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Energy minimization (EM) Molecular dynamics (MD)

They are always interested in the minimum !!!

lowest minimum

kBT

effective minimum

Molecular Dynamics: 
As a technique to search configuration space

The kinetic energy present in the systems allows it to 
surmount the energy barrier that are in the order of kBT 

per degree of freedom

Conformation  at t1
(r1, p1)   

Conformation at t2 =t1+∆t 
(r2, p2) 

Natue’s laws 
of motions

Nature’s laws 
of motions

Conformation at t3 =t2+∆t 
(r3, p3) 
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Newton’s Equations of Motion

Force = Mass x Acceleration

or
Acceleration = Force/Mass

i

ii

m

F

dt

rd =
2

2

Force = -slope of the Potential

Nature’s law of motion

Second-order 
differential equation
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Force field
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Algorithms for Molecular Dynamics

Equation
(What do we have to 

solve)

Solution: simple algorithms to integrate it in small time steps 

no derivative of force 

i

ii

m

F

dt

rd =
2

2 Second-order 
differential equation

vi(t+1/2∆t) = vi (t-1/2∆t) + m-1 F(ri(t))∆ t+O(∆ t 3)

ri(t+∆t) = ri(t) + vi(t+1/2∆t) ∆ t +O(∆ t 3)

For example: the leap-frog integrator

Newton’s Equations of Motion
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Choosing  integration  time step

• What is an appropriate time step for the integration?
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1 or 0.5 fsTranslation, rotation, 
torsions, vibrations

Flexible molecules,
flexible bonds

2 fstranslation, rotation, 
torsions

Flexible molecules,
rigid bonds

5 fstranslation, rotationRigid molecules

Suggested time stepTypes of motionSystem
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Temperature and Pressure
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Etot = Epotential + Ekinetic
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τ_̂̀abcdêfgd̀h̀ijkjh

∆
k̂fkjgh̀k̂bfk̂ij_kjd

dTldtmnTo1pT bathqTptrr

smp1tutlnTpT bathlTptrq1rro1v2

• The pressure is related to the volume of the system and the 
interaction between particles

• Ideal gas:      PV = NkbT

• Real system: 

– The second term is the virial describing the contribution due 
to the forces between the particles

– Can easily be calculated in MD when calculating the forces 

• Pressure can be controlled by varying the volume of the system 
and scaling the position of the molecules
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dPldtmnPo1pP refqPptrr

sm1q,utlnPpP refqPptrr
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Starting structure

Initial Energy Minimization
in chosen force field in 

vacuum

Generate solvent box

Energy Minimization of 
solvent, 

solute fixed

Add counter ions if needed

Energy Minimization of solvent 
+ ions, solute fixed

MD equilibration

slowly release solute and/or 
increase temperature

MD production

Store positions, energies, velocities
As a function of time for analysis

Analysis

properties of interest converged? 
If not extend production run
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