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Based upon the Hellmann-Feynman theorem in its differential form RUEDEN-
BERG [4] calculates the barrier of internal rotation in ethane using orthogonal
localized one-electron molecular orbitals ¢;. Assuming that ethane consists of the
methyl groups @ and b, and that b rotates over an angle 0 relative to ¢ around the
carbon-carbon bond, he obtains:
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Group a contains electrons ¢ and nuclei «, electrons and nuclei of b are denoted
j and B respectively. Only two types of terms — viz. nuclear-nuclear repulsion
and nuclear-electron attraction — appear, because differentiation of the hamil-
tonian to 6 removes the contributions not depending explicitly on 6.

‘With the integral form of the Hellmann-Feynman theorem PARR and WyaTT
[2, 3] derive a similar expression, assuming for group a identical wave functions
for the staggered and the eclipsed conformations and a vanishing contribution to
the rotation barrier caused by the transition density in the vicinity of group 4.

The purpose of this note is to show that the rotation barrier obtained via a
first order perturbation treatment of the same model leads to a different result,
when the non-bonded interaction of protons and localized charge densities between
the two methyl groups is considered as the perturbation. Both conformations
have been calculated separately, after which the rotation barrier emerged from
the difference in first-order-perturbation energy.

If the wave functions of group @ and b are denoted by v, and vy the zero order
function to be used in the expression for the first order perturbation term is
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The four contributions to B’ may be written as follows:

3 3 3 8 3
jWaWb(glélR;§>Wuwde= > > Ry = 3/3211%;; = B,

a=l §=1
13 3 6 3
Jrerwo( 5, 5. pawar= 3.3 tritan =0 3 [ ginit in = B
3 6 3 6 3
f% v (021 2 7‘2?) vayodr=3 > j ¢ire v =6 2 J 757971 = Fyo 1

[

6 6 6 3
j% %(21 27 )% pode =3 3 j giriy i i doy = 12 3 j(}?? 7 @ dvs dvg = B, -

14
Apart from the terms given in (1),i.e. contributions from nuclear-nuclear repul-
sion and attraction between say nuclei § and group e electrons perturbation
theory entails also electron-electron repulsion and

Table attraction between nuclei x and group b electrons.

ABypn = 4.7 keal/mol As a simple approximation a perturbation calcula-
A = 3.4 keal/mol tion of the rotation barrier using linear localized orbi-
ABnax = 84 kealjmol 441 troduced by RUEDENBERG [4] has b form-
AE,, = 2.6 keal/mol y [4] has been perform
AEB 0w = 0.5 kealjmol ed. If L is the C-H bond length these orbitals —
giving rise to a constant charge density between the

~1
nuclei — are defined by ¢; = L 2. Both terms E,,; and E,, ;; then reduce to
integrals of the form
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The contributions to &,, take the form j In [c + do + (@ +ex +f) 2] dz, and has

been solved numerically*. The constants a, b ... f are defined by the molecular
configurations [1].

The data summarized in the table show that AEuer and AE,, are different
and of the same magnitude as both other terms. In contrast to a barrier of 1.3
kealfmol as found by RuepENBERG via the Hellmann-Feynman theorem the
result is now 0.5 keal/mol. Though the choice of orthogonal localized orbitals
prohibits a reliable numerical evaluation of the rotation barrier, it was thought of
interest to note the extra terms from this first order perturbation treatment.

The author is greatly indebted to Professor D. H. W. pex Bogr for his help and stimu-
lating interest.

* This calculation is carried out on the X;-computer of the Rekencentrum of this Univer-
sity.
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