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What is Molecular Dynamics? 

Molecular dynamics (MD) is a computer simulation 
of physical movements of atoms and molecules.  
 
The atoms and molecules are allowed to interact for 
a period of time, giving a view of the motion of the 
atoms 
 
Trajectories of molecules and atoms are determined 
by solving the Newton's equations of motion 



The molecular dynamics simulation method is based on 
Newton’s second law or the equation of motion 

 
Force = mass x acceleration  

 
 
From a knowledge of the force on each atom, it is possible to 
determine the acceleration of each atom in the system.  
 
Integration of the equations of motion then yields a trajectory 
that describes the positions, velocities and accelerations of the 
particles as they vary with time. 

Newton’s equation of motion 



Explaining Newton’s equation of motion 



Explaining Newton’s equation of motion 

Start 

Initialize position and 
velocities 

Analyze 

Compute the forces 
and acceleration 

Update the positions 
and velocities 

R
ep

ea
t 

se
ve

ra
l t

im
es

 



Explaining Newton’s equation of motion 

3 dimensional simulation box 



Simple example  



Timescale Limitations 

•Protein Folding -  
milliseconds/seconds (10-3-1s) 

•Ligand Binding - 
micro/milliseconds (10-6-10-3 s) 

•Enzyme catalysis - 
micro/milliseconds (10-6-10-3 s) 

•Conformational transitions - 
pico/nanoseconds (10-12-10-9 s) 

•Collective  vibrations - 
   1 picosecond (10-12 s) 
•Bond vibrations -  
   1 femtosecond (10-15 s) 



How do water atoms interact? 



http://www.atomsinmotion.com/book/chapter5/md 

a. Every atom has a unique position and velocity  
b. All of the atoms follow Newton's laws of motion 

Simulation steps 

Step 1. 



http://www.atomsinmotion.com/book/chapter5/md 

The force that acts on an atom depends on its inetractions with he 
surrounding atoms 

Simulation steps 

Step 2. 



http://www.atomsinmotion.com/book/chapter5/md 

The net force acting on any atom is the vector sum of each of the 
individual forces that arise from the atomic pairs.  

Simulation steps 

Step 3. 



http://www.atomsinmotion.com/book/chapter5/md 

The net force must be computed for every atom in the simulation 

Simulation steps 

Step 4. 



http://www.atomsinmotion.com/book/chapter5/md 

Using the force, velocity for each atom is computed  
The time steps are very small, typically femtoseconds (1fs = 1x10-15 s)  

Simulation steps 

Step 5. 



The positions of each atom must also be updated  

Simulation steps 

Step 6. 

http://www.atomsinmotion.com/book/chapter5/md 



http://www.atomsinmotion.com/book/chapter5/md 

Molecular dynamics experiments proceed iteratively, where the 
output from one iteration becomes the input to the next 

Simulation steps 

Step 7. 



Atoms to Molecules 



Water  
Chemical formula : H2O  
Atomic weights 
Hydrogen = 1  
Oxygen = 16  
Number of water molecules = 6.023 x 1023 

 
 
 

Volume: 18 mL  
Mass     : 18 g 

http://www.d.umn.edu/~pkiprof/ChemWebV2/Vibrations/vib2.html 

Molecule vibrate depending on temperature 

Example: Water in a beaker 

http://www.d.umn.edu/~pkiprof/ChemWebV2/Vibrations/vib2.html


18 mL  
18 g of water 

Simulating water 

A simulation box representing the macroscopic chemical 
environment such as Pressure, Temperature, and density is used 



Simulating water 



How do molecules interact? 

Bonded interactions Non-bonded interactions 

Molecule itself Environment effect 

Bond Stretching 

Angle bending 

Van der Waal’s interactions 

Ionic interactions 

Force field 



Energy =    Bonded  
                 interactions 

  Non-bonded 
   interactions 

+ 

Bond Stretching 

Symmetric stretch 

How do molecules interact? 

For water molecules 



Energy =    Bonded  
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For water molecules 

How do molecules interact? 



Energy =    Bonded  
                 interactions 

  Non-bonded 
   interactions 

+ 

Bond Stretching Angle bending 

Symmetric stretch asymmetric stretch 

How do molecules interact? 

For water molecules 



Non-bonded interactions 



Ionic interactions 



Molecular dynamics flow chart  
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Evolution of Molecular Dynamcis Simulations 

(T. Schlick, Molecular Modelling and Simulation, 2010) 



GROMACS 
It is a freely available molecular dynamics software designed 
for simulations of biomolecular systems such as proteins and 
lipids 

http://www.gromacs.org/ 


