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Collisional quenching of high rotational levels in A 23% OH
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Collisional removal of the)' =0 level of theA 23" state of the OH radical has been studied as a
function of rotational leveN’ at room temperature. OH in high rotational levels of ¥1él1; state
were created by 193 nm photolysis of Hjl@nd excited toA 23" by a tunable dye laser. Time
decays of fluorescence at varying pressures were measured.,Rordd4, the quenching cross
section og decreased with increasinly’ until N'~10; for higher N’ it appears to remain
approximately constant. Xe behaves the same way except that the decrease conhihedbtd-or

Kr, oo appears to decrease to within experimental error of zeNatl0; and for N it was within

error of zero aboveN'=10. These results have implications for laser-induced fluorescence
atmospheric monitoring of OH and combustion temperature determinations, as well as a
fundamental understanding of collisional quenching. Quenching ofNOH1, by HNO; was found

to be 8t-8 A%2. © 2001 American Institute of Physic§DOI: 10.1063/1.1386783

INTRODUCTION experimerft designed to test quenching of higti of NH
was performed, producing high rotational levels in the
The collisional removal, or quenching, of t#?S*  ground state by 193 nm photolysis of iEind exciting to the
state of OH has been studied for over 40 years. However nof state with laser induced fluoresceritdF). For five differ-
until the early 1980s, when lasers could be used to excitent collision partnerr, first decreased with’ but then gen-
single rotational levelsN’, was it was recognized that erally became constant foi' as high as 24.
quenching inv'=0 depended on the value &f that was In the present experiment we extend the studyNof
quenched:? This followed a slightly earlier discovefyhat  dependent quenching in OH to high rotational levels. The
vibrational energy transfefVET), v'=1—0 in the same experimental approach is very similar to that of Ref. 6, ex-
electronic state also depended sharplyNdnThese findings cept that we use HN§as the photolyzed precursor to OH in

were explained in terms of an attractive, anisotropic potentiahigh N of the ground state. We do find an apparent leveling
surface between OH and the collision partheThe fact that o of & for N’ above 10 for three of the five colliders, but

the surface is attractive is indicated by quenching cross sec-
. ST oy a decrease to nearly zero for Kr and.N
tions o that are gas kinetic in size for many collision part-

ners. This would then lead to a short-lived collision complexfor ;gqeosreizlrtisc rk;]ae\;essjr:]e‘::gttfr;? éo|_r| ngzuggrl]:;rii ?r‘f;eLII—::O
that could result in vibrational transfeiif in v'=1) or ) ph ) P .
guenching. The anisotropy of the surface means that, at ce@d'?al fam|ly. A LIF experiment is flown by Harvard Un".
tain orientations between OH and the partner, the surface i\égrsny in the nose cone of the NASA ER-2 strat_osph_erlc
ircraft to measure OH and HQthe latter by chemical ti-

more congenial to complex formation. For no rotation, thesé''® o _ _
attractive valleys would be easy to enter. As the OH rotate/ation to OH which is the species actually detegfeth this

) : : > ©
faster and faster, it washes out the orientational influenceEXPeriment, the OH is excited i'=1 and undergoes VET

leading to a smaller likelihood of complex formation and PY the ambient air te’=0, whose fluorescence is detected.
thus a smallepr . Knowledge of vibrational transfer and quenching rates is

The NH radical was also foufido haveoyg in its A 31, needed to understand the fluorescence quantum yheid
state that were large and dependedn the reason was these field experiments. Studies have been made of both
explained in the same way. It was conjectdrét for both ~ duenching and VET for thermal distributions at tempera-
radicals theN’ dependence should disappear at very higHures between 300 and 200 K, indicative of the range
rotational levels, where the rotational terminal velocity wassampled by the ER-2. However, it is also known that the
as fast as the intermolecular approach velocity, so that th¥ET process produces an incipient rotational distribution in
surface would appear isotropic to the collider. Thus yet'=0 that populates higher 'Nthan in a thermal
higherN’ would thus make no further difference ir, . An distribution? If rotational thermalization does not occur be-

fore quenching, this could affect the quantum yield. From the

!
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is used to measure trace levels gfdHvapor, as found in the A nitric acid flow was generated by bubbling He through
upper troposphere and stratosphere.alyadiation photo- a 1:2 mixture of a 70% HN@solution in water with a 98%
lyzes HO, producing OH directly in thé 23" state, which aqueous K5O, solution. The sulfuric acid served to reduce
then fluoresces. The rotational distribution of thé=0, the vapor pressure of residual water, avoiding contamination
A 23" OH is at very high levels, as much B$=20. Again,  of the cell with HO. A 150 mTorr background pressure of
collisional quenching information for highl" is needed to this gas mixture was maintained throughout the quenching
interpret the quantum yield as a function of rotational levelrate experiments, corresponding & mTorr of HNO; va-
and collider. por. The flow cell was a six-sided stainless steel cross, with
~ These quantities are also important for calculationbof cqliger and nitric acid/helium carrier mixed before entry.
in other circumstances. For example, the rotational populagjeys were maintained with mass flow controllers such that
tion distribution of OH in flames can be used as a precisg, frosh mixture entered the laser probe volume for each shot.
flame thermometef: To acco_mphsh thls. in atmospheric The unfocused beam of an ArF laser photolyzed the
pressure fla}mes where colhsmn; dominate the quanturp'Nos; typical beam energies were 10 mJ per pulse across a
yleld, the N 4dependent guenchlng mugt .be known andl cm diameter. A counterpropagating, excimer laser pumped,
incorporated* The same is true for obtaining nonthermal .
frequency doubled tunable dye laser used to excite the OH

rotational distributions in OH, for example in plasmas or as delaved-8 us to allow th lecule t q ¢
photolysis or reaction products, given that the pressure i¥vas claye ws 1o allow the moleculé 1o undergo trans-

high enough that quenching is important. ational relalxatior(bL.lt qnly partial rotational relaxatiopand

In addition to these applications, quenching of OH pro_to reduc_e I|ght emission from some two-photon produced
vides insight into fundamental collisional dynamics. The de-Photolysis directly into theA ?%" state. Although optical
pendence of OH quenching on rotation likely owes its effectSaturation has no influence on the quenching measurements,
on the entrance channel to the collision. OH is small enougih€ typical ultraviolet pulse energy was 1 in a 5-mm-
that for interaction with rare gases ang,Hat least, high ~diam beam to avoid photomultiplier detector saturation.
quality ab initio surfaces can be calculated. This has been  Fluorescence was collected at right angles, filtered by
done for A*® and He'® including the computation of state- Schott UG-5 or UG-11 filters to avoid emission from excited
specific rotational energy transfer cross sections in thdlO and NQ, and detected with a Hamamatsu 1P29 photo-
A 237" state via quantum scattering on these surfaces, collimultiplier. The filters have uniform bandpass in the 300-320
sion complex formation leading to quenching could also benm region where the OH emits. A digital oscilloscope pro-
investigated. The conical intersection fog Mteracting with  cessed the time decay signals. For the dispersed fluorescence
the A ?%* and X ?II states has been computed and com-scans, a Heatfi3.5 monochromator with 5@ slits was op-
pared with van der Waals OH-Nstudies!’ The potential erated in second order, and a boxcar integrator used for av-
surfaces with OH interacting with Hshow a conical inter- eraging.
section leading to both quenching and chemical reaction. For LIF temporal decays were averaged over 500-1000
the purpose of an understanding of the quenching process #hots, and fit to a single exponential between 90% and 10%
OH, we have included i Kr, and Xe to our list of collision  of signal maximum. Replicate measurements usually varied
partners. For b anN’ dependence af is knowr for low  |ess than 4%. These were made for 5 to 10 number densities
N’, and we study here its effect at higli. Kr and Xe were  for each collider. All were highly linear with pressure, except
found to have very large, 8 and 27 &, respectively, ina  for N, which showed upward curvature for highet at high
study of r08tat|onally thermalizedA X" OH at room - nressures. This is indicative of some RET occurring, and
temperature” Thus for these rare gases, quenching will 0C-g,0, cases were fitted to the data at lower collider pressures.
cur as fast or faster than rotational thermahzatlpn at INgh The intercepts at zero collider pressure corresponded well in
and can be expected to show lhdependence if present. most cases, within~4%, to well-established radiative

lifetimes®® as a function oN’. However those measured for

EXPERIMENTAL APPROACH AND RESULTS the highestN’ were longer than expected. The lower signal
to noise ratios for these experiments increased the impor-
tance, in the later portions of the fluorescence decay, from
residual fluorescence from an electronically excited ,NO

Photolysis of HNQ by a 193 nm layer produces OH in
highly excited rotational levels af”=0 in the X II; state.
In Ref. 19,N” up to 14 were observed and in R&, N"=18 .
has seen; our experiments show some population reaching BﬁOdUCt of th? HNG photquqs.
leastN"=20 (although we did not check whether this was A More direct determination of the amount of RET oc-
produced by single photon photolysisVe excited these OH  Curming in N was 'made using dispersed fluorescence scans
to specificN’ in the v’=0 level of theA 25+ state and after initially excitingN'=1, 3, 7, and 10 for several pres-
observed the fluorescence decay as a function of collider gaires. Model spectra were made USirRBASE,* which per-
pressure. Because it has a re|ati\/e|y snﬂay, N2 induces mits nonthermal rotational distributions to be chosen until a
rotational energy transféRET) at a rate similar to quench- best match with experiment is found. More details and fig-
ing. To determine the degree of RET that occurred during théires comparing experimental versus modeled spectra are
decay, high resolution dispersed fluorescence spectra weg@ntained in Ref. 21. Fa¥'=1, only about 30% of the popu-
taken and modeled. Further details on the experimental prdation remained in the initially excited level but over 70%
cedure can be found in Ref. 21. did for N'=10 at a N pressure of 0.2 Torr, because RET is
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TABLE I. OH A 23" quenching rate coefficients, 188 cm3s%. TABLE Il. OH A 23" quenching cross sections?A
Gas H N, 0O, Kr Xe Gas H N, 0O, Kr Xe
N’ N’
1 20.2+0.9 13.2£0.6 1 10.8-0.5 17.5+0.8
2 18.0+0.9 2.550.2 12.9+0.6 6.2£0.4 2 9.6+0.5 3.2£0.2 17.2£0.8 9.3t0.6
4 15.5+0.9 2.2+0.2 3.3+0.3 4 8.3+0.5 2.9+0.2 5.0+0.4
6 1.3+0.4 9.7+:0.7 2.1+0.1 16.2-0.8 6 1.7+0.5 12.9-0.9 3.1+0.2 25.1+1.3
7 11.8-0.7 0.5£0.2 8.9+0.6 7 6.3+0.4 0.60.3 11.9+0.8
8 1.3+0.3 8 1.9+0.5
10 6.7-0.6 0.2£0.2 0.3+0.2 14.11.0 10 3.6-0.3 0.3:0.2 0.4+0.3 21.9-1.5
11 5.6+0.4 11 7.5+0.5
13 0.2£0.1 10.6-0.7 13 0.3£0.2 16.4t1.1
15 5.6t0.4 4.5+0.3 7.8:£0.5 15 3.0+0.2 6.0+0.4 12.1+0.8
20 4.8t0.4 5.0+0.2 0.5:0.2 7.8:0.5 20 2.6:0.2 6.7+0.3 0.8:0.3 12.1-0.8

slower for higherN’. Thus, especially for this collider, our DISCUSSION
oq are not for a pureN’; however, because the rotational 0 it b d with other studies f
level dependence is smooth, and both upward and downward. ur resufts may ’e compared with other studies rom
transfer occur, it should be very much representative of thé IS Iaboratoryzfor lO_WN - For Oz NZ’ and H, the results_ of
N’ initially excited for N'>3. Copelandet al< are |nf:Iuded in Figs. 1-3. Foerthe dis-
The collision rate coefficients were converted to cros?d"éement at lowest'Ns probably due to RET in our ex-
sections by dividing by the average thermal velocity. This ofPeriment, Copelanct al's resultg are to be preferred be-
course assumes the OH is translationally thermal. This waSaUSe lower pressure was used in those experiments. f-or H
checked by increasing the HN@e carrier mixture pressure the results agree well. For,Nan important collider, the two

by a factor of 4 for the same collider gas measurements. Thisets of results agree to within error bars although the present
leaves a higher amount of total excess end&%000 crm results appear to generate a smoother overall pattern for

per photolyzed moleculein the gas mixture, because the N’'=4 and 6, for which the signal levels were low in Ref.2. A
HNO;/He mixture is only a fraction of the total flow. No thermalzvalue at 344 K by Heard and HendefSds 3.4 _
difference ino, for several colliders and variodd could be iO._SA - I,Be_cause such a distribution has some population
observed for the two differing HNQconcentrations. Were &t higherN’, it would be expected to have a smalieg than
the OH not translationally thermalized, the cross section@ne for pure or nearly purd’=2, and is thus in agreement.
would be smaller at the higher HNQoading, as they are
known to decrease with increasing collision enétgf.

Nitric acid itself is an efficient quencher of the 23"
state. We measured a cross section of-81A2 for this
collider, exciting into theN’'=1 level. All subsequent mea-
surements were performed in the dilute HNB3 mixture. 14 4
The good agreement of the measured decay constants
the absence of added collider with the radiative lifetimes «, 12
indicated no influence of the carrier mixture on the collider Z
79Q

HYDROGEN QUENCHING

The other rate coefficients and cross sections are listet
respectively, in Tables | and I, and the, are illustrated,
together with results from other work from our laboratory, in
Figs. 1-5. The quoted error bars are those from the fits @
guenching rate to collider pressure, and are given at the 1
level. These provide a reasonable measure of precision whe
comparingN’-dependent cross sections for a given collider.
There is somewhat more error when comparing cross set
tions among colliders. We have not undertaken an absolut
error analysis, but expect absolute cross sections to be acc
rate to within the quoted error bars plus about 10% for low
N’ and 20% for higheiN’, where signal levels are lower. 0 ‘ ' ' T
These absolute errors are based on a thorough error analy: 5 10 15 20
in the study of temperature-dependent VET and ROTATIONAL QUANTUM NUMBER

. '25 . . .
quenching,®® a very similar experiment performed on the gig. 1. Quenching by hydrogen. Circles, this experiment, with error bars
same apparatus. from fitting curves only. Squares, Copelaetal.,, Ref. 2.
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FIG. 2. Quenching by oxygen. Circles, this experiment. Squares, CopelanBIG. 4. Quenching by krypton. Circles, this experiment. Square, quenching
et al, Ref. 2. Triangle, quenching for a 300 K distribution, Wysatgal., for a 300 K distribution, Wysongt al,, Ref. 18.
Ref. 18.

For the rare gases, no single level studies have beeb. For Kr, our results ai’=2 is in good agreement with that
made previously; thus we compare those for particular rotaef Wysonget al. 8.7+0.7 A%. Heard and Henders&hmea-
tional distributions. Wysongt al'® made measurements in a sured a thermal value of 8#9.6 A2 for this collider, also in
thermally relaxed distribution, peaking Bf =2 for 300 K.  good agreement. Rohrer and Stitave measured for
Our and her results are shown for Kr in Fig. 4 and Xe in Fig.Kr and Xe colliders, with theA 23" state of OH formed

NITROGEN QUENCHING , XENON QUENCHING
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FIG. 3. Quenching by nitrogen. Circles, this experiment. Squares, CopelanBIG. 5. Quenching by xenon. Circles, this experiment. Square, quenching
et al, Ref. 2. for a 300 K distribution, Wysongt al., Ref. 18.
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directly by multiphoton dissociation of HNQ This process OH(A 23 %)+ H,, through observation of the H atom prod-
produces a near thermal distribution characterized by a temuct through two-photon LIF.
perature of 3760 K, corresponding to a distribution peaking The spectroscopically prepared complexes are in one
nearN’=8. They found cross sections for Kr and Xe of 2.4 orientation and may need to shift to the other to undergo
and 15.6 &, which may be compared with values of 2 and quenching/reaction in those half collision events. This is con-
23 A? found here for that rotational level. sistent with the typical 4 ps lifetimes observed for
The plots show thatrq for H,, O,, and Xe drop withN’ OH(A)—H, complexes through line broadenihgln our full
but reach a constant plateau at high N, and Kr appear to ~ collision flow cell experiments, the colliders necessarily av-
behave differently. For these colliders, the cross sections als@yage over all impact parameters and approach angles. Here
decrease with\’ but appear to drop to zero or nearly zero the rotational dependence we observe of the quendiaind,
within error bars aN’=10. (The value of 0.80.3 measured N the case of K reaction would then depend on the en-
N'=20 for Kr collider includes fitting errors only, and this trance channel of the collision. A slowly rotating OH pre-
experiment was performed at very low signal level. Thus thisS€Nts @ smaller barrier to the, Hfinding” that orientation
may not be statistically different from zejahus, for all the ~Which is suitable for quenching. As the OH rotates more
colliders, the results are in agreement with expectationgUickly, the surface appears more isotropic to the collider
based on a washing out of highly attractive collision complexand the facilitation of a favorable orientation is lessened.
formation entrance channels on an anisotropic surface. This
was true of NH as wefl. At high N’, however, one would SUMMARY
expect some nonzero cross sections because the average sur- Quenching of they’ =0 level of theA 25 * state of the

face should remain generally attractive. Therefore we flndOH radical has been studied as a function of rotational level
the decrease to zero or near zero cross sections ajeve0 at highN’ and a temperature of 300 K. The cross sections

for N and K r to be puzzling. Perhaps for this pair, which yecrease al’ increases, in general accord with expectations
have the lowestrq of all five colliders studied, the average pased on an anisotropic attractive potential surface.
surface is not attractive enough for efficient complex forma-

tion at highN’. However, theA 23 OH—Ar van der Waals
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