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SOME SYSTEMATIC ERRORS IN MINDO/3 CALCULATIONS
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In their detailed description and evaluation of the MINDO/3 method Bingham, Dewar, and
Lol pointed out some types of compounds which gave calculated heats of formation which were poorly
correlated with experimental values. They specifically identified acetylene derivatives, small
ring compounds, aromatic compounds, and compact, globular molecules as types for which the error
in AHf often exceeded 10 kcal/mol. Dewar and Thiel2 developed the MNDO method to overcome the
problems inherent in the MINDO/3 method. The new approach was shown to give improved accuracy
with some problem types but it was claimed that foﬁr—membered rings and branched compounds
remained as problem cases.

Our interest in cyclic halonium ions3’4 and in the equilibria bectween cyclic halonium
ions and haloalkyl carbocations4 led us to calculate the energies of cyclic chloronium ions and

Lo . . 5- . . . 2
their isomeric open chain carbocations. 8 Because we subscribed to the v1ewl’

that MINDO/3
calculations of the energies of small rings poorly correlated with experimental values, we
calculated a variety of cyclic structures to see if the ring size errors were systematic and
could possibly be systematically removed. Knowing that a branching error5 would complicate the
data analysis, we chose to calculate only unsubstituted ring systems. A comparison of calculated9
and experimental heats of formation is shown in Table I. Geometries of the previously unreported
structures are given in Table II.

We believe that the series of molecules in Table I is representative of the success of
the method in calculating heats of formation for unsubstituted cyclic compounds. To our surprise
the small rings were not uniquely calculated to be too stable. In fact the data show that four-

and seven-membered rings have the largest average errors while six-membered rings have the

smallest. Three- and five-membered rings have similar average errors.
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Another point can clearly be made from these data; there is a significant functional
group (or element) error which appears to be systematic.lo For example, the average error in
AHf for cycloalkenes is less than that for the other type structures while the average error for
the cyclic thioethers is the largest of the types compared. It is interesting to note that
although the accuracy in calculating AHf values for cyclic thioethers is poor,the precision is
quite good as each value is within 3.0 kcal/mol of the average of the set.

It is our current view that the branching,5 functional group, and ring size errors are
systematic; therefore, comparison of AHf values for isomeric structures of any type would seem to
be justified provided the AHf values are corrected for the systematic errors. Although the
systematic functional group and ring size errors could be estimared from the data in Table I, the
use of acyclic molecules for the correction of the functional group errors would be preferred. We
are currently in the process of calculating the series of molecules which will allow an indepen-
dent evaluation of these errors and will therefore postpone any discussion on our ability to cor-
rect for such errors to a later article.l1 Until the errors are completely catagorized, conclusions
drawn from comparing MINDO/3 calculations on molecules of different ring sizes and from calcula-
tions of different functional groups should be qualified.
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