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MEASUREMENT OF QUENCHMG RATES OF COtfH W» USING LASER 

PUMP-AND-PROBE TECHNIQUE 

Ingrid J. Wysong 

Air Force Research Laboratory, AFRL/PRSA 

Edwards AFB, CA 93524 

Abstract 

Measurements are presented of rates of eleetronie crunching of CO(a, v=0) by several 

gases  A pump-ami-probe teehniqne is nsed; CO(a) is ereated by pumping the spm- 

forbidden (a-X) transition at 206 nm. Measured rate coefficients a, room «empire 

are: k.f.CO) = 5.7± 1.2,k^CNO)-17*6. W- W*™- W> = 6±2'^ = 

2.6 ± 1.0, k.jCHjO) = 33 ± 12 in units of 10" em's'1. 

Tptroduction 

Cameron band emission, CO(aTl - X'X), is of interest as a souree of ultraviolet radiation 

ta flames' and in high-altitude rocket plumes.' In addition, it has been observed m the 

atmosphere of Mars' and in comets' Due to its long radiative lifetime, the majonty of 

the CO(a) molecules that exist in a flame or an atmosphere are los, to colhs.onal 

quenching, even at fahly low gas densities. Thus, the estimated amount of Cameron 

band emission is extremely sensitive ,„ the vadue of the quenching rate coeffiment. 

TT,e CO(a) state is «he lowest electronically excited state of the CO molecule, but the 

transition ,o the ground state is spin-forbidden. Therefore, this state is metastab.e, wtth a 

natural lifetime of 3.7 ms> Because it is metastable, the COW state's quenching rate „ 

very difficult ,0 measure. This difficulty has led ,0 a large scatter in the various Irterature 

values for quenching by most common gases. In addition, no value has been reported for 

quenching due to water, which is an important collider species in many envtronments. 

Laser pumping of the weak CO (a - X) intercombination transition has been previously 

demonstrated«« LaSer-induced fluorescence (UF) detection of COW produced m a 

glow discharge has been demonstrated by Clyne and Heaven.'» Here, a laser pump-and- 



probe approach, similar ,o a previous double resouauce study" of CO(b>r) is used. A 

pulsed (6 ns pulse width), tunable laser at 206 nm promotes a small number of CO(X, 

v=0) moleeules to the (a, v=0) state via Ute very weak (a - X) intercombination «ransthon. 

After the pump laser populates a single rotational level in the (a, v=0) state, rap.d 

rotational redistribution occurs over approximately 10 ns due to coUisions with tine gases 

in the cell, creating a thermal rotational distribution. This step causes tire major dtfftculty 

with the experiment, since the small CO(a) population is spread over a large number of 

quantum levels (three spin states and all tine thermally populated rotational levels), only 

one of which is probed by tine LIF detection, yielding a small signal. A Coherent 699-29 

cw ring dye laser is used to continuously probe the population of the COM state via UT, 

The probe laser operates at 602 nm and excites the strong "triplet system" (d3A - a'IT) 

electronic transition on the (4,0) vibrational band. Subsequent fluorescence in the (4,2) 

band at 760 rnn is detected to monitor the variation of CO(a) population as a function of 

time after the pump laser pulse. 

LIP detection has an advantage over trying to detect CO (a - X) emission directly in that 

it can be accomplished on a us timescale, which greatly reduces the effects of diffuse 

wall losses that are important on the ms timescale. On the other hand, LIF probes only 

of the many quantum levels that are populated within the CO(a, v=0) state. Also, it 

;ptible to reduction in efficiency due to quenching of the CO(d) state. In fact, data 

quenching of CO(a) by C02 could not be obtained in the present experiment, as 

addition of even very small amounts of C02 strongly quenched the CO(d-a) emission, 

thus making the LIF detection too insensitive. 

To initially find the correct pump laser wavelength with no LIF probe, much higher CO 

pressures are used, along with a tighter UV focus and a biased wire pair in the cell to 

collect resonance-enhanced multi-photon iornzation (REMPI) signal. The REMPI signal 

is very noisy but is adequate to tune the pump laser to the center of a (relatively) strong 

bandhead line of the (a - X) transition. The probe laser wavelength is set near a 

resonance line using a wavemeter and tuned manually to the peak by observing the LIF 

signal. After setting the probe laser wavelength on the peak of one of the strong CO(d-a) 

lines, the laser's locking feature is used to^nsure stability. 
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The experimental cell is a simple cube with a large window on one side to collect LIF 

and apertured Brewster's angle windows for laser beams to come in and out. The UV 

and visible beams are counter-propagating along the cell axis. The UV beam is softly 

focussed in center to about 1 mm diameter. It was found that a tighter focus, while 

convenient for adjusting the UV pump laser wavelength to the appropriate peak value 

with REMPI detection, produced a detectable background signal during the probe laser 

measurements due to the UV laser only (it is presumed that this background signal occurs 

due to recombination of the laser-created ions into excited electronic states that then emit 

fluorescence). The visible beam diameter is 3 mm, which^nsures that during the u^sec 

measurement time in 4 T of helium buffer gas, CO(a) molecules created in the center by 

the UV beam do not diffuse out. Good centering of the UV beam inside the visible beam 

is checked before each run by removing a side flange. 

Ultra-high purity gases pass through individual mass flow meters and are mixed well 

before the interaction volume. A small mechanical pump maintains a slow flow (less 

than 200 cm/s) through the cell. The ceU pressure was in the range 5 to 7 Torr. Partial 

pressures of the various gases are calculated from the ratio of the partial mass flow to 

total flow rate times the cell pressure (measured with 100 T capacitance manometer). 

Flow meters were calibrated using a wet test meter. As other collider gases were added, 

the CO flow was also increased slightly in order to maintain a constant partial pressure of 

CO as the partial pressure of collider gas was varied. 

For the water measurement, a second helium flow was passed through a bubbler (after the 

mass flow meter) of distilled water with a separate pressure meter before a needle valve 

and then combined with the buffer helium and CO. The mass flow rate of water is given 

by f(He)*SVP/(P-SVP), where SVP is the saturated vapor pressure of H20 at the 

measured temperature, P is the pressure in the bubbler, and f(He) is the mass flow of He 

through the bubbler. The flow through the bubbler into the cell is maintained for some 

time before data are acquired so that initial saturation of H20 to the tubing and cell walls 

is completed. 



^7 

LIF is coUected and focused onto a small aperture using two lenses. A color glass filter 

(RG715) and a 760 nm bandpass filter are used to eliminate other light and a red- 

sensitive PMT detects the LIF. The PMT signal is fed directly into a digital oscilloscope 

where many laser shots (typically 500 for a given decay rate measurement) are averaged 

and the time-dependent signal is stored for further analysis. A background signal with 

the probe laser blocked, which shows a 20ns spike, is taken; the LIF time scan is fitted 

starting from the end of the background spike. 

The time variation is fitted to an exponential function to give a single value of decay rate 

for a given condition of gas pressure and composition. As can be seen in Jigures 1 and 2,     A^^ 

however, the signal-to-noise ratio is rather poor, which leads to large uncertainties in the       ^ 

decay rate obtained from each fit. Figure 4 provides an illustration of this uncertainty. j*^ 

Each time decay for the N2 data set is fit to an exponential starting at the end of the ^ 

background spike (t = 0.02 us) where the signal is about 70 - 80% of its peak value and ^ 

ending when the signal reaches 20% of its peak value. Then, each decay is fit a second /»% 

time, starting at the same point, but extending to the point where the signal has reached 

5% of its peak value. The two results are displayed as the upper and lower values of the 

error bars in the figure, with the data point in the middle (indicated by the filled circle) 

assumed to be the average of the two results. As can be seen, in some cases the two 

different fits give almost the same result for decay rate, while in others they vary 

considerably. This leads to the large quoted uncertainties in the final rate coefficients. 

The variation in decay rate with partial pressure of a particular collider gas species (i.e., 

the slope in figures 3 and 4) yields the quenching rate coefficient, kg, for that species. 

Each set of points for decay rate versus collider pressure, such as figures 3 - 5, is the 

combination of data obtained on two or three different days. The intercept is expected to 

be zero for the CO collider case (figure 3) and equal to the decay rate due to 1.2T of CO 

for the other colliders (such as figures 4 and 5). Water vapor is shown to be an extremely 

efficient quencher. The other gases measured, however, typically produce a smaller 

value of ICQ than previously reported in the literature. 

Results 



The measured values, as shown in Table 1, tend to he lower than those previously 

reported in doe literature. One possible souree of error in «he present measurements, the 

presence of impurities (sueh as water) in the helium or other gas flows, would lead to an 

apparent increase in k» No mechanism is known that would cause the measured values 

to be anomalously low. I. may be noted that the previous measurements have been 

performed in flowing afterglows where the method of production of CO(a) is not as clean 

as used here. However, there is not any known flaw in the previous results. The major 

difficulty with the present method is that the signal-to-noiseis quite low. No value for 

quenching due to water has been previously reported and, as expected, water rs a very 

efficient quencher. 

Taylor and Setser" state that their results for k, should be lower limits, but probably 

within a factor of two of the true value, with relative values good to within 20%. Slanger 

and Black12 quote a 10% uncertainty in their values for k«, It may be noted that a very 

recent measurement of k, with C02 collider* yields k, = 1.0 ± 0.2 (x 10"" cm3/s), which 

is lower than most of the previous values for C02: 2.0", 4.814,1.7«, and 1.2M. 

As a check, data on NO self-quenching using IJF of NO(A, v=2) fluorescence (which 

can be pumped by UV light near 206 nm) were obtained in the same cel^and yielded a 

value of 1.95 ± 0.04 x 10"10 cmVs, which compares very reasonably to the literature 

values of 1.75,1.55, and 1.97 (references 16,17,18, respectively). 

It is noted that CO(a, v=0) has no electronic state that is near or lower in energy, other 

than the ground state, so it is presumed that removal of CO(a) must lead either to CO(X, 

high v) or to a large amount of energy being absorbed by the collider. The detailed 

mechanism for the energy transfer in the quenching processes measured here is not 

r*J- Co 

known. 
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CO(a) Quenching Rate Coefficient (10'   cm /s) 

Collider 

Gas 

CO 

NO 

N, 

O, 

H, 

H,0 

Present 

Work 

(295K) 

5.7 ±1.2 

17 ±6 

1.4 ±0.6 

6.0 ± 2.0 

2.6 ± 1.0 

33 ±12 

Taylor and 

Setser 

(300K) 

11 

18 

0.9 

20 

20 

Wauchop 

and Broida14 

(300K) 

32 ±16 

3.8 + 1.8 

Slanger and 

Black12 

(300K) 

7.6 

23 ± 

14 

16 

Young and 

co-workers 19 

12 ±3 

31 ±8 

0.1 

12 

fc.,1^ 
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Figure 1 Sample LIF data showing decay in CO(a) population after pump pulse. Top 

scan is with 1.2 T of CO; Middle scan is with 1.2 T of CO and 0.38 T of NO; bottom scan 

shows the background signal (probe laser blocked). The three have offset baselines for 

clarity. Exponential fits are indicated. 
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Figure 2 Same sample data as figure (1), semi-log scale. The fit for the upper scan has a 

characteristic decay rate of 2.4 (is'1, the lower scan fit has a rate of 4.8 [is"1. 
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Figure 3 Pressure dependence of decay rate for CO collider (plus 4 T helium buffer gas). 
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Figure 4 Pressure dependence of decay rate for N2 collider (plus 1.2 T CO, plus 4 T 

helium buffer gas). See text for explanation of error bars. 
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Figure 5 Pressure dependence of decay rate for H20 collider (plus 1.2 T CO, plus 4 T 

helium buffer gas). 
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