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OR many years it has been implicitly assumed

that in a molecule such as pyridine the highest
occupied molecular orbital is a lone pair on N.! On
the basis of calculations of the extended Hiickel type?
for the monocyclic azines it is suggested that the lone-
pair concept is inadequate and that the highest occu-
pied o orbital is considerably delocalized. It should be
immediately emphasized that the conclusions are rele-
vant only to the spectroscopic orbital, i.e., the one
involved in ionization or #—* transitions. The chem-
ist’s loosely defined but extremely useful construct of
a lone pair in an organic reaction cannot be analyzed
by this method.?

The parameters for carbon and hydrogen are those
used previously?: the nitrogen Coulomb integrals were
chosen as —13.4 eV (2p) and —26.0 eV (2s), a rough
average of the valence state ionization potentials for
the two common N valence states.* Calculations were
first carried out on NHj; comparing with the SCF
results of Kaplan® and Duncan.® For the top filled
orbital, a Mulliken population analysis carried out on
Duncan’s wavefunction yields the gross atomic popu-
lations Nap, 1.719; N, 0.239; H, 0.014; i.e., a respect-
able lone pair, mainly ¢ in character. Use of the relation
H;=KS;0.5(H;+Hj;) with K=1.75 did not give the
correct NH; geometry,” while use of H;;=K'Sy; with
K’'=—35 eV gave a good match of the electron dis-

Fic. 1. Numbering system and
schematic indication of direction of
sp? hybrids in pyridine.
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tribution in the highest occupied orbital and the cor-
rect conformation. Calculations were performed with
both methods, a variety of azine geometries, and various
assumptions about N parameters; the general conclu-
sions are fairly insensitive to these.

Consider a set of sp? hybrids in pyridine, oriented as
in Fig. 1. Some representative overlap integrals be-

tween hybrids® are:
Sqr=0.0915 S.2=0.1189

Sae= —0.0996

S.r=0.0591
Sea=0.6704.

Clearly, the presumed lone pair ¢ mixes with other
o orbitals. A typical calculated charge distribution in
the highest molecular orbital occupied in pyridine as-
signs 2.0 electrons as follows: Ny, 1.06; Cp ¢, 0.18; Cs s,
0.17; Cy, 0.06; Hy 5, 0.03; Hyg, 0.03; Hy, 0.06. Over a
wide range of parameters, the extent of localization
in pyridine, i.e., the fraction of electrons on the nitro-
gen varies from 259, to 669,. Localization is better
in the higher azines. One curious effect is that increase
in nitrogen electronegativity, which at first sight would
appear to lead to a better localization of electrons
about N, in fact brings the top & orbital to lower en-
ergies, where it interacts more strongly with orbitals
of the same symmetry, with resultant increased de-
localization. Indeed the best lone pair in these calcula-
tions was that in CeHs.

In the delocalized highest o orbital, the electron
density which is on N is mostly in the 2po orbital with
less than 109 2s contribution.? In calculations of oscil-
lator strengths for o—#* transitions it is found that
two center integrals cannot be neglected. The calcu-
lated intensities are too small and are sensitive to the
parametrization. An extended discussion of the energy
levels and electronic distributions may be obtained
from the author.®

I would like to thank J. Goldin for computational
assistance. This work was supported by NTH and the
Harvard Computation Center.

* Junior Fellow, Society of Fellows, Harvard University.

1 References to the n—=* literature may be found in a review,
L. Goodman, J. Mol. Spectry. 6, 109 (1961).

2 R. Hoffmann, J. Chem. Phys. 39, 1397 (1963).

3 Similar conclusions have been reached by R. S. Mulliken,
J. Chim. Phys. (to be published).

¢H. A. Skinner and H. O. Pritchard, Trans. Faraday Soc. 49,
1254 (1953); H. Pritchard and H. A. Skinner, Chem. Rev. 55,
745 (19595).

§ H. Kaplan, J. Chem. Phys. 26, 1704 (1957).

6 A. B. F. Duncan, J. Chem. Phys. 27, 423 (1957).

7 A similar failure of the extended Hiickel theory occurs for
H;0, which in the calculation prefers a linear configuration.
Raising the H Slater exponent to 1.2 or 1.3 changes the H.O
minimum to an angle HOH=150° but has no effect on NH;. In
Ref. 2 are detailed some objections to the use of the simple rela-
tionship H;;j=K'S;.

8 In a model geometry of a perfect hexagon with side=1.40 &,
C-H 1.1 A. The Slater exponents are H, 1.0; N, 1.950; C, 1.625.

9 A similar composition of the lone pair has been suggested by
T. Anno and A. Sado, J. Chem. Phys. 29, 1171 (1958).

10 The computer program used in these calculation and those of
Ref. 2 is available from the Quantum Chemistry Program Ex-
change, Chemistry Department, Indiana University.



