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SEARCH INSIDE!™

Computer
Simu lation

of Liguids M. P. Allen and D. J. Tildesley, Computer Simulation of Liquids
: (Clarendon Press, Oxford, 1987)

SEARCH INSIDE!™

D. Frenkel and B. Smit, Understanding Molecular Simulation
(Academic Press, San Diego, 2002)
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Experiment Simulation Theory
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~ Understanding of Nature | | Testing of model/theory
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DNA Structure,
1962 Nobel Prize in
Physiology or
Medicine

Layer Lines
=

Lo N

R. MacKinnon, 2002 Nobel Prize in Chemistry
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Viacroscaie Simulation _ Experiment Length Object
*Time>1s
* Lengthscale > 1 u Bare eye || 0.2 mm
* Phase field models, FEM
20 ym (I'-I'I)
Mesoscale =
* Time ~ 108— 1025 I 2o
* Lengthscale ~ 10-1000 nm = 2um .,
« DPD. coarse-graining l E Q
L Optical || 200 nm o
Nanoscale B. | | microscope -
 Time ~ 10-15— 109 s 7] =] |
« Lengthscale ~ 0.1 - 10 nm ____lte
* Molecular dynamics, m
Monte Carlo 2 nm 8
m
Subatomic scale Electron (02 nm e
* Electronic structures Microscope . 6'
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polypeptide folding
biomolecular association
partitioning between solvents
membrane/micelle formation

chemical reactions, enzyme catalysis

enzyme catalysis

photochemaical ractions, electron transfer

characteristics (1-4):

degrees of freedom:

characteristics (5-7):

degrees of freedom:
equations of motion:
governing theory:

22

atomic (solute + solvent)

electronic, nuclear

quantum dynamics
quantum statistical mechanics

thermodynamic equilibria
governed by weak
(non-bonded) forces

chemical transformations
governed by strong forces

=P lassical MD

= quantum MD



Folding

folded/native denatured

Micelle Formation

micelle mixture
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Complexation Partitioning

bound unbound
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In membrane in water in mixtures
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(HRHT) Classical MD

HT: OM/MM, non-adiabatic MD, ...
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Every molecule consists of atoms that are very strongly bound to each other

o B
wnqa ik 53 F ./a;&

Forces or
interactions
between atoms
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Force field =
physico-chemical
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atoms as elementary

particles + topology
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Boundary conditions
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system
temperature
pressure
walls
external forces
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