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I. Introduction
Molecular oxygen and nitrogen are the two main con-
stituents of the atmosphere and play a key role in Earth’s
life. The oxygen reactivity and the nitrogen inertia are well-
known to chemists. When in atomic form, oxygen be-
comes particularly reactive, especially if excited to its first
electronic state 1D (189.8 kJ/mol above the ground state
3P). Ground-state nitrogen atoms are known to be much
less reactive than O atoms (for symmetry and thermody-
namic reasons), but electronic excitation to the first
excited state, 2D (227.7 kJ/mol above the ground state 4S),
renders them also very reactive.1-3 Excited O and N atoms
exhibit a marked difference in the chemical behavior with
respect to their ground states; in fact, among the various
forms of energy which can be supplied to a system, the
electronic excitation is quite peculiar, since it leads to
potential energy surfaces (PESs) whose energy, symmetry,
and topology are different from those of the ground
state.1-3 The reactions of O and N atoms (both ground
and excited) are of central importance in many areas of

practical interest, from atmospheric to combustion chem-
istry and from plasma to interstellar chemistry. Because
of this, they have been extensively investigated from a
kinetic standpoint.1-5 Nevertheless, a deeper understand-
ing of chemical phenomena requires investigation at the
microscopic molecular level, which is the pursuit of
reaction dynamics. The behavior of atoms and molecules
during an elementary chemical reaction is revealed by
observing the consequences of a single reactive collision,
and this can be best done by performing a reactive
scattering experiment using crossed molecular beams of
the reactants.6-8 Since its development in the 1950s, the
crossed molecular beam (CMB) scattering technique, with
its capability of measuring the velocity and angular
distributions of the products, after having defined the
velocity, approach angle, and other initial conditions of
the reactants, has provided information which has played,
and continues to play, a crucial role in the advancement
of our understanding of the dynamics of elementary
chemical reactions.6-8

The first CMB experiment aimed at elucidating the
reaction dynamics of O atoms (with halogen molecules)
dates back to 1973.9 Since then, the dynamics of many
O(3P)10-12 and a few O(1D)13 reactions were studied by
the CMB method and also by spectroscopic techniques14

such as infrared chemiluminescence (IC), laser-induced
fluorescence (LIF) and resonance-enhanced multiphoton
ionization (REMPI). These techniques have accompanied
and complemented the CMB method over the last 20-30
years in the investigation of chemical reactions at the
microscopic level. A peculiarity of O(3P) reactions is that
the reactants approach on a triplet PES which intersects
a singlet PES usually supporting a stable intermediate.
Intersystem crossing (ISC) is then possible from the triplet
to the singlet PES, making the dynamics which involve
motion on the underlying singlet PES different from those
involving motion only over the triplet PES.10 Recent
measurements of the reactive scattering of O(3P) with
various alkyl iodides have indicated the occurrence of
ISC.16 Obviously, it is desirable to study the reaction of a
given molecule with both O(3P) and O(1D) under the same
experimental conditions and compare the triplet and
singlet dynamics in order to directly explore the effect of
electronic excitation and the occurrence of ISC. We have
recently achieved the above by studying the reactive
scattering of O(3P) and O(1D) with H2S15 and CH3I17 using
a high-resolution CMB apparatus. It should be noted that
the dynamics of O(1D) reactions with atmospherically
relevant molecules are of great interest, since metastable
O(1D) (radiative lifetime ∼150 s) is the main photolysis
product of ozone in the stratosphere.1,18

Little is known about the reaction dynamics of nitrogen
atoms.12,19 CMB studies of N atoms have been hampered
by technical difficulties20 connected with the production
of beams of sufficient intensity to carry out product
angular and velocity distribution measurements. We
recently succeeded in investigating the reactive scattering
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of N(2D) atoms with both inorganic21 and organic22

molecules by exploiting the novel capability to generate
intense continuous supersonic beams of N atoms.23 These
reactions are significant in a wide variety of environ-
ments: planetary and extraplanetary atmospheres,18 in-
terstellar and circumstellar clouds, hydrocarbon combus-
tion, and laboratory studies of the reactions of hydro-
carbons with “active nitrogen”.5 In these environments
some reactive processes leading to N-containing com-
pounds are thought to involve N(2D). In particular, N(2D)
is the second most abundant metastable species in the
atmosphere (average radiative lifetime ∼26 h) and is the
major source of NO in the thermosphere.

A strong synergism between experiment and theory has
always been pivotal to the progress recorded in the field
of reaction dynamics, and also some reactions of O and
N atoms, because of their importance and relative sim-
plicity, have been approached theoretically. Specifically,
the reactions O(1D) + H2 and N(2D) + H2 have been
considered as prototypes of the so-called insertion reac-
tions (which are characterized by a deep potential well
between reactants and products). These two systems are
becoming amenable to the same level of detailed theoreti-
cal treatment that has recently occurred for the bench-
mark reactions H + H2,24 F + H2,7,25 and Cl + H2,26 which
follow the better understood abstraction mechanism.

The main thrust of our CMB work has been that of (a)
further investigating the reactive scattering of oxygen
atoms with a special focus on electronically excited
O(1D)27 and on the comparative study of O(3P) and O(1D)
reaction dynamics,15,17 (b) extending reactive scattering
studies to nitrogen atoms,21,22 (c) studying the dynamics
of simple insertion reactions such as O(1D) + H2 and N(2D)
+ H2 in order to provide experimental data for comparison
with theory,21,28 (d) providing scattering data for Cl + H2,26

which is the only other reaction for which exact quantum
scattering calculations are feasible to date, beyond H +
H2 and F + H2, (e) extending reactive scattering studies
to the chemically very important hydroxyl radical,15,29 and
(f) exploring the reactive scattering of O(3P,1D) from a
liquid surface.30 In this Account, we review our recent
accomplishments on the first three topics.

II. The Crossed Molecular Beams Technique
The experiments were carried out in a CMB apparatus
(Figure 1) which follows the classic design of Nobel
laureates Lee and Herschbach6,7 and has been described
elsewhere.15 Briefly, supersonic beams of the reagents with
well-defined velocities, angular divergences, and internal
quantum states are crossed at 90° in a large vacuum
chamber maintained in the 10-7 mbar range. Each beam
is so dilute that collisions within it are negligible; collisions
occur only between a molecule of one beam and a
molecule of the intersecting beam. The angular direction
and velocity of the product molecules scattered from the
collision zone are measured after a single and well-defined
collision event using an electron-impact ionization quad-

rupole mass spectrometersa universal detectorscontained
in a ultrahigh-vacuum chamber which can rotate in the
collision plane around an axis that passes through the
collision center. The pseudorandom time-of-flight (TOF)
method is used for velocity distribution measurements.

Central to the success of the studies reviewed here has
been the generation of intense beams of the atomic
reactants. This is done using a radio frequency discharge
beam source.15,31 With dilute (2.5-5%) mixtures of N2 or
O2 in He or Ne gas as the starting material, high degrees
of molecular dissociation are attained: the N atoms are
mainly in the ground 4S and in the first excited 2D state,
while most of the O atoms are found in the ground 3P
state with a small percentage in the first excited 1D state.23

Information on the reaction dynamics is contained in
the double-differential cross section in the center-of-mass
(CM) system, I(θ,E) (where θ and E are the scattering angle
and product translational energy, respectively), which
strongly depends on the nature of the PES and may be
compared directly to predictions of classical and quantum-
mechanical models based on collision theory.32 I(θ,E) is
derived from the analysis of the laboratory data (angular,
N(Θ), and TOF, N(Θ,t), distributions) by forward convolu-
tion over the experimental conditions of trial CM angular
and translational energy distributions.7 I(θ,E) is often
reported as a velocity flux contour map of the reaction
products, i.e., the plot of intensity as a function of θ and
CM velocity u. The contour map can be regarded as the
reaction image. We recall that while the measurement of
the energy distribution of reaction products is not a
unique capability of the method, information on the
product angular distribution of bimolecular reactions is
best obtained from CMB experiments.

Reactive scattering experiments in CMB allow one6-8

to identify the primary reaction products and explore the
nature of reaction intermediates and their subsequent

FIGURE 1. Crossed molecular beam instrument.
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decay dynamics (direct reactions and long-lived complex
forming reactions). They also permit obtaining the energy
partitioning of the products between translational and
internal degrees of freedom, understanding the correlation
between initial and final angular momenta in the reactive
collision, and correlating the reaction dynamics to features
of the PES. All these points are exemplified below.

The concept of direct reactions and long-lived complex
forming reactions are some of the important paradigms
which were established by CMB experiments (together
with quasiclassical trajectory (QCT) calculations).32 If the
collision complex which is formed in any bimolecular A
+ BC f AB + C reactive encounter lasts a very short time
onlystens of femtoseconds, the typical period of molec-
ular vibrationssit does not have time to rotate before it
breaks apart; therefore, the angular distribution of the AB
product will be strongly anisotropic in the CM system and
the reaction is said to be direct. When the AB angular
distribution peaks at θ ) 0° with respect to the direction
of A (forward direction), the mechanism is stripping, while
when it peaks at θ ) 180° (backward direction), the
mechanism is rebound. If the collision complex lives a
time long enoughson the order of picoseconds, the
typical period of molecular rotationssthe complex can
rotate several times before it breaks apart and, by the time
it decomposes, it will have “forgotten” the directions of
the incoming collision partners. The angular distribution
of the products in the CM system will have backward-
forward symmetry. Direct reactions are usually associated
with a repulsive or weakly attractive PES, while long-lived
complex forming reactions with a PES having a deep
potential well between reactants and products can “trap”
the complex. When the lifetime of the complex is com-
parable to, or slightly shorter than, its rotational period,
the angular distribution becomes partially asymmetric
(usually forward peaked) and the complex is called an
osculating complex.32 Using the rotational period as a
“clock”, it is possible to estimate the lifetime of the
complex from the degree of asymmetry of the angular
distribution, as shown below.

III. Reactive Scattering of O(3P,1D) with H2S
and CH3I: Triplet versus Singlet Dynamics
These reactions are of fundamental and practical rel-
evance. O + H2S is a prototypical system for the oxidation/
combustion processes of sulfur compounds. O + CH3I is
representative of halogenated compound combustion
chemistry and is of potential interest in the atmospheric
chemistry of CH3I (the main source of atmospheric
iodine), which has recently been proposed as a contributor
to ozone destruction in the lower stratosphere. For both
systems ab initio calculations on intermediates, transition
states, and products have recently become available.33

The O(3P) reaction with H2S is known to have an
activation energy of 18 kJ/mol and to be about 4 orders
of magnitude slower (k298 ) 1.8 × 10-14 cm3 molecule-1

s-1) than that of O(1D). Three different reaction channels

are thermodynamically open for O(3P,1D) + H2S leading
to (1a) HSO(HOS) + H, (1b) SO + H2, and (1c) OH + SH.
We have examined channels 1a and 1b, while channel 1c
has been investigated in other laboratories by using IC
and LIF techniques. The H-displacement pathway 1a is
known to be a major one (g50%) in the reactions of both
O(3P) and O(1D), while channel 1b is thought to be
negligible.34

The reaction O(3P,1D) + CH3I has many thermody-
namically allowed products. We have investigated the IO
+ CH3 formation channel. This has been recently estab-
lished by Ravishankara and co-workers35 to be the domi-
nant one ((k298 ) 1.8 × 10-11 cm3 molecule-1 s-1) for the
triplet reaction. The rate constant for O(1D) + CH3I is not
known but is expected to be similar to that of O(1D) +
CH3Br and CH3Cl (k298 ≈ 2 × 10-10 cm3 molecule-1 s-1).

Figures 2a and 3a portray the reaction coordinate
diagrams showing reactants, intermediates, and products
for the HSO(HOS) + H and IO + CH3 formation channels,
respectively (the energetics are based on ab initio calcula-
tions by Marshall et al.33). In both cases the O(1D)
reactions proceed on a singlet PES, forming an addition
complex (H2SO and CH3IO) or an insertion complex
(HOSH and CH3OI), which dissociate to products (HSO
+ H and IO + CH3; the product HOS is also possible in
the case of the HOSH complex) because of their high
energy content. Isomerization between the two singlet
complexes is possible. The O(3P) reactions can either
proceed on the triplet PES or undergo ISC to the singlet
PES, thus exploring the potential well of the singlet
intermediate.

We have measured laboratory angular and TOF distri-
butions at the mass-to-charge ratio m/e 49 (HSO and/or
HOS) at different collision energies (Ec).15 Figure 2b shows
the HSO product angular distributions at Ec ) 14.2 (below
the O(3P) threshold) and 49.4 kJ/mol (above); for the
higher Ec also a TOF spectrum is reported (Figure 2c).
While at Ec ) 14.2 kJ/mol the lab angular distribution is
symmetric with respect to the center-of-mass position, as
Ec is raised above 25 kJ/mol the lab angular and TOF
distributions show structures which are easily visible in
parts b and c of Figure 2. These structures are unambigu-
ously related to features of the angular and velocity
distributions of the HSO product arising from the O(3P)
reaction. Measurements at m/e 48 indicated that channel
1b is closed also to O(1D) for Ec up to 49.4 kJ/mol.

Laboratory angular and TOF distributions of the IO
product were measured at two different collision energies,
Ec ) 55.4 and 64.0 kJ/mol.17 The lower Ec angular
distribution is shown in Figure 3b, together with the most
probable Newton diagram, which highlights the different
kinematics of the O(3P) and O(1D) reactions. On the basis
of linear momentum and energy conservation, the labora-
tory angular range within which the IO product formed
from the O(3P) reaction can be scattered is much smaller
(from Θ ) 33 to 84°) than that of IO formed from the
O(1D) reaction (see Newton diagrams in Figure 3b).
Similar (smaller) Newton diagrams are also reported in
Figure 2b.
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In the case of the reaction with H2S, the triplet and
singlet dynamics were found15 to be dramatically different,
as can be appreciated in Figure 2d, where the product
contour maps are shown. At low Ec the HSO (HOS)
product contour map shows a symmetric backward-
forward structure which is attributed to the O(1D) reaction
proceeding through the formation of a long-lived complex.
At higher Ec the product distribution from O(1D) becomes
more forward peaked (with respect to the direction of the

incoming O atom), reaching a ratio T(backward)/T(for-
ward) ) 0.60 at Ec ) 49.4 kJ/mol (see the left-hand side
of Figure 2d). This indicates that the complex lifetime has
decreased and the complex osculates32 (we estimated a
mean complex lifetime of 0.3 ps). A large percentage
(about 40%) of the total available energy is disposed as
product recoil energy in the O(1D) reaction. In contrast,
the product from the O(3P) reaction at Ec ) 49.4 kJ/mol
is completely confined to the backward hemisphere and

FIGURE 2. (a) Energy level and correlation diagram (schematic) for the O(3P,1D) + H2S system, relative to the H-displacement channel. (b)
Laboratory angular distributions of the m/e 49 product (HSO/HOS) from O(1D) + H2S at Ec ) 14.2 kJ/mol and from O(3P,1D) + H2S at Ec )
49.4 kJ/mol, with Newton diagrams of the experiment also shown. Continuous curves are calculated from best-fit CM translational energy
and angular distributions for O(1D) and O(3P) reactions. The separate 1D and 3P contributions are shown with dotted and dashed lines,
respectively, at Ec ) 49.4 kJ/mol. (c) TOF distribution of the m/e 49 product at Θ ) 32° from the O(3P,1D) + H2S reaction at Ec ) 49.4 kJ/mol.
Symbols are as in (b). (d) Comparison between the CM flux (velocity-angle) contour maps of the HSO(HOS) product from the O(1D) reaction
(left) and the O(3P) reaction (right). Note at the same Ec the dramatic difference between the backward scattered flux distribution for the
direct O(3P) reaction and the forward-backward distribution (with forward bias) for the osculating complex forming O(1D) reaction.
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peaks nearly at the limit of energy conservation (60% of
the total available energy is found as recoil energy) (Figure
2d; right-hand side). This indicates that the reaction is
direct, of the rebound type, and that the barrier on the
triplet PES is located in the exit channel. From the
translational energy release we estimated the heat of
formation of the HSO radical.36

In the case of O + CH3I the measured distributions
have features which require contributions from the O(3P)

and O(1D) reactions. A detailed data analysis shows that
both reactions occur through two different competitive
micromechanisms.17 As shown by the CM flux contour
maps in Figure 3c, the first micromechanism for O(3P) is
characterized by a symmetric backward-forward peaked
angular distribution which is quite polarized (i.e., the
intensity in the forward and backward directions is quite
larger than that in the sideways direction) and by a
product translational energy peaking at low energy. These

FIGURE 3. (a) Energy level and correlation diagram (schematic) for the O(3P,1D) + CH3I reactions leading to IO + CH3 products. (b) Laboratory
angular distribution of the IO product and corresponding Newton diagram at Ec ) 55.4 kJ/mol. Circles denote the energetically accessible
range for the O(3P) and O(1D) reactions. Curves are calculated from best-fit CM functions: (- - -) O(3P) reaction via ISC and long-lived complex;
(- - -) O(3P) reaction direct; (‚ ‚ ‚) O(1D) reaction via osculating complex; (‚‚‚) O(1D) reaction direct; (s) total. (c) CM product flux (velocity-
angle) contour maps showing the IO distribution from the O(1D) reaction occurring via an osculating complex (top left), the O(3P) reaction via
ISC to the singlet PES and long-lived complex formation (bottom left), and the O(3P) and O(1D) reactions occurring with direct (rebound)
mechanism (bottom right).
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findings are attributed to reaction proceeding through
the formation of a long-lived singlet CH3IO complex
following ISC from the triplet to the singlet PES (see Figure
3a). The corresponding micromechanism of the O(1D)
reaction has a forward peaked CM angular distribution
with a moderate fraction of recoil energy and reflects the
formation of an osculating complex following O(1D) ad-
dition and/or insertion on the singlet PES. The osculating
complex is consistent with the much shorter complex
lifetime, due to the higher exoergicity, for the O(1D)
reaction with respect to the O(3P) reaction via ISC. The
second micromechanism for both O(3P) and O(1D) is
characterized by a preferentially backward-peaked CM
angular distribution with high product recoil energy. For
O(3P) this is attributed to a direct (rebound) reaction over
the triplet PES and indicates that the preferred geometry
for reaction is nearly collinear O-I-CH3. For O(1D) it may
be attributed either to ISC from the singlet to the triplet
PES or to small impact parameter collisions on the singlet
PES. The four separate contributions to the total angular
distribution are shown in Figure 3b. The resulting weight
of the O(1D) contribution to the total CM product flux is
comparable to that of O(3P) and reflects the higher
reactivity but lower concentration in the beam of O(1D)
with respect to O(3P). The ratio of cross sections between
the triplet reaction via ISC and the direct triplet reaction
is ∼1. These findings are corroborated by very recent ab
initio calculations on the O(3P,1D) + CH3I system which
highlight the role of ISC for bent geometry33 and are in
line with the results obtained by Grice and co-workers16

in studies of a series of O(3P) + alkyl iodide reactions.

A comparison between the two systems points to one
striking difference: ISC is seen to occur in the case of the
CH3I reaction, while it is absent in the case of H2S. This
can be rationalized by the presence of the heavy iodine
atom, which strongly facilitates the occurrence of ISC.
Another difference is given by the different degree of the
angular distribution polarizations for the two O(1D) reac-
tions. We can explain that on the basis of angular mo-
mentum partitioning arguments.32 In the case of HOSH/
H2SO decomposing to HSO(HOS) + H, since the departing
H atom is a light particle, it will not carry away a
significant fraction of the total angular momentum and
the rotational energy of the complex will mainly appear
as rotational excitation of the product, giving a mild
polarization of the CM angular distribution. In the de-
composition of CH3IO, however, a significant fraction of
the angular momentum will be carried away by the
departing CH3 radical, since the departing CH3 has the
same mass of the O atom which attaches to CH3I,
generating a strongly polarized angular distribution and
weak product rotational excitation.

IV. Reactions of O(1D) and N(2D) with H2

The simplest reactions of O(1D) and N(2D), those with
molecular hydrogen

are of great practical and fundamental interest. Figure 4a
portrays schematic energy level and correlation diagrams
based on new high-quality PESs very recently developed
for these two reactions using accurate ab initio electronic
structure calculations.21,37 It should be noted that the
corresponding reaction with H2 of the ground-state atoms
either has a large energy barrier (∼37 kJ/mol for O(3P))
or is strongly endoergic (∆H°0 ) 88.7 kJ/mol for N(4S));
hence, they do not occur at low collision energies. As can
be seen from Figure 4a, the two reactions share consider-
able similarities: the lowest PES correlates adiabatically
with a very stable intermediate (the ground states of the
water molecule and of the amidogen radical, respectively),
the exoergicities are similar, and a manifold of PESs (not
all depicted) correlate with the reactants. The notable
difference is that, for collinear geometry, the ground-state
1Σ PES of O(1D) + H2 does not correlate with ground-state
productssbut the first excited 1Π PES (1A′′ and 21A′ in Cs

geometry) does. In contrast, for N(2D) + H2 the ground-
state 2Σ PES (2A′′ in Cs geometry) does correlate with
ground-state products, while the excited states 2∆ and 2Π
are very repulsive.

We have undertaken a simultaneous study of O(1D) +
H2 and N(2D) + H2 and have compared the experimental
results with those of dynamic calculations by the QCT
method on the new ab initio PESs.21,28,38 We have studied
the reactions of O(1D) with H2 and D2

28 and that of N(2D)
with only D2 for technical reasons.21 Figure 4b shows the
lab angular distributions of the OD product from reaction
1 at Ec ) 22.2 kJ/mol and of the ND product from reaction
2 at Ec ) 21.3 kJ/mol. Note that in the two experiments
the D2 beam is the same and the O(1D) and N(2D)
velocities are very similar; hence, the kinematics are nearly
identical. However, as can be directly seen from the
laboratory data, there exists a pronounced difference
between the two angular distributions. They are both
centered around the CM angle but appear to have an
opposite behavior, with OD exhibiting more intensity on
the right of the CM angle and ND having more intensity
on the left of the CM angle. The angular distributions in
the CM are reported in Figure 4c (solid lines); product
translational energy distributions, not shown here, witness
a fraction of the total available energy released as product
translation of about 30% in both cases. Figure 4c shows
that the experimental OD angular distribution has more
intensity in the backward direction (θ ) 180°) (with
respect to the O atom) than in the forward direction (θ )
0°), while that of ND is nearly symmetric. While QCT
calculations using the 2A′′ ground-state PES of NH2 give
a good agreement with experiment,21 QCT calculations
using the 1A′ ground-state PES of H2O underestimate the
experimental results in the backward direction. Notably,
QCT calculations including also the first excited PES 1A′′

O(1D) + H2(1Σ+) f OH(X2Π) + H(2S)
∆H°0 ) -179.6 kJ/mol (1)

N(2D) + H2(1Σ+) f NH(X3Σ-) + H(2S)
∆H°0 ) -139.0 kJ/mol (2)
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of H2O lead to an improved agreement with the experi-
ment, as can be seen from Figure 4c.38 Therefore, we
might interpret the CM angular distribution of the OD
product in terms of a direct abstraction mechanism (giving
a backward scattered product CM angular distribution)
superimposed to a predominant insertion mechanism
(giving a symmetric CM angular distribution), with ab-
straction taking place on the first excited PES 1A′′ (1Π in
collinear geometry) which has a barrier of 10 kJ/mol (see
Figure 4a).28,37,38 A similar interpretation was proposed
by Liu and co-workers39 from CMB studies with H/D
REMPI detection of the excitation function for O(1D) +

H2, D2, and HD. In the case of N(2D) + H2, an analogous
excited PES (in collinear geometry) correlating adiabati-
cally with ground-state products is not present (see Figure
4a), and this may explain the absence of a direct abstrac-
tion contribution.

V. Conclusions
We have briefly described how reactive scattering studies
by the CMB method can provide detailed information
about the reaction dynamics of the chemically important
oxygen and nitrogen atoms. By measuring the angular and

FIGURE 4. (a) Energy level and correlation diagrams (schematic) for the O(1D) + H2 and N(2D) + H2 reactions showing the perpendicular
and collinear approaches of the atoms to H2. The energy scales are the same for the two systems. (b) Laboratory angular distributions of the
OD and ND products at the comparable collision energies indicated. (c) Experimental (continuous line) OD and ND angular distributions in the
CM system compared to predictions from QCT calculations on the ground 2A” PES for N(2D) + H2 and on the ground 1A′ and first excited 1A′′
PES for O(1D) + H2.
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velocity distributions of the reaction products, we have
been able to identify the primary reaction products,
characterize their dynamics of formation, learn about the
disposal of angular momentum in the products and
therefore about details of the mechanism at the molecular
level. We have also explored what is the effect of electronic
excitation of the atom on the reaction dynamics and what
is the extent of ISC in O(3P) reactions. From all that we
have learned about the features of the PESs governing the
reactions. When these reactions involve a light species
such as H2, modern quantum chemistry can provide from
first principles accurate PESs and we can compare the
experimental scattering quantities with those calculated
on the PESs and test their reliability.

The examples shown also witness some of the current
capabilities of the CMB method. These experiments,
together with the contribution from complementary in-
vestigations using pump-probe spectroscopic techniques
and beam-laser methods and from improved theoretical
calculations, will hopefully further deepen our under-
standing of O and N atom reaction dynamics in the
coming years.
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