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A number of OHB 2X"—X 2[T vibration—rotation spectra have been obtained using laser-induced fluorescence
(LIF). Vibrationally excited OHK,»"" = 6—9) was formed through the reaction of H with,@nd they",J"'-
dependent populations were characterized through synthetic spectral fitting Bf %€—2" spectral data.

The populations have been partially relaxed by collisions in the source region. TH2-GIHO—2" relative

band intensities have been determined and agree with previous theoretical values. SevBral ©HY)
J-dependent collision-free lifetimes have been measured; the lifetimes decrease rapidly WitaB 2=+

state is weakly predissociated through a combination of -spibit and L-uncoupling (“gyroscopic”)
perturbation interactions with the nearByII state. Although the OHB—X LIF technigue cannot be used to
monitor high rotational levels, it is well-suited for detecting the populations of high vibrational levels of the
X 211 state because of favorable Frangkondon overlap. It also allows for operation at much lower reactant
densities than is possible using the less sensitive OH chemiluminescence detection technique, mitigating the
risk of unforeseen chemistry from metastabieetastable reactions. These results should add confidence in
deriving accurate O 2I1 »'',J"-dependent populations froB—X spectra.

Introduction and provides data that is easily interpreted in terms of the
emitting populations in the various' andJ" states. However,
it is many orders of magnitude less sensitive than laser-induced

mesopause, roughly centered at 87 km with-&%m altitude fluorescence (LIF) detection. Measurement of the quenching
spread Th;e emissions. due to fundamental and overtone €S and especially the pathways, i.e., whether collisions induce
transitions of vibrationally excited hydroxyl, are composed of SiNgle or multiquantum vibrational relaxation, is more easily

hundreds of lines that extend from the red portion of the visible accomplished using laser techniques to excite selectively and

spectrum out to lxm in the mid-IR. The vibrationally excited to d(_af[e_ct individual vibr_atiomota_tion Ievgls._ The greater
OH is formed via the reaction sensitivity of the LIF technique relative to emission spectroscopy

permits the use of much lower densities of excited OH, reducing
H + 0, — OH(X T, < 9)+ 0, @ the Iikelihood of m_etastab’remetastable coIIi_sions that coul_d

give rise to competing processes that complicate the chemistry.
The intensed 2XT—X 2I1 transition is suitable for detecting the
populations of the lower'" levels of theX state and has been
used in a multitude of experimental and field studies, especially
of the ground vibrational level. However, ON({' = 2)
vibrational bands are strongly predissociated, with lifetimes in
the 10-1000 ps rangé$ This limitation, in conjunction with

The OH Meinel bands form an intense, spectrally highly
structured nighttime emission source in the vicinity of the earth’s

Predicting the radiance level and spectral distribution of the OH-
(¥'") emission relies on an accurate knowledge of such kinetic
parameters as the reaction rate constant, thevQH{ascent
product distribution, and the quenching rates and pathways for
the nascently formed OH(). Measuring the nascent OH
vibrational and rotational state distribution of reaction 1 has the hiahly di | nat f the F €ondon f ¢
been the object of several experimental investigations since e highly diagonal nature of the Franctcon or'1’ actors for
Polanyi and co-workers’ landmark stuéiy.The dynamics of theA—?( system, rest.ncts its application to GK{" < 4 or 5).
the H+ Os reaction, including the OH product state distribution, !N this paper, we discuss the alternat®éx*—X °IT system
have also been examined using thedty. with respect to OHX,»"",J'") detection. Figure 1 shows potential
Al of the nascent product studies of reaction 1 have employed €nergy curves for the O, A, andB states. TheB state is
IR chemiluminescence detection, taking advantage of the strongduite shallow, with a bond dissociation eneiyof about 1250
OH(X 2I) fundamental and overtone emissions. The chemi- ¢ * and only two bound vibrational levelslt has a much

luminescence detection method is straightforward experimentally larger internuclear separation than that of the ground state,
= 1.8 A, giving rise to intens@v = 0 vibrational transitions.

*To whom correspondence should be addressed. TheB—X 0—¢" bands have significant FranekCondon overlap
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0 : 2 3 "1 Figure 2. Close-up of the reaction region. Continuous flows of H atoms

and ozone are introduced through concentric tubes into the vacuum
Bond Length (A) region directly above a diffusion pump. The detection laser pulse
intersects the gas expansion about 1 cm downstream of the H-atom
nozzle. Anf/1 UV fused silica lens collimates a portion of the
fluorescence and directs it to a photomultiplier tube positioned on the
outside of the reaction cell.

Figure 1. Potential energy curves for the O¥] A, andB states. The
X and A potentials were approximated using a Morse function with
parameters taken from Luque and Crosléthe B-state potential was
obtained from an ab initio calculaticdhTheB—X 0—2"" bands excited

in this work are shown, along with one of tiB=-A bands detected in . .
emission. 9 rotational state-dependent OKl¢"" = 6—9) populations can be

obtained through synthetic spectral fitting®f X spectra, taking
only for vibrational levels above about = 6. The absorption into accounB-state predissociation effects. Populations in OH-
intensity peaks for the-68 and 6-9 band€ Copeland and co- ~ (X2"" = 6) have been detected”through BeX 0—6 transition
workers first exploited this transition in OH LIF measurements [0F the first time. TheB—X 0—v" relative emission intensities

in the late 198081° They have since useB—X LIF data to have been measured for comparison with existing theory.
better quantify spectroscopic term values for G = Finally, two separate simultaneously actiBgstate predisso-
7-9,11-13)1112 and also to measure a large number of ciation mechanisms, induced by gyroscopic and -spirbit
collisional removal rate constants for OKj("' = 7—12)13-16 coupling with the nearby IT state, have been identified by

Because of the largds = 0 Franck-Condon factors, the ~ @n examination of the observdttdependent lifetimes.
B—X transition is well suited for studying the nasceritJ"”
populations of reaction 1, which produces a highly inverted OH
population peaking at'' = 9, as well as the time evolution of The experiments were carried out in a 20 cm i.d. 6 cm high
the populations as dictated by quenching rate constants andcell machined from aluminum and black-anodized to minimize
decay pathways. In the present experiments, reaction 1 was usedeflections. The cell was bolted directly to the top of a Varian
to populate OH{"" = 6—9), which was then detected using the VHS-6 diffusion pump backed by a roughing pump. Fomblin
B—X0—2" bands as shown in Figure 1. TBe-X 0—5 transition 25/9 diffusion pump fluid (Kurt Lesker) was used to minimize
occurs in the vacuum UV; its study would require additional decomposition by reaction with the ozone introduced into the
experimental complexity and was not pursued. No attempts werechamber. The reagent gases were introduced through a port in
made to detect populations in O¥¢"" = 10), which lie above the top flange. Ozone was prepared by flowing 99.5% O
the nominal 27 000 cmt exothermic limit of reaction 1. The  through a commercial ozonator, then trapping the resultant ozone
fluorescence is easily detected by monitoring any one of a on a silica gel column cooled te80 °C. The remaining @
number of strongd 2=t — A 2T transitions in the visible was pumped off just prior to the experiment, and thewas
portion of the spectrurf. introduced through/, in. 0.d. PFA Teflon tubing. Previous

This experiment was originally designed to permit reaction studies in our laboratory have indicated that nearly 100% pure
1 to occur without collisional relaxation of the nascent OH- Oscan be supplied to the experiment in this mariiétydrogen
(¥"',J") product populations. However, the spectral analysis that atoms were produced by striking a microwave discharge in
was performed after completion of data-taking showed that the flowing H, gas, using a McCarroll cavity and‘a in. o.d. Pyrex
nascent vibrational populations were partially relaxed by col- tube that had been previously rinsed with orthophosphoric acid
lisions and the rotational populations were equilibrated to and distilled water, in turn, to minimize H-atom recombination
approximately room temperature. The background pressure inon the glass surface. The ias passed through a water bubbler
the reaction chamber was very low (6-107° Torr), ensuring prior to entering the microwave discharge in order the enhance
that collisional relaxation would be negligible during the the decomposition, which is typically about 30%. Total gas
residence time of a nascently formed @H({") molecule. flows of 5.5-55 standard cfqmin—! were used, corresponding
Instead, the observed relaxation probably resulted from the muchto background pressures from3107°to 3 x 10~ Torr, with
higher density in the source region. This aspect of the experimentapproximately equal flows of the {&and H-atom mixtures.
is discussed more fully below. Although the QH(J'") nascent Figure 2 shows a detail of the gas inlet region. The H and
distribution from reaction 1 could not be determined, several O; were mixed using concentric tube inlets similar to those in
aspects of theB—X detection technique have been better the experiment of Charters etdllhe G; was passed through a
characterized through this work. In particular, it is shown that 1/, in. 0.d. Teflon pipe into the reaction chamber. The H-atom

Experimental Section
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mixture was passed through an interiyin. 0.d. Pyrex tube 140
that had also been rinsed in orthophosphoric acid. The tube
terminated in a nozzle with% or 1 mm opening. The detection
laser beam probed the reaction mixture 9.5 mm downstream of
the nozzle opening. A 25 mm diametétr UV fused-silica lens
was placed near the laser overlap region to increase the 100 ¢
fluorescence collection efficiency. A Hamamatsu R928 photo-

multiplier tube (PMT) was mounted on the exterior face of the
reaction chamber to detect the resultant emissions, except for
the B—X 0—" relative intensity study, where a Hamamatsu
R166 solar-blind PMT was used. A Corning 3-72 long-pass filter
(50% transmission at 455 nm) was used to eliminate laser scatter
and isolate the strong OB—A emissions in the 475550 nm 40 |
region. Data were also obtained using a 512 nm center
wavelength, 8 nm fwhm band-pass filter to isolate the strongest
emission bandd — A 0—7. However, it was later realized that I i

this filter discriminated against higi-emissions, biasing the .
population measurements. Data using this filter are not included 0
in the present report.

The probe laser consisted of one of two dye laser-UV ¥
wavelength extender systems, with the dye lasers pumped byFigure 3. OH(B,v" = 0) collision-free lifetimes, measured as a_funqion
the frequency-tripled output of a 10 Hz Continuum 661510 £17 T2 Sk Toee Siat S own are the values obtained b
Nd:YAG laser. For th.e 87,0-8,and 6-9 b"’?”ds at 213, 225, Sappey et al® in a similar experiment. The estimated error bars for Y
and 237 nm, respectively, a Lambda-Physik Scanmate 2E dyee sappey et al. data atel 5% anct-50% for F; andF», respectively.
laser was used to generate tunable light in the-4284 nm
region using either C440 or C460 laser dye. The UV wave- controlled over RS-232 interfaces using either in-house (TDL-
lengths were obtained by frequency doubling the dye laser 51) or vendor-supplied (Scanmate 2E) instructions. Further
output in a BBO crystal mounted in an Inrad Autotracker Ill, numerical analysis was carried out on a DEC AlphaStation 250.
allowing synchronous wavelength scanning. For thé& ®and
at 202 nm, a Continuum TDL-51 dye laser, running on a mixture Results

of R610 and R640 dye, was used to generate 606 nm light. o3+ giate Collision-Free Lifetimes.B 25+ state lifetimes
_The OUt?utt W""‘(s. freguentcy-icl)qubl_ed \l/r\}EaxKllD F_’rr(:ryztalt;rodulr_lti(il were measured using the oscilloscope to calculate the time for
Inan a:; ofrfa}c mgh pec _rda- lfysgs ! -I b € Olf e t'lg the signal to decay from 90 to 10% of its maximum intensity,
was split off from the residual fundamental beam, polarization- thus, avoiding potential nonexponential behavior at early and

][otzzted 90 V;'ithr? half-wavg pI”ate, alnq redcobmbined with tEe late times. The 9610 decay time was converted to eifold
undamental. The two vertically polarized beams were then ., by gividing by a factor of 2.2. The possible effects of

mixed in a BBO prystal mounted in the Autotragker to  cyisional quenching were checked by measuring the decay
generate .202 nm light. Both crystals were elect_romcally .'_;m_gle- constant at two or three different background pressures; no
tuned during wavelength scans. For both doubling and trlpll_ng, dependence on pressure was observed. Figure 3 shows the
the longer wavelengths were removed in an Inrad four-prism |itatimes Tons Measured for the lowel levels of theB 25+,

filter, which has compensation built in to prevent walkoff as  _  \iprational state. The values for tig levels are derived

the wavelengt_h_ is sc_anned. Reflections of the dye Ia_ser outputeom pumping the8—X 0—8 P; rotational branch, and the values
off UV fused silica windows were passed into a Burleigh 5500 ¢ the F, evels from theR, branch, avoiding excitation of the
pulsed wavemeter for absolute wavelength measurement, anq,qesjreds-state spir-rotation sublevel via a near-resonaxit
through a 1.27 cm' free spectral range Etalon to provide a _. AN satellite line. As can be seen, the lifetimes decrease
sinusoidal fringe pattern for.wavelength I|near|z§t16nThe rapidly with increasingJ, reaching the limit of the current
latter was necessary to obtain accurate spectral fits, given theqeasurement capability at abalit= 4.5. The results are seen
nonlinearities in the dye laser drive mechanisms. The probe lasefg pe in good agreement with the values obtained by Sappey et
fluence was relatively low<304J in a 3 mmdiameter beam) g 18 The relatively short lifetimes and their rapid decrease with
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to avoid saturation. This is a minor concern, becaus@th¥  y are indicative of a weak predissociation proc¥sshich is
transition is an order of magnitude weaker than theX described in more detail below.
transition.

In an earlier report, Bergeman ef&bombarded low-pressure
The data acquisition process, including dye laser monochro- water vapor with a pulsed 20 keV electron beam and then
mator scanning and fluorescence data acquisition and storagedetected the time-dependeBt-A visible emission to deduce
was controlled using LabVIEW 5 running on a laboratory the lifetime of theB state. Their measurdststate lifetimes, in
personal computer. The PMT output was amplified 25 times the 2-3 us range, are more than a factor of 10 longer than the
by an EG&G Ortec 535 fast current preamplifier and then passed more direct present measurements and those of Sappeyfet al.
to a LeCroy LC374A oscilloscope for digitization. The fluores- Given the unselective nature of the excitation source, the
cence decay curves were typically integrated ove648 laser Bergeman et al. measurements may have been corrupted by
shots using a 150 ns gate width and then passed to the computeradiative and/or collisional cascade from a higher-lying meta-
over an |IEEE-488 interface. The UV probe laser fluence and stable electronic state. However, the same technique was used
Etalon trace were also recorded during wavelength scans. Theto determineA-state lifetimes which have proven quite accufate.
raw spectra were divided by the fluence signal to account for It should also be noted that neither Bergeman € alor
long-term drift. The dye laser monochromator drives were Felenbok?! in earlier work, recognized the importance of the
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high-J' predissociation effect and incorrectly ascribed falloffs - - - - —
in rotational line intensity to anomalously low effective Boltz- L — ] e m— I*
mann rotational temperatures. Sappey €t ledve shown that 2.0 | I
much higher effective temperatures are obtained when the
predissociation is taken into account.

OH B—X Spectral Data and Fits. Spectral data were
obtained for the fouB—X 0—v" bands withs” = 6—9. The

data were then fit using a nonlinear least-squares algorithm

described in detail previousl. Transition frequencies were
0.5

calculated from literature rotational term values for Gki{’ ' it
= 6—9) and OHB,»’ = 0).1222|n the absence of more accurate ‘
information, such as that which exists for the X transitionZ3 0.0

the rotational line intensities were taken to be equal to analytic 44200 44250 44300 44350 44400 44450 44500
Honl—London factorg? Individual F; (N = J — 1/,) andF; (N Wavenumber (cm™)
= J + 1/,) J'-state populations were determined, with the fit
constrained by the redundant information provided by the 12
allowed rotational branches. For each scan, two different fits
were performed. In the first fit, the upper state collision-free
lifetimes were constrained to the lifetimes measured in the direct oata
time-domain measurements discussed above. In the second fit,

the upper state lifetimes were allowed to vary. In that case, the

fit determined thel' lifetimes relative toJ’ = 1/, from P, Q, 10 W

and R branches probing the same lower stdtepopulation.

The J-dependent lifetimes determined from the spectral fits 0 Fit
agreed with those measured in the time domain, with somewhat
larger error bars. Because the time domain measurements are I A J A T l
more precise, the OH populations were determined by fixing
the lifetimes to values derived from those shown in Figure 3.
Representative spectral data and associated synthetic spectral
fits are shown in Figure 4 for'' = 8 and 6, respectively. Figure 4. OH(B—X) spectral data and synthetic spectral fits. The data

: : : have been normalized by the probe laser fluence. {&§ Gbrational
Flgur_e 5 shows represer_ltatlvg populationsifor= 9 "’?”d 8 band. Rotational line as)éignm%nts for the thFaeFngranches are
determined from spectral fits. It is seen that the rotational and spown at the top of the figure. There are twelve branches altogether,
spin—orbit populations follow a Boltzmann dependence, with including theF;—F; andF,—F, main branches and ta—F, andF—
the effective temperature typically in the 300 K range. Previous F; satellite branches. (b)-6 vibrational band.
studied®2% have shown that the nascent rotational population
distribution arising from reaction 1 is highly excited, with More likely is that the nascently produced QH(J") have
effective temperatures near or above 1000 K #6r= 6—9. undergone some degree of collisional relaxation prior to
Two vibrational levels were probed on each day of experiments detection. The OH(' = 6—9,J") populations are relaxed with
in an attempt to confirm previously measured vibrational rate constants in the 1& and 1012—10"11 cm® s~! range for
distributions. The vibrational populations were found to decrease the rotational and vibrational degrees of freedom, respec-
asv" increased from 6 to 9. Again, this is in contrast to the tively.27.13The observation of complete rotational relaxation and
highly inverted distribution reported in the literature, which partial vibrational relaxation suggests that, on average, a nascent
peaks at'' = 9. Despite the low background pressure in the OH('",J") molecule has undergone on the order of 10 collisions
mid-10-5 Torr regime, it appears that collisions have signifi- prior to detection. The source environment can be modeled
cantly relaxed the nascently produced populations. This is assuming the H-atom mixture expands as a free jet into a low-

(a) OH B-X0-8

Data

-
in

Relative Intensity

(b) OH B-X0-6
2.0

Relative Intensity

49350 49400 49450 49500
Wavenumber (cm™)

somewhat surprising, given that Charters et alith a similar density Q background gas that does not significantly impede
source and higher background pressure, obtained much morehe flow?28 The gas density decreases roughly ag(X/d)~2,
inverted rotational and vibrational distributions. whereX is the distance downstream of the nozzle drid the

As one test of the source conditions, a trace amount of NO, nozzle diameter. The densigy, immediately downstream of
seeded in Ar, was passed through the nozzle injector in placethe nozzle is equal to approximately one-half the stagnation
of the H atom flow. Pure Ar was passed through the outer tube density, or about 6x 10 cm™3. The binary hard sphere
to replicate the flow and background conditions occurring in collision frequency and the H Os reaction rate decrease more
the H+ Oz reaction. An LIF spectrum was obtained using the rapidly than the gas density, however, owing to the temperature
NO A Z=+—X 211 0—0 band at 227 nm and then subjected to a falling with X. The collision frequency has decreased by a factor
nonlinear least-squares fit using well-established laboratory of 10 at a downstream distanee= d, whereas the H- O3
computer codes to determine the rotational temperature. Thisreaction rate has decreased an additional amount owing to the
experiment was repeated by seeding the NO into the outer tube 470 K activation barrier. (The reaction is slowed by a factor of
The best-fit rotational temperatures were found to be £87 2.5 at 187 K relative to room temperaté#fewith the room-
and 274+ 3 K for the inner and outer tubes, respectively, temperature rate constant equal to .40t cm? s1.) Thus,
indicating that a significant amount of adiabatic expansion the great majority of the OH(',J") populations are formed
cooling is taking place out of the nozzle injector. It is immediately downstream of the nozzle. The 187 K gas tem-
conceivable, though probably unlikely, that this cooling has perature implies that the nozzle effluent has attained a Mach
resulted in a population distribution that appears to be partially number of about 1.3, giving an initial velocity of 1250 m's
relaxed. At this velocity, the first millimeter downstream of the nozzle
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Figure 5. Best-fit OHX,»"",J"") populations resulting from fits tB—X

LIF spectral data, foe'' = 9 (top) andv” = 8 (bottom). In general,
the populations were well fit to a Boltzmann distribution, with both
the spir-orbit and rotational degrees of freedom equilibrated at
approximately room temperature.

is covered in Jus, during which time about five collisions have

Hwang et al.
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Figure 6. EinsteinA coefficients for 6-2"' bands in the OH§—X)
system, normalized tége. The error bars shown correspond te 1-
standard deviation in the mean of the best-fit values. Relative
A-coefficient values calculated by Langhoff et8ahre shown for
comparison. The experimental and theoretical results are offset slightly
for clarity.

20% larger window reflection efficiency at 202 nm relative to
237 nm. The neutral density filter transmission has been
determined by the vendor (Optics for Research) to be wave-
length independent in this region.

A total of 11 independent measurements were made compar-
ing the emission intensities of pairs Bf-X 0—"" bands. These
11 intensity ratios were then least-squares fit-to-three ratios that
uniquely define the intensities relative to the-® band. The

occurred at an average pressure of 1 Torr. Although this results are shown in Figure 6. The error bars are relatively large
represents only a simplistic model of the system, it is at least owing to the weak intensities and corresponding small signal

semiquantitatively consistent with the observed relaxation.
OH B—X 0—2" Vibrational Band Intensities. To better

quantify the derived vibrational distribution, tBe-X 0—2" band

intensities fory" = 6—9 were measured relative to that of the

levels. The intensities are compared to the theoretical values
determined by Langhoff et &l which have estimated error bars
of +20%. There is good agreement for the relative intensities
of B—X 0—6 and 0-7 EinsteinA-coefficients relative to that

0—9 band. This was accomplished by performing repeated for 0—9, with borderline agreement for-®. We consider the

wavelength scans over the stro@g(J’ = 3/,) transition for
one of the four bands (e.g.;-@), while monitoring the emission

intensity at a wavelength corresponding to a different band (e.qg.,

present results to provide good confirmation of the accuracy of
the theoretical calculation.

0—8). The lifetime of the pumped upper state rotational level piscyssion

is limited by a combination of predissociation and emission via

the much strongeB—A band system. However, this lifetime is

As mentioned in the Introduction, Copeland and co-workers

constant among the measurements because the same upper stdtave used the OW-X) transition to great advantage in

vibration—rotation level is being populated. THg-X system
is relatively weak, with little or no signal observable using a
monochromator to disperse the fluorescence. ThusBthi

measuring rate constants for collisional removal of highly
vibrationally excited OHX,»"" = 7—12)13 In those studies, an
OH(X,v",J") level was populated by exciting a lower-energy

0—v" emission bands were isolated using a set of 10 nm fwhm level via a vibrational overtone. A" level near or at the

optical filters. The resulting line profiles were normalized to

maximum in the Boltzmann distribution was pumped, to

the pump laser fluence and fit to a Gaussian function to minimize rotational redistribution on the time scale of the

determine relative peak areas.

vibrational relaxation. Using this strategy, only alidevel was

The PMT-filter relative response at each of the four wave- detected and OHR) J'-dependent lifetime information was not
lengths was measured using the pulsed UV laser output as thenecessary in the analysis. Also, because the Boltzmann popula-
light source. The laser was reflected off a UV fused silica tion peaks at a low" value, theB-state predissociation did not
window and passed through a series of neutral density filters, seriously degrade the OK('",J") detection sensitivity.

lowering the fluence to less than 1 nJ to avoid saturating the

In this paper, we show that spectral, and tdtslependent,

PMT. The measurements were performed until the resultant population information can be obtained from @+(X) LIF
slopes were consistent from day to day. The PMT response asspectra provided the upper state lifetimes are taken into account.
a function of laser fluence was found to be linear over an order The method is obviously limited to low" values by the

of magnitude in fluence. Account was taken of the calculated predissociation. However, measurable IdWpopulations can
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be extended to higheX' values assuming a particular distribu-
tion, such as the Boltzmann distributions shown in Figure 5. It e F1
should be noted that the present measurements were made at 00| v r2
very low background pressure and still exhibit superior S/N even
with limited signal averaging. At higher pressures, or with an
increased production rate, highgf' levels may easily be
detected. In some cases, absorption methods such as cavity
ringdown spectroscopy (CRDS) may be better suited for
experiments employing thB—X band for detection, given the
upper state predissociation limitatiéhln our experiment, it

was expected that the CRDS technique would have insufficient
S/N for detecting the OH populations.

Figure 6 confirms th&—X 0—" vibrational band strengths
calculated by Langhoff et & This agreement provides more
confidence that accurate vibrational level populations can be
derived from OHB—X) 0—¢'"" data. Acceptable fits to the-"'
spectral data were obtained assumirigitHd.ondon factors for
the rotational linestrength dependence, constrained byl'the
dependent predissociation lifetimes. Ror= 0—4, Av = —3
to +4 bands in theA—X system, Luque and CrosR¥found
that increasing rotation improves the wave function overlap for
bands withAv = 0 (although the comparison is made more o . . .
difficult because theA—X system is diagonal). The improved 0 5 10 15
wave function overlap is countered by the effects of the electric ) (0'+1)
dipqle transition momen_t function, which decreases withr Figure 7. J-dependent, collision-free decay rates for BH(' = 0
the internuclear separations sampled by most of the bands. FOfop) andy = 1 (bottom). The values were determined from the lifetime
the internuclear separations sampled byBReX 0—v" = 69 data shown in Figure 3. Faf = 0, data from the present study were
transitions, withr-centroids in the 1.571.74 A rangé the used; fors' = 1, data from Sappey et #lwere used.
r-dependenB—X transition moment function has a negative
slope similar to that for thé&—X system?! Rough comparison  could be done, it would be possible to employ a cooled injector
with the Luque and Crosley data suggests that these effects couldo investigate the temperature dependence.
modify the relativeB—X Honl—London linestrengths over the Predissociation MechanismFigure 7 shows the collision-

N" = 1-5 range by up to 30%, resulting in changes in the free predissociation rates as a functiod¢d’ + 1). The values
derived temperature of up to 15%. In principle; X transition were derived by inverting the lifetimes shown in Figure 3. No
probabilities could be calculated in a manner similar to the correction was made for the nonresonant laser scatter decay time,
Luque and Crosley analysis of the—X transition, because =~ Measured t0 berjaser = 9.5 = 0.3 ns. We estimate that
similar r-dependent transition dipole moment information is deconvolving the laser scatter may add as much as several tens
available, as well as &-state potential curve to enable a ©Of percent to the highest-value predissociation rates, with

calculation of the vibratiorrotation wave functions via nu- ~ Smaller corrections for lower values af. This leads to
merical integratior$:3. increasing error in the decay times withFor the fastest decays,

In addition to collisional removal of high* OH, theB—X a large amount of S|gnal' averaging was performed to maximize
tEe measurement precision. The currently measured inverse

— Linear Fit

50

100 r

Collision-Free Decay Rate (us™)
o

U1
o

detection technique can also be used to characterize the nascent .. : -
distribution and decay pathways of OKj¢"',J") populations lifetimes for theF, and Fz spin components of Ot = 0)

resulting from reaction 1. The excited OH gives rise to the were used, along with the' = 1 F, inverse lifetime values
: from Sappey et &l The Sappey et al. data fef = 1 F, spin
intense visible-near-IR Meinel band emissions in the meso- bpey bpey o 2 P

. . ) components are imprecise owing to concurrent excitatids of
pause region near 87 km altitude. The reaction also plays a b P g Ry

. . . opulations.
controlling role in the amount of heating near the mesop&tise. Pop

i The observed) dependence in the predissociation rate is
Both of these phenomena are influenced by the nature of the o\, a cteristic of the effects of the-uncoupling operator, one

OH(v",J") product distribution and its quenching rates. Although ¢ the terms in the rotational portioiROT, of the molecular
this distribution has been measured in a number of published y5miitonian that is neglected in the Ber@ppenheimer ap-
studies, major uncertainties remdirNotably, all existing  proximation. This interaction is often referred as a “gyroscopic”
laboratory measurements were performed at ambient temperaperturbation. Although the linear dependencelqd + 1) of
ture, even though the reaction occurs in the atmosphere atihe observed effect is also consistent with tunneling through a
temperatures in the 15®20 K range. In general, the nascent centrifugal barrier, the barrier tunneling mechanism is ruled out
product distribution could depend on temperature. Also, evi- jn the present case because the rotational levels involved lie
dence in the work that examined the pressure dependence ofyell below the energy of thB-state dissociation limit. Felen-
the inferred product distributiéri® suggests that partial relax-  bok?! and Carlone and DalByeport data identifying’ = 0, N
ation of the OH{",J") product was occurring even at the lowest = 15 andy’ = 1, N = 9 as the highest bound rotational levels.
pressures used. Given the superior signal-to-noise inherent inThese data, together with thermochemical data from other
LIF measurements, thg—X detection technique could be used electronic states, suggest tfa(B 2=") is approximately equal

to extend the previous work to lower pressures. For the presentto 1250 cn1?, with an estimated 100 cr dispersion barrier
setup, the source conditions would have to be adjusted to obviatenear 3.8 A internuclear separation. Tlhaincoupling operator
the observed effects of collisional quenching. Assuming that is a one-electron operator, and in the single configuration limit,



6036 J. Phys. Chem. A, Vol. 105, No. 25, 2001 Hwang et al.

interact viaHS® with the B 2= state include those 8&-, 211,

43~ and“IT symmetry. However, inspection shows that the
same?2 21 state is the leading candidate for the spambit-
induced homogeneous predissociation, again because of its
proximity to theB-state potential well. For a state differing by
one spin orbital, the selection rules for the spambit interaction
areAQ = 0,AA = —AX = +1, andAS= 0 or+1. Of the2

I3, and?2 213/, spin—orbit sublevels, only I3, can interact

with B 233," owing to the AQ = 0 requirement for a
homogeneous perturbation.

To better quantify the predissociation, more precise measure-
ments of thel’ = 0 intercept and'-dependent predissociation
rates are required, as a function of fhgandF, sublevels and
also ofv'. From the theory point of view, this system is attractive
because it appears to be dominated by a single perturbing state,
2 2I1. This is in contrast to the predissociation of the loveer
23" state, which arises from interactions with all three of the
repulsive curves that intersect it, through various perturbation
mechanism&.Thus, theB Z="~2 2[T system may prove a useful
test case for improved theoretical understandingf~2I1
predissociation effects in OH. Further calculations also offer

Bond Length (A) the possibility of prediction of’,J',F-dependent predissociation
Figure 8. Potential energy curves for selecBandIl electronic states  fates, which would be of considerable value in converting
near the OHB 2=+ state. The 2IT state, which crosses 2>+ state observed emission rates frashJ' levels to accurate’,J',Fj —
near the energy minimum, is responsible for spanbit and gyroscopic X (v",J") excitation rates. We will discuss this system in detail
perturbation-induced predissociation; the two curves are shown in bold. i g forthcoming publicatiof?
The A- and C-state potential curves were approximated using Morse
functions, whereas the remaining potentials were obtained from the ab
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70

Energy (10° cm™)

60

501

initio calculations of van Dishoeck and Dalgafh¢l “=~, 1 22, 1 Summary
“I1, andD 22") and Schwenl& (2 [T and B 2=7). All of the curves The reaction of H with @has been used to produce OH in
are referenced 3 of OH(X). highly excited vibrational levels. The populations in these levels

were probed via th®& 2=+*—X 2[1 0—"" bands. Spectral fitting
has been used to determine OH{(’,J") populations that have
been partially relaxed by collisions. Relative intensities for the
OH([B—X) 0—¢" bands withy" = 6—9 have been measured
and agree well with a published ab initio calculation. Several
collision-free OHB,v' = 0) rotational state lifetimes have also
been determined. They decrease rapidly within agreement
with a previous measurement. TBEX" state is predissociated
by a combination of spirorbit and gyroscopic interactions with
the nearby repulsive 2I1 state. Although the upper state
predissociation limits the LIF detection technique to the study
of levels with relatively lowJ" values, LIF via theB 2=* state
exhibits much higher S/N than OH chemiluminescence detec-
tion. This may facilitate more detailed studies of the collisional
decay pathways, at lower OH metastable densities to minimize
competing chemistry.

the interacting state can differ froB2=" by at most one spin
orbital. Because the selection rules for a gyroscopic perturbation
areAQ = £1, AA = +£1, AS= 0, andAX = 0, the perturbing
state must be A1 state. As shown in Figure 8, the most obvious
candidate is the repulsiv 21 state, which intersects thg
23* potential near the minimum on the inner limb of the curve.
The curves cross at about 1.27 A, where the leading configura-
tions of theB 2=* and 2 2I1 states arer’7?(*=")o" and ox3-
(M1,2I0)0", respectively; these differ by the requisite one spin
orbital 31

The gyroscopic coupling vanishes in the lidit— 0. Thus,
in the absence of other predissociation mechanisms,ythe
intercept of Figure 7 should be inversely related to the radiative
lifetime. However, the derived = 0 lifetime values for’ =
0 andy' =1, 157+ 4 and 13% 57 ns, respectively, are much
shorter than the theoretical values of Langhoff ef alhich
were calculated neglecting nonradiative decay. #a+ 0 and
v" =1, Langhoff et al. calculated 300 and 515 ns, respectively,

with +20% error bars accounting for the range spanned by the ATM-9714996. Support was also provided by the Air Force

Iif_etimes V\_/hen the ca_lculation was p_erformed using_thre_e Office of Scientific Research under Project 2303ES, Task
different kinds of basis sets. Assuming the calculation is 92VS04COR

accurate, the remaining nonradiative (i.e., predissociation) rate

for J = 0, in the 3-6 us™! range, must be caused by a References and Notes
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