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While the spectrum of the orthorhombic crystal is in
agreement with group-theoretical predictions,* that of
the cubic crystal is at variance, although the very
broad and weak absorption may well be a superposition
of two broad bands. The disappearance of the sharp
spectral features may be attributed to the higher degree
of freedom of molecular motions (of rotational or
librational character) in the cubic phase, which for the
same relative temperature, T/Tumelting, 15 MOTE Prone to
molecular disorder than the orthorhombic phase.

A full report on the lattice spectra of acetylene,
ethylene, and ethane, the band positions, widths, and
intensities and their temperature dependence will be
given elsewhere.

The authors are grateful to O. Schnepp and W. H.
Smith for making available results prior to publication.
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Notes

Evidence in Support of the Vibrational
Renumbering of the O,* 211,
Ground State

D. L. ALsriTTON, A. L. SCHMELTEKOPF, AND R. N. ZArg*
ESSA Research Laboratories, Boulder, Colorado 60302
(Received 14 April 1969)

Recently Asundi! has suggested that the vibrational
numbering of the ground state of Os* be increased by
one unit. Bhale and Ramakoteswara Rao® have pre-
sented isotope-shift data for the Os* A4 °I,-X I,
second negative system supporting this suggestion.
Four years ago a similar situation occurred in the
vibrational numbering of the B %Il + state of I,. There
it was shown both by isotope-shift data® and by a
comparison of calculated and observed intensities? that
the vibrational numbering had to be reduced by one
unit. This has prompted us to consider the question of
how sensitive the calculated intensities of the Og*
second negative system would be to changes in the
ground-state vibrational numbering, and whether this
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Tasre 1. Comparison of observed and calculated intensities
of selected v progressions of the 0;*4 2IT,-X *II, second negative
transition.»

Calculated intensity

A Observed old New!.? nunlfgging
ad (A) intensity numbering numbering plus one
=6
4 2667 10.0 10.0 10.0 2.5
2797 <0.9 2.7 0.1 2.7
2937 6.8 0.3 4.6 10.0
v'=7
7 3023 10.0 10.0 10.0 1.1
8 3182 <0.7 1.6 0.3 5.7
9 3354 5.7 1.9 9.4 10.0
=10
4 2490 <1.4 2.4 1.6 10.0
2603 10.0 5.6 10.0 7.2
6 2724 <2.7 10.0 2.5 0.1

# The wavelength is that of the long-wavelength head and ¢ is the new
numbering.

sensitivity can provide evidence in support of the
proposed change in numbering.

We are preparing a comprehensive tabulation of
diatomic Franck-Condon factors based on RKR
potential curves constructed from the best available
spectroscopic data.’ Using Franck-Condon factors
calculated by the above method® we have constructed
intensity arrays for the second negative system based
upon the “old” numbering, the “new” numbering and
the “new” numbering plus one. We have also made
relative intensity measurements on this system excited
by a 5-kV electron beam. The molecular emission was
recorded photoelectrically with a double Ebert mono-
chromator whose transmission had been calibrated
using a tungsten-strip lamp. Shown in Table T is a
comparison of the above-measured intensities with the
calculated intensities for some v progressions selected
for their sensitivity to the renumbering. Within a
progression all intensities are normalized to 10 for the
strongest band.

Examination of Table I shows that in all cases the
intensity calculated using the new numbering agrees
best with the observed intensities. Both the old num-
bering and the new numbering plus one are clearly
inferior. Although the v’ progressions in Table I were
selected for maximum sensitivity, an analysis of all
these »” progressions that we observed showed that in
every progression the new numbering is better than or at
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least as good as the old numbering or the new num-
bering plus one. Furthermore, the conclusions above
also apply to the collection of intensity eye estimates
tabulated by Wallace.” Based on the foregoing we feel
that a comparison of observed and calculated intensities
strongly supports the vibrational renumbering of the
Og* ground state.

We wish to point out that this renumbering has the
following consequences. As noted by Asundi,' the
ionization potential of O; now has the value 12.059-+
0.001 eV, rather than the previously accepted value of
12.063£0.001 V. In addition, previous calculations of
Franck-Condon factors for the Oyt A 2I1,-X 11, second
negative system® % as well as the fonizing 0, X 32,
O,t X 1, transition’®* ¥ must be re-evaluated. Con-
clusions based on these previous studies, such as the
variation of the electronic transition moment R2(7, )
with internuclear distance,”” or the oscillator strength
deduced from fluorescent intensity measurements®
must be reconsidered. For example, we note that when
the intensity data of Robinson and Nicholls® is analyzed
using the Franck~Condon factors and 7 centroids based
on the new numbering, the variation of RZ(Fy.-)
substantially differs in magnitude and form from that
previously reported. Finally, we have found that the
anomaly in Robertson’s data® for the Penning process
leading to the second negative system of Os* is reduced,
if not eliminated, by the use of Franck-Condon factors
based on the new numbering,.

* Alfred P. Sloan Fellow. Address after 1 September 1969:
Chemistry Department, Columbia University, New York, N.V.
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Value of the Critical Absorption Coefficient
in Stimulated Thermal
Rayleigh Scattering
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Since it was first theoretically predicted by Herman
and Gray,! stimulated thermal Rayleigh scattering
(STRS) has been observed®™ in colored liquids and
gases. As more than one nonlinear process is possible
in such media, e.g., STRS and stimulated Brillouin
scattering, it is necessary that the gain for STRS must
be larger than or equal to the gain for competing non-
linear processes before it can be detected. Herman and
Gray® by comparing the gains per unit length for STRS
and stimulated Brillouin scattering have deduced that
the absorption « of the medium must exceed a critical
absorption, aqr, before STRS may be observable, viz.,

aZaa=%(n"—1)3(n*+2)

X[Cp(Aw) 5/Bm*c][(Tr+Tr) /(T2 T5)], (1)
where » is the index of refraction, C, and 8 are the
specific heat at constant pressure and the volume
expansion coefficient, respectively, (Aw)p is the fre-
quency shift of the Brillouin line, v is the speed of sound
in the medium, ¢ is the speed of light in vacuum, and
Tz, I'e, and Tr are the laser, Brillouin, and Rayleigh
linewidths, respectively. A comparison®*™ of experi-
mental values of aer with those calculated using Eq. (1)
shows considerable disagreement and as a rule calcu-
lated values are much larger than the observed ones.
For example, the estimated value of o, for CCl, colored
with iodine is approximately 0.25 cn™! as compared to
an experimentally observed? value of 0.11 cm™. This
difference has been attributed* to nonlinear absorption
which does not thermalize rapidly. Although this may
turn out to be a valid explanation, one must first
accurately ascertain whether the discrepancy is as large
as has been quoted in the literature. In this Note, we
show that use of the Lorentz-Lorenz law and the
low-frequency value for v have made estimates of o
too high.

In deriving Eq. (1) two principal assumptions have
been made which are only approximately true. First,
the Lorentz—Lorenz law has been used to approximate
the electrostrictive coefficient vy*=[p(d¢/dp) ]T by
1(n2—1) (n*+2), where p is the density, e the dielectric
constant, and T the temperature. It has been shown by
Coumou ef al.5 that the Lorentz-Lorenz law yields
values for v¢ that are about 109, higher than those
determined experimentally. Second, in employing Eq.
(1) it seems that dispersion effects have been neglected.
It has been pointed out® for the case of linear Rayleigh
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