especially the formation, characterization, and stabilization
of gold nanoparticles as a nanoscalic model system in presence of polyelectrolytes,
is discussed here in more detail. Polyelectrolytes can play an important role with
regard to the formation and stabilization of nanoparticles with diameters smaller
than 10 nm, which is of special interest with regard to new fields of application.

The purpose of this book is to outline synergistic effects between polyelec-
trolytes and nanoparticles to show new ways of synthesis and to present methods
to characterize well-defined polyelectrolyte-modified nanoparticles.

This book originates from the lecture and laboratory course of the Polymer
Science Program at the University of Potsdam (Institute of Chemistry), and is
expanded by topics from lectures and experiments in colloid chemistry. The book
will be useful for graduate students and postgraduates of polymer and colloid
science or research and industrial chemists, physicists, or engineers working in
related areas of material or life sciences.

In a comprehensive manner, the book combines the basic principles of the
characterization of water-soluble polyelectrolytes with their ability to control the
nanoparticle formation process and/or to stabilize the nanoparticles due to an
adsorption on the particle surface.



X Preface

Potentiometric techniques are used to characterize phenomena of counte-
rion condensation, the nature of interactions with oppositely charged surfactant
molecules as well as the stoichiometry of polyelectrolyte complexes. Zeta-potential
measurements are carried out to detect the adsorption of polyelectrolytes on the
nanoparticle surface. Forcharacterizing theshapeandsizeof thenanoparticles, dy-
namic light-scattering measurements can be successfully used in combination with
transmission and/or scanning electron microscopy (SEM). The different prepara-
tion techniques are outlined and experimental details are described.

We would like to express our sincere thanks to Dr. Brigitte Tiersch for her
EM contribution to the book including the TEM and SEM micrographs and we
would also like to thank the members of our workgroup involved in this project.
Furthermore, we want to thank Prof. Burkart Philipp for introducing us to the
still-fascinating field of polyelectrolytes and polyelectrolyte complexes; Prof. Stig
Friberg and Prof. Raymond Mackay for introducing us to self-assembled template
phases, and Prof. Keisheiro Shirahama for surfactant-selective electrodes. The
fruitful cooperation with Prof. Markus Antonietti from the Max Planck Institute
on the other side of the railway in Golm is gratefully acknowledged, and finally,
the authors give thanks to Prof. Werner-Michael Kulicke and Dr. Harald Pasch for
encouraging us to write this book.

Potsdam, December 2005 Joachim Koetz
Sabine Kosmella



List of Symbols and Abbreviations

a Exponent of the KMHS equation
A2 Second virial coefficient of the osmotic pressure
AOT Sodium bis(2-ethylhexyl)sulfosuccinate
ATRP Atom transfer radical polymerization
b Spacing between two charged groups
bgf Geometric factor
c Concentration
ccat, t Total concentration of polycation repeat units
ccat, f Concentration of free polycation repeat units
ccat, b Concentration of the complexed polycation repeat units
Csa Spherical aberration coefficient
CH+ Molar concentration of H+ ions
CPEL Molar concentration of the polyelectrolyte
Cexp Experimentally given counterion concentration
Ctot Total counterion concentration
CTAB Cetyltrimethylammonium bromide
cmc Critical micellization concentration
CMC Carboxymethylcellulose
d Particle diameter
dp Resolving power of a microscope
dth Theoretical resolution of two points
D Diffusion coefficient
DLS Dynamic light scattering
DS Degree of substitution
e Elementary charge
emf Electromotive force
E Amplitude of the electric field
Eo Applied electric field
Es Streaming potential
ESA Electrokinetic sonic amplitude
f (κa) Henry function
g1(τ) Correlation function of the electric field
g2(τ) Intensity-time correlation function
g(n) Free energy of an aggregate
gb Free bulk energy



XII List of Symbols and Abbreviations

gs Free interfacial energy
GA Energy to expand the interface
GB Interfacial bending energy
GI Free energy of interaction
GSH Free energy of interfacial sheath structure
ΔGel Electrostatic work
ΔG Free energy change
H Mean curvature
Ho Spontaneous curvature
I Ionic strength
Ic Conduction current
Iss Streaming current
Ie Effective ionization
Io Intensity of light
Is Scattering intensity
Iφo Scattering intensity integrated over the whole sphere area
Ic Conduction current
k Boltzmann constant
K Intrinsic constant for binding
Ka Acidity constant
Kas Association constant
KKMHS Constant of the KMHS equation
K∗

v Constant for vertical polarized light
KPS Potassium peroxodisulfate
m Number of binding sites
Mn Number average molar mass
Mw Weight average molar mass
MA Maleic acid
n, N Number
N2 Number of particles
NG Number of polycation repeat units
NS Number of polyanion repeat units
nb Number of bulk molecules
ns Number of surface molecules
no Refractive index
ncat Average number of bound polycations per polyanion
Na-CMC Sodium carboxymethylcellulose
Na-PAA Sodium polyacrylate
Na-PSS Sodium polystyrene sulfonate
P(ϑ) Debye scattering function
pKa Acidity constant
pKb Basicity constant
pKapp Apparent acidity constant
pKo

a Intrinsic acidity constant



List of Symbols and Abbreviations XIII

pH Negative decadic logarithm of the H+ ion activity
pHiso Isoelectric point
ΔpK Deviation between the apparent and the intrinsic pK value
Δp Pressure difference
PAA Poly(acrylic acid)
PCS Photon correlation spectroscopy
PDMAM Poly(dimethylacrylamide)
PDADMAC Poly(diallyldimethylammonium chloride)
PEC Polyelectrolyte complex
PEI Poly(ethyleneimine)
PEL Polyelectrolyte
PEO Poly(ethylene oxide)
PMA Poly(methacrylic acid)
PSS Poly(styrene sulfonic acid)
PVC Poly(vinyl chloride)
PVP Poly(vinyl pyridine)
Q Magnitude of the scattering vector
Qpc Particle charge
QELS Quasi-elastic light scattering
r Radius
Rϑ,v Reduced scattering intensity for vertical polarized light
Rh Hydrodynamic radius
Rc Critical radius
[r2]z Radius of gyration
RAFT Reversible addition-fragmentation chain transfer polymerization
SEC Size exclusion chromatography
So Shear plane
Se Sedimentation constant
SB Surfactant with a sulfobetaine head group
SDS Sodium dodecyl sulfate
SEM Scanning electron microscopy
t Time
T Thermodynamic temperature (in K)
TEM Transmission electron microscopy
u Parameter of cooperativity
V Amplitude of the acoustic wave
Vh Hydrodynamic volume
Vs Solute volume
v∗ Partial specific volume
x Molar fraction of acidic groups
x/xsat Supersaturation
z Valence of counterion
Z Partition function

α Polarizability


