
The Orbital Model of Bonding 
Electron Density Distributions 

A bond in the Lewis 
model becomes an 
electron density map 
in the MO model 
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Red - electron rich regions 
Blue - electron deficient regions 

The electron density map 
describes where the electrons 
are (nucleophilic sites) and where 
they are not (electrophilic sites) 
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HQuantum mechanics is the branch of physical chemistry concerned 
with calculating a molecule’s electron density distribution. Electron 
density and how electron density varies in space is key to 
understanding molecular bonding and geometry.  The forces holding 
nuclei together are Coulombic (i.e., electrostatic) interactions between 
electrons and nuclei.  These attractive forces are balanced by 
repulsive interactions (i.e., electron-electron repulsion and nuclear-
nuclear repulsion).  A quantitative expression of these ideas is given 
by the Hellman-Feynman theorem which states that the total force on 
a nucleus in a molecule is the sum of the Coulombic forces exerted by 
the other nuclei and by the electron density distribution, ρ.  The 
“bottom line” is that electrostatic forces are the only forces that 
operate in a molecule to hold the atoms together; there are no 
mysterious quantum mechanical forces.  The electron density 
distribution, ρ, together with the positions of the nuclei determines if 
a particular arrangement of atoms (i.e., a molecule) is stable or not.   

For details see: R. J. Gillespie, and P. L. A. Popelier, Chemical 
Bonding and Molecular Geometry, Oxford University Press, New 
York, 2001; pp. 134-136. 



The Glue that Holds Molecules Together 
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When a pair of hydrogen atoms approaches one another, both attractive (green) and repulsive (red) 
electrostatic interactions are present.  For the purposes of the illustration, the electrons are depicted as 
point charges (-q) instantaneously frozen at the indicated positions.  The large circles of charge +q 
represent the nuclei.  Coulomb’s law governs the strength of the individual forces, meaning that the 
separation distance between each pair of interacting particles determines the force.  The location of the 
electrons relative to the nuclei governs the net force.  If the electrons are located between the nuclei, 
the net force is attractive and pulls the nuclei toward one another.  If the electrons lie on a line outside 
the nuclei the net force is repulsive and pushes the nuclei apart.	


q = charge 

Attractive electrostatic forces between charges of opposite sign 

A net binding force between two nuclei requires that 
the electrons be distributed between the nuclei 



Electron Density Plot for a Pair of Non-Interacting 
Hydrogen Atoms 
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Electron Density Description of Covalent Bonding 
Interacting H 
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