Table of Contents

INTRODUCTION AND OBJECTIVE ...,

POLYELECTROLYTES . ...\ttt

2.1 Macromolecular Characterization of Polyelectrolytes ...........

2.1.1  Chromatography ..........cooviiiiiiiiiiiiennn...

212 Osmometry ... e

2.1.3  LightScattering .........oovviiiiiiiiiiiiiiiiinn..

2.1.4  Ultracentrifugation..........coooviiiiiiiiiinnn..

215 VISCOMEIIY .. .vvviniiii i i

2.2 Electrochemical Characterization of Polyelectrolytes............

2.2.1  Potentiometry ..........ooeiiiiiiiiiiiiiiiiiiiieen..

2.2.1.1  AcidityConstants ..........coviiiiiniiinn..

2.2.1.2  Counterion Activity Coefficients .............

222 SpPeCtroSCOPY . .vvvviiiiiiiiiii i i

2.2.2.1  NMR Spectroscopy ........ovvuuveeiininnnn..

2222 UV/VIS Spectroscopy . ..oovvvvvviiinnnnnn.

2.3 Polyelectrolyte Complex Formation............c.ooevvuueinn...
2.3.1  Polyelectrolyte Complex Formation

with Oppositely Charged Surfactants ..................
2.3.1.1  Polyelectrolyte Complex Formation
below the Critical Micellization Concentration

ofthe Surfactant ...............ccoivviiant.
2.3.1.1.1 Investigation Methods ............
2.3.1.1.2  Binding Isotherms

and Theoretical Treatments ........

2.3.1.1.3 The Nature of Interactions . ........

2.3.1.1.4 Polyelectrolyte-Surfactant
Complexes in the Gel Phase . .......

2.3.1.2  Polyelectrolyte Complex Formation

above the Critical Micellization Concentration

of the Surfactant ....................out.

2.3.1.2.1 Investigation Methods ............

2.3.1.2.2 Polyelectrolyte-Surfactant
Complexes in the Solid State .......



Xvi Table of Contents
2.3.2  Polyelectrolyte Complex Formation
with Oppositely Charged Polyelectrolytes .............. 36
2.3.2.1  Diluted Polyanion-Polycation Systems
(Water-Soluble Polyelectrolyte Complexes) .... 38
2.3.2.1.1 Theoretical Treatments............ 39
2.3.2.2  Semidiluted Polyanion-Polycation Systems
(Turbid Polyelectrolyte Complexes)........... 41
2.3.2.2.1 Aggregation Mechanism........... 43
2.3.2.3  Concentrated Polyanion-Polycation Systems... 44
2.3.2.3.1 Macroscopic Phase Separation ..... 44
2.3.2.3.2 Homogeneous Systems ............ 45
3  NANOPARTICLES AND POLYELECTROLYTES ..................... 47
3.1 Nanoparticle Formation by Nucleation Processes ............... 47
3.1.1  Free Energy and Supersaturation...................... 47
3.1.2  The Nucleation Process .............oooviviiniiiinn. 49
3.1.3  Nanoparticles Produced by Nucleation Processes. ....... 50
3.1.3.1 ColloidalGold ...........ccoiviiiiiiiina... 51
3.1.3.1.1 Reduction by Low Molecular Salts .. 51
3.1.3.1.2 Photolytic Reduction ............. 51
3.1.3.2  Polyelectrolytes as Stabilizing Agents ......... 52
3.1.3.3  Polyelectrolytes
as Reducing and Stabilizing Agents ........... 54
3.2 Nanoparticle Formation in Template Phases ................... 57
3.2.1  Miniemulsions as Templates ..........c.cooovviuiinnn... 59
3.2.2  Microemulsions as Templates ............covvvininn. 60
3.2.2.1  Recovery of Nanoparticles................... 63
3.2.2.2  Polyelectrolyte-Modified Microemulsions
asTemplates .......cooveiiiiiiiiin... 64
3.2.3  Block Copolymers as Templates . ..........c.ccovvvunn.n. 69
4 CHARACTERIZATION
OF POLYELECTROLYTE-MODIFIED NANOPARTICLES ............. 73
4.1 ParticleCharge.......c.ooviiiniiiiiiiii i 73
4.1.1 ZetaPotential............. ... ...l 75
4.1.1.1  Charged Particles in the Electrical Field ....... 76
4.1.2  Methods for Zeta Potential Determination.............. 78
4.1.2.1  Electrophoretic Light Scattering.............. 78
4.1.2.2  Acoustophoresis ...........ciiiiiiiiia... 79
4.1.2.3  Streaming Potential Measurements ........... 83
4.2 ParticleSize ..... ...t 85
4.2.1 Dynamic Light Scattering ................ooviiinana.. 85
4.2.2  Electron MiCroSCOPY ... evuvtennretnenienaeennnn. 87
4.2.2.1  Transmission Electron Microscope ........... 88

4.2.2.2  Preparation of Specimen Support Films ....... 89



Table of Contents

4.2.2.3  Preparation of Suspensions ..................
4.2.2.4  Preparation of Bulk Material .................
4.2.2.5  Preparation of Microemulsions ..............
5 FIELDSOF APPLICATION ........coiiiiiiiiiiiiiiiiiiiiiienn
6 REFERENCES ............. i i i

SUBJECT INDEX



