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A Calculation of the Rotamer Energies of Halogenoethanes

By R. J. ABranaM* and K. PARRY
(Department of Organic Chemistry, The University, Liverpool 1.69 3BX)

Suminary A calculation is given, based on a classical model
of ronbonded interactions, which successfully predicts
the vapour-phase rotamer energy differences of 1,2-
dihalogeno, 1,1,2-trihalogeno-, and 1,1,2,2-tetrahalo-
geno-ethanes.

ONE of the most long-standing problems in rotational
isomerism is the rotamer energy differences in 1,2-dihalo-
geno-, 1,1,2-trihalogeno- and 1,1,2,2-tetrahalogeno-ethanes
(I, IL, II1; X = Cl, Br)2

These well documented vapour-phase energy differences
(Eg — E4y) are for (I) 1-20 and 1-66; for (II) ca. 2-6 and
>1-5; and for (ITI) 0-0 and 0-0 kcal. /mole for X = Cl and
Br, respectively.!»* On any additive scheme of the inter-
actions present, the energy differences in (I), (IT), and (I1I)
would all be equall! Clearly this is far from the case. The
suggestion has been made that these energy differences are
due to nontetrahedral X-~C-X angles,? but previous attempts
at quantitative calculations did not reproduce even the
general trends of the observed data.®:*

Since this early work, more accurate data on intra-
molecular forces and on molecular geometries has lead to
an increasing interest in such calculations, but although a
number of successful schemes for hydrocarbons have been
put forward,® none has yet been reported for the more
complex halogeno-compounds. We report the results of a
model we have devised which successfully predicts the
observed energies in (I), (II), and (III) and a variety of
other halogenated compounds.

This treatment is well known.® The novel features of our
model are: (i) The coefficients a;; are obtained as those
values which make the steric term zero at the van der
Waals distance, not the values which minimise the steric
term at this distance. (ii) The coefficients d;; are related
to the charge on X via the dipole moment of the C-X bond,
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not the electronegativity of X. The charges are taken to
be the same in both CH,X and CHX, groups, and the
dipole moments are related to those of the ethyl halides.?.8
(iii) The attractive electrostatic interaction between H and
X is included. Also a consistent scheme of bond lengths

Calculated and observed votational energies® in halogenoethanes

Calculated contributions

Molecule @ Steric dipolar

X=C g 0 .. .. 1-54 232

{1 t L 105 1-81
N=Br g 70 0-84 1-84

t 0-15 1-42

X =2Cl g 2-89 479

(IT) t 68 1-90 415
X=Br g 2:01 3-82

t 70 0-65 3:27

X =2C g 66 3-64 8-96

(I11) t 416 8-52
X =Br g 66 2-47 7-12

t 2-58 6-76

- X Energy differences!s?
dipolar torsional Calc. Obs.
o I T S
= A S
o 003 1-93 23,30
e 090 2:11 >15,2:0°
aa oo 0-29 0:0 (40-2)
= A

a All energies are in kcal./mole.

On -his model, the total energy of any rotamer is given
by the torsional strain plus the sum of the nonbonded
interactions, which must include both the steric and dipolar
interactions in these molecules.

This gives, for any given dihedral angle w

U (w) = (Vo/2)(1 + cos 3w) +
Z_.[“ﬁ exp (—b;7y;) — (Cia'/”?j) + (@y5/7:5)]
i

where the coefficients a, b, ¢, and d are characteristic of the
interacting atoms.

and angles is maintained, e.g., all C-C-X and X-~C-X
angles are taken as 111-0° and all H-C-H and C-C-H angles
are tetrahedral. This then defines the H-C-X angles in
any molecule. Full details of the model will be given
elsewhere.

The results using this model for (I), (II), and (ILI) are
shown in the Table. The dihedral angles of the unsym-
metric isomers were varied and the Table gives the values
of w and E corresponding to the minimum energy.

The Table shows that the observed energy differences
are well reproduced. In most cases the calculated values
are within the experimental error of the observed values.
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In particular the ‘“anomalous” results for the tetrahalo-
geno-compounds are now explained. The model demon-
strates that the observed energy difference in (I) is almost
equally divided into steric and polar effects (ca. 0-5 kecal./
mole for each). Whereas the electrostatic term in (I), (II),
and (III) is virtually constant (ca. 0-5 kcal./mole for XX)
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the steric term changes considerably, increasing in (II)
(10 X =Cl; 1'4 X = Br) and reversing sign in (III)
(=05 X =Cl; —0-1 X = Br). This is undoubtedly due
to the nontetrahedral X~C-X angles, thus giving quanti-
tative confirmation to Miyagawa’s original suggestion.?
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