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Rotational, spin-orbit, andΛ doublet populations have been measured in the OH(V′′ ) 1) product of the
O(3P) + H2S reaction. Ground-state O atoms with kinetic energies above the barrier to reaction were formed
by photolysis of NO2 at 355 nm. Rotational populations were found to be hotter than statistically predicted,
with excitation up to the energetic limit in a distribution that suggests efficient conversion of reagent kinetic
energy into OH product rotation. Spin-orbit ratios show approximately equal populations in the2Π3/2 and
2Π1/2 states of OH, butΛ doublets favor the symmetric A′ level for all measured values ofN′′. A model of
the dynamics involving a planar transition state is invoked to explain the observations and predicts the SH
cofragment to be formed in the A′′ Λ doublet with little rotational energy.

I. Introduction

The reaction of oxygen atoms with hydrogen sulfide is a
prototype for sulfur oxidation in the atmosphere and a major
source of sulfates from the combustion of sulfur-contaminated
fossil fuels. The reaction can occur via three competing
pathways,1

The kinetics of the reaction have been extensively studied by a
number of techniques. The products have been detected by
photoionization mass spectroscopy,2 electron spin resonance,3

and atomic resonance spectroscopy with discharge flow4 and
flash photolysis initiation.5 The slow rate constant at room
temperature, 2.2× 10-14 cm3 molecule-1 s-1, indicates the
presence of a barrier, and the activation energy has been
determined6 to be 16 kJ mol-1. Channels 1a and 1b have both
been observed, but despite attempts to detect the SO product
by mass spectroscopy channel 1c has never been reported. The
branching ratio for the two observed channels has been
recommended to bek1a/(k1a + k1b) > 0.8.7

The dynamics of reaction 1b have been studied in crossed
molecular beam experiments by two groups, by Grice et al.8 at
a collision energy of 30.1 kJ mol-1 and at higher resolution by
Casavecchia et al.9 at collision energies of 32.1 and 49.4 kJ
mol-1. Grice et al. found a near isotropic scattering distribution
with almost all the available energy released into translation,

with a threshold energy for the reaction of 14.2( 2.1 kJ mol-1,
equal, within experimental error, to the measured activation
energy. Casavecchia et al. report the HSO product to be scattered
almost entirely into the backward hemisphere, with approxi-
mately 60% of the available energy being released into
translation of the products. This has been interpreted by a model
featuring attack by the electrophilic O(3P) atom on the sulfur
out-of-plane lone pair, the highest occupied molecular orbital,
to form a pyramidal intermediate. This then relaxes through a
planar transition state before dissociating, consistent with recent
ab initio calculations.10

The assumed major channel, (channel 1a), has by contrast
received relatively little attention. TheV′′ ) 0 to V′′ ) 1
vibrational branching ratio has been measured to be 0.45:0.55
by laser-induced fluorescence (LIF) on the rotationally relaxed
OH product with the O(3P) produced by microwave discharge.11

No previous measurements have been reported of the rotational
distributions or fine structure ratios.

In this and the following paper we report an extensive
investigation into the reaction dynamics of channel 1a through
laser-induced fluorescence (LIF) measurements of the nascent
OH fragment. O(3P) atoms are formed from the 355 nm
photolysis of NO2 with translational energies such that some
40% of their collisions with thermal H2S occur with relative
kinetic energies above the measured activation energy. In this
paper (part 1) we report on thescalar properties of the OH
fragment, namely, the rotational, fine structure, andΛ doublet
populations of the dominant OH vibrational level,V′′ ) 1. For
OH(V′′ ) 0) we report the strong interference from the
photolysis product of HONO, an unavoidable contaminant under
our experimental conditions. We produce O(3P) atoms with
aligned velocities, and in the following paper (part 2)12 we report
measurements of theVector attributes of the reaction, namely,
the alignment of the OH(V ) 0, 1) product velocity and angular
momentum vectors relative to the initial velocity vector of the
reagents.

II. Rotational Distributions from LIF

A number of different factors can influence the intensity of
a transition in LIF, and careful consideration of their contribu-
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O(3P) + H2S(1A1) f OH(X2Π) + SH(X2Π)

∆H0
0 ) -49.4 kJ mol-1 (1a)

O(3P) + H2S(1A1) f HSO+ H(2S)

∆H0
0 ) -16.7 kJ mol-1 (1b)

O(3P) + H2S(1A1) f SO(X3Σ-) + H2(X
1Σ+

g)

∆H0
0 ) -223.4 kJ mol-1 (1c)
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tions is necessary if accurate populations are to be determined.
The populations given in this paper are relative rotational
distributions within a single vibrational level. The absolute
oscillator strength is thus not relevant, and the assumption is
also made that the Franck-Condon factor is constant across
the vibrational band studied. The efficiency of the collection
optics and any filters used across the emission band must also
be ascertained, and the quantum efficiency of the photomultiplier
tube (PMT) used can be considered to be constant across the
small emission range in these experiments. Within these
approximations the intensity of the rotational transition depends,
as shown by Greene and Zare,13 on the population, rotational
line strengths, and laboratory (LAB) frame quadrupole rotational
alignment of the product. The general expression for the
intensity,I, of a 1 + 1 LIF transition is then

whereSJi is the transition line strength for the excitation step,
gJi is the degeneracy of the initial state|Vi,Ji〉, which has
populationNJi. The final termF(Ji,Je,Jf) contains the information
on the LAB frame rotational alignment of the product. This is
dependent both on the nature of the transition via the angular
momentum coupling factors linking the initial, excited, and final
states and on the relative geometry of the photolysis, probe,
and detection propagation directions and electric vectors. The
alignment term has the form

where A0
(2)(LAB) is the laboratory frame quadrupole rotational

alignment having limits between-2/5 and+4/5, andb0 andb1

are the angular momentum and geometrical factors. The
spectroscopy of OH results in multiple emission branches for
each excitation step, and these are not resolved in this experi-
ment. TheF(Ji,Je,Jf) term must thus be weighted over the
emission steps according to the line strengths and relevant filter
transmissions. The alignment term can be measured by recording
the relative intensity of a transition at two experimental
geometries as discussed below.

III. Experimental Section

Experiments were performed in a hexagonal stainless steel
vacuum chamber equipped with a variety of baffle arms and
ports and pumped by an oil diffusion pump capable of sustaining
a base pressure of 1× 10-6 Torr. The reagents, H2S (Cambrian
Gases, 99.8%) and NO2 (BOC, 99.5%), were stored prior to
and during experiments in a glass vacuum line and were both
freeze/thaw purified at liquid nitrogen temperatures before use.
The pressure in the reaction chamber was maintained at 100
mTorr in a 50:50 mixture by varying the flow rates of the
reagents and throttling the diffusion pump via a gate valve. The
reaction was initiated by the photolysis of NO2 by 355 nm
radiation from the third harmonic of a Nd:YAG laser (JK2000)
with a typical fluence of 100 mJ cm-2, producing translationally
hot O(3P). The polarization of the photolysis laser was initially
horizontal in the LAB frame. The beam passed through a KD*P
crystal, and application of a potential difference of 3.2 kV across
this crystal resulted in the rotation of the plane of polarization
to vertical in the LAB frame. This enabled the acquisition of
spectra recorded at two different experimental geometries under
otherwise identical conditions, and we refer to these as

geometries A (photolysis laser vertically polarized) and B
(photolysis laser horizontally polarized), after Docker.14 After
a delay of 200 ns the product OH(X2Π) was probed generally
via the A2Σ-X2Π (0,1) band around 340 nm using the second
harmonic of a Nd:YAG pumped dye laser (Spectron SL803
pumping a modified Spectron SL4000 using LDS698 in
methanol with the output frequency doubled in a KD*P crystal).
The probe laser fluence was<500µJ cm-2, and the signal was
found to be linear in probe laser fluence up to this limit,
indicating that saturation was not occurring. The probe laser
was counterpropagated to the photolysis laser and was vertically
polarized in the laboratory frame. The fluorescence was collected
perpendicular to the laser axis by anf/3 lens and passed through
two custom interference filters (Glen-Spectra, 80% transmittance
at 240-330 nm, OD> 2 at 340-400 nm, and Laser Compo-
nents GmbH.,>30% transmittance at 300-320 nm, OD> 3
elsewhere) to discriminate against scattered photolysis and probe
light before being imaged onto a photomultiplier tube (EMI
9813QKB). The signals from the photomultiplier and photo-
diodes monitoring the laser energies were passed to a digital
storage oscilloscope (LeCroy 9304, 175 MHz, 100 Msamples
s-1) interfaced to a PC (Dan 486DX33) via the GPIB protocol.
This computer also controlled the probe laser wavelength
stepping. The PMT signal was normalized to the photolysis and
probe laser fluences in a shot-to-shot fashion, with shots having
fluence below a preset threshold being rejected. Typically, 30-
40 shots were averaged at each wavelength before the probe
laser wavelength was incremented by 0.0005 nm, a typical scan
consisting of 1000 points. The probe laser wavelength in the
fundamental was measured at the start and finish of each scan,
and during the scan a portion of the probe laser fundamental
output was split off and expanded through a monitor etalon (free
spectral range of 0.524 cm-1). The resulting fringe pattern was
imaged onto a pinhole photodiode and the output also passed
to the oscilloscope. The resulting oscillating signal was subse-
quently used to ensure that the wavelength scale of each scan
was linear in frequency.

Previous studies of reactions producing OH using NO2

photolysis as an O(3P) source have been hindered by the
production of OH by the photolysis of contaminant HONO.15,16

NO2 and H2S react slowly in the gas phase (k < 6 × 10-20 cm3

molecule-1 s-1)17 but may react faster on surfaces, and as a
first precaution, the reagents were not premixed. The 355 nm
photolysis of HONO produces vibrationally and rotationally cold
OH, predominately in theV′′ ) 0, N′′ e 6 states. OH produced
promptly in these states, indicative of a photodissociation
process, was observed with only NO2 present. HONO exists in
equilibrium with NO, H2O, and NO2:

The NO impurity may be removed by the three-body recom-
bination reaction

Samples of NO2 were thus left overnight with excess O2, frozen
with a diacetone alcohol/dry ice slush at 218 K and pumped to
remove residual NO and O2. This greatly reduced the HONO
contribution to the OH signal, although it could not be
eliminated. No OH product was found inV′′ ) 1 states from
the photolysis of NO2 alone, even under conditions in which
very large signals were observed inV′′ ) 0. This is consistent
with the observations of McKendrick et al.16

The addition of H2S resulted in an OH signal inV′′ ) 1,
which increased with delay between the photolysis and probe

I ∝
SJi

NJi
F(Ji,Je,Jf)

gJi

(2)

F(Ji,Je,Jf) ) b0 + 5
4
b1A0

(2)(LAB) (3)

NO2 + NO + H2O S 2HONO (4)

2NO + O2 + M f 2NO2 + M (5)
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lasers and was linear in the photolysis laser fluence, indicative
of a reactive process. A similar signal was also found in theV′′
) 0, 6 < N′′ < 12 states, but this was found to require NO2

only and to display a greater than linear dependence on the
fluence of the photolysis laser. This signal is thought to arise
from energy transfer between OH produced from contaminant
HONO photolysis and rotationally excited NO from the 355
nm NO2 photolysis. The limit of OH production by this method,
N′′ e 12, corresponds well to the maximum energy available
in the NO produced by photolysis (∼3000 cm-1). Even with
extensive purification of the NO2 before use these contaminant
signals restricted the observation of OH product from the
reaction of O(3P) and H2S to V′′ ) 0, N′′ > 12, andV′′ ) 1.

The rotational distribution of the product of a reaction will
only contain significant information if it is free from collisional
effects after formation, i.e., if it is nascent. Similarly, in a
reaction involving a translationally hot atom such as O(3P) from
NO2 photolysis the initial collision velocity distribution must
be preserved. An upper limit for the collision frequency for the
fastest moving species in the system, O(3P), can be estimated
from the hard-sphere collision rate for the largest of the target
species. The resulting collision frequency can then be used to
calculate a product of the total pressure and time delay,p∆t, at
which, on average, one collision would be expected to occur.
The result for this system is found to be 3.7× 10-8 Torr s.
This may be compared to 4× 10-8 Torr s calculated for the
similar O(3P)+ HBr system.16 The collision rate may then be
modeled as a Poisson distribution. The experiments reported
here were all performed with p∆t e 2 × 10-8 Torr s, resulting
in less than 12.5% of the fastest O(3P) produced undergoing a
secondary collision. The results presented are thus believed to
be due to the reaction of nascent O(3P) and the product OH
likewise to be free from secondary collisional effects.

The photolysis of NO2 at 355 nm produces translationally
hot O(3P) atoms, with a range of speeds resulting from the
internal energy of the cofragment NO. The target H2S and parent

NO2 also have Maxwell-Boltzmann velocity distributions that
further broaden the collisional energy distribution. The effect
of these precursor and target velocity distributions on the relative
collision velocity of a photon-initiated reaction has been
considered by several authors.18,19For a monoenergetic hot atom
the result can be resolved into speed and angular components
of which the speed distribution,A(k), is given by

wherek is the collision speed,uA is the hot atom speed, andω2

) [kBT(mAD + mBC)/(mADmBC)], with AD the precursor and BC
the target.I1/2 is a modified spherical Bessel function.19 The
O(3P) speed distribution from the photolysis can be well
represented20 by two equally weighted Gaussians with centers
at 980 and 1600 ms-1 and standard deviations of 200 ms-1.
The overall collisional energy distribution can then be found
by numerically integrating eq 6 over the Gaussians using Monte
Carlo selection. Figure 1 shows the resultant energy distribution
relative to the thermodynamics of process 1a.

IV. Results

Relative rotational population distributions for theV′′ ) 1
level of the OH product of the reaction of O(3P) with H2S were
extracted from multiple scans over the (0, 1) band of the OH-
(A2Σ-X2Π) transition. Spectra were recorded in scans over
typically 1 nm at a time with a step size of 0.0005 nm to ensure
an adequate number of points across a rotational transition, and
an example including transitions in the R11 and R22 band regions
is shown in Figure 2. The integral areas of transitions that were
not significantly overlapped by neighboring lines were then
found from Gaussian fits. The intensity of a transition will
depend, as shown in eqs 2 and 3, on the LAB frame rotational
angular momentum alignment as well as the population. A
variety of transitions were recorded using the KD*P crystal to
switch the experimental geometry between those defined as A
and B, and an example scan for transitions pumped on the (1,
1) band near 315 nm is shown in Figure 3. It was found that
any change in the measured intensity due to the LAB frame
alignment was smaller than the statistical variation of the line

Figure 1. Energy level diagram for the reaction O+ H2S f OH +
SH. The barrier to reaction is taken from activation energy measure-
ments, and the kinetic energy distribution of the reagents is calculated
from eq 6.

Figure 2. Part of the (0, 1) band of the OH (A2Σ+-X2Π) system
recorded from the nascent products of the O+ H2S reaction. Transitions
from specificN′′ levels in the R11 and R22 bands are shown, together
with the monitor etalon fringes.

A(k) ) ( 1

2ω2)(k3

uA
)1/2

exp[-
(uA

2 + k2)

2ω2 ]I1/2(uAk

ω2 ) (6)
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intensity. The quoted populations have thus been calculated on
the basis of no LAB frame rotational alignment of the product.
In the following paper12 we consider more detailed measure-
ments of the LAB frame alignment at higher resolution, in which
we find a maximum difference of 5% between the signals
measured for geometries A and B. This leads to a rotational
alignment correction of at most 5% in the populations and will
not affect the conclusions drawn in this study.

Figure 4 shows the rotational distributions forV′′ ) 1 for the
F1 and F2 spin-orbit manifolds (2Π3/2 and2Π1/2, respectively)
and the A′ and A′′ Λ doublet levels as a function of rotational
quantum numberN′′. The rotational distributions all show a
similar general form, rising to a peak atN′′ ) 7 before falling
sharply to zero atN′′ ) 13. TheΛ doublet ratios for the two
spin-orbit manifolds are shown in Figure 5a, and a clear
preference for the A′ over the A′′ doublet is seen, which is
independent of either spin-orbit manifold or rotational quantum
number. Finally, the spin-orbit ratio as a function ofN′′ is
shown in Figure 5b, corrected for the appropriate ratio of
degeneracies of the rotational levels. Although there is a slight
preference for the lower spin-orbit state of OH(2Π3/2) at high
values ofN′′, the data are sufficiently scattered around zero to
suggest that there is no significant dynamical bias toward either
state.

V. Discussion

The amount of information contained in the rotational
distributions measured may be determined by the application
of information theory to the results in the form of a surprisal
plot.21 The surprisal requires a model distribution with which
to compare the experimental results, and the simplest and most
entropic distribution is the prior, in which all states energetically
accessible are populated according to their degeneracies subject
only to normalization and energy conservation. The probability
of populating an OH vibrationalV, rotationalN, spin-orbit Ω,
andΛ doublet state A according to these constraints is given
by the expression

whereA is the Λ doublet level,Q is the total sum over all
accessible levels, andEtot is the total available energy. The
calculation was performed using the OH state energies given
by Diecke and Crosswhite22 and those for SH calculated from
the data of Huber and Herzberg.23 The total available energy
depends on the collisional energy distribution as well as the
exothermicity, and the rotational probability distributions were
numerically integrated over the collisional energy distribution
shown in Figure 1. The surprisalI(R) is then given by

whereP(R) is the experimental distribution andP0(R) the prior
for a rotational quantum stateR. The resulting surprisals plotted
against the fraction of the available energy appearing as rotation,
g(R), for the four spin-orbit andΛ doublet manifolds of OH-
(V′′ ) 1) are shown in Figure 6. The surprisal plots are seen to
be close to linear, with negative gradients indicating that the
rotational distributions are hotter than the prior, and the slopes
are the same, within experimental error, for bothΛ doublets
and spin-orbit states. The nonstatistical nature of the surprisal
plot suggests that a complex-forming mechanism is not the
primary reaction path. The next most entropic model distribution
would be phase space theory (PST), the calculation of which
requires a knowledge of the (unknown) opacity function for
the reaction. The transfer of a light atom between two heavier
atoms will result in high pre- and postcollision orbital angular
momenta, and this together with the low total angular momenta
possible in the OH and SH because of their large rotational
energy spacings suggests that there will not be any strong
angular momentum conservation constraints present, and PST
will thus be expected to be similar to the prior.

The limit of the observed rotational population, atN′′ ) 13,
is very close to the energetic limit formed by the exothermicity
and maximum collision energy. The rotational distributions may
be plotted together with the available energy distribution formed
by the sum of the exothermicity and collisional energy distribu-
tion, and this is shown in Figure 7 for each of the four spin-
orbit andΛ doublet distributions scaled so that the sum of their
populations are the same. The falloff in the rotational distribu-
tions lie on this kinetic energy distribution within their errors,
suggesting that these high rotational states are formed in
coincidence with SH with virtually no internal energy. This very
efficient mapping of the available energy into rotation of the
newly formed diatomic product suggests a direct mechanism
through bent transition states. A similar efficient conversion of
translational energy into product rotation has also been observed
in the reaction of hot O(3P) atoms with CS(X1Σ+)20 and is
presently being tested in the O+ H2S reaction by measurements
of the nascent rotational distributions in OH for differing O atom
translational energies.

The Λ doublets are defined such that the levels which in
the highJ limit have a wave function that is symmetric with
respect to the reflection of the spatial coordinates of the electrons
in the plane of rotation are labeled A′, and those that are
antisymmetric with respect to the same reflection are labeled
A′′.24 The chemical significance ofΛ doublet ratios has been

Figure 3. Part of the (1, 1) band of the OH (A2Σ+-X2Π) system
recorded from the nascent products of the O+ H2S reaction, with
orthogonal polarizations of the photolysis laser (Docker geometries A
and B).14 The invariance of the two signals within experimental error
allows rotational populations to be extracted without correction for
polarization dependence of the LIF process.

P(V,N,Ω,A;Etot) )

(2JOH + 1)∑
VSH

∑
JSH

∑
ΩSH

∑
ASH

(2JSH + 1)(Etot - EOH - ESH)1/2

Q
(7)

I(R) ) -ln[ P(R)

P0(R)] (8)
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discussed by Andresen and Rothe.25 In the limit of high nuclear
rotation theΛ doublets can be identified with the symmetry
with respect to reflection in the plane of rotation of the electronic
wave function, but at lowerN′′ the degree of electron alignment
decreases, reducing the maximum population ratio that can be

measured. Any measuredΛ doublet ratio must thus be
considered in the light of the maximum ratio possible. The
degree of electron alignment increases rapidly withN′′ for OH,
the Λ doublets are well defined, and in principle high ratios
are possible, as seen for example in the photodissociation of
jet-cooled H2O.26 In the present case we see a clear preference
for the A′ Λ doublet over the A′′ (Figure 5a), which in the high
rotation limit means that the half-filledΠ orbital on OH lies
preferentially in the plane of rotation. We first consider a
statistical model forΛ doublet ratios, which predicts that under
certain conditions the ratio of A′/A′′ population should equal 2
and is based on a random distribution of dissociation geometries
leading preferentially to twice as many A′ as A′′ final states.27

The model has successfully predicted the outcome of a number
of H atom reactions forming OH but relies on the plane of
rotation of the OH product being defined by the velocity of the
attacking atomic reagent (the H atom). When the attacking atom
is light, then the force on the OH fragment is largely directed
at its center of mass and gives a low torque and thus contributes
little to the product angular momentum. For the present case,
however, a heavy atom is the attacker and a light atom is
transferred, and in addition the transition state is formed via a
barrier in which the kinetic energy of the O atom is converted
into potential energy of the system. Both effects mean that the
velocity of the O atom does not determine the OH plane of
rotation (the product angular momentum comes largely from
the impulse on the light H atom) and means that the model is
not applicable. We consider instead a model of the reaction

Figure 4. Relative populations of the four subsets of OH rotational
levels inV′′ ) 1 as a function of rotational quantum numberN′′: (a)
2Π3/2 (A′), (b) 2Π3/2 (A′′), (c) 2Π1/2 (A′), and (d)2Π1/2 (A′′) where A′
and A′′ refer to the symmetries of the OHΛ doublets. Distributions
are arbitrarily scaled, and all show the same approximate form, peaking
at N′′ ≈ 7 and falling to the energetically allowed limit atN′′ ) 13.
Error bars show 2σ standard deviations from multiple measurements.

Figure 5. Λ doublet ratios (a, open circles F1, filled circles F2) and
spin-orbit ratios (b, open circles A′, filled circles A′′) for the OH(V )
1) product of reaction 1a taken from the data of Figure 4. A preference
for the A′ symmetricΛ doublet is seen for both spin-orbit states, while
no clear preference for either spin-orbit manifold is seen.
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pathway that conserves planarity through the transition state and
that can lead to unequalΛ doublet ratios.

The ab initio transition state calculated by Goumri et al.10

for the reaction path leading to OH+ SH is planar and of A′′

symmetry, and this is shown in Figure 8a. We take this as the
starting point for two simple molecular orbital models of the O
atom approach to the H2S. The first model has the O(3P)
attacking the H atom with its filled p orbital, with transfer of a
H atom to form the OH bond, leaving electron density in the
lowest unoccupied molecular orbital (LUMO) on H2S, which
has a1 symmetry and is antibonding, thus initiating repulsion
between the S and H atoms (Figure 8b). The highest occupied
molecular orbital (HOMO) of H2S has b1 symmetry and
represents a mostly nonbonding orbital localized on the sulfur
atom and perpendicular to the plane. The transition state can
be stabilized by the overlap of this HOMO with one of the
partially filled p orbitals of the oxygen atom that lies perpen-
dicular to the reaction plane, and transfer of an electron out of
the HOMO into this results in it evolving into a filled orbital
of OH (largely a nonbonding orbital located on the O atom).
The other half-filled orbital remains in the plane and becomes
the half-filled pΠ orbital resulting in the A′ Λ doublet in OH.
The HOMO on the H2S has meanwhile evolved into the half-
filled pΠ orbital on SH, indicating a preference for the A′′ orbital
to be preferentially populated in SH. This model is consistent
with the ab initio transition-state symmetry and produces the
observed preference for the A′ OH Λ doublet.

A second approach geometry, which would also be consistent
with the A′′ symmetry of the transition state, is when the O(3P)

Figure 6. Surprisal plotsI(R) for (a) F1 (2Π3/2) and (b) F2 (2Π1/2) for
the OH(V′′ ) 1) product of reaction 1a as a function ofg(R), the fraction
of available energy present as rotation. For each spin-orbit state the
Λ doublets are plotted and analyzed separately (open circles A′, filled
circles A′′) and show slopes that are the same within experimental error
and whose negative values indicate a higher than statistical fraction of
available energy appearing in rotation of OH(V′′ ) 1).

Figure 7. Populations of the four sets of levels of OH(V′′ ) 1) produced
in the O+ H2S reaction as a function of their rotational energy and
compared with the distribution of available energy in the reaction. The
filled circles correspond to the F1A′ Λ doublet, the open circles to F1A′′,
the open squares to F2A′, and the filled squares to the F2A′′. Each of
the four distributions has been scaled so that the sum of the level
populations is unity. The available energy is defined as the exother-
micity of the reaction forming OH(V′′ ) 1) plus the relative collisional
energy distribution function defined by eq 6. The similarity between
the high rotational energy distributions and the falloff of the relative
kinetic energy function suggests efficient conversion of high reagent
translational energy into OH rotation.

Figure 8. (a) Planar transition state for the O+ H2S f OH + SH
reaction from ref 10. (b, c) Two possible mechanisms for the attack of
O atoms on H2S are illustrated, with the single-ended arrows showing
the electron transfers. Both mechanisms predict the OH and SH products
to have oppositeΛ doublet propensities, with mechanism b predicting
OH in the A′ state (as experimentally observed) and mechanism c
predicting OH in the A′′ state.
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approaches the H2S with one of the half-filled p orbitals directed
toward the H atom and the other perpendicular to the plane
(Figure 8c). Again, the HOMO of the H2S could stabilize the
transition state through overlap with this orbital, but reaction
would now require only the transfer of electron density from
the SH bonding orbital of H2S in the plane. This would lead to
the half-filled out-of-plane p orbital on the oxygen atom
becoming theΛ doublet defining pΠ orbital, resulting in a
preference for A′′ symmetry in OH. The SHΛ doublet would
be defined by the half-filled orbital left from the broken SH
bond, yielding a SHΛ doublet ratio favoring the A′ doublet.
This model thus predicts the oppositeΛ doublet preference for
the OH compared to that which is observed. In either model
theΛ doublet ratio would be reduced by a lack of planarity in
the transition state caused, for example, by out-of-plane rotation
of the H2S during reaction.

Attempts were made to observe the SH cofragment of the
reaction by LIF, but rapid predissociation of the A2Σ+ upper
state and consequent reduction of the fluorescence quantum yield
made signals unobservable. The observations of a higher than
statistical proportion of the available energy in OH(V ) 1)
rotation suggest a low overall rotational excitation in SH, and
further details of the scattering discussed in the following paper
(part 2)12 support this prediction. Models for theΛ doublet ratios
of the two X2Π reaction products suggest that the fragments
will have opposite symmetries, and the observation of a
preference for the A′ Λ doublet in OH would predict that SH
will be formed in the A′′ state. Such a prediction can be tested
on the SD product of the O+ D2S reaction (predissociation
lifetimes for the SD A2Σ+ state are much longer than those for
SH27), and such experiments are planned in our laboratory.

VI. Conclusions

The quantum states produced in OH(v′′ ) 1) from the reaction
of ground-state thermally hot O(3P) atoms with H2S show
rotational excitation up to the energetic limit with a fraction of
the available energy higher than that predicated statistically. The
distribution of the highest rotational states reflects the kinetic
energy of the reagents and suggests an efficient mapping of
translational into rotational energy of the new bond, predicting
little excitation of the SH cofragment.Λ doublet ratios favor
the formation of A′ OH, with the half-filled pΠ orbital in the
plane of rotation, and a model of the dynamics predicts the
oppositeΛ doublet in the SH coproduct.
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