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OF CARBON MONOXIDE*
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The collisional deactivation of vibrationally ex-
cited diatomic molecules is known to be a slow
process at low temperatures. Indeed, for carbon
monoxide gas at 300°K and one atmosphere pres-
sure, a time constant of five seconds is indicated
by extrapolating the vibrational relaxation data of
Matthews! and of Hooker.2 A long extrapolation is
required, however, since those shock tube data
cover the 4900-1100°K range. In contrast, the
radiative lifetime of vibrationally excited CO de-
duced from absorption measurements is 0.03
second.?** If the extrapolation is valid, then at
room temperature the loss of vibrational excita-
tion by radiation should be 160 times faster than
loss by collision. This suggested that an infrared
fluorescence experiment would be possible if the
deactivating effect of impurities and wall collisions
could be avoided. This note reports the results of
such an experiment.

We have observed fluorescence of carbon mon-
oxide gas (300°K, 1 atm) in its fundamental vibra-
tion-rotation band centered at 2143 cm=*, The
problem of wall collisions was eliminated by us-
ing an “open=-air” flow system in which the CO
sample was contained in a surrounding flow of
argon. We have found that CO- Ar collisions are
less effective in deactivating vibrationally excited
CO molecules than are CO-CO collisions.

Carbon monoxide (Matheson, cp grade), obtained
from a tank through pressure regulators and a
critical orifice flowmeter, was passed through
two cold traps, one at -80°C and one at -150°C,
for purification. The gas issued from a 3.5-cm
diam porous disk with a laminar flow velocity of
10 cm/sec. This flow of CO was surrounded by
a 1.2-cm wide annular argon flow of matched veloc-

ity. The composite stream was illuminated 2 cm
above the gas ports from two opposing sides with
collimated light from 2500°K zirconia sources. The
infrared fluorescence was observed in the same
plane, but at right angles to the beams of exciting
light with an infrared spectrometer set to accept
the entire 1900 to 2300 cm™ region. The response
of the spectrometer was calibrated by keeping the
exciting lights off and thermally heating the gas
flow with hot water coils imbedded in the porous
disks. A gas temperature rise of 2°C was detect-
able with a signal-to-noise ratio of unity. When
the exciting lights were turned on, a signal was
observed equivalent to a 30°C gas temperature
rise. Convincing evidence that the exciting lights
were heating the gas 30°C in a nonequilibrium
fashion was obtained by warming the second cold
trap in the CO line from -150°C to -120°C. This
permitted one percent of CO, to enter the gas
stream. The signal vanished. Recooling the trap
to -150°C restored the signal. This quenching of
the signal by impurities shows that we are ob-
serving fluorescence, for equilibrium emission
from the CO, or even scattered light, would not
be so affected.

The radiative lifetime of the first excited vi-
brational state of CO has been determined by
exciting the flowing CO stream at one position,
and measuring the decay of the fluorescence at
several points downstream. For known flow
velocities the elapsed time between excitation
and detection is easily calculated. For pure CO
we found that the decay of the fluorescence was
nearly exponential, but the deduced time constant
was over four times the value given by absorption
intensity measurements.®* Suspecting that the
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FIG. 1. Time constant for decay of 1+ 0 vibrational
fluorescence in carbon monoxide against percent CO
in the CO-Ar stream. —-: Radiative lifetime for the
1 - 0 vibrational transition in CO from reference 3.

resonance fluorescence was being imprisoned by
reabsorption, we began to dilute the central flow
of CO with argon. As the CO flow was progres-
sively diluted, the decay curves became better
straight lines on semilog plots, and the measured
lifetime dropped toward the previously known
value as shown in Fig. 1. Unfortunately, as the
CO was diluted, the signal-to-noise ratio suf-
fered, and it was not possible to go beyond the
25% CO-175% Ar point. Even so, we have come
within 309 of the 0.03-second lifetime found by
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others.

In pure CO where the fluorescence is trapped,
we have detected it as far as 4 cm or 0.2 second
past the point of excitation. Since the classical
collision rate for our conditions is of the order
of 10'° sec™, this means that a measurable frac-
tion of the vibrational excitation has survived
more than 10° collisions without being converted
to translational or rotational energy. This find-
ing is consistent with the extrapolation of shock
tube data mentioned earlier. The effect of im-
purities upon such a long collisional lifetime is
pronounced. Nearly all polyatomic species, and
especially water molecules, are effective col-
lision catalysts for the transfer of vibrational
energy.

This observation of vibrational fluorescence in
CO makes possible a number of experiments that
can critically test current theories of vibrational
relaxation. The quenching effect of impurities can
also serve as a tool for studying small chemical
affinities in collisions of carbon monoxide with
other molecules.

The author thanks L. A. Osburg and W. I. Foss
for help with the experimental work. Helpful dis-
cussions with Dr. Marshall Lapp aided this work
considerably.
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