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Reactive and Nonreactive Quenching of OH(AX™) in Collisions with H AtomsT
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We use trajectory surface hopping methods to calculate cross sections and rate coefficients for reactive and
nonreactive quenching of OH(&E") in collisions with H atoms. All calculations are based on multireference
configuration interaction potential surfaces for th®A’land 2A’ surfaces of water, using a diabatic
representation to describe electronic transitions. The overall rate of quenching plus reaction is in good agreement
(lower by 25-30%) with earlier estimates at 300 and 1500 K. Analysis of the trajectories shows that this rate

is dominated by a capture mechanism on th&' 2tate of water, with a nearly unity probability for hopping

to the A’ state following formation of a short-lived collision complex. Both reactive and nonreactive decay

of the complex are significant, with branching totHOH (nonreactive quenching), f OH (atom exchange

with quenching), and GD) + H, (reaction) accounting for approximately 45%, 35%, and 20%, respectively,

of the product yield. The cross section for atom exchange without quenching is 636 Iof the total
quenching/reaction cross section. In contrast to what is often assumed in energy transfer studies, we find that
the quenching and reactive cross sections are very weakly dependent on OH rotational quantum number for
guantum numbers in the range 05. A statistical model provides only a rough description of product branching

and product energy partitioning, indicating that the intermediate complexes are too short-lived to show statistical
dynamics. We find that pure rotational energy transfer cross sections are small (few percent) compared with

quenching/reaction.

I. Introduction H + OH(A) system. This has come about for two reasons. First,
Laser induced fluorescence measurement of hydroxyl radical global potent_lal energy su_rfaces a}nd the|_r couplings hav_e now
been determined using high-quality multireference configura-

concentrations is now a standard tool for combustion diagnos-,[i n-interaction methods for the first thr inglet states of water
tics! In this measurement, any nonradiative process that removes 0 eraction metnods for the lirst three singiet states ot wate

(quenches) the OH(AZ=") (hereafter referred to as OH(A)) A’ 1A and 2A)." Flgurg 1, which shows a schemath of
intermediate state must be accounted for if quantitative estimate Fhe. 1A and 2Astates for linear HHO and HOH 'geometr|es,
of hydroxyl concentrations are to be made. In addition, the rates indicates that 2Acorrelates to H- OH(A), while 1A provides
of rotational energy transfer within the A state manifold must

the final state for quenching, atom exchange, and reaction to
also be known. Under typical flame conditions, quenching and give O(D) + Hz. O(D) + Hz can also be formed adiabatically

energy transfer arise from collisions of OH(A) with a variety on _the 2A state._Second_, dynamics methods have become
of species. Most of these are stable molecules 4, HO, available for studyl_ng reaction and other processes for the lowest
CO,) for which the relevant rate coefficients either are known state_s of water ugsmg either wave packets or trajectory sur_face
from kinetics measuremert®r may be estimated from simple hopping (TSHY:® These potential §urfacgs and dyna.mlcs.
models? Transient radical species may also contribute, but most methoqls have already been usgd 'TlftUd'eS pf nonadiabatic
of the quenching and energy transfer rates for such species ar ynamics in thg Gp) + H reactiort where. It .has. .been
not known, due to the difficulty in performing measurements ound t_hat coupling between the Zan_d 1A states Is S|gn|f|c_:ant,
on radical plus OH(A) collisions. and _thls leads to m(_eas_ura_ble contrlbl_Jtlons to th(_e reactive cross
Of the possible transient species in combustion processes, psections, angular distributions, and final state distributions.
atoms are thought to play a significant role in quenching of  In this paper we present the results of a theoretical study of
OH(A), accounting for>50% of OH(A) removal in some  duenching and energy transfer in thetHOH(A) system. This
flames* However, the relevant rate coefficients are poorly Study has used accurate potential surfaces for tHeahd 2A
known, ha\/ing On|y been measured at room temper@l@re states of water, along with TSH methOdS, to determine cross
inferred indirecﬂy from combustion modehﬁg[n addition, sections, rate coefficients, and other dynamical information of
nothing is known about the branching between nonreactive relevance to LIF measurements of OH concentrations. THe 1A
guenching and quenching with hydrogen atom exchange in H State, which correlates to # OH(X) and to O{D) + H. (see
+ OH(A) collisions, about whether @) + H, is an important ~ Figure 1) and which couples to 1And 2A only by Coriolis-
product, about the dependence of the quenching rate coefficientdnduced transitions, is not included. Although "1&ould be
on OH(A) rotational state, and about the significance of pure populated toward the end of the collisions that undergo
rotational energy transfer. guenching, it is unlikely to influence the overall quenching rate
Recently it has become possible to use theoretical methodsOr the branching between the various product channels. We also
to determine the rates of quenching and energy transfer in theomit the triplet state that correlates to-H OH(A), as this is
likely to be more repulsive than 2And thus should be less
T Part of the special issue “William H. Miller Festschrift”. important to the measured quenching rates.
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Figure 1. Schematic of potential energy along reaction path for the
1A' and 2A states of water. Top panel shows linear HHO geometries,
and bottom shows linear HOH geometries. Thé (2A') potential is 805 Y 1o 10 30 5.0
the lesser (greater) of ti® andIl potentials for each geometry. X/a,

The next section describes the potential surfaces and couplings ~ *° ‘ '

and the dynamics methods that we have used. Section IlI (©) Vs 10 keal/mol
presents the cross sections and rate coefficients, and section IV

summarizes our conclusions. 2ot

Il. Potential Surfaces and Dynamics
A. Potential Surfaces. The 1A and 2A surfaces and 3

couplings are from the large-scale multireference configuration >
interaction calculations of Dobbyn and Knowles (DKAI- 20|
though the properties of these surfaces have been described
previouslys— the applications to H- OH(A) involve several
aspects that are new, so we give additional details here. -4.0 ¢
The DK surfaces have been developed in a diabatic repre-
sentation, which means that we are provided with-a2 matrix

0.0

of surfaces whose eigenvalues are the aAd 2A surfaces. %05 50 1o 10 3.0 5.0
The coupling ternVy; in this matrix vanishes for HO—H and Xia,

H—H—-O linear geometries, which means that one of the Figure 2. Contours of the DK potential surfaces fog H OH, as a
diagonal elements of this matrix becomes Eg@otential for function of the H Cartesian coordinates, with the @fiked along the

these geometries and the other becomeslthgotential. We y axis with the OH distance taken to be 1. Included are (a) the

will use these labels for all geometries, referring to the two -diabat, (b) thdl-diabat, and (c) the coupling surfade, In (a) and
(b), the seam of intersection between the two diabats in shown with a

dlabats_ asZ-like (.VZ) af‘d I-like (\./“)' _Slnce the T.SH thick dotted curve. In all plots, the contour interval is 10 kcal/mol,
dynamical calculations will use the diabatic representation for | i the energy for selected contours indicated.

all calculations, it is important to examine; W, their coupling

surface, and their intersection seam, to understand what happenbeen fixed at 1.%, which is close to its equilibrium distance.

during collisions. This choice makes Figure 2 appropriate for describing the initial
Figure 2 presents a contour plot ofs\and Vf;, using a approach of the reacting species. Figure 2a iHa@abat, which
coordinate system in which the OH is located on yhaxis, means that it correlates to the A state potential in the limit of

with its center of mass at the origin and the H is in the positive infinite separation between H and OH. ThistHOH(A) energy
y direction. The contours refer to the location of the second H is 44 kcal/mol in the figure, which is the energy relative tam)(
atom relative to this coordinate system. The OH distaricas + Hy (which is taken to be zero energy). Thediabat also
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Figure 3. Contours of the DK potential surfaces, using the same format
as in Figure 2, but showing the adiabats (a) &Ad (b) 2A.
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representation for the electronic states. This means that we use
Vs and Vf to integrate trajectories and;, to determine the
coupling that goes into the time-dependent Sdimger equation.

In previous worR we found that this provides more accurate
results than the adiabatic representation if the dynamical process
is closer to being diabatic than adiabatic. By “closer” we mean
that there are fewer hops in the diabatic representation. In the
present application, both adiabats and diabats give rise to
attractive long-range potentials in the initial approach of H to
OH, so the overall cross section should be similar. We find
that, in most trajectories that access the attractive wells, the
number of hops in the diabatic representation is usually in the
range -5, and most of these hops are well separated in time.
These are conditions that are favorable for the diabatic
representation.

The TSH calculations have been performed with a maximum
impact parameter of 9.&. Larger values were tested, but we
find that this value converges both quenching and rotational
inelastic cross sections. Usually 5000 trajectories have been
integrated for each translational energy and initial OH rotational
quantum number. The electronic angular momentum has been
neglected in defining this OH rotational quantum number. Only
vibrational ground state collisions have been considered. Boltz-
mann averaging of cross sections has been performed by fitting
the cross section to a simple function of the translational energy
Er (usuallyA + B/E:®, whereA, B, andc are constants), and
then doing the integral analytically.

We have also performed capture theory calculations of the
total quenching cross section. Reference 8 describes the general
theory. In the present calculation, the maximum impact param-
eter for which the centrifugal barrier energy (the maximum in
the sum of potential energy plus centrifugal energy) matches
the translational energy is determined numerically, and then the
cross section is equated 4n,o,2. The potential energy in this
calculation is equated to thE-diabat, evaluated for OH at
equilibrium, and assuming a linear HOH orientation. This choice
of orientation yields the most attractive potential, which means

correlates to the deep water molecule well (with an energy of that the cross sections we obtain should be upper bounds to the

about—150 kcal/mol for the chosen value of the OH distance).
Figure 2a shows that ti®diabat is attractive for all orientations.
The correspondingl-diabat, shown in Figure 2b, is completely

correct values. This choice of orientation is what would be
appropriate if the OH is able to reorient to the lowest energy
structure while the H atom approaches. We also studied other

repulsive around the OH. This pOtentIal correlates to the ground Choicesy such as averaging over fixed angle Cross sections

state of OH, so its asymptote is-at#2 kcal/mol, corresponding
to 86 kcal/mol below the OH(A}- H asymptote of ¥. The

(equivalent to a rotational sudden approximation), but found
that the linear HOH orientation assumption yielded results in

crossing seam between the diabats is shown in Figure 2a,b, anghest overall agreement with the trajectory results, so this is what

we see that it occurs on the outer wall of the well in Fhdiabat
at an energy of about60 kcal/mol relative to GD) + H..

will be presented. We have also tested the capture model using
the 2A adiabat rather than ti&diabat. Of course, for the linear

The seam will therefore be encountered in the initial addition HOH orientation assumption there is no difference between 2A
process, but even if hopping does not occur then, the seam willand s-diabat. Other choices for orientation averaging o 2A
be crossed each time the water molecule vibrates. Figure 2cdid not yield better overall results.

shows that the coupling surfasg; is large near the crossing
seam for all but linear geometries.

Figure 3 shows the adiabats V()A&nd V(2A) for the same
geometry as in Figure 2. These contours show that the 2A
adiabat is attractive for all but perpendicular approach of H to
OH, while the corresponding fAadiabat is attractive for all
but linear approach to either end of OH. The HHO and HOH
wells of the 2A adiabat form the upper cone of the conical

Ill. Results

A. Cross Sections for Quenching and ReactionLet us
define the cross sections that we will present and discuss as
follows:

1. o1 = total cross section for quenching and reaction

2. ong = cross section for nonreactive quenching

intersection between the two adiabats, while the bottom of each 3. oxqo = cross section for quenching with hydrogen atom

cone shows up as a repulsive maximum in thé §éface.

B. Dynamics Calculations.The TSH calculations have used
the “fewest switches” method of Tully, with a few minor
revisions as described by Schatz and co-workétd? One

important change that was previously described in ref 8 is the

exchange
4. or = total cross section for reaction to giveDf + H,
5. or1 = contribution toog from trajectories that end up on
the 1A final electronic state of GD) + H,
6. or2 = contribution toor from trajectories that end up on

use of a diabatic representation rather than an adiabaticthe 2A final electronic state of GD) + H;
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Figure 4. TSH cross sections fad = 0 as a function of translational energy for-HOH(A). The curves in (a) are total quenching plus reaction
(circles), nonreactive quenching (squares), quenching with H atom exchange (triangles), and total reactip-toH((diamonds), while in (b)
the curves are total reaction toD] + H; (diamonds), OQ) + H, (2A’ contribution) (circles), GD) + H, (LA’ contribution) (squares) and atom

exchange without quenching (triangles).

TABLE 1: TSH Cross Sections for H+ OH(A) at 2 kcal/mol Translational Energy, along with Product Energy Partitioning

Information from TSH and from the Microcanonical Model

TSH results microcanonical results
branching Evib Eot branching Evrans Evio Erot
event  cross sectio@d’) fraction  Egans(kcal/mol) (kcal/mol)  (kcal/mol) fraction (kcal/mol)  (kcal/mol) (kcal/mol)
NQ 79.6 0.47 429 42.0 14.8 0.47 39.5 24.1 30.5
XQ 55.1 0.32 41.3 44.7 13.7 0.47 39.5 24.1 30.5
R 32.1 0.19 235 13.9 16.5 0.06 21.1 10.6 18.2
R1 134 0.08 21.8 13.7 18.5 0.03 21.1 10.6 18.2
R2 18.7 0.11 24.7 14.1 14.9 0.03 21.1 10.6 18.2
X 34 0.02 0.6 0 15 9.& 10°° 0.6 0 0.4

7. ox = cross section for atom exchange without quenching

8. ongr= nonreactive rotationally inelastic cross section
without quenching

Note thatoT = ONQ + OXQ + oRr and aIsoaR = 0ORr1 + ORr2.

guenching with atom exchange, accounting for 35%, and then
reaction accounts for 20%. Figure 4b shows that both surfaces
contribute about equally to the reactive cross section. The cross
sectionox (exchange without quenching) is less than 4%pf

Obviously atom exchange is not a distinguishable process for over the range of energies considered. Although this process is

OH(A) + H, but we have calculated the cross sections as if it
were to provide physical insight. This is also true for the two
cross sections that lead to formation of!D)Y + H,. ox and
onr do not contribute to the removal of OH(A), so we have not
included these in calculatingr. For each of the processes listed
above, we have calculated cross sections as a functidy,of
and as a function of the OH rotational quantum numbeétere

we use] rather than the usuaN" to avoid confusion with the
“N” that is used to denote “nonreactive”. Similarly, the final
OH rotational state will be denotet.

Figure 4 presents TSH cross sectionsJer O for the first
seven processes mentioned above as a functider.oThese
cross sections have not been multiplied by an electronic
degeneracy factor, but later we presentvith the 1/4 weighting
associated with the singlet initial state factored in. Error bars
are not given, but typically they are1%, +3%, +3%, +4%,
+6%, +6%, and+16% for the seven processes.

Figure 4a shows thaty is a decreasing function ddr, with
a very large value (around 2@@2 at 1 kcal/mol). We also see
that all of the processes-2 listed above contribute significantly
to or, and all of these have about the same dependené&g.on
The largest contribution is from nonreactive quenching, which
accounts for about 45% of the total. Second largest is from

the only one of processes-¥ that can take place without any
hops, we see that it is a very minor process in the dynamics.
This result would arise if essentially every collision that
contributes to any of the seven processes listed above, i.e.,
trajectories which cross the centrifugal barrier, involved forma-
tion of an intermediate complex. This is the expected behavior
given the appearance of thediabat in Figure 2a. In addition,

if complex formation is linked to quenching/reaction, then it
follows that the cross sections in Figure 4 should all have the
same dependence &, and also that the probabilities of the
events 2-6 might be modeled by a statistical model.

To test if a statistical model is appropriate for the branching
in Figure 4, we have calculated microcanonical statistical
probabilities for each of the events—Z using standard
expressiond? The resulting branching at 2 kcal/mol is listed in
Table 1, along with other results that will be described later.
We see that statistical theory predietgg = oxq andory =
Or2, Which is approximately what the calculated results show.
In addition, the branching between exchange and reaction to
O('D) + Hy is in the right direction, though predicting more
exchange and less reaction than we actually find. We conclude
that statistical theory provides at least a zero-order description
of the branching in this problem. The higher than statistical
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sectionor does not. In addition, we will show later (section
[11.D) that there is a cross section comparablesocassociated
with trajectories that form complexes but which are ultimately
nonreactive. If these cross sections are subtracted from the
capture model result (not shown), then the resulting “corrected”
capture cross section is found to be in excellent agreement with
TSH. However, this “fix” would not be available in a capture
theory analysis without doing a TSH calculation, so what it
really means is that capture theory will tend to overestimate
guenching cross sections due to the presence of trajectories
which are captured but which ultimately end up astHHOH-

200
} total quenching/reaction

160 —

120 —

2o nonreactive quenching

exchange quenching

Cross Section/atomic units

40 reaction to O('D)+H

0 \ \ (A).
00 50 100 150 Figure 6 shows that the two experimental results are higher
OH rotational quantum number than TSH by 25-30%. This is reasonably good agreement,

Figure 5. TSH cross sections for 2 kcal/mol translational energy as a given the uncertainties in the experimentsl0% in the Becker
function of the OH rotational quantum numhb&rNotation for curves et al. result andk30% in the Hartlieb et al. result), but there
is analogous to Figure 4a. are at least two sources of error in the theory that could also be
400 involved. One is inaccuracy in the potential surface, and the
other is contribution to the cross section from the triplet initial
Becker et al, 1974 state. In studies of @) + H; it was found that thermal rate
: coefficients based on the DK surfaces agreed with experiment
to within better than 10%,so this provides one piece of data
that would suggest that errors in the surface are not important.
The role of triplet states is harder to judge, but a very recent
study*®> has demonstrated that there can be substantial singlet
triplet coupling for OH(X) + H when the states are nearly
degenerate, so this mechanism for the triplet states to contribute
to quenching/reaction is at least a possibility.
C. Rate Coefficients for Quenching and ReactionTable
0.0 2.0 4.0 6.0 8.0 100 2 presents the rate coefficients at 300 and 1500 K for the
processes: total (T), nonreactive quenching (NQ), exchange
] ) ) ) qguenching (XQ), reaction (R), and exchange without quenching
e o pae 18P sl (e (. Incuded i the table ars esuls 00, 5, 10, and 15
and estimates from a diabatic capture model (triangles). ’ and the r_otatlona_l Boltzmann average. Also _mcluded in the table
are previous estimates of the total quenching rate conktant
These estimates are derived from the same data as the cross
direct reaction that we occasionally see in trajectories, where sections in Flgyre .6' so the cqmpanion with experiment Is of
the incoming H atom strikes the H atom in OH in an the same quality (i.e., the.o.ry .'S 259/0 below experiment).
approximately collinear geometry, and directly abstracts it. D. Product Energy Partitioning. Figure 7 shows how the
To study the influence of OH rotation, in Figure 5 we present average energy in product translation, rotation, and vibration
cross section versus rotational quantum numbédor total depends on reagent translational energy Yo+ 0. Here we
quenching reaction (T), nonreactive quenching (NQ), quenching include results for (&) nonreactive quenching, (b) quenching with
with hydrogen exchange (QX), and reaction td@)(+ Hx(R). H atom exchange, and (c) reaction to'D) + Ha. The results
This figure shows that there is essentia”y no dependencb on at 2 kcal/mol are also summarized in Table 1, along with the
for J = 0—10 and a weak dependence (increasing slightly) for results of microcanonical statistical theory calculations. We see
high J. This behavior is exactly the opposite to the decrease from Figure 7 that the average energy disposal varies with the
with J that is observed or assumed in quenching of OH by rare SPecific process being considered, but the fractions of energy
gases and other nonreactive collision partdérshis reflects ~ 9going into each degree of freedom are relatively invariant to
the fundamentally different mechanism for quenching fot-H  reagent kinetic energy. The dependence on which process is
OH(A) which is dominated by complex formation rather than considered depends in large measure on how much energy is
impulsive dynamics. available. The nonreactive quenching and hydrogen exchange
B. Thermally Averaged Cross SectionsTo further study ~ Processes both have an available energy of 88 kcal/mol or
the behavior ofrr, in Figure 6 we present TSH cross sections greater, and we see that translation and vibration are about equal,
that have been averaged over a rotational Boltzmann distribution,receiving 46-45% while rotation gets about 15%. Reaction to
and multiplied by the electronic statistical factor of 1/4. These O('D) + Hz has an exoergicity of 44 kcal/mol, but here
results are for 300 K, but they are virtually indistinguishable translation gets most of the available energy.
from those at 1500 K. Also plotted in Figure 6 is the classical ~ Table 2 shows that this energy partitioning behavior is not

80 —

[0

60 —

Hartlieb et al, 1997

capture model

40 = total quenching/reaction (TSHY

Cross Section/atomic units

20 —

Translational energy/kcal mol1

probability for reaction to give GD) + H, is probably due to

capture model result, and two experimental estimates,aine consistent with a microcanonical distribution. This most likely
from the 300 K measurement of ref 5 and the other from the arises because the intermediate complexes are too short-lived
1500 K estimate of ref 6. to be statistical. A simple calculation shows that the OH

The comparisons in Figure 6 show that the capture model rotational angular momentum is not limited by the light atom
cross section is consistently higher than TSH, with a similar released when nonreactive quenching or exchange quenching
energy dependence. Note that the capture model implicitly occur, so microcanonical theory with constrained angular
includesox (exchange without quenching), but the TSH cross momentum would not change the results significantly.
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TABLE 2: Quenching/Reactive Rate Coefficients (in cr/s) as a Function of OH Rotational Quantum NumberJ, along with the
Boltzmann Average, at 300 and 1500 K

300K 1500 K
J k‘r X 1010 kNQ X 1010 ka X 1010 kRX 1010 kx X 1010 kT X 1010 kNQ X 1010 ka X 1010 kR X 1010 k)( X 1010
0 4.1 1.6 2.1 0.4 0.003 6.3 2.6 3.0 0.7 0.01
5 3.6 1.7 1.3 0.5 0.05 5.8 2.6 2.1 1.0 0.09
10 3.6 0.9 1.8 1.0 0.04 5.7 15 2.6 15 0.09
15 4.1 1.1 2.3 0.4 0.3 6.4 1.8 34 0.7 0.5
Boltzmannav 3.9 1.6 1.8 0.4 0.02 5.8 2.3 2.4 1.1 0.09
expt 5.0+ 0.3 843
a Reference 5° Reference 6.
_ 50 [—{a) nonreactive quenching — 50 [—(b) exchange quenchin
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Figure 7. Average energy in product translation (circles), vibration (squares) and rotation (triangles) from the TSH calculations as a function of
translational energy, for (a) nonreactive quenching, (b) quenching with H atom exchange, and (c) reacti@) to B4

E. Rotational Energy Transfer. Here we consider cross quenching or reactive cross sections, it is clear that pure
sections for “pure” rotational energy transfer, denotag rotational energy transfer is too slow to compete with quenching
earlier. These cross sections are often associated with the longor reaction.
range part of the intermolecular potential, so to make sure that
we have calculated these accurately, we performed severaly, conclusions
calculations using much larger impact parameters (up tap)Ll5
than in the studies presented so far. What we found was that This paper has presented a quasiclassical trajectory surface
impact parameters larger than HJ did not contribute to hopping study of reaction and quenching of OH(A) in collisions
rotationally inelastic cross sections. In fact, almost all of the with H atoms. The calculations were based on accurate ab initio
rotationally inelastic trajectories were part of the capture potential surfaces, and it is encouraging to see that the overall
mechanism that normally produces electronic quenching or cross sections and rate coefficients for quenching plus reaction
reaction. The total cross section for rotationally inelastic are in good agreement with two previously derived values. What
scattering (summed ove¥) is in fact about 60% of that for we have learned from this study is that this overall rate
exchange without quenching, independentEaf except at coefficient is determined by the long-range attractive part of
energies below 1 kcal/mol where it becomes comparable with the 2A potential surface rather than by the probability of
ox. This means thatnr is always less than &2, and the rate nonadiabatic transitions to the 1gtate (which is close to unity).
coefficientkyr is approximately 0.02 10710 cmd/s at 300 K We demonstrated that a capture model that assumes the most

and 0.09x 10719 cm?/s at 1500 K. favorable orientation of the OH relative to the incoming H
Rotationally inelastic scattering involves transitions from the accurately describes the overall reaction cross sections, with
initial rotational state to several possible rotational stdted/e the only errors arising from the few trajectories that return to

find that the final state distribution is very broad, although not OH(A) + H either via exchange or nonreactive scattering. The
statistical. For example, at 2 kcal/mol, the cross sections startingprimary products of H+ OH(A) collisions that surmount the
fromJ = 0 are 0.5a¢? for J = 1, 0.4a? for J = 2, 0.3ay? for centrifugal barrier are nonreactive quenching and quenching with
J =3,0.3a2for J =4, 0.1ap? for J =5, and 0.2a4? for J hydrogen atom exchange. Reaction to gived)@ H, accounts

= 6 with the sum oved’ = 0 being 2.3a,2. The observation of  for about 25% of the products, with about equal probability for
broadJ' distributions is consistent with the complex formation this occurring on the 1Aand 2A potential surfaces. These cross
as the dominant mechanism for nonreactive rotational energy sections are nearly independent of rotational quantum number,
transfer. Sincesyg is much smaller than the which is a very different result than is assumed in modeling
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OH quenching by nonreactive partners (and which was previ- M. W.; Lester, M. 1.J. Chem. Physl999 110, 11117. Lester, M. |.; Loomis,

i i 6 i R. A;; Schwartz, R. L.; Walch, S. B. Phys. Chem. A997, 101, 9195.
ously used in modeling H- OH(A)°). We have also studied (3) Paul, P. HJ. Quant. Spectrosc. Radiat. Transfe994 51, 511.

product energy partitioning for the several possible products of  (4) Hartiieb, A. T.: Markus, D.; Kreutner, W.; Kohse:Highaus, K.
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