1596 CORRESPONDENCE

Potential Field Refinement in Some
Trigonal-Bipyramidal Molecules

Sir:

The new vibrational amplitudes for some trigonal-
bipyramidal molecules made available in the preceding
note by Bartell’ show ranges for F.,~F., and Fe;—Fax
nonbonded distances which are intermediate for the
most part between values expected for the two force
fields recently discussed by us®? as well as others* (as-
signment A [v(equatorial in-plane bend) > »(axial
bend)] and assignment B [v(axial bend) > »(equatorial
in-plane bend) ].

Lack of sufficient spectroscopic data made necessary
normal-coordinate calculations focused primarily on
the diagonal force constants. As a consequence of
the underdetermined character of the potential func-
tion two acceptable fields resulted. Actually a con-
siderable range of force fields between these two ‘‘ex-
tremes’ is possible. Certain physical arguments were
cited?? favoring field A while others, Coriolis coeffi-
cients, favored field B. As a result no conclusion re-
garding the “correct” field was given.

What the new amplitude data suggest is an impor-
tance associated with interaction force constants.
For example, strong coupling of axial and equatorial
bending coordinates would tend to equate the Fux—
Foq and Fe—F., amplitudes in a normal-coordinate
calculation over that provided by either field A or B.
In this way agreement with the diffraction amplitudes!
may be achieved.

Thus, we calculate a best fit in the case of PF;® where
the low-frequency bending mode »; (179 cm™%) is
described as made up of 559 equatorial in-plane bend-
ing and 459 axial bending motion in terms of the po-
tential energy distribution. In a similar manner, the
high-frequency bending mode »s (533 cm™?) of e’ sym-
metry exhibits strong coupling between axial bending
(379,) and equatorial antisymmetrical stretching
(539%,) motions in addition to some contribution from
the equatorial in-plane bend (109). The e’ stretch-
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ing mode (1026 em™") couples 75% antisymmetric
stretching with about 259 axial bending coordinates.

The above mode descriptions make more under-
standable the appearance of particularly low-bending
frequency fundamentals in pentacoordinated mole-
cules in comparison to bending frequencies for other
coordination numbers involving these same central
atoms and ligands® In other simple coordination
numbers two bending coordinates of the same symmetry
are not available for such effective coupling. In-
stead, the more usual bend-stretch interaction of the
type indicated for the 533-cm™! frequency for PF; is
possible. The presumably weaker axial bonds’ indi-
cated to be involved in the coupled bending vibration
are expected to influence the magnitude of the asso-
ciated frequency. However, other factors emphasized
by Bartell! undoubtedly contribute as well.

As pointed out previously? the low-frequency funda-
mental to a large measure is thought to make up the
intramolecular exchange coordinate for those molecules
where evidence exists for such a process. It now ap-
pears that this motion is more nearly an equal mixture
of equatorial and axial bending coordinates than that
suggested by either fleld A or B.3* Such a pseudo-ro-
tational motion is just that first suggested by Berry® to
explain the nmr spectrum of PF;.

Further, the lack of intensity in the infrared spec-
trum for the low-frequency fundamental in PF;,® VF; 10
and others* is reasonably explained. Opposing di-
poles are expected to arise from the opposite movenients
of equatorial and axial ligands and may lead to a very
low net dipolar change accompanying the vibration.!

The importance of anharmonicity may be consider-
able in analyzing amplitude variations, especially in
view of the presence of low-frequency fundamentals.
However, data at hand do not allow this refinement of
the vibrational potential function.
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