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of those in Figure 1. The observed rotational strength
is —2 X 107 esu? cm?; the dipole strength is 1.0 X
10-3° esu? cm2 The C*-H stretch, which is shown by
the calculations! to enjoy a larger rotational strength,
is difficult to study experimentally because of over-
lapping neopentyl C-H stretching modes.

The observed CD peaks shown in Figure 1 correspond
to measured absorbance differences (base 10) of 2 X
10-5. We checked for false peaks of this magnitude
by three methods: (a) absorption base lines;® (b)
racemic sample; (c) optically inactive molecules in an
optically active solvent. No spurious CD was ob-
served.

The present study has concentrated on C*-H and
C*-D stretching modes of I and Il because these are
instrumentally favorable. We are now extending our
experiments with these molecules to lower energies.
A theoretical analysis of the structural sources of the
observed vibrational CD is presented in our accom-
panying communication.?!
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Infrared Circular Dichroism of Carbon-Hydrogen and
Carbon—Deuterium Stretching Modes. Calculations
Sir:

In our accompanying communication! we reported
measurements of the circular dichroism (CD) associ-
ated with the C*-H stretch in (S)-(+)- and (R)-(—)-
2,2,2-trifluoro-1-phenylethanol (1), and the C*-D stretch
in (R)-(—)-neopentyl-I-d-chloride (II). Since these
data represent the first observations of Cotton effects
arising from molecular vibrations in the liquid state,
it is of some current interest to inquire more fully into
the molecular motions responsible for the optical ac-
tivity. Accordingly, we have performed normal co-
ordinate analyses for the molecules in question and
calculated the vibrational rotational strengths for the
pertinent Cotton effects.

The general equations employed for calculating the
vibrational rotational strength R and the vibrational
dipole strength D are essentially those given by Schell-
man? for the fixed atomic charge model but multiplied
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by a factor® of (1/2w). The charges were initially
chosen by a method described previously* so as to
reproduce the bond dipole moments listed by Smith.5
These charges were then scaled upward (factor of 1.6
for the C*~H moment in 1, factor of 1.5 for the C*-D
moment in II) so as to approximate the experimental D
values obtained from the absorption spectra. These
final charges were then used for computing the R values.
Figure 1 shows the final charges (units of e = 4.8 X
10—10 esu) and the geometrical data employed.

The normal coordinate calculations were carried
out in the manner described by Gwinn® and utilized a
valence force field. In the case of I, the field con-
sisted only of diagonal force constants chosen from
standard references.”™® To keep the calculation of
manageable size, the phenyl and CF; groups were treated
as pseudoatoms of mass 28.0 and 24.0 amu, respec-
tively. These values were chosen so as to put the C-C
stretching modes near 900 cm™—!, the approximate
frequency of a C~C stretch.!® The final results for 1
are given in Table I for the staggered conformation

Table I. Rotational and Dipole Strengths for
(8)-(+)-2,2,2-Trifluoro-1-phenylethanol

7 (cm™1) R (esu cm)? D (esu ¢cm)?
Obsd 2910 2 X 1074 1.4 X 102
Caled 2936 2.5 X 1074 1.5 X 10-2

shown in Figure 1, along with the experimental values.
To test, in part, the effects of the pseudoatom approxi-
mation, a more elaborate calculation was performed
in which the pseudoatom approximation for CF; was
relaxed. This produced no qualitative changes in
the optical activity associated with the C*—H stretching
mode.

The calculations show that the R value for the 2900-
cm~! C*-H transition arises principally from the mixing
of a small amount of the C-O-H angle bend (large mag-
netic dipole transition moment) with the C*-H stretch-
ing mode (large electric dipole transition moment).
The mixing and the sign and magnitude of the resultant
R value depend strongly on the position of the O-H
bond relative to the C*-H bond. This interpretation
is unaffected by modest changes in the diagonal force
constants or by the introduction of off-diagonal force
constants that connect motions in the C-O-H moiety to
motions in the rest of the molecule. For example,

(3) Using a matrix formalism, we have also derived the equations per-
tinent to the fixed atomic charge model. Our final expressions for R
and D are entirely equivalent to those published by Schellman except for
a constant multiplicative factor of (1/27). Schellman (private commun-
ication) informs us that the missing factor of (1/27) is just the result of
a typographical error, and that his calculations published in ref 2 actu-
ally include the (1/2w).

(4) C. W, Deutsche and A. Moscowitz, J. Chem. Phys., 49, 3257
(1968); 53, 2630(1970).

(5) J. S. Smith, “Electric Dipole Moments,” London, Butterworths,
1955.

(6) W.D. Gwinn, J. Chem. Phys., 55,477 (1971).

(7) E. B. Wilson, J. C. Decius, and P. Cross, ‘“Molecular Vibrations,”
McGraw-Hill, New York, N. Y., 1955.

(8) G. Herzberg, “Infrared and Raman Spectra,” Van Nostrand-
Rheinhold, New York, N. Y., 1955,

(9) A detailed listing of all the force constants used in the calculations
described in this work for I and II and the resultant frequency assign-
ments is available from the authors upon request.

(10) R. T. Conley, “Infrared Spectroscopy,” Allyn and Bacon,
Boston, Mass., 1966.

Journal of the American Chemical Society [ 96:1 [ January 9, 1974



if the appropriate force constants from the valence force
field for methanol reported by Margottin-Maclou!!
are transferred, then the qualitative results of our cal-
culations are retained. Finally, the conformational
dependence of R provides a ready explanation for the
observed discrepancy of 20 cm—! between the CD and
absorption maxima, namely, that the CD band is a
population weighted sum of conformer contributions.

The calculations for II were done twice with two dif-
ferent force fields. For both fields the diagonal force
constants for the fert-butyl groups were transferred
from the alkane force field of Schachtschneider and
Snyder!? (S-S). However, the diagonal and off-
diagonal force constants for the CHDCI end of the
molecule were taken in the first instance from the alkyl
chloride field of (§-S)!? and in the second instance from
the ethyl chloride field of Dempster and Zerbi'* (D-Z).
The resultant two fields will be denoted, respectively,
as the (5-S)-(5-S) field and the (S-S)-(D-Z) field.

As shown in Table 11, the two fields give somewhat

Table II. Rotational and Dipole Strengths for
(R)-(—)-Neopentyl-/-d-Chloride
Force field 5 (cm™Y) R (esu ¢m)? D (esu c¢cm)?
Obsd 2204 -2 X 1074 1.0 X 103
Caled  (S-S)-(S-S) 2202 —4.0 X 1074 1.2 X 107%
(8-S)-(D-Z) 2204 —1.0 X 1074 1.2 X 1079

different results, with the (S-S)-(D-Z) field predicting
an R vzlue more nearly in accord with experiment.
This, despite the fact that the two fields predict fre-
quencies for the C*-D stretching mode that differ by
only 2 cm~!. The superiority of the (D-Z) ethyl chlo-
ride field for the present purposes is probably related
to the fact that it was fit to several deuterated isomers of
ethyl chloride, while the (S-S) alkyl chloride field was
fit to a series of undeuterated n-alkyl chlorides. How-
ever, the important inferences to be drawn are: (1)
the sensitivity of the calculated R values to the precise
choice of force constants when dealing with relatively
small rotational strengths (cf. the R values for I and 1I)
and (2) the potential utility of vibrational optical
activity data as additional criteria in the selection and
determination of vibrational force constants.

Some further conclusions can be tentatively drawn
from the above results. First, within limits, the point
charge model can probably be used in a semiempirical
way to make reasonable estimates of vibrational elec-
tric dipole transition moments. However, as the calcu-
lated R values are low, by an order of magnitude in the
case of I, it seems that the model may fail as regards
magnetic dipole transition moments. This is in ac-
cord with the discussion of Schellman,? who antici-
pated possible underestimation of magnetic dipole
transition moments by the point charge model.
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4.80 X 10~ esu).
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MINDO/3 Study of the Electronic
States of Methylene!

Sir:

While the ground state of methylene is known? to
be a triplet, the separation of this from the lowest singlet
has been a matter of controversy., Earlier calcula-
tions*? had led to values in the range 25-40 kcal/mol,

in agreement with an admittedly uncertain estimate
(38 kcal/mol) from electron impact work.’® On the
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