
Nanomechanics 

Introduction and lecture organization 



What is Nanomechanics? 



Quantum Mechanics and Statistical Mechanics 

 



EU Definition of Nanomaterials 

• On 18 October 2011 the Commission adopted the Recommendation on the 

definition of a nanomaterial. According to this Recommendation a 

"Nanomaterial" means:  

• A natural, incidental or manufactured material containing particles, in an 

unbound state or as an aggregate or as an agglomerate and where, for 50 

% or more of the particles in the number size distribution, one or more 

external dimensions is in the size range 1 nm - 100 nm.  

• In specific cases and where warranted by concerns for the environment, 

health, safety or competitiveness the number size distribution threshold of 

50 % may be replaced by a threshold between 1 and 50 %. 

• By derogation from the above, fullerenes, graphene flakes and single wall 

carbon nanotubes with one or more external dimensions below 1 nm should 

be considered as nanomaterials. 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32011H0696:EN:NOT
http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32011H0696:EN:NOT


Overview of lecture 

• Atomic interaction potentials and forces 

• Molecular vibrations and spectroscopy 

• Experimental methods of nanomechanics  

• Molecular recognition by force measurements  

• Force measurements on polymers 

• Friction at the nanometer scale 

• (Molecular dynamics simulations) 

 



Atomic interaction potentials and forces 

• Shape of potential, relation to macroscopic quantities, rate dependence of 

separation force 

 



Molecular vibrations and spectroscopy 

• Infrared and Raman spectrsocopy, carbon nanotubes and graphene, 

isotope effects 



Experimental methods of nanomechanics 

• AFM, optical and magnetic tweezer, surface forces apparatus  



Molecular recognition by force measurements 

• Ligand-receptor interaction, antigen-antibody interaction, proteins and 

membranes 



Force measurements on polymers 

• Entropic forces, worm-like chain model, mechanics of DNA, protein folding 

 



Friction at the nanometer scale 

• Friction force microscopy, atomic friction phenomena, Tomlinson-Prandtl 

model, Langevin equation 

 



Molecular dynamics simulations 

• Fundamental of simulations, time scales, potentials, thermal equilibrium 

 



Grading 

• Credit points and grade will be given based on two components: 

– Test written in the last lecture of the semester (January 31, 2018) 

– Presentation of a nanomechanics research paper in the Übungen with written 

report 

– Details on requirements for a presentation and a written report will follow 

• In order to be admitted to the written test, students have to solve 9 sets of 

problems and reach 50% of the points in these problems 

(Prüfungsvorleistungen). 

• Alternative Prüfungsvorleistung: In a group of three, develop a numerical 

solution of entropic forces for a single molecule in the freely-jointed chain 

model. 

 



Übungen 

• Übungen will be a mix of discussion of lecture content, solving of problems, 

discussion of solutions, discussion of nurmerics project, and presentations 

by students. 

• Please bring a calculator to the Übungen. 

• Participation is mandatory, send me an email if you can not attend. 

 

r.bennewitz@mx.uni-saarland.de 



Books 

• Uwe Hartmann 

Nanostrukturforschung und Nanotechnologie 

Oldenbourg Verlag, München 2012 

• Atsuki Ikai 

Einführung in die Nanobiomechanik 

Wiley-VCH, Weinheim 2010 

• Andrew N. Cleland 

Foundations of Nanomechanics 

Springer-Verlag Berlin 2003 



Finis 

• Monday 10:15 – 11:50 lecture 

• Wednesday 8:25 – 9:10 lecture 

• Wednesday 9:15 – 10:00 Übung 


