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Course Preamble:  The  objective  of  this  course  is  to  develop  basic  understanding  among 

students  on chemical  structure and transformation of organic  molecules and also  to  develop 

critical  thinking skills.  The course will provide an overview of the fundamental concepts of 

electronic structure, molecular arrangements, substitution effects, stereochemistry and common 

organic reactions. Students will be provided with in-depth information on the above areas. 

Course Outline: 

 

Unit 1: Introduction to Computational Chemistry [16 Lectures] 

 

Scope of computational chemistry, Numerical Methods (algorithms), Molecular Mechanics / Force 

Field Methods, molecular dynamics, Born-Oppenheimer approximation, potential energy surfaces, 

local and global minima, transition states.      

                                                                                                                             

Unit 2: Basics of Approximate methods. [6 Lectures] 

 

Variational method, Hartree-Fock methid.  Molecular orbital theory, Slaterdeterminants, anti-

symmetry principle, restricted and unrestricted references, self-consistent-field (SCF) 

procedure.         

                                                                                                                              

Unit 3: Use of Approximate methods [6 lectures] 

 

Basis sets, Hartree-Fock algorithm, Electronic spin degeneracy, evaluating the spin of Slater 

determinants, computational simplification using Group Theory, Semi-empirical methods, 

Geometry optimization.     

 Unit 4: Thermodynamic Properties [8 Lectures] 

 

Intrinsic reaction coordinate (IRC) analysis, Introduction to analytic gradient theory, Transition 

state theory, statistical mechanics, and thermodynamic properties.  

                                                                                                                              

Unit 5: Advanced Methods [6 Lectures] 
 



Electron correlation, Configuration interaction, Many-body perturbation theory. Comparing the 

performance of electronic structure theories.  

                                                                                                                                 

Unit 6: Hands on experience [0 Lecture] 

 

Hands on experience on the use of computational chemistry packages & understanding of 

experiments done in Laboratory courses  
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