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Lecture Notes: 
Three Lectures in 

Computational Chemistry 
 

Jens Spanget-Larsen  
RUC 2012-16 

 
Largely based on a chapter by Warren J. Hehre in the textbook by Thomas Engel: 
“Quantum Chemistry and Spectroscopy”, Pearson–Benjamin-Cummings, 2006. 
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Computational Chemistry 
Lecture Notes 1 
 
(RUC, NSM, September 2014)  
 
 
Isolated molecule 
Born-Oppenheimer approximation 
 Potential energy surface 
Nuclear eigenvalue problem 
Electronic eigenvalue problem 
 Molecular Mechanics 

MO theory 
 The LCAO-MO procedure 
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the electronic ground state and excited electronic states. In most cases, we are only 
interested in the ground state and a few of the lowest excited states.  
 
Potential energy surface 
A mapping of the electronic energy Ee(R) as a function of R describes the potential 
energy surface for the molecule in the electronic state in question. In the case of a 
diatomic molecule, the surface is a potential energy curve.  As an example is shown 
some results for different electronic states of NO:  

 
 
 
 
 
 
 
 
 
 
 
In the general case, the potential energy is a function of many nuclear coordinates, 
and mapping of a multi-dimensional potential energy surface is less straight forward. 
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In most cases, the description is restricted to a few nuclear degrees of freedom that are 
of particular interest. In the following example (from the chapter by Hehre) a single 
degree of freedom is selected, corresponding to a single torsional angle, resulting in a 
torsional energy curve: 

 
 

Two-dimensional surfaces can be represented by a contour map, or a “fishnet” 
diagram: 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 5 

 



 6 

Of particular importance is the location of stationary points on the surface, i.e., points 
where the gradient of Ee(R) is zero (also called extrema), corresponding to minima, 
maxima, and saddle points (first and higher order saddle points). Efficient computer 
algorithms are developed to locate these points. The global minimum of the surface, 
i.e., the point with the lowest energy, defines the nuclear equilibrium configuration 
for the molecule in the specific electronic state. Other minima correspond to local 
equilibria, indicating, e.g., rotamers or isomers. First order saddle points indicate 
transition structures, interrelating different minima. The reaction coordinate, 
describing the transition from one minimum, via a transition structure, to another 
minimum, amounts to the description of a molecular rearrangement or a chemical 
reaction: 
 

 
 
 
As a final example, the next two pages show color-coded representations of the 
computed two-dimensional energy surfaces spanned by two torsional angles of the 
compounds S-ethyl ethanethiosulfonate and S-isopropyl propane-2-thiosulfonate. The 
analyses revealed that these thiosulfonates are present as equilibria between several 
rotamers, giving rise to distinctly different IR spectra (T.X.T. Luu, F. Duus, J. 
Spanget-Larsen, J. Mol. Struct. 1049, 165-171 (2013)). 
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