Contents

Preface — VI

Aim and approach of this book — IX

Abbreviations — XV

Volume conversion — XVII

1

11
111
1.1.2
1.1.3

1.1.4
1.2

1.21
1.2.2
1.2.3
1.2.4
1.2.5
1.2.6
1.2.7
1.3

1.3.1
1.3.2
1.3.3
1.3.4
1.3.5
1.4

1.4.1
1.4.2
1.4.3
1.5

1.5.1
1.5.2
1.5.3
1.5.4

Theoretical background — 1
Fluid physics on the microscale —1
Ideal fluids —1
Viscous fluids —5
The physical fundament of microfluidics: Navier—Stokes
equations and Reynolds number — 10
Computational fluid dynamics simulation — 14
Complex fluids — 22
Viscous flow: Microscopic view and dimensionless numbers — 22
Newtonian and non-Newtonian flow — 27
Shear thinning — 28
Polymer solutions — 29
Colloidal dispersions — 34
Shear thickening — 35
Even more complex fluids — 37
Diffusion — 37
Brownian motion — 37
Fick’s first law — 38
Einstein equation — 41
Fick’s second law — 43
Random walks — 45
Interfacial and capillary forces — 51
Interfacial tension — 51
Cohesive versus adhesive forces: Wetting and capillarity — 56
Interfacially active substances: Surfactants — 58
Microfluidic flow patterns — 63
Co-flow and segmented flow — 63
Segmented flow: Viscous versus interfacial drag — 64
Dripping and jetting — 67
Dynamics of droplet interior and interfaces — 70
References — 72



Xl — Contents

2

2.1
2.2
2.21
2.2.2
2.2.3
2.2.4

2.3

2.31
2.3.2
2.3.3
2.4

2.41
2.4.2
2.4.3
2.4.4
2.5

3.1
3.1.1
3.1.2

3.1.3
3.1.4

3.1.5

3.1.6

3.1.7
3.2

3.241
3.2.2
3.2.3
3.2.4

3.2.5
3.2.6
3.2.7

Segmented-flow or droplet-based microfluidics — 77

Basics — 77

Drop-by-drop formation in microfluidics — 77

Single emulsions — 77

Mixing phenomena in microdroplets — 82
Higher-order emulsions — 84

Modes of droplet formation: One-step emulsification versus
stepwise emulsification — 88

Experimental platforms for droplet formation — 96
Glass microcapillary assemblies — 96
Poly(dimethylsiloxane) channel networks — 97
Dominance of wetting in PDMS devices — 98
Application of segmented-flow microfluidics — 102
Droplet-based microfluidics in analytics — 102
Droplet-based microfluidics for particle design — 104
Droplet-based microfluidics for vesicle design — 110
Droplet sizes and limitations — 118

Numbering up — 122

References — 131

Practical realization of microfluidics — 139

Fundamentals of microfluidic device design and fabrication — 140
Materials selection guide for microflow cell fabrication — 140
PDMS-based microfluidics: Devices by computer-aided

design — 142

PDMS-based microfluidics: Basic channel-system elements — 149
PDMS-Based microfluidics: Preparation of microfluidic master
devices by photolithography — 158

PDMS-based microfluidics: Device replication by soft
lithography — 163

PDMS-based microfluidics: Assembling microfluidic devices from
microchannel replicas and substrates — 166

Glass-capillary microfluidics: Manual fabrication of flow cells — 173
Running microfluidic experiments — 181

Sample preparation for microfluidic experiments — 181

Moving fluids through microfluidic devices — 184

To-the-world connection of microfluidic devices — 190

Optical inspection of microfluidic devices: Choose of

microscopes and cameras — 193

Starting microfluidic experiments — 197

Running microfluidic experiments — 201

Finishing microfluidic experiments — 202



3.3
3.31
3.3.2

3.4

3.4.1
3.4.2
3.4.3

3.4.4

3.4.5
3.5

Contents =— XIII

The practice of continuous-flow microfluidics — 204

Single-phase CF microfluidics: Analytics, sensing, synthesis — 204
Multiphase CF Microfluidics: Mixing, gradients, synthesis,
nucleation, self-assembly, surface patterning — 208

The practice of segmented-flow microfluidics — 216

Device design and tailoring — 216

Formation of W/O microdroplets and polymer microparticles — 232
Beyond simple emulsion droplets: Double and higher-order
emulsions — 244

Beyond simple aqueous droplets: Complex fluids in SF

microfluidics — 245

Formation of vesicles from double-emulsions templates — 247
Trouble shooting in microfluidics — 250

References — 270

Appendix — 273

Index — 275






