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MOLECULAR MODELING 

 

 

The term molecular modelling expanded over the last decade from the tools to 

visulalize three dimensional structures and to simulate, predict and analyse the properties and 

the behaviour of the molecules on an atomic level to data mining and platform to organize 

many compounds and their properties into database and to perform virtual drug screening via 

3D database screening for novel drug compounds. 
 

Molecular modelling allow the scients to use computers to visualize molecules 

means representing molecular structures numerically and simulating their behaviour with the 

equations of quantum and classical physics to discover new lead compounds for drugs or to 

refine existing drugs insilico. 

 

Goal:  
To develop a sufficient accurate model of the system so that physical experiment may not be 

necessary 

 

The definition currently accepted of what molecular modeling is, can be stated as this:  
“Molecular modeling is anything that requires the use of a computer to paint, 

describe or evaluate any aspect of the properties of the structure of a molecule” (Pensak, 

1989). Methods used in the molecular modeling arena regard automatic structure generation, 

analysis of three-dimensional (3D) databases, construction of protein models by techniques 

based on sequence homology, diversity analysis, docking of ligands or continuum methods. 
 

Thus, today molecular modelling is regarded as a field concerned with the use 

of all sort of different strategies to model and to deduce information of a system at the atomic 

level. On the other hand, this discipline includes all methodologies used in computational 

chemistry, like computation of the energy of a molecular system, energy minimization, 

Monte Carlo methods or molecular dynamics. In other words, it is possible to conclude that 

computational chemistry is the nucleus of molecular modeling. 
 

 

Applications 
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Molecular modelling methods are now routinely used to investigate the structure, dynamics, 

surface properties and thermodynamics of inorganic, biological and polymeric systems. 
 
The types of biological activity that have been investigated using molecular modelling 

include protein folding, enzyme catalysis, protein stability, conformational changes 

associated with biomolecular function, and molecular recognition of proteins, DNA, and 

membrane complexes. 

 

Why models are used?  

• a) to help with analysis and interpretation of experimental data  
• b) to uncover new laws and formulate new theories  
• c) to help solve problems and hint solutions before doing experiments  
• d) to help design new experiments  
• e) to predict properties and quantities that are difficult or even impossible to observe 

experimentally 
 
Simulations and computer “experiments” can be designed to mimic reality, however, are 

always based on assumptions, approximations and simplifications (i.e. models). 

 

Important characteristics of models are:  
• a) Level of simplification: very simple to very complex  
• b) Generality: general or specific, i.e. relate only to specific systems or problems  
• c) Limitations: one must always be aware of the range of applicability and limits of 

accuracy of any model.  
• d) Cost and efficiency: CPU time, memory, disk space 

 

Computable quantities: 
 

• a) molecular structures: closely tied to energy (best structure - one for which the 

energy is minimum)  
• b) energy: potential energy surfaces (PES) - extremely important! PES dictate 

essentially everything about the molecule or system  
• c) molecular properties that can be compared to/used to interpret experiments: 

thermodynamics, kinetics, spectra (IR, UV, NMR)  
• d) properties that are not experimental observables: bond order, aromaticity, 

molecular orbitals 

 

Three stages of Molecular Modeling  
1. Model is selected to describe the intra and inter mol. Interactions in the system  

–  Two common models  
–  Quantum mechanics  
–  Molecular mechanics 

 

These models enable the energy of any arrangement if the atoms and mol to be calculated and 

allow the modeller to determine how the energy of the system varies as the positions of the 

atoms and molecular changes 
 
2. Calculation itself such as energy minimization, molecular dynamics or Monte carlo 

simulations or conformational search 
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3. Calculation must be analyzed not only to calculate properties but also to check that it has 

been performed properly 

 

Molecular Visualisation 
 

Once 3D coordinates are available, they can be visualised, an important aid to interpretation 

of molecular modelling: 
 

• Wireframe, Ball and Stick and Spacefill for small and medium sized molecules  
• Ribbon for protein, nucleotide and carbohydrate structures to render the tertiary 

molecular structures, Polyhedral modes for eg ionic lattices.  
• Isosurfaces, which are generated from the sizes of atoms, and onto which can be 

colour coded further properties such as MOs, charges etc.  
• Animation to view molecular vibrations and the time dependent properties of 

molecules such as (intrinsic) reaction coordinates, protein folding dynamics, etc.  
• Integration and Scripting. Programs such as Jmol or ChemDoodle allow seamless 

integration of models as part of lecture courses, electronic journals, podcasts, iPads, 

etc and increasingly elaborate scripting of the models to illustrate scientific points. 
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POTENTIAL ENERGY SURFACE 
 

• A potential energy surface (PES) describes the energy of a system, especially a 

collection of atoms, in terms of certain parameters, normally the positions of the 

atoms. The surface might define the energy as a function of one or more coordinates; 

if there is only one coordinate, the surface is called a potential energy curve. 
 

• The PES concept finds application in fields such as chemistry and physics, especially 

in the theoretical sub-branches of these subjects. It can be used to theoretically 

explore properties of structures composed of atoms, for example, finding the 

minimum energy shape of a molecule or computing the rates of a chemical reaction 
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The Molecular Modeling Toolbox 

 

Molecular Mechanics Methods  
Molecules modeled as spheres (atoms) connected by springs (bonds)  

• Fast, >10
6
 atoms 

• Limited flexibility due to lack of electron 

treatment Typical applications  


 Simulating biomolecules in explicit solvent/membrane 


 
Geometry optimization 


  Conformational search 
 

Quantum Mechanical Methods  
Molecules represented using electron structure (Schrödinger equation) 
 

• Computationally expensive , <10-100 atoms, depending on method  
• Highly flexible – any property can in principle be 

calculated Typical applications  
• Chemical reactions  
• Spectra  
• Accurate (gas phase) structures, energies 

 

QUANTUM MECHANICS  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fundamentals of Quantum mechanics 
 

Light- energy- photons/quanta- wave –particle-duality 
 

Schrodinger -Every quantum particle is characterized by wave function 
 

Developed a differential equation which describes the evolution of 
 

Predicts analytically and precisely the probability of events/outcome (TIME) 
 
 

 

• Represents electrons in a calculation  
• Derive the properties that depend on electronic distribution – particularly 

the chemical reactions in which bonds are broken and formed 
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• H – Hamiltonian operator  
• E – energy of the system  
•  - wave function  
• But SE can be used only for very small mol such as H and He  
• So approximations must be used in order to extend the utility of the 

method to polyatomic systems 
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Time-Dependent Schrodinger Wave Equation 
 
 
 
 
 
 
 
 
 
 
 

 

Total E term K.E. term P.E. term 
 

PHYSICS 
NOTATION 
 
 
 

 

Time-Independent Schrodinger 
Wave Equation 
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• Eigen value equation 
 

• Operator (H) acts on function (eigen function) () 
 

• Returns the function () multiplied by a scalar value (eigen value) (E) 
 

• Hamiltonian operator  
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Helium atom  
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