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e—s{ bond length

600 1 i J
0 ) 10 15
I internuciear
distance (bohrs)

Formation of a hydrogen molecule by two hydrogen atoms. The left figures (a-h)
show electron density contours at various internuclear distances as the two atoms
come together. (The outer contours correspond to an electron density of 4.9 x 10=4
electron b3, where 1 bohr, abbreviated b, is 0.529 A. The electron density at each
Succeeding inner contour is larger by a factor of 2.) The right figure shows the
energy of the system at the same internuclear distances a-h. [SOURCE: A. C. Wahl,

Scientific American, 222, No. 4, 54 (1970).]
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The variation of the energy as-
sociated with the antbonding orbital, W,
(a-the solid white curve) and the bonding
orbital, W, (b-the solid black curve) as a func-
tion of the distance r between the two atoms.
The equilibrium internuclear distance r, cor-
responds to the minimum in curve b. Here
the stability associated with the bond is maxi-
mized.
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The formation of various excited state molacular orbitals from the hydrogen atom
atomic orbitals,
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2 Sy_mn}etry of molec_ular orbitals formed from atomic orbitals illustrating sigma
((a)'—(d)) and pi ((g), (f)) orbitals, and bonding ((a), (c), (e)) and antibonding ((b), (d), (f))
orbitals. The orbitals are depicted by electron density sketches with the sign of ¥ super-
imposed.
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Two isolated p orbitals Bonding
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Antibonding
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Two isolated p orbitals \\ L%
(with one electron in each) N
\\\
b
B I_'l:.. Bonding
7 MO

How two p orbitals combine to form two 7 (pi) molecular orbitals. The bond-
ing MO is of lower energy. The higher energy antibonding MO contains an additional node.
(Both orbitals have a node in the plane containing the C and H atoms.)
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