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TECHNIQUES IN MOLECULAR MODELING AND 

COMPUTATIONAL CHEMISTRY

COMPUTATIONAL CHEMISTRY : is the science of representing
molecular structure numerically and simulating their behaviour
with the equation of quantum and classical physics.

� Interaction with in a system

a. Quantum mechanicsa. Quantum mechanics

b. Molecular Mechanics

� Energy Models

a. Energy minimization

b. Molecular Dynamics

c. Molecular GraphicsI

� Hit to lead Molecular Docking



� Stage 1 : A model is selected to describe the intra and inter molecular
interaction in the system.

� The two most common model used in molecular modeling are
quantum mechanics and molecular mechanics.

� These modes enable the energy of any arrangement of the atom and
molecule of the system to be calculated and allow the modeller to
determine how the energy of the system varies as the position of the
atoms and molecule change.atoms and molecule change.

� Stage 2 : In this calculation of energy minimization is done.

� Stage 3 : Calculation must be analysed , not only to calculate the
properties

But also to check that has been performed properly .



QUANTUM MECHANICS

� Quantum Mechanics is a set of scientific principles describing the
known behaviour of energy and matter that predominates at the
atomic and subatomic level.

� The name derives from the observation that some physical quantities
such as the energy of an electron in a material – can be changed only by
set amounts, or quanta, rather than bieng capable of varying by an
amount.amount.

� The wave particle duality of energy and matter at the atomic scale
provides a unified view of the behaviour of particles such as photons
and electrones.



� Ψ is understand to be the electronic wave function for a many atom
system .

� From this equation molecular properties can be derived.

� Where E is the energy of the system relative to one in which all atomic
particles are seperated to infinite distance.

� Ψ is the wave function which define the cartesian and spin cordinate of
atomic particles .

� H is hamiltonian operator which include term for both potential and� H is hamiltonian operator which include term for both potential and
kinetic energy.

� This equation is useful for very small molecule.

� It assumes that the nuclei are much heavier than electrones and moves
much more slowly so that molecular system can be viewed as
electrones moving in a field of fixed nuclie .









MOLECULAR MECHANICS IS USED FOR FOLLOWING 

CALCULATION

� Energy minimization

� Identifying conformation

� Energy calculation

� Generating Different Conformation

� Studying molecular motion



ENERGY MINIMIZATION

� The lowest energy conformation is the set of bond lengths and angles
that gives the smallest steric energy.

� In other words, bonds find a compromise among competing forces to
determine the lowest energy conformation.

� The goal of molecular mechanics is to determine the lowest energy
confomation of a molecule. The process is called energy minimizatio.

� Knowing the stable conformers of a molecule is important because it� Knowing the stable conformers of a molecule is important because it
allows us to understand its properties and behavior based on its
structure.

� Energy minimization is a numerical procedure for finding a minimum
on the potential energy surface starting from a higher energy initial
structure, labeled "1“.

� During energy minimization, the geometry is changed in a stepwise
fashion so that the energy of the molecule is reduced, from steps 2 to 3
to 4





� After a number of steps, a local or global minimum on the potential 
energy surface is reached.

� Most energy minimization methods proceed by determining the 
energy and the slope of the function at point 1.

� If the slope is positive, it is an indication that the coordinate is too large 
(as for point 1).

� If the slope is negative, then the coordinate is too small.

� The numerical minimization technique then adjusts the coordinate; if 
the slope is positive, the value of the coordinate is reduced as shown by 
point 2.

� The energy and the slope are again calculatedfor point 2.

� If the slope is zero, a minimum has been reached. If the slope is still 
positive, then the coordinate is reduced further, as shown for point 3, 
until a minimum is obtained.



� Many of the methods used to find a minimum on the potential energy 
surface of a molecule use an iterativeformula and proceed in a step-
wise fashion. These are all based on formulas of the type:    

x(new) ₌  x(old) ₊  correction

� In the equation, xnew refers to the value of the geometry at the next 
step (for example, moving from step 1 to 2 in the figure),

� xold refers to the geometry at the current step, and correction is some � xold refers to the geometry at the current step, and correction is some 
adjustment made to the geometry.

� In all these methods, a numerical test is applied to the new geometry 
(xnew ) to decide if a minimum is reached.

� For example, the slope may be tested to see if it is zero within some 
numerical tolerance.

� If the criterion is not met, then the formula is applied again to make 
another change in the geometry





Newton-Raphson Method

� The Newton-Raphson method is the most computationally expensive
per step of all the methods utilized to perform energy minimization.

� It is based on a Taylor series expansion of the potential energy surface
at the current geometry.

� The equation for updating the geometry is:

x(new) ₌ x(old) ₋ E’(xold)\E’’(xold)x(new) ₌ x(old) ₋ E’(xold)\E’’(xold)

� Notice that the correction term depends on both the first derivative
(also called the slope or gradient) of the potential energy surface at the
current geometry and also on the second derivative (otherwise known
as the curvature).

� It is the necessity of calculating these derivatives at each step that
makes the method very expensive per step,

� However, the Newton-Raphson method usually requires the fewest
steps to reach the minimum



Steepest Descent Method

� Rather than requiring the calculation of numerous second derivatives,
the steepest descent method relies on an approximation.

� In this method, the second derivative is assumed to be a constant.

� The equation is :

₌ ₋x(new) ₌ x(old) ₋ γE’(xold}

� where γ is a constant.

� In this method, the gradients at each point still must be calculated, but
by not requiring second derivatives to be calculated,

� the method is much faster per step than the Newton-Raphson method.

� However, because of the approximation, it is not as efficient and so
more steps are generally required to find the minimum.



� The method is named Steepest Descent because the direction in which
the geometry is first minimized is in the direction in which the
gradient is largest (i.e., steepest) at the initial point.

� Once a minimum in the first direction is reached, a second
minimization is carried out starting from that point and moving in the
steepest remaining direction.

� This process continues until a minimum has been reached in all
directions to within a sufficient tolerance. Such a process is illustrateddirections to within a sufficient tolerance. Such a process is illustrated
for a system with two geometrical coordinates in Figure



Conjugate Gradient Method

� Conjugate gradient is a variation of the steepest descents method. The
calculation of the gradient is improved by using information from
previous steps.

� The gradients of the current geometry are first computed. The
direction of the largest gradient is determined after the gradient ofdirection of the largest gradient is determined after the gradient of
current geometry is computed.

� The geometry is minimized along this one direction (this is called a
line search). Then, a direction orthogonal to the first one is selected (a
“conjugate” direction). The geometry is minimized along this direction.

� This continues until the geometry is optimized in all the directions.

� Pure steepest descents algorithms always take 90° turns after each
stage, which may move the first minimization stage away from the
optimal value.







CONFORATION

� MINIMUM GLOBAL CONFORMATION

� BIOACTIVE CONFORMATION

MINIMUM GLOBAL CONFORMATION



MINIMUM GLOBAL 

CONFORMATION
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