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Rotational-Level Dependence of OH AX* Quenching at 242 and 196 K
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The rotational-level dependence of quenching &AO0OH has been studied below room temperature for the
colliders Q, N, Hy, Kr, and Xe. State-specific quenching cross sections are reported at 242 and 196 K. OH
is formed over a large range of rotational levels by the photolysis of §i@d the time dependence of
laser-induced fluorescence decays measures the quenching. Levels as Nigi 48 were studied. The
quenching cross sections always decrease with increases itNbarid temperature. However, the results are
ambiguous regarding a question posed earlier; Does temperature play a role in defining the rotational state
dependence of OH & quenching?

Introduction Moreover, it is known that, at a given temperature,
decreases a¥' increase$:1° This in turn indicates that there

The OH radical plays a central role in the chemistry of the are anisotropies in the potential surface so that the slowly

atmosphere. It has a very short lifetime with respect to chemical rotating hydride more readily presents attractive wells to the

reaction, and as such, it forms an excellent test species forcollider, in contrast to a rapidly rotating collider that shows a

models of fast atmospheric photochemistry. All the source gasesmore angularly averaged potential. This and consequences

and radiation that control the population of OH can be measured concerning the temperature dependence of the rotational de-

in the same air mass as the OH itself, and estimates of long-pendence have been discus$edhere it is posited that the

range transport need not be considered in predictions of itslower rotational levels show a sharper decline in the decrease

concentration. Recently, several instruments capable of credibleof og with increasing temperature compared to the decline at

measurements have come into play in the atmospheric scienceshigherN'.

Several of these, including an airborne version that has flown |n this study, we directly measure the rotational dependence

on NASA's DC-8 in three missionisare based on laser-induced  of gq below room temperature, viz., 242 and 196 K. Although

fluorescence (LIF). Although these experiments are calibrated for eachN' there is generally an increasedg as the temperature

by introducing known amounts of OH as determined by flow decreases and for each temperature, a decreagjngs N'

cell chemistry or photolysis, a knowledge of quenching is increases, it is not evident whether the temperature dependence

important in relating observed signal sizes to system operating of oo changes differently for lower rotational levels compared

parameters. Moreover, because the temperature range in thevith high ones.

troposphere, where these measurements are made, varies

between approximately 200 and 300 K, the temperature

dependence of quenching is also of interest.

In our laboratory, we have made measurements of quenching
of AZX*t OH over a yet larger temperature range than 200 to
300 K. For lower temperatures, we have used flow cellfgr
intermediate temperature, a laser pyrolysis telhd for the
highest temperatures, .,MD./N,O flames® In all cases, the
thermally averaged quenching cross sectiegs= ko/v (Where
ko is the quenching rate coefficient ands the average thermal
velocity of the collision) decrease with increasing temperature
but eventually level off. Shock tube measuremeatsyet higher
temperatures support the trendogf decreasing with increasing
temperature, as do recent measurements at lower tempetature
This overall trend, shown for all collision partners, is attributed
to the formation of a short-lived collision complex; spectroscopic
studies of van der Waals complexes of OH and other gases sho
attractive wells in the potential surfage.

Experimental Approach

The experiment is very similar to that in ref 12 (measurements
at 300 K) except for the addition of a cooling bath. A solution
of 70% HNG; in water and a solution of 98% aqueous3dy
are mixed in a 2:3 ratio; the sulfuric acid reduces the water
vapor pressure above the mixture. This was kept at a 150-mTorr
background pressure, resulting in about 5 mTorr of HNO
Although the acid is a rapid quencher, this small amount does
not alter the useful temporal dynamic range of the quenching
experiments. A 193-nm ArF laser photolyzes the nitric acid
forming highN' in the OH ground state. After a delay of about
8 us, allowing the translational degree of freedom of the OH to
thermalize, selected rotational levels were elevated to fag A

' = 0 level using a frequency-doubled excimer laser pumped
dye laser. Typical pulse energies wereidn a 5-mm diameter
beam. The two lasers propagated coaxially, and fluorescence
was collected with an /3 lens in a perpendicular direction. The
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TABLE 1: ko (10 cmés?)
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collider  T(K) N =2 N=4 N=6 N=7 N=8 N =10 N =12 N =13
O, 296 12.9+ 0.6 9.7+ 0.7 8.9+ 0.6
243 13.0+£ 0.8 9.1+ 0.5 5.5+ 0.3 5.0+ 0.3
196 13.7£0.8 12.8+£ 0.8 11.0+£ 0.7
N> 296 2.5£0.2 2.2+0.2 1.3+0.4 0.54+0.2
242 4.0+ 0.2 1.8+0.1 0.4+ 0.3 0.2+0.2
196 4.8+0.3 3.1+ 0.2 1.9+ 0.1
H> 296 18.0+£ 0.9 155+ 0.9 11.8+0.7 0.1+ 0.1
241 19.6+ 1.2 15.9+ 1.0 13.3+0.8 9.6+ 0.7 7.8+0.3
196 19.2+1.2 16.0+£ 0.9 12.2+0.8
Kr 296 6.2+ 0.4 3.3+0.3 2.14+0.1 0.3+ 0.2
241 6.4+ 0.4 3.6+ 0.2 1.9+0.1 0.2+0.2
196 5.5+ 0.4 3.8+£0.3 1.8+ 0.4
Xe 296 17.8£ 1.4 16.2+0.8 141+ 1.0 10.6+ 0.7
242 174+ 1.1 17611 16.6+ 1.0 13.6£ 0.8 121+ 1.1
196 17.2+1.1 17.0+ 1.0 155+ 1.0 13.3£0.8
3 All values for 296 K are taken from ref 12Value for a 300 K thermalized distribution are taken from ref 14.
TABLE 2: oq (A2
collider  T(K) N =2 N=4 N =6 N =7 N=8 N =10 N =12 N =13
(o)) 296 17.2+0.8 12.9+ 0.9 11.9+0.8
243 19.2+1.1 13.4+ 0.8 8.1+ 0.5 7.4+ 0.4
196 22.4+1.3 21.0+1.3 18.1+1.1
N2 296 3.2£0.2 3.2+ 0.2 1.7£ 0.5 0.6+ 0.2
242 57£0.3 2.6+0.2 0.6+0.4 0.1+0.1
196 7.6+ 0.5 5.0+ 0.3 3.0+0.2
H> 296 9.6+ 0.5 8.3+ 0.5 6.3+ 0.4 3.6+:0.3
241 11.6+ 0.7 9.4+ 0.6 7.9+ 0.5 5.7+ 0.4 4.6+0.3
196 12.6£ 0.8 10.5£ 0.6 8.0+ 0.5
Kr 296 9.3+ 0.6 5.0+ 0.4 3.1+ 0.2 0.4+ 0.2
241 10.6£ 0.6 6.0+ 0.4 3.2+ 0.2 0.4+0.3
196 11.14+0.7 7.6+ 0.5 3.7+ 0.9
Xe 296 27.4+ 2.2 25.1+1.3 21.9+15 164+ 1.1
242 29.9+1.8 30.2+1.8 28.4+ 1.3 23.3+1.4 20.8+1.9
196 32.7£ 2.0 325+1.9 29.5+1.8 254+ 15
a All values for 296 K are taken from ref 12 Value for a 300 K thermalized distribution is taken from ref 14.
and 10% of the maximum. Fluorescence lifetimes were Cross Sections for 0, (107 cm?)
measured for six to eight collider pressures between 0 and 0.4  2¢
Torr. Three lifetimes were determined for each pressure, and 241
the single average was used to obtain quenching rate coefficients 221 } i o
and cross sections. A plot of @ against collider density 20 ~ v 196K
furnished ko, which when divided by the average thermal 18 1 {
velocity yieldsog. A test to ensure translational thermalization 16 1
has been described in ref 12; the results showed no change ing 14 i
qguenching as the HNfdensity is increased. Further experi- © 12 %
mental details can be found in ref 13. 10 1
The low-temperature flow cell was constructed by enclosing 81 © o
a stainless steel six-way cross within a box of heavily insulated 61
1-in. plexiglass walls and bottom, which was filled with cold 47
isopropanol. The isopropanol was cooled to 242 K with a 27
Neslab cooler and to 194 1 K using a slurry of dry ice in 0 é i : . - - M

isopropanol. The temperature was continuously monitored with
a thermocouple. Previous LIF studiesf OH in the same cell
corresponded to thermocouple measurements within-h Figure 1. Quenching cross sections for an @llider as a function of
accuracy of the LIF determinations, showing that the gas in the r(_)tatlonal quantum numbeé\'. CIo_sed circles are results at 296 K, open
cell had thermally equilibrated with the bath. Gas flows were C'Cl€S: 8242 K, and closed triangles, at 196 K.

controlled by mass flow meters, and collider partial pressures

were taken from ratios of gas flows. for reference, are taken from ref 12. At the lowest temperature,

196 K, there was little signal for higR', and the measurements
are only forN' = 2, 4, and 6, except for the Xe collider where
N' = 8 could be excited. Graphical results are presented for the
Numerical results fokg andog are given in Tables 1 and 2,  cross sections in Figures-5. The error bars shown in the table
respectively. The colliders Nand Q were studied because of and the graphs are taken from the error in the plot of decay
their importance to atmospheric monitoring of the OH radical, rate versus collider density and the averages of the three replicate
whereas H, Kr, and Xe were studied owing to fundamental values at each pressure, thus showing relative errors for different
interest in collision processes. The values for 296 K, needed temperature anll'. We expect the absolute values to have this

Results
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Figure 2. Quenching cross sections for a dbllider as a function of
rotational quantum numb@\¥'. Closed circles are results at 296 K, open
circles, at 242 K, and closed triangles, at 196 K.
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Figure 3. Quenching cross sections for a ebllider as a function of
rotational quantum numb@\¥'. Closed circles are results at 296 K, open
circles, at 242 K, and closed triangles, at 196 K.

error plus about 10% (20% for the highéstwhere signal levels

are lower) on the basis of a previous analysis & Avibrational
energy transfer measurements in the same3cell.

Discussion

Comparison with Previous ResultsTable 3 shows relevant

Hemming and Crosley
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Figure 4. Quenching cross sections for a Kr collider as a function of
rotational quantum numb&¥'. Closed circles are results at 296 K, open
circles, at 242 K, and closed triangles, at 196 K.
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Figure 5. Quenching cross sections for a Xe collider as a function of
rotational quantum numbé¥'. Closed circles are results at 296 K, open
circles, at 242 K, and closed triangles, at 196 K.

present results, are now considered preferable to the value in
ref 2 (as discussed in ref 14). We see no clear reason for the
discrepancies with ref 15, but the differences are just outside
the combined error bars.

Temperature-Dependent Cross Sectionsrg increases for
all colliders and all rotational levels measured as the temperature
is reduced from 296 to 242 and 196 K (although sometimes

guenching cross sections previously measured for comparisonwithin combined or single error bars). This indicates that

with ourN' = 2 values. Three of thed&14are from prior work
in this laboratory, and two are from the University of Leéd3.
In one SRI experimeftand both Leeds experiments, tNe=

attractive forces are present on the OHYA)-collider potential
surface. It is now well established, through spectroscopic studies
of Ar—OH?6 and H,—OH" van der Waals complexes with the

2 level is excited, and quenching is measured predominantly OH in the excited state, that attractive forces are important in

for that level. In the other two SRI studiés? a bath of Ar at
several Torr ensures that the intially pumpld= 2 level

the collision. This is confirmed by the ab initio potential surfaces
calculated for the ArO—H combinatiod® and the surfaces

thermalizes before significant quenching occurs. Over the found in the H—OH interactiorf

temperature range of our current experiméit= 2 is always
the most highly populated level, and itg should be close to
the effectiveoq of a rotationally thermal distribution.

This increase irvg with decreasing temperature also holds

for a large number of molecular colliders, as measured at
temperatures near 1100 K and compared with room-temperature

Only in 5 cases (out of 21 total) is there disagreement beyond determination.This suggests that attractive forces are always

combined error bars: £at 296 K compared with refs 2 and
15, G; at 296 and 242 K compared with ref 15, angd & 296

and 196 K compared with ref 15. Note that the 296 K values

or almost always important in the incoming channel of the
collision of the partner with the OH.
The size of the cross sections, which is on the order of gas

for Oy in refs 10 and 14, which agree within error bars with the kinetic, indicates by itself the presence of attractive forces. This
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TABLE 3: Comparison of aq (A2 for N’ = 2 with Other Literature Values

gas T(K) this work ref 2 ref 10 ref 14 ref 7 ref 15
0O, 296 17.2+0.8 18.7£ 1.0 20.6+ 0.6 17.8+1.2 18.6+ 0.5
242 19.2+1.1 21.3+0.6
196 224+ 13 23.5+0.7
N2 296 3.2£0.2 4.0+ 0.7 3.2+ 05 4.3+0.1
242 57+0.3 6.3+ 0.8 5.6+0.2
196 7.6+ 0.5 6.8+ 0.2
H> 296 9.6+ 0.5 9.2+ 0.5 104+ 0.5 8.7+ 0.7
241 11.6+£ 0.7 12.7+£ 0.5 10.9+0.8
196 11.1+ 0.7 11.8+£ 0.9
Kr 296 9.3+ 0.6 8.3+ 0.7 8.5+ 0.6
242 10.6+£ 0.6
196 11.1+ 0.7 11.6+ 0.8

aAll values at 296 K are taken from ref 12Extrapolated¢ Interpolated.

is especially interesting in the cases of, Hr, and Xe, which was supported by the Global Tropospheric Experiment of the
are simple enough species that ab initio potential energy surfaceNational Aeronautics and Space Administration and by the

calculations may be feasible in the future. Atmospheric Chemistry Divison of the National Science Foun-
J-Dependent Cross Sectionslhe og are also found, for all dation.

colliders studied, to decrease with increasing rotational level.

This is also true for vibrational energy transfer in @HTlhis References and Notes
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