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Cumulative reaction probabilities (CRPs) at various total angular momenta have been calculated for
the barrierless reaction S(1D) + H2 → SH + H at total energies up to 1.2 eV using three different
theoretical approaches: time-independent quantum mechanics (QM), quasiclassical trajectories
(QCT), and statistical quasiclassical trajectories (SQCT). The calculations have been carried out
on the widely used potential energy surface (PES) by Ho et al. [J. Chem. Phys. 116, 4124 (2002)]
as well as on the recent PES developed by Song et al. [J. Phys. Chem. A 113, 9213 (2009)]. The
results show that the differences between these two PES are relatively minor and mostly related
to the different topologies of the well. In addition, the agreement between the three theoretical
methodologies is good, even for the highest total angular momenta and energies. In particular, the
good accordance between the CRPs obtained with dynamical methods (QM and QCT) and the
statistical model (SQCT) indicates that the reaction can be considered statistical in the whole range
of energies in contrast with the findings for other prototypical barrierless reactions. In addition,
total CRPs and rate coefficients in the range of 20–1000 K have been calculated using the QCT and
SQCT methods and have been found somewhat smaller than the experimental total removal rates of
S(1D). © 2012 American Institute of Physics. [http://dx.doi.org/10.1063/1.4761894]

I. INTRODUCTION

The cumulative reaction probability (CRP) function was
originally introduced by Miller1 in the context of a quantum
mechanical (QM) and semiclassical version of the transition
state theory (TST) and it was subsequently developed in a se-
ries of articles.2–4 The CRP may be interpreted qualitatively
as the effective number of reactant states that can lead to the
formation of products at a given total energy, E. Actually, the
calculation of the CRP does not necessarily involve any ap-
proximation and provides a powerful conceptual link between
the formalism of the (exact) scattering theory and the simpler
and perhaps more intuitive albeit approximate TST. The CRP
formalism serves to calculate directly specific and canonical
rate coefficients. However, even though the CRP is an aver-
aged property, its dependence on energy contains valuable in-
formation about the quantized spectrum of the transition state
and the detailed dynamics of the reaction. Indeed, the analysis
of the CRPs has allowed the identification of these quantized
transition states or reaction bottlenecks5–7 that also seem to
manifest in state–to–state descriptions of the reaction.8

At the beginning, TST was conceived to determine ther-
mal rate coefficients for direct reactions using information re-
stricted to the saddle point of the PES.9, 10 In 1970s, moti-
vated by the experimental studies on barrierless reactions,11, 12

Miller extended the TST model to determine rate coefficients
for situations in which the definition of the saddle point was
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not so straightforward.2 As an instance, for reactions with
deep potential wells, the unified-TST rationalizes the dynam-
ics in terms of two dynamical bottlenecks or dividing sur-
faces: one before and another after the well, near the saddle
points of the possible entrance and exit barriers. In the ab-
sence of dynamical barriers, the bottlenecks correspond to the
maxima of the centrifugal barrier for each arrangement chan-
nel. If the barriers, either dynamical or centrifugal, disappear
the dividing surfaces shift to the asymptotic configurations of
reactants and products.

Determination of exact QM CRPs covering the whole
range of total angular momenta is usually very demanding
computationally because the calculation of the full scatter-
ing S-matrix is required, comprising all total angular mo-
menta, J, necessary for convergence. However, more efficient
approaches, such as the flux–flux autocorrelation method,
allow a direct calculation of thermal–CRPs4 circumventing
the calculation of the full S-matrix. In addition, a quasiclas-
sical trajectory (QCT) version of the CRP formalism has
been recently developed13 not only for zero total angular
momentum14, 15 but for J ≥ 0, as well as for the calculation
of the total CRP. This method has been applied to the study
of a variety of three atom reactions,13, 16–18 with a generally
good agreement with the exact QM calculations. In particu-
lar, the QCT CRP method has been employed in the study
of the H+ + H2 reaction,18 the prototypical barrierless re-
action governed by a deep well. In addition, the statistical
QCT method (SQCT)19, 20 has been also used to determine
the CRPs and rate coefficients for the H++D2 and other iso-
topic variants.18, 21 The results obtained for those reactions
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showed that the dynamical methods (QM and QCT) and the
statistical model were in good agreement at low energies and
low total angular momenta. However, with increasing J, it
becomes clear that the statistical approach overestimates the
QM and, especially, the QCT reactivity.22, 23 This discrep-
ancy was attributed to the predominance of a direct mecha-
nism for large J values at which the centrifugal barrier acts
as a genuine barrier and practically overrides the effect of the
well.

The S(1D) + H2(X 1
�

+
g ) → SH + H reaction

has been widely studied, both experimentally24–27 and
theoretically.28–41 Given the vast amount of available infor-
mation, the system has become a benchmark for insertion,
barrierless reactions.28, 42 It has been also found that, at least
at low energies, the reaction takes place mostly via an inser-
tion mechanism involving a long-lived complex. Recent ex-
periments at very low collision energies performed by Costes
co-workers43and Sims and co-workers44 as well as the new
set of PESs calculated by Song et al.,46, 47 as an alternative
to the widely used reduced-kernel Hilbert space (RKHS) PES
by Ho et al.,30 have attracted a renewed interest on this sys-
tem. In this paper, we will apply the methodology inherent to
the CRP formalism to the S(1D) + H2 reaction. This reaction
is in some aspects akin to the H+ + H2 family of reactions,
dominated by a deep potential well (∼4 eV) but with a dif-
ferent mass combination, more prone to produce a long lived
complex48 irrespective of the collision energy or the total an-
gular momentum.

The aim of this work is twofold. On the one hand, we
will describe the adiabatic dynamics for this reaction in terms
of CRPs that can be directly used to obtain thermal rate co-
efficients. On the other hand, the results of calculations car-
ried out on the RKHS PES30 and the double-many-body-
expansion with scaled external correlation (DMBE/SEC)
PES47 will be compared. The application of three different
dynamical methodologies, time-independent QM, QCT, and
SQCT is intended to assess the importance of quantum and
non-statistical effects for this reaction. As for the compari-
son of different PESs, recent studies49, 50 have shown that the
DMBE/CBS46 is inaccurate and incapable to describe cor-
rectly the reactivity at small collision energies due to the pres-
ence of spurious features in the PES. The DMBE/SEC PES,47

however, does not present artifacts and its agreement with the
RKHS PES is considerably better.50

The paper is organized as follows. Details of the calcu-
lations as well as a brief summary of the various theoretical
methods are described in Sec. II. The results and its discus-
sion are given in Sec. III. Finally, Sec. IV is devoted to the
conclusions of this work.

II. THEORETICAL METHODS AND CALCULATION
DETAILS

A. Quasi-classical trajectory calculations

The quasi-classical trajectory method to calculate
the cumulative reaction probabilities has been described
previously13, 16, 18, 51 and only some details will be given here.
It must be recalled that the total angular momentum, J, rota-

tional angular momentum, j, and the helicity, �, are quantized
at the beginning of the trajectory.

CRPs were obtained for J = 0, 4, 10, 30, and 50 on the
RKHS PES30 as well as for J = 0 on the DMBE/SEC PES47

by running batches of 5 × 105 trajectories in the total energy
range up to 1.5 eV. Trajectories were started at an initial
distance of 10 Å and the integration step was set to 0.01 fs
(on the RKHS PES) and 0.06 fs (on the DMBE/CBS PES),
sufficiently small to ensure an energy conservation better
than 1 in 5 × 105.

Total CRPs as a function of the total energy were also
calculated on both PES as in Ref. 18 by running batches of
5 × 106 trajectories in the same total energy range. Extra
batches of 106 trajectories were run in the low collision en-
ergy range between 10−4– 0.1 eV, the trajectories starting at
30 Å due to the importance of the long range interactions at
those energies.

Once the total CRP has been obtained by using the
methodology described above, the expression of the thermal
rate coefficient for a homonuclear molecule B2, assuming a
thermal equilibrium distribution of internal states, can be writ-
ten as13

k(T ) =
∫ ∞

0 Cr (E) exp(−E/kBT )dE

h�rel(T )QB2
v,j (T )

, (1)

where the total CRP as a function of the total energy, E, is
given by

Cr (E) =
∑

T

(2T + 1)
Jmax∑

J=0

(2 J + 1)CJ,T
r (E) (2)

and T is the molecular nuclear spin quantum number. For the
H2 molecule, where I = 1/2, T = 0 for para-hydrogen (even
rotational states) and T = 1 for ortho–hydrogen (odd rota-
tional states). The CRP for a given value of the total angular
momentum and diatomic parity is CJ,T

r (E). In Eq. (1) kB is
the Boltzmann constant, and �rel(T) and Q

B2
v,j (T ) are the rel-

ative translational and coupled nuclear-rovibrational partition
functions, respectively.

Equation (1) together with Eq. (2) assume that there
is ortho–para equilibrium at any temperature. However, in
the experiments carried out to determine the S(1D) removal
rate coefficients at low temperatures, the para/ortho frac-
tion is that corresponding at room temperature (≈1:3). The
underlying hypothesis is that, during the expansion (and
previous cooling) to produce the molecular jet used in
the experiments,43, 52 there is no ortho/para interconversion.
Therefore the formula to determine the rate coefficients under
these conditions is

k(T ) = w(o)

∫ ∞
0 C(o)

r (E) e−E/kBT dE

h�rel(T ) Q
o−H2
v,j (T )

+w(p)

∫ ∞
0 C

(p)
r (E) e−E/kBT dE

h�rel(T ) Q
p−H2
v,j (T )

, (3)

where w(o) and w(p) are the fractions of ortho-H2 and para-H2

at room temperature (≈0.25 and 0.75, respectively), C(o)
r (E)

and C
(p)
r (E) are the separate total CRPs for ortho and para,
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and Q
o−H2
v,j (T ), Q

p−H2
v,j (T ) the corresponding partition func-

tions for the two species.
For the purpose of this work, under the conditions just

commented on above, it is also interesting to define the
thermal–CRP including the reagent’s partition function as

Cr (E; T ) = w(o) C(o)
r (E)e−E/kBT

h�rel(T )Qo−H2
v,j (T )

+w(p) C
(p)
r (E) e−E/kBT

h�rel(T )Qp−H2
v,j (T )

, (4)

whose integration over the total energy range recovers the k(T)
given by Eq. (3). The thermal–CRP represents the contribu-
tion of the Boltzmann weighted CRP to the rate coefficient in
an interval of energies within E and E + dE.

For the QCT determination of the thermal rate coeffi-
cients there is no need to calculate the total CRP explicitly;
the data of individual trajectories can be directly used as de-
scribed in Ref. 13, allowing the incorporation of the Gaussian
binning (GB) procedure.53, 54 When this procedure is used, the
trajectories are also weighted according to the proximity of
their vibrational actions to those given by the correct (inte-
ger) QM vibrational quantum numbers. The weights are cal-
culated using a Gaussian distribution function centered at the
QM vibrational quantum numbers and with a full-width-half-
maximum of 0.1.

B. The quantum mechanical hyperspherical approach

The hyperspherical quantum reactive scattering method
developed by Launay and Dourneuf55 was described in detail
in previous works.56 Recent modifications of the method, per-
formed in order to allow the accurate inclusion of long-range
interactions, were described in depth in Ref. 45 in the con-
text of our study of the title reaction at low collision energies.
Such modifications are not necessary in the present work. In
what follows, we will simply recall the basic concepts while
referring to previous works for more details.

According to this approach, the configuration space is di-
vided into inner and outer regions. The position of the nu-
clei in the inner region is described in terms of hyperspheri-
cal democratic coordinates. The logarithmic derivative of the
wavefunction is propagated outwards on a single adiabatic
PES (the ground adiabatic PES in the current case). At a large
enough value of the hyperradius the former is matched to a set
of suitable functions, called asymptotic functions, to yield the
scattering S-matrix. The asymptotic functions provide the col-
lision boundary conditions and, when working at thermal en-
ergies, they are the familiar regular and irregular radial Bessel
functions.

The S matrix for the title collision on the RKHS PES
has been calculated for total angular momentum, J = 0, 4,
and 10 on a dense grid of equally spaced energies. In addi-
tion, QM calculations for J = 0 have been carried out on the
DMBE/SEC PES. Total energies ranging from the opening of
the ground state of H2 (E ≈ 0.27 eV) up to 1 eV were consid-
ered. Calculations have been also performed for J = 30 in the
same energy range but only at a reduced number of total ener-

gies, given the rapidly growing computational effort required
as the total angular momentum increases. The convergence
parameters used in the current work are the same as those
used in the study of the title collision at thermal energies, and
are given in Refs. 32 and 36. In particular, note that an inter-
molecular separation of ∼10 a0 was chosen for the matching
of the inner propagation with the asymptotic functions.

C. Statistical quasi-classical trajectory calculations

The statistical quasi-classical trajectory method (SQCT)
has been presented in detail in previous publications.19, 20 The
determination of the SQCT CRP is described in Ref. 18. The
SQCT results for the reaction under study on the RKHS PES
were found to be in almost perfect agreement with those ob-
tained using the quantal version (SQM).35

The SQCT CRPs were obtained for the same total angu-
lar momentum values and PES as in the QCT case. Batches
of 106 trajectories were run for each arrangement. The start-
ing intermolecular distance was set to 10 Å (30 Å at the
lowest total energies) and the integration step was 0.08 fs,
small enough to ensure an energy conservation better than
1 part in 105. The values of the capture potential were set at
−0.6 eV and −0.8 eV for the reactant and product channels,
respectively.35

In addition, calculations at 35 fixed total energies, in the
0.27–1.3 eV total energy range, were calculated to determine
the total CRP and thermal rate coefficients on both PESs using
the equations of Subsection II A.

III. RESULTS

A. Cumulative reaction probability for J = 0

The cumulative reaction probabilities for J = 0, obtained
using the three different approaches, are shown in the top and
bottom panels of Fig. 1 for the DMBE/SEC and RKHS PESs,
respectively. Unless stated on the contrary, the CRPs that
will be shown are the unweighted sum of the contributions
for para-H2 (j even) and ortho-H2 (j odd). In the case of
the QM results, the underlying step-like structure is in part
obscured by the resonance pattern. Except for the resonance
oscillations, the QCT results are in good agreement with
the QM ones over the considered energy range. In the QCT
and SQCT CRP calculations the step-like structure is more
clearly shown, reflecting the opening of the reactant states.
In contrast to the J = 0 CRP for the H+ + H2 system,18 the
opening of the product states does not increase the reactivity.
Although the S(1D)+H2 is only mildly exoergic, at the
time of the opening of the lowest H2 state there are already
about 20 rovibrational states available for the SH product and
therefore the addition of successive higher product states does
not increase the reactive flux significantly. As can be seen, the
statistical model overestimates the reactivity with respect to
the QM or QCT results in the energy range considered. The
calculations on the RKHS PES (bottom panel of Fig. 1) lead
to a substantially better agreement between the SQCT and
QM results, especially at the highest energies. This indicates
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FIG. 1. Cumulative Reaction Probability for J = 0, CJ=0
R (E), on the

DMBE/SEC PES (upper panel) and the RKHS PES (lower panel). Solid
black line: QM results. Dashed red line: QCT results. Dashed-dotted blue
line: SQCT results.

that the behavior on the RKHS PES is more statistical than
that observed on the DMBE/SEC PES.

A deeper insight into the origin of the discrepancies be-
tween the calculations on both PESs is achieved from Fig. 2,
where the results are separately compared for each theoreti-
cal method. The top panel, where the QM CRPs are shown
for the two PESs, indicates that the reactivity on the RKHS
PES is slightly larger. Interestingly, the step-like pattern in
the CRP becomes more evident for v = 1 on the RKHS PES.
The fact that observed differences between the CRPs on the
two PESs also appear in the QCT results (middle panel) seems
to rule out a purely quantal origin of those differences. Actu-
ally, the absence of the resonance structure makes more ev-
ident the extent of the discrepancies between the results on
the two PES. Finally, the bottom panel of Fig. 2 shows that
the SQCT CRPs on the RKHS and DMBE/SEC PESs (bot-
tom panel) are almost indistinguishable except at the lowest
energies. Since the statistical calculations only consider the
entrance and exit valleys (up to the capture point), it can be
concluded that most of the differences must be attributed to

FIG. 2. Comparison between the CRPs for J = 0 obtained with the three
theoretical approaches on the indicated PESs (solid blue line: RKHS; dashed-
dotted red line: DMBE/SEC). Upper panel: QM results; middle panel: QCT
results; lower panel: SQCT results. The QM CRP for v = 1 is also displayed.

the topography of the well that is disregarded in the statistical
approximations.

Had we determined the CRPs on the DMBE/CBS PES,46

we would have found noteworthy differences with the results
obtained on the RKHS and DMBE/SEC PES. This is due to
the fit resulting in DMBE/CBS PES that produced some ar-
tifacts which amounts to a barrier at compressed H–H in-
ternuclear distances.49 To highlight these differences Fig. 3
shows the reaction probability for J = 0 corresponding to two
different initial vibrational states v = 0, j = 0 and v = 1,
j = 0. Results on the three PESs, RKHS, DMBE/CBS, and
DMBE/SEC, are shown in the left, middle, and right panels
of Fig. 3, respectively. While differences among the results
on the three PES for (v = 0, j = 0) are relatively minor,
especially at high collision energies, the results for (v = 1,
j = 0) reveal the effect of the artificial barrier on the
DMBE/CBS PES as the appearance of an energy threshold
of ∼ 25 meV, which is observed regardless of the theoretical
method employed. Interestingly, the QM and QCT reactivities
are larger on the DMBE/CBS PES than on the DMBE/SEC
PES for energies well above the spurious v = 1 threshold.
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FIG. 3. Reaction probability for J = 0 as a function of the collision energy for (v = 0, j = 0) (upper panels) and (v = 1, j = 0) (lower panels) initial states,
calculated on three different PES (RKHS: left panel; DMBE/CBS:46 middle panel; DMBE/SEC: right panel). On the DMBE/CBS PES there is a threshold of
≈ 25 meV for v = 1. Such threshold does not appear on the two other PESs.

B. Cumulative reaction probabilities for J �= 0

The CRPs for fixed J greater than zero have been also
calculated on the RKHS PES. In Fig. 4 we display the re-
sults for J = 4, 10, 30, and 50, which were obtained by using

the three different methods. On panel (a), the step–like struc-
ture in QM CRP for J = 4 becomes apparent. QCT results
show a nearly perfect agreement with the QM ones whereas
the SQCT method overestimates the reactivity. For J = 10,

(a) (c)

(b) (d)

FIG. 4. Cumulative reaction probabilities as a function of the total energy for J = 4, 10, 30, and 50 calculated on the RKHS PES. Solid black line: QM results.
Dashed red line: QCT results. Dashed-dotted blue line: SQCT. Only a reduced set of energies have been calculated for J = 30 using the QM approach.
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on panel (b), the step structure is still visible and QCT results
follow the same trend as the QM ones, although the agree-
ment is slightly worse, especially at higher energies. It must
be stressed that the QM calculations have been carried out
without resorting to any approximation.

Results for J = 30 are displayed on panel (c). Only few
representative energies were considered in the QM calcula-
tions due to the huge computational cost when the full Cori-
olis coupling is included. At this relatively large value of J,
the centrifugal barrier dominates the reactivity and the step-
like structure disappears. Besides, the extent of the differ-
ence between the QCT and SQCT results is similar to that
found for lower total angular momenta, what actually means
that the statistical behavior does not disappear at high ener-
gies. It must be pointed out that at these high J values the
QM CRPs are in somewhat better agreement with the SQCT
CRPs than with those obtained with the QCT method. Finally,
QCT and SQCT results for J = 50 are very much alike (panel
(d)). Therefore, QM CRPs for J > 30, not calculated because
of their computational cost, are expected to be in good ac-
cordance with those from the QCT and SQCT approaches.
These results are in strong contrast with those obtained for the
H+ + H2 reaction and isotopic variants, for which the differ-
ences between SQCT and QCT results for sufficiently large J
values and energies were remarkable.18

C. Total CRPs and thermal rate coefficients

Once the CRPs calculated with the QCT, SQCT, and QM
approaches have been compared using the different PESs here
considered, our attention focus on the determination of the
thermal rate coefficients, k(T).

As indicated in Subsection II A, thermal rate coefficients
have been calculated from the total CRP, CR(E). The compari-
son of the total CRP calculated on the RKHS and DMBE/SEC
PESs using the QCT and SQCT methods are shown in Fig. 5.
The inset in this figure shows an enlargement of the low en-

FIG. 5. Total CRP (comprising H2 even and odd rotational states according
to Eq. (2)) as a function of the total energy. Lines and symbols as indicated
in the figure. SQCT results were calculated at several fixed energies and are
shown as circles and squares for the RKHS and DMBE/SEC PESs, respec-
tively.

FIG. 6. Arrhenius plot of the QCT-HB, QCT-GB, and SQCT thermal rate
coefficients, k(T), calculated on the RKHS (blue lines) and DMBE/SEC (red
lines). The bottom panel comprises temperatures from 20–1000 K. The re-
gion to the left of the vertical dashed line (200–1000 K) in the bottom panel
is expanded in the upper panel. The experimental data appear as green solid
points.43

ergy region in logarithmic scale. Since the QM CRPs were
calculated only for a very limited number of total angular
momenta, the QM total CRP is not available. However, the
good accordance of the QM results with the SQCT and the
QCT data lends credence to the calculations using these ap-
proaches. As shown in Fig. 5, the differences between the to-
tal CRPs on both PESs are relatively minor in most of the
energy range, although there are some differences at low en-
ergies (0.27–0.35 eV). The SQCT CRPs are slightly larger
than those obtained with the QCT method in the whole range
of total energies considered in this work, and the relative dif-
ference between QCT and SQCT data does not increase with
the energy.

Arrhenius plots of the thermal rate coefficients calculated
from the total CRPs (see Subsection II A), are shown in
Fig. 6. The results using the standard (histogram) binning,
QCT–HB, the Gaussian binning, QCT–GB, and the SQCT
methods are depicted in the figure. The top panel of the figure
shows the results covering the range 200–1000 K, while the
bottom panel of Fig. 6 extends the range of temperatures
down to 20 K. Irrespective of the calculation method, the rate
coefficients obtained using the RKHS PES are systematically
larger than those obtained on the DMBE/PES. Only at
the highest temperatures (≈500 K), their values seem to
converge. The similarity of the results on both surfaces at
the highest temperatures is not surprising as the total CRPs
become very similar with increasing energy. The k(T) values
predicted by the SQCT model are closer to the experimental
data by Sims and co-workers43 which are also shown in the



164314-7 Jambrina et al. J. Chem. Phys. 137, 164314 (2012)

FIG. 7. Thermal cumulative reaction probabilities divided by the partition function as a function of total energy (such that the integral of each curve gives the
corresponding rate coefficient) at T = 100 K (left panels) and 300 K (right panels). Top row: calculations on the RKHS PES. Bottom row: on the DMBE/SEC
PES. The first peak is due to the j = 0 contribution, while the second contains the contributions of j = 0 and j = 1 taking into account the p-H2 and o-H2
abundances (≈25% and ≈75% , respectively).

figure. It is important to notice that the experimental k(T) cor-
responds to the total removal of S(1D) atoms, thus accounting
for both the reaction and the electronic quenching to S(3P).
The experimental data constitute an upper limit to the actual
reaction rate coefficients and, as discussed in Ref. 45, are
expected to be somewhat higher than the theoretical values
obtained in an adiabatic treatment. Multistate non-adiabatic
calculations40 including the triplet PES and the spin–orbit
couplings for the S(1D) + HD reaction indicate that at least
for this isotopic variant non-adiabatic effects caused by
intersystem crossing are important and that the electronic
quenching is comparable with the reactive cross section.

To gain more information about the differences in the val-
ues of the rate coefficients, thermal cumulative reaction prob-
abilities (or thermal-CRP) have been calculated at 100 K and
300 K, and are shown in Fig. 7 in the left and right panels,
respectively. The thermal-CRP corresponding to the RKHS
PES and 100 K (top left panel) exhibits a shoulder associated
to the contribution of j = 0, followed by a maximum at about
290 meV, which is due to the contribution of j = 1 (recall
that odd j states have larger weights). After this maximum,
the thermal CRP decreases following the Boltzmann factor.
The curves at 300 K (right panels) are much broader (note
the different energy scale) and the successive contributions
from the opening of higher H2 rovibrational states appear as
superimposed shoulders as the energy increases. The curves
resulting from the various approaches display the same trend,
although the SQCT results are always larger than the QCT

ones in the whole energy range, and this is especially notice-
able in the height of the maxima. As it could be anticipated,
differences between both QCT methods disappear as the en-
ergy increases.

The thermal-CRPs calculated on the DMBE/SEC PES
(bottom panels) are similar to those found using the RKHS
PES, following basically the same pattern although the mag-
nitude of the thermal-CRPs on the latter is clearly bigger,
what is reflected in the larger values of the corresponding k(T).
However, at 100 K the relative contribution of j = 0 with re-
spect to that from j = 1 is somewhat more important in the
case of the DMBE/SEC PES.

IV. CONCLUSIONS

In this work we have performed a detailed analysis of
the S(1D) + H2 reaction using the cumulative reaction prob-
ability (CRP) methodology. Calculations of CRPs at various
total angular momenta have been carried out using the time-
independent quantum mechanical (QM), quasiclassical tra-
jectories (QCT), and the statistical quasiclassical trajectory
(SQCT) model approaches. Two potential energy surfaces
(PESs) were considered: the widely used RKHS and the re-
cent DMBE/SEC PESs. In addition, total CRPs and thermal
rate coefficients in the 20–1000 K have been calculated using
the QCT and SQCT methods.

For this barrierless reaction, the dynamical bottleneck is
shifted towards the reagent asymptote for low J values and
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the CRP shows a step-like structure even for J = 0 (although
partially blurred by the resonance pattern in the QM calcu-
lations). These steps reflect the opening and reactivity of the
initial states of the H2 reagent. For larger J values, the effect
of the centrifugal barrier damps the step-like structure. The
CRPs calculated with the three different theoretical method-
ologies are in very good agreement even for the largest to-
tal angular momentum calculated. Only at low J values, the
SQCT CRPs tend to overestimate the QM results slightly.

The total SQCT CRPs and hence the rate coefficients are
larger than those found using the QCT approach, leading to
a somewhat better agreement with the existing experimental
data. Caution should be exercised in this comparison since
the experimental data corresponds to total – reaction plus
electronic quenching – removal rates of S(1D). As for the
comparison between the results on the two PESs here scru-
tinized, it can be concluded that the existing differences are
relatively small and can be traced back to the differences in
the topology of the well. In fact, except at the lowest energies,
the SQCT CRPs calculated on both PESs are almost identical.
In contrast, differences can be appreciated in the QM as well
as in the QCT results, what rules out their attribution to pure
quantum effects. The rate coefficients obtained on the RKHS
PES are slightly larger on the whole range of temperatures
(no more than 15%) but tend to converge at the highest
temperatures.

As a whole, taking into account all the existing dynamical
information, the reaction can be considered as statistical, dy-
namically dominated by the capture before the well and hence
quantitatively describable by QM or QCT statistical models
even in the high energy regime. This is in contrast to other
prototypical reactions, such as H+ + H2, long considered sta-
tistical but whose behavior departs from that category as the
energy increases.
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