
xiii

Contents

1 Introduction................................................................................................   1
Overview of SMFS Techniques ...................................................................   2
Experiments Using Single-Molecule AFM .................................................   3
Limitations of AFM-Based SMFS ..............................................................   5
Summary .....................................................................................................   9

2 Correlation Force Spectroscopy ............................................................... 11
Correlation Force Spectroscopy: Rationale ................................................. 11
CFS: Development ...................................................................................... 12

Laterally Offset Configuration ............................................................... 14
Vertically Offset Configuration .............................................................. 15

Analysis of Correlations Between Two Cantilevers .................................... 17
Validation of Fluctuation–Dissipation Theorem for One Cantilever ...... 19

Analysis of Thermal Fluctuations to Obtain Correlations ........................... 19
Summary ..................................................................................................... 22

3 Dynamics of Single Molecules................................................................... 25
Elastic Properties of Single Molecules: Worm-Like Chain 
and Freely Jointed Chain Models ................................................................ 25
Hydrodynamics of Single Molecules: Dumbbell Model 
and Rouse Model ......................................................................................... 28
Internal Friction ........................................................................................... 32
Rouse with Internal Friction ........................................................................ 35
Model of Linear Viscoelasticity of a Semiflexible Chain ........................... 36
Summary ..................................................................................................... 38

4 Microrheology with Correlation Force Spectroscopy............................. 39
Existing Techniques of Rheometry ............................................................. 39
Experimental Methods ................................................................................ 40
Comparison to FE Analysis ......................................................................... 40
Comparison to Simple Harmonic Oscillator Model .................................... 42
Summary ..................................................................................................... 44



xiv Contents

5  Development of Colloidal Probe Correlation Force 
Spectroscopy: Case Study ......................................................................... 47
Materials and Methods ................................................................................ 51

Analysis .................................................................................................. 53
Results ......................................................................................................... 55
Discussion ................................................................................................... 60
Summary ..................................................................................................... 62

6 Correlation Force Spectroscopy for Single-Molecule Measurements ... 63
Effect of the Distance Between Cantilever Tips ......................................... 63
Harmonic Oscillator Modeling of Vertically Offset Correlation 
Force Spectroscopy ..................................................................................... 65
Summary ..................................................................................................... 69

7 Single-Molecule Force Spectroscopy of Dextran..................................... 71
Materials and Methods ................................................................................ 71
Results ......................................................................................................... 72

Stretching a Dextran Molecule ............................................................... 72
Static Force-Elongation Mode ................................................................ 74
Dynamic CF Mode ................................................................................. 77

Discussion ................................................................................................... 80
Summary ..................................................................................................... 81

8 Single Molecule Force Spectroscopy of Single-Stranded DNA.............. 83
Rationale ...................................................................................................... 83
Introduction ................................................................................................. 83
Materials and Methods ................................................................................ 86
Modal Analysis ............................................................................................ 88
Results ......................................................................................................... 93
Discussion ................................................................................................... 96
Summary ..................................................................................................... 99

9 Summary..................................................................................................... 101
An Overview of Chapters ............................................................................ 101
Future Work ................................................................................................. 102

Appendixes ........................................................................................................ 105

References ......................................................................................................... 111



http://www.springer.com/978-3-319-14047-6


	Contents



