c
S
2
<
3]
o
123
|2}
<
N
=
]
<
£
©
T
©
<
=
—
S
=
)
o
£
)
=

Dynamics in colloid and protein systems: Hydrodynamically
structured particles, and dispersions with competing
attractive and repulsive interactions

Jonas Riest

Schliisseltechnologien /
Key Technologies ’ oo
Band/ Volume 127 ’ JULICH

ISBN 978-3-95806-153-8 FORSCHUNGSZENTRUM



Forschungszentrum Jilich GmbH
Institute of Complex Systems
Soft Condensed Matter (ICS-3)

Dynamics in colloid and protein systems:
Hydrodynamically structured particles,
and dispersions with competing attractive
and repulsive interactions

Jonas Riest

Schriften des Forschungszentrums Jilich
Reihe Schlisseltechnologien / Key Technologies Band / Volume 127

ISSN 1866-1807 ISBN 978-3-95806-153-8



Contents

1. Introduction

2. Explored systems and interaction models
2.1. Hydrodynamically structured particles . . . . . . ... ... ... ... ...

2.1.1.
2.1.2.
2.1.3.

Necessity of hydrodynamic particle modeling . . . .. ... ... ..
Pair potential models . . . . . .. ... oo
Analytic toolbox for the hydrodynamic radius model (HRM)

2.2. Charge-stabilized particles . . . . . . . .. ... ... L L.

2.2.1.
2.2.2.

Tonic microgels . . . . . . ..o
Ultrafiltration (UF) of charge-stabilized suspensions . . . . .. ...

2.3. SALR systems . . . . . . . . . .

2.3.1.
2.3.2.
2.3.3.

Importance and examples of these systems . . .. ... . ... ...
Twomodels . . . . . . . ..
Phase behavior . . . . .. .. ... o

2.4. Polydisperse zwitterionic microgels . . . . . ... ... .. .00

2.4.1.
2.4.2.

Schulz particle size distribution . . . . . . ... ...
Form factor model . . . . . . ... ... ... ... ... .. ...

3. Theory of equilibrium microstructure
3.1. Static distribution functions . . . . . . . ..o
3.2. Static structure factor . . . . . .. ...
3.3. Thermodynamic properties . . . . . . . . . . ... ... ...

3.3.1.
3.3.2.

State-independent pair potentials . . . . . . .. ... ... ... ...
State-dependent pair potentials . . . . . .. ..o

3.4. Ornstein-Zernike based integral equations . . . . . . .. ... .. ... ...

34.1.
3.4.2.
3.4.3.
3.4.4.

Verlet-Weis corrected Percus-Yevick solution for hard spheres . . . .
HNC scheme . . .. .. ...
Zerah-Hansen scheme . . . . .. . . ... ... ... .........
Random phase approximation . . . . . . . ... ... L.

3.5. Polydispersity and decoupling approximation . . . .. ... ... ... ...

4. Dynamic properties
4.1. Fundamentals . . . . . . . . . ... e

4.1.1.
4.1.2.
4.1.3.
4.1.4.
4.1.5.
4.1.6.

Hydrodynamic time- and length-scales . . . . . .. ... ... ... ..
Generalized Smoluchowski equation . . . . ... ... ... .. ...
Hydrodynamic interactions . . . . . ... ... ... ... .. ...
Hydrodynamic particle modeling and boundary conditions . . . . . .
Dynamic structure factor . . . . . . ... ... L.
Basicsof DLSand NSE . . . . . . ... .. ... .

4.2. Short-time dynamics . . . . . . .. ... Lo

9

9

9
12
15
16
16
18
21
21
24
27
30
31
32

35
35
38
39
40
41
41
42
43
44
45
46

51

o1



4.2.1. Hydrodynamic function . . . . . . ... ... ... ... ... ... 64

4.2.2. High-frequency viscosity . . . . . . . . .. ... L. 67

4.3. Long-time dynamics . . . . . . ... ... .o Lo 68
4.3.1. Self-diffusion coefficient . . . . . .. ... ... 0oL 68
4.3.2. Zero-frequency viscosity . . . . . . ... 69

4.4. Methods of calculations . . . . . ... ... ... ... ... ... ... 70
4.4.1. PA approximation for the HRM . . . ... ... ... ... ..... 70
4.4.2. Beenakker-Mazur method for the HRM . . . . .. .. ... ... .. 74
4.4.3. Hybrid BM-PA scheme . . ... ... ... ... ... ........ 75
4.4.4. Simplified MCT for the long-time dynamics . . . . . . ... ... .. 76

5. Dispersions of hydrodynamically structured particles: Results 79
5.1. Equilibrium structure functions . . . . . . . .. ... oL 79
5.2. Short-time dynamics . . . . . . . . ... 82
5.2.1. Self-diffusion coefficient . . . . . . ... .. oo 82
5.2.2. Sedimentation velocity . . . . . ... ... 85
5.2.3. Hydrodynamic function scaling . . . . . . ... ... ... ...... 89
5.2.4. High-frequency viscosity . . . . . . . ... ... oL, 92
5.2.5. Generalized Stokes-Einstein relation . . . . ... ... ... ..... 94

5.3. Comparison with experiments on non-ionic microgels . . . . . . . ... ... 96
5.4. Long-time dynamics . . . . . . . . . ... 99
5.4.1. Self-diffusion coefficient . . . . . ... ... .. ... .. ... 100
5.4.2. Zero-frequency viscosity . . . . ... .. oo 103
5.4.3. Long-time generalized Stokes-Einstein relations . . . . . . .. .. .. 108

6. Charged-particles dispersions: Results 111
6.1. Tonic microgels: softness and permeability effects . . . . ... ... ... .. 111
6.1.1. Structure functions . . . . . . . ... ... 112
6.1.2. Short-time dynamics . . . . . . . ... ... 113

6.2. Application to ultrafiltration of charged particles . . . . ... ... ... .. 115
6.2.1. Cross-flow ultrafiltration (UF) model . . . . . . ... ... ... ... 116
6.2.2. Experimental sample properties . . . . . . . ... ... L. 119
6.2.3. Renormalized charge and screening length . . . . . . ... ... ... 119
6.2.4. Osmotic pressure and compressibility . . . . . .. ... ... ... .. 122
6.2.5. Pair-structure functions . . . . . ... ... ... L. 127
6.2.6. Transport properties . . . . . . . ... oL o 128
6.2.7. PA-MCT results for the zero-frequency viscosity . . ... ... ... 130
6.2.8. UF experimental details . . . . . ... ... ... ... ........ 134
6.2.9. Theoretical results . . . . . . ... ... oo o 135
6.2.10. Comparison with experiment . . . . . ... ... ... ... ..... 138

7. Zwitterionic microgels 141
7.1. Sample preparation . . . . . ... .. 141

7.2. Measured structure functions including polydispersity . . . . . .. ... .. 141



8. Systems with short-range attraction and long-range repulsion
8.1. Two-Yukawa SALR systems . . . . . . ... ... ... ... ... .....
8.1.1. Parameter models . . . . . ... ... . ..o o
8.1.2. Gas-liquid critical temperature . . . . . . .. ... ...
8.1.3. Variation of attraction strength . . . . . . . ... .. ... ... ...
8.1.4. Effect of short-range attraction . . . . . . ... ... ... ... ...
8.1.5. Variation of the repulsion range . . . . . . ... ... ... ... ...
8.1.6. Variation of the effective attraction range . . . . ... ... .. ...
8.2. Comparison with experiment . . . . ... ... ... .. ... ... .....
8.3. Modified Lennard-Jones-Yukawa system . . . . . ... ... ... ......
8.3.1. Pairstructure . . . . . . ..o
8.3.2. Short-time dynamics . . . . . . ... .. Lo
8.3.3. Comparison with MPC simulations . . . . . . .. ... ... .. ...

9. Conclusions and outlook
Abbreviations

A. OZ-based integral equation theory
A.1. Percus-Yevick closure for hard spheres . . . . ... ... ... ........
A.2. Verlet-Weis correction . . . . . . . . ... Lo

B. Dynamic calculation methods
B.1. PA mobilities in far-distance expansion . . . . . . . .. ... ... ... ..
B.2. Implementation of the BM method . . . . . .. ... ... ... .......

Bibliography

Acknowledgments

147
147
147
149
150
169
172
174
177
181
181
182
184

187
195

197
197
197

199
199
199

201

225



Schliisseltechnologien /
Key Technologies

Band/ Volume 127 ’J JULICH

ISBN 978-3-95806-153-8 FORSCHUNGSZENTRUM




	Introduction
	Explored systems and interaction models
	Hydrodynamically structured particles
	Necessity of hydrodynamic particle modeling
	Pair potential models
	Analytic toolbox for the hydrodynamic radius model (HRM)

	Charge-stabilized particles
	Ionic microgels
	Ultrafiltration (UF) of charge-stabilized suspensions

	SALR systems
	Importance and examples of these systems
	Two models
	Phase behavior

	Polydisperse zwitterionic microgels
	Schulz particle size distribution
	Form factor model


	Theory of equilibrium microstructure
	Static distribution functions
	Static structure factor
	Thermodynamic properties
	State-independent pair potentials
	State-dependent pair potentials

	Ornstein-Zernike based integral equations
	Verlet-Weis corrected Percus-Yevick solution for hard spheres
	HNC scheme
	Zerah-Hansen scheme
	Random phase approximation

	Polydispersity and decoupling approximation

	Dynamic properties
	Fundamentals
	Hydrodynamic time- and length-scales
	Generalized Smoluchowski equation
	Hydrodynamic interactions
	Hydrodynamic particle modeling and boundary conditions
	Dynamic structure factor
	Basics of DLS and NSE

	Short-time dynamics
	Hydrodynamic function
	High-frequency viscosity

	Long-time dynamics
	Self-diffusion coefficient
	Zero-frequency viscosity

	Methods of calculations
	PA approximation for the HRM
	Beenakker-Mazur method for the HRM
	Hybrid BM-PA scheme
	Simplified MCT for the long-time dynamics


	Dispersions of hydrodynamically structured particles: Results
	Equilibrium structure functions
	Short-time dynamics
	Self-diffusion coefficient
	Sedimentation velocity
	Hydrodynamic function scaling
	High-frequency viscosity
	Generalized Stokes-Einstein relation

	Comparison with experiments on non-ionic microgels
	Long-time dynamics
	Self-diffusion coefficient
	Zero-frequency viscosity
	Long-time generalized Stokes-Einstein relations


	Charged-particles dispersions: Results
	Ionic microgels: softness and permeability effects
	Structure functions
	Short-time dynamics

	Application to ultrafiltration of charged particles
	Cross-flow ultrafiltration (UF) model
	Experimental sample properties
	Renormalized charge and screening length
	Osmotic pressure and compressibility
	Pair-structure functions
	Transport properties
	PA-MCT results for the zero-frequency viscosity
	UF experimental details
	Theoretical results
	Comparison with experiment


	Zwitterionic microgels
	Sample preparation
	Measured structure functions including polydispersity

	Systems with short-range attraction and long-range repulsion
	Two-Yukawa SALR systems
	Parameter models
	Gas-liquid critical temperature
	Variation of attraction strength
	Effect of short-range attraction
	Variation of the repulsion range
	Variation of the effective attraction range

	Comparison with experiment
	Modified Lennard-Jones-Yukawa system
	Pair structure
	Short-time dynamics
	Comparison with MPC simulations


	Conclusions and outlook
	Abbreviations
	OZ-based integral equation theory
	Percus-Yevick closure for hard spheres
	Verlet-Weis correction

	Dynamic calculation methods
	PA mobilities in far-distance expansion
	Implementation of the BM method

	Bibliography
	Acknowledgments
	Titelei 127.pdf
	Leere Seite

	Leere Seite



