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Aims

Building with molecules and nano-objects requires the manipulation of
these entities on a nanoscale. Such manipulations have to be local and
therefore require the use of localized force fields that act on single
particles, cells or even single molecules. The lecture series gives an
introduction into modern techniques and the physical principles behind.

Basics

Molecular and intermolecular forces, electrostatic forces, magnetic forces,
optical forces, mechanical forces, thermophoretic forces, ultrasound,
micro- and nanostructures

Contents

1. Electromagnetic forces: electric fields and dielectric materials,
electrophoresis for molecules, proteins, and cells, magnetic forces.

2. Optical forces: gradient, scattering, and optical surface forces, Maxwell
surface tensor, momentum transfer, transferring angular momentum,
holographic tweezers, Mie- vs. Raleigh-regime.

3. Scanning force approaches: Van der Waals forces, inter- and intra-
molecular interactions, detection with quadrant diodes.

4. Thermophoretic forces, thermo-viscous pumping,
molecule trapping

5. Soft lithography

opto-thermal

Methods

Optical traps (optical tweezers, optical stretcher, optical cell guidance,
optical spanners and rotators, optical sorting and deposition, laser
dissection), magnetical tweezers, scanning force microscopy and
spectroscopy, electrokinetic trapping, thermophoretic forces.

Type

Two-day block course/ yearly recurrence with modification

Date (month/year)

28./29. Mai 2009

Time

9.00 —18.00

Work load

15 hours presence/ 45 hours self-study

Examination

Oral

Credit points

2

Responsible
scientists

Cichos

International guest
lecturers

Prof. Alois Wirger (Bordeaux 1), Prof. Adam Cohen (Harvard)

Industrial partners

None
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Thursday 28.5.2009: SR 115 in the Chemistry Building

time lecturer title
09:00-09:15 Frank Cichos Introduction
09:15-10:00 Frank Cichos (Leipzig) Optical Single Molecule
Detection for
Nanomanipulations
10:15-11:00 Alois Wiirger (Université Bordeaux | Phoretic motion of colloidal
) particles
I1:15-12:00 Franz Weinert (LMU) Optical Pumping and
Thermophoretic Trapping
lunch
13:30-14:15 Adam Cohen (Harvard) Electrokinetic Single Molecule
Trapping
14:30-15:15 Adam Cohen (Harvard) Electrokinetic Single Molecule
Trapping
15:30-16:15 Mahdy Elmahdy (Leipzig) Forces of interaction between
polymer-grafted colloids as
measured by Optical Tweezers

Friday 29.5.2009: SR 101 in the Chemistry Building

time lecturer title
09:00-09:45 Josef Kas (Leipzig) Optical Micro- and
Nanomanipulations: Going
beyond Optical Tweezers
10:00-10:45 Ralf Seidel (Dresden) Magnetic tweezers: A tool to
study polymer mechanics and
single enzymes
[1:00-11:45 Morten Bertz (TUM) Single-molecule Force
Spectroscopy of Proteins and
Protein Complexes
lunch
13:30-14:15 Morten Bertz (TUM) Single-molecule Force
Spectroscopy of Proteins and
Protein Complexes
[4:30-15:15 Florian Rehfeldt (Gottingen) Measuring the Mechanical
Properties of Cells and Tissues
by AFM
15:30-16:15 Carolin Wagner (Leipzig) Receptor/Ligand Interactions as
studied by Optical Tweezers




