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Introduction

Due to its important role in atmospheric chemistry, the reaction O( 1 D) + H 2 → OH + H and its isotopic variants have been the subject of several experimental studies such as those observed in references (1; 2; 6; 8; 10; 11; 32; 33). Numerous theoretical studies of its dynamics have also been carried out, for example see (1; 4; 9; 10; 11; 15; 17; 22; 24; 26; 27; 29; 32; 54; 60; 62) using several potential energy surfaces (PES) published for this system (4; 13; 20; 28; 34; 36; 41; 45; 51; 57; 58; 59; 61).

In the stratospheric ozone layer, which is located between 13 km and 50 km of altitude, the absorbtion of radiation at wave lengths between 200 nm and 300 nm (Hartley band), see equation (1), is of fundamental importance in the reduction of photons with wave length lower than 300 nm, which causes biological mutations, solar burnings and other physiological effects described in literature [START_REF] Graedel | Atmospheric Change -An Earth System Perspective[END_REF]. The decrease of the ozone layer is a well known problem, see, e.g. (12; 18; 49; 53).

The excited oxygen atom produced by the reaction

O 3 + h ν(< 300 nm) → O( 1 D) + O 2 (1) 
is a very reactive species that quickly attacks methane, water vapor or molecular hydrogen present in stratosphere, see [START_REF] Nicolet | [END_REF], producing hydroxyl radicals according to reactions

O ( 1 D) + H 2 O → OH + OH (2) 
O ( 1 D) + CH 4 → CH 3 + OH (3) 
O ( 1 D) + H 2 → H + OH. ( 4 
)
These OH radicals initiate a slow and two fast catalytic HO x cycles of destruction of the stratospheric ozone, which can get rid of about 10 % of existing ozone (35).

At room temperature the reactivity of O ( 1 D) with the hydrogen molecule is about seven orders of magnitude higher than that of ground state oxygen atom, O ( 3 P ), being its uncertainty one important source of error in ozone depletion studies.

Five potential energy surfaces are accessible to reactants but the mainly contribution comes from the lowest ( 1 A ) PES, which correlates with the ( 1 A 1 ) ground state of the H 2 O molecule. The first excited state, 1 A , must be considered for energies higher than 8.4 kJ mol -1 (22), being this contribution for the temperature of 1000 K approximately 0.3×10 -10 cm 3 molec -1 s -1 . In addition Hsu et al. (33) adiabatic electrostatic coupling between the 1 Σ + (1 1 A ) and 1 Π (2 1 A and 1 1 A ) states.

It has been stated that on the ground state surface this reaction proceeds via an insertion mechanism followed by a vibrationally excited water molecule. Using the potential energy surfaces of Murrell et al.

(41) (MC PES), of Schinke et al. (51)(SL PES) and of Ho et al. (29) (K or RKHS PES), Schatz et al. [START_REF] Schatz | [END_REF] refer that the average scattering angle is close to 1.57 rad (90 o ). This property is verified when several rotational periods occur before the dissociation of the complex to products, but this symmetric angular distribution can also arise from collisions proceeding via insertion [START_REF] Che | [END_REF]. On the other hand this reaction is believed to occur through an abstraction mechanism on the first excited surface (32; 33).

We have published a double-valued potential energy surface for the ground-state water molecule, 1 A , henceforth referred as Brandão et al. [START_REF] Brandão | [END_REF] (BR PES) which includes a careful description of the long-range interactions as described in (15) which should play an important role on the dynamics of this barrierless reaction. The double-value form of this BR PES allows us to describe, on the lower adiabatic surface, the crossings between different diabatic surfaces and correctly represent all the dissociation channels of the ground state water molecule. To calibrate this surface we have used the accurate ab initio results (43) complemented with data (52; 63).

Using this BR PES, the computed thermal rate constants for the title reaction have proved to be in very good agreement with experimental values either using quasiclassical trajectories (QCT) (14), or quantum mechanical (QM) calculations (38). Also on the same BR PES, the quasiclassical trajectory calculations carried out for the isotopic exchange reaction D + OH → H + OD by Wang et al. (64) have shown to be in good agreement with experimental results, corroborating the representation of the intersection of singlet surfaces which occurs in this potential.

Besides, there is a large amount of experimental information on the title reactions at fixed translational energies focusing on the differential cross-sections and product energy distributions which should be compared with theoretical predictions using this BR PES to confirm its quality. tive trajectories) and the resulting cross sections. There we can see that the reactive cross section decreases when we increase the collision energy as expected for reactions that proceed without barrier and are dominated by long-range forces. Recently, Lin et al. (38) have computed quantum integral cross-sections for the O ( 1 D) + H 2 reaction using the same BR PES, the comparison between these quantum results and our QCT ones are shown in figure 1. The agreement seems to be good and somehow validates the use of classical mechanics in these studies. Also in this figure, we display the QCT results using the K PES (3) and the trajectory results on the DK PES (27).

These reactive cross sections can be considered as the sum of a capture term, which decreases with energy, and a rigid sphere term, which is constant and should dominate at high energies. Using the expression,

σ(E) = σ cap (E) + σ rs = AE -m + B ( 5 
)
we have been able to estimate the thermal rate constants for this reaction

k(T ) = g 2 k B T 3 2 1 πµ 1 2 ∞ 0 E σ(E) e -E/(k B T ) dE = 1 5 8k B T πµ 1 2 A Γ(2 -m) (k B T ) m + B ( 6 
)
where k B is the Boltzmann constant, µ is the reduced mass of O + H 2 and A = 2.239 × 10 -27 , m = 0.6787 and B = 1.237 × 10 -13 . The units of these parameters are such that the rate constant will be in cm 3 molecule -1 s -1 when using SI values for the constants. The value of 1/5 for g accounts for the electronic degeneracy as we consider only one of the 5 PESs accessible to reactants.

In figure 2 we compare the results using equation [START_REF] Aoiz | Book of 13th European Conference on Dynamics of molecular Collisions (MOLEC 2000)[END_REF] with experimental estimates for the O ( other for temperatures above 150 K and predict a constant value for k(T ) at lower temperatures. The differences at low temperatures can be attributed to imprecisions in the fitting of the cross sections at low energies and to discrepancies in the description of the internal energy of the diatomic. The QM results (38) agree with the QCT ones at temperatures above 300 K, but, in contrast, they have a very distinct behaviour at lower temperatures. Those authors claim that this difference is an indication of quantum effects due to resonances near the threshold and to the missing of re-crossing effects in the classical treatment. We also note that their results are not averaged over the possible internal states of the diatomic reactant.

As stated above when characterizing this reaction, two additional contributions should be taken into account before comparison with experiment. When they are considered, Brandão et al. (14) obtained rate constants in close agreement with experiment as shown in figure 2. We also present the QCT results obtained using the K surface (50) considering the contributions of the excited surfaces. The higher reactivity found for the K PES is in accordance with the greater cross sections exhibit by this PES, as shown in figure 1.

The average values of the complex lifetime are quoted in the last column of table 1. We have considered as complex the configurations where the potential energy assumes a value 0.2 eV (19.2 kJ mol -1 ) below the H + OH dissociation energy and counted as complex lifetime the time elapsed between the first entrance of a trajectory in this potential region and its last exit. We can observe that the average lifetime of the formed complex slightly increases with increasing collision energies. This unexpected result seems to be consistent and can be attributed to an increase of the centrifugal barrier to dissociation.

When considering the O ( shown in figure 3, which presents the reactive cross section of both reactions as function of the collision energy. We also display, in this figure, QCT results for the O ( Hsu et al. (31) published experimental relative values for the total reactive cross section as a function of the total energy defined as the sum of translational energy of reagents and the small rotational energy of the target molecule. Their results are similar to ours for energies bellow 8.4 kJ mol -1 , showing a negative slope for the excitation function being the cross section of the deuterated reaction slightly higher than for the hydrogenated one. For higher total energies they have shown that the first excited PES should contribute through an abstraction mechanism with different effects on both reactions.

In the last column of table 2 we display the average lifetime of the complex. There we can see that, similar to the reaction with H 2 , the average lifetime of the formed D 2 O* complex increases with increasing collision energies, but it is higher when considering the deuterated reaction. The somewhat smaller value obtained for the 22.2 kJ mol -1 collision energy can be attributed to the very low internal energy of the diatomic. The higher complex lifetime of the deuterated water can be explained by the higher mass of reactants and, consequently, its lower velocity. The ratio of the complex lifetime for these two reactions is 1.44, 1.47 and 1.50 at 2.1, 4.2 and 20.9 kJ mol -1 , respectively, which is close to the value of √ 2 that should be expected from the ratio of their reduced masses. This effect can be of importance in conditions where deactivation by collision can occur.

Another view of the dynamics of this reaction is the opacity function defined as the probability, P r (b), of one trajectory to be reactive at a given impact parameter, b. The opacity function for the reaction O ( 1 D)

+ H 2 at several calculated collision energies presents a similar form. The reaction probability is close to 0.9 for all energy collisions at impact parameters less than 2.2 Å, vanishing quickly for larger impact parameters. This is the behaviour we expect for a reaction that proceeds without energy barrier. QM accurate results on the ground DK PES (30) at the collision energy of 9. coherent to the larger reactivity of the DK PES. The deuterated reaction presents a similar behavior.

It's relevant to highlight that the decay of the opacity function depends on the collision energy. For low energies we still have reaction for distance as far as 3.5 Å. This clearly shows the importance of the long range part of the potential in the dynamics of these reactions. The relationship between the collision energy and the maximum impact parameter is independent of the isotope used, as it can be observed in the b max values quoted in tables 1 and 2.

3 Differential cross section

The differential cross section or angular distribution of the products, dσ d(cos θ) , represents the reactive cross section vs. the scattering angle, θ scatt . Being sensitive to the details of the potential energy surface used in the calculations, it constitutes one of the most important functions to understand the dynamics of a reaction. The differential cross section is defined by the expression:

dσ d(cos θ) = N R (θ scatt ) N T π b 2 max 1 2 π sin θ scatt , (7) 
where N R (θ scatt ) represents the number of reactive trajectories scattered at angle θ and N T is the total number of computed trajectories. The scattered angle of a given collision is defined as the angle between the relative velocity vector of products v P and the relative velocity vector of reactants v R , by:

cos θ scatt = v P • v R | v P | • | v R | . ( 8 
)
The analysis of the differential cross section gives, in a qualitative way, the lifetime of the complex and reflects the insertion or abstraction mechanism of the reaction. estimated from the MC and K potential energy surfaces have higher values, which reflects the higher reactivity predicted by those surfaces.

All these angular distributions are symmetrical, which denotes a possible long lived complex with several rotational periods before the dissociation into products. It has been pointed out that this result can also be obtained with direct reactions that occur through an insertion mechanism (17). A detailed observation of our trajectories shows that this reaction proceeds via insertion through a highly excited bending mode of the complex. Using an average value for the angular momentum of the reactive collisions, we can estimate that during the mean complex lifetime the H 2 O (or D 2 O) complex lives between 0.8 and 2.5 rotational periods depending on the orientation of the angular momentum vector, which allows us to consider it as long lived. All these factors justify the observed outcome.

The same forward-backward symmetry occurs at higher collision energies when we analyze the angular distribution of the products for the five studied energies. This result is in agreement with the increasing of the complex lifetime with the collision energy, as we have already noticed about tables 1 and 2. From these results we can conclude that the reaction mechanism, in this BR surface, is similar for all energies in this range. We can also observe that the differential cross sections decrease with increasing collision energy, in accordance with the results for the total reactive cross section shown in table 1 and in figure 3.

In figure 5 we compare our results with the experimental data (2) for the reaction O ( 1 D) + H 2 at 8.0 and 12.6 kJ mol -1 collision energies. The agreement seems to be good, in particular, for the low energy results.

However the experimental data at higher collision energy displays some forward-backward asymmetry, which can be attributed to the contribution of the first excited state at this energy (50), which we do not consider in this study.

A somewhat different experimental result, displaying a small angular asymmetry, has been found at 5.4 kJ mol -1 collision energy (10), where the contribution of the excited states should be neglected. In figure 6 we compare our results using the BR PES with the experimental measurements (10). We also plot the QM (30) and QCT (10) calculations on the 1 1 A DK PES. Due to the symmetry of our results, the agreement with experiment is not so good. In contrast, the DK PES presents higher asymmetry than experiment, but peculiarly in opposite directions when considering the QCT or QM results.

F
Similarly, we can compare our results for the reaction O ( 1 D) + D 2 with the experimental angular distribution of products at collision energies of 10.0 kJ mol -1 (1) and 22.2 kJ mol -1 (2). In figure 7, where we also plot QCT differential cross sections computed on the 1 1 A DK PES at 22.2 kJ mol -1 (11), it is visible again a good agreement between our calculated results and the experimental ones and, again, a higher asymmetry in the DK PES results.

Energy distribution of the products

As we mentioned before, the title reaction proceeds via a long lived complex prior to dissociation into products. This is a necessary condition to observe a statistical distribution of the energy, which should be independent of the details of the PES. To test this approach, we have performed statistical calculations for the O + H 2 reaction, reproducing the same initial conditions used in the quasiclassical trajectory studies here presented. Using the phase space theory of Pechukas (44), the statistical distributions are calculated considering equally probable all product and reactant states compatible with the total energy and angular momentum of reactants. To avoid the details of the PES, we used isotropic entrance and exit channels built from the angular average of the leading long-range term and took into account the exothermicity of the reaction.

In table 3 we illustrate the partition of the final total kinetic energy in its components (translational, vibrational and rotational energies), at the five fixed collision energies used in this study of the O ( 1 D) In contrast to these results, the predicted statistical distribution, presented in table 5, is between 37% and 40% for translational and vibrational energies and from 22% to 25% for the rotational energy. This clearly shows that the trajectory calculations discriminate the different energy modes in favour of a higher rotational energy of the diatomic in detriment of the translational energy. This effect has already been noted (17) and can be a result of the dissociation of a H 2 O complex highly excited on the vibrational bending mode as a result of the insertion mechanism.

+ H 2 reaction.
This may also be due to the details of the PES on the exit channel, where the description of the intersection of the two singlet surfaces can be relevant in spite of the large exothermicity of this reaction.

The long-range interactions can also play an important role on vibrational and rotational anisotropies of the OH product (47). As noted before, recent results, using the BR PES to calculate the thermal rate constants of the exchange reaction D + OH → OD + H (64), which should be sensitive to the details of this region, have proved to be in very good agreement with experiment.

A different statistical result (46) has been obtained using a more detailed statistical theory of atomdiatom insertion reactions. Using the coupled-channel statistical theory and the DK PES they found distribution of vibrational levels close to our results, but their rotational distribution in close agreement with accurate quantum calculations on the same PES. This may show that the details of the PES should be considered in statistical calculations.

In figure 8, we present the distribution of the translational energy of the products for some of those calculations. We also present a Maxwell-Boltzmann distribution obtained on a coarse fit of the temperature to those results. The agreement between both distributions seems to be reasonable. We also plot the available experimental distribution and respective error bars for the energies here considered (2). In all cases the agreement seems reasonable when considering the experimental uncertainties in the high energy region and the absence of the contributions due to the upper PES's. In this figure, we also present the distribution predicted by statistical theory for the H 2 reaction. As referred before, the statistical results favour products with higher translational energies.

Observe that figure 8 The final translational temperature seems to be equal and independent of the isotope. That result should be compatible with a reaction where the total energy is statistically distributed between the different modes.

This differs from the result observed for the reaction of O( 1 D) with HD at 8.6 kJ mol -1 of Hsu et al. and

Aoiz et al. (7; 32) where a break of symmetry of the complex changes the probability of bond rupture [START_REF] Che | [END_REF]. Their experimental results for the repartition translational energy are 32% for the OD product and 25% when considering the OH diatomic. These results are in close agreement with the 32.4% and 26.5% values obtained from QCT calculations carried out at the same collision energy using the BR PES (48).

Similar plots for the same collisions are shown in figures 9 and 10 for vibrational and rotational product distributions. In figure 9, the obtained final QCT vibrational results seem to be close to the associated Boltzmann distribution. However, in regard to the rotation distribution, figure 10 As mentioned before, the reaction O ( 1 D) + H 2 occurs predominantly through an insertion mechanism on the fundamental potential energy surface, 1 A . For higher collision energies the excited states can also contribute to reaction. On the first excited state, and populates, almost exclusively, the υ = 3 and υ = 4 levels of the product diatomic, OH. As the BR PES only describes the 1 A ground state, in figure 11 we compare our results with the experimental rotational population for υ = 2 ( 16), normalized for the sum of these three vibrational levels. In this figure, N represents the diatomic rotational level and P(N ) is the probability of finding the product at this level.

It's relevant to point out that our results are obtained from classical calculations where the final attribution of vibrational and rotational quantum levels is a crude estimation. In addition, due to the orbital and and spin angular moments of the 2 Π state of the product OH diatomic, the definition of the nuclear rotational quantum number, N , from the diatomic angular moment is not a straightforward task. In this work, we started from the classical diatomic angular moment to define an integer value for J as proposed [START_REF] Truhlar | Reactive scattering cross sections III. Quasiclassical and semiclassical methods[END_REF] and we define the nuclear rotational quantum number using N = J -1. A similar displacement of one between classical and quantum results has been found in this system (10).

In percentile terms the experimental vibrational distribution presents 45.98, 33.20 and 20.82 for υ = 2, υ = 3 and υ = 4, respectively. We have obtained 50.98, 32.52 and 16.50, in a reasonable agreement with experiment if we consider the contribution of the first excited state to the population of the υ = 3 and υ = 4 states. Considering only the ground state surface, the QCT results give the value 0.51 for the ratio P(υ = 4)/P(υ = 3)). That seems to constitute a reasonable value in comparison with similar results obtained on the DK surface (6; 8), 0.47 (QCT) and 0.53 (QM) as shown in table 6.

As far as we know, the most recent experimental study (10) for the distribution of the rotational population, for the reaction O ( 

Conclusion

The quasiclassical calculations we have performed using the BR PES [START_REF] Brandão | [END_REF] show a good agreement with the experimental results.

Global analysis of the angular distribution of the products for the studied reaction has shown a reasonable agreement between our results and the experimental data. Similar good agreement has been obtained for the energy distribution of the products. This seems to confirm that the BR PES ( 13), based on high quality ab initio data with careful description of the long-range forces (15), correctly reproduces the main details of this system. However, as pointed out by Dunne et al. (23), because of the large exothermicity of the title reaction its outcome would not be greatly affected by inconsistencies in the exit channel and the exchange reaction D + OH → H + OD should also be considered.

The divergence observed between our results of quasiclassical trajectories and statistical predictions indicates that the details of the PES on the exit channel should play an important role even in highly exothermic reactions with highly excited complexes where statistical theories should be valid.

Distribution of rotational population of the OH product for different vibrational states has been analyzed.

Our results have been compared with experimental results (6; 8; 10; 16). That comparison allows us to conclude that, even at the classical level, there is a good agreement between theory and experiment. 
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  1 D) + D 2 reaction computed by Aoiz et al. (9) and Balucani et al. (11) using the DK PES, which lie above the BR PES results similarly to the reaction with hydrogen.

Figure 4

 4 Figure 4 compares the product angular distribution for the reaction O ( 1 D) + H 2 at a translational collision energy of 2.1 kJ mol -1 with similar calculations using the potential energy surfaces (MC) (40), (SL) (51) and (K)(29) taken from the work of Ho et al.(29). Notice that the differential cross section

  displays a noticeable divergence from the Boltzmann distribution being the quoted temperature of the fit meaningless. The rotational distribution of the products peeks to higher N values as a result of the insertion mechanism in accordance to the experimental findings. Remind that the statistical prediction for the vibrational state of the products is similar to the trajectory results, while the statistical rotational distribution favours lower N values as noted before.A closer view of these distributions should consider the rotational distribution for each vibrational level. Aoiz et al.(6; 8) have published experimental results at the average collision energy of 0.12 eV (11.7 kJ mol -1 ). To compare with those results we have carried out quasiclassical trajectory calculations simulating the experimental conditions, as described in the work of Koppe et al.(37). Those authors presented the experimental rotational distributions of the OH products for, υ = 3 and υ = 4 and compared them with QCT and QM studies using 1 1 A and 1 1 A surfaces. Those results (QCT and QM) have been achieved using the K and DK PES and they concluded that the DK surfaces present a better description for the dynamics of the reaction O ( 1 D) + H 2 .

Figure 3 .

 3 Figure 3. Reactive cross sections as a function of the collision energy. This work, • and --, reaction O ( 1 D) + H 2 ; and ---, reaction O ( 1 D) + D 2 . QCT results for the O ( 1 D) + D 2 reaction on the DK PES, • (9) and × (11).

Figure 4 .

 4 Figure 4. Differential cross sections for the reaction O ( 1 D) + H 2 , at 2.1 kJ mol -1 collision energy. Points • and line --this work (BR PES) (13). Line ---MC PES (40), line -•-•-SL PES (51) and line • • • • • K PES (29).

Figure 5 .

 5 Figure 5. Differential cross sections for the reaction O ( 1 D) + H 2 , at the collision energies of 8.0, figure (a), and 12.6 kJ mol -1 , figure (b). Points • and line --, present work. Line ---represents the experimental results (2).

Figure 6 .

 6 Figure 6. Angular distribution of the products for the reaction O ( 1 D) + H 2 , at the collision energy of 5.4 kJ mol -1 . Line --, QM results on the DK PES (30); line • • • • •, QCT results (10) on the same PES; line ---, experimental results (10). Points •, this work.

Figure 7 .

 7 Figure 7. Differential cross sections for the reaction O ( 1 D) + D 2 , at collision energies of 10.0, figure (a), and 22.2 kJ mol -1 , figure (b). Points • and line --, present work; line ---, experimental results (1), figure (a) and (2), figure (b). The line • • • • •, in figure (b), represents QCT results on the DK 1 1 A PES (11).

Figure 8 .

 8 Figure 8. Translational energy distribution of the products obtained by the QCT method --, and using statistical phase space calculations -•-•-. The lines • • • • • and the shaded areas represent the experimental results and respective error bars (2); the line --represents coarse a fit to a Maxwell-Boltzmann distribution and T f it represents the associated temperature. (a) and (b) refer to the reaction O ( 1 D) + H 2 at collision energies of 8.0 and 12.6 kJ mol -1 , respectively and (c) and (d) refer to the reaction O ( 1 D) + D 2 , at collision energies of 10.0 and 22.2 kJ mol -1 , respectively.

Figure 9 .

 9 Figure 9. Vibrational distribution of the products. Plots and lines as in figure 8.

Figure 10 .

 10 Figure 10. Rotational distribution of the products. Plots and lines as in figure 8.

Figure 11 .

 11 Figure 11. Distribution of the rotational population for the reaction O ( 1 D) + H 2 for υ =2 at the average collision energy of 11.7 kJ mol -1 . Line ---and points , experimental data (16); line --, this work.

Figure 12 .

 12 Figure 12. Experimental vs QCT rotationally integral cross sections (in Å2 ) for the O ( 1 D) + H 2 reaction, at 5.4 kJ mol -1 collision energy for: υ = 0 (a), υ = 1 (b) and υ = 2 (c). Line ---and points , experimental data (10); line --and points •, this work.

Figure 7 .Figure 8 .

 78 Figure 7. Differential cross sections for the reaction O ( 1 D) + D 2 , at collision energies of 10.0, figure (a), and 22.2 kJ mol -1 , figure (b). Points • and line --, present work; line ---, experimental results (1), figure (a) and (2), figure (b). The line • • • • •, in figure (b), represents QCT results on the DK 1 1 A PES (11).

Figure 12 .

 12 Figure 12. Experimental vs QCT rotationally integral cross sections (in Å2 ) for the O ( 1 D) + H 2 reaction, at 5.4 kJ mol -1 collision energy for: υ = 0 (a), υ = 1 (b) and υ = 2 (c). Line ---and points , experimental data (10); line --and points •, this work.
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Experimentally, Alagia et al. (2) have studied the reaction O ( 1 D) + H 2 at collision energies of 8.0 and 12.6 kJ mol -1 , and the reaction O ( 1 D) + D 2 at 22.2 kJ mol -1 . Ahmed et al. (1) have also studied this 1 D) + H 2 and O ( 1 D) + D 2 reactions at the above referred collision energies and we compare their results with the experimental data and results from previous potentials. See reference (14) for computational details used in these calculations. This article is divided as follows: In section 2 we analyze the reactive cross sections, the thermal rate constants and the opacity function for the O( 1 D) + H 2 /D 2 reactions. Section 3 describes the differential cross sections or angular distributions of the products. In section 4 we study the energy distribution of the products and compare with experiment and statistical estimations. The distribution of rotational and vibrational populations is also analyzed for the O( 1 D) + H 2 reaction in this section. Section 5 gathers some conclusions.
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	reaction. We also present the quantum results (38) and previous QCT thermal rate constant results (14)
	both using the same BR PES. Differently from the present calculations, in our earlier work we randomly
	generated the translational collision energy as well as the diatomic internal rotational and vibrational
	energies according to the Boltzmann distribution at each temperature. Both QCT results agree with each

  The computed total reactive cross section, σ r , are quoted in table 2. In the same way as for the O ( 1 D) + H 2 reaction, the value of σ r decreases with the increasing of the collision energy. This similitude is better
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	1 D) + D 2 reaction, we have computed quasiclassical trajectories at 10.0 and 22.2 kJ mol -1 collision energies that are the experimental energies used by Ahmed et al. (1) and Alagia O n l et al. (2), respectively. We used the experimental internal energy distribution of the diatomic, being 5 K in the experiment (1) and the quoted values reported in (2). Similarly to the O ( 1 D) + H 2 study, we have y
	also performed QCT calculations for the three fixed collision energies of 2.1, 4.2 and 20.9 kJ mol -1 .
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  1 D) + H 2 . Those authors presented experimental results for the distribution of the rotational population at υ =0, 1, 2, 3 and 4 at a collision energy of 56 meV (5.4 kJ mol -1 ), where the the contribution of the excited states should be negligible. In figure12, we compare our results with experiment. The agreement is very good.
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Table 1 .

 1 Reactive cross section and mean lifetime of the complex for the reaction O ( 1 D) + H 2 .Dynamical studies on the O( 1 D) + H 2 /D 2 reactions -Tables19
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Table 2 .

 2 Reactive cross section and mean lifetime of the complex for the reaction O ( 1 D) + D 2 .
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	E col /kJ mol -1 b max / Å	N T	N R	P R	(σ r ± σ σr )/ Å2	t cl /fs
	2.1	4.0	9998 6074 0.608	30.54±0.25	117.8
	4.2	3.8	10000 5136 0.514	23.30±0.23	122.5
	10.0	2.8	10000 7388 0.739	18.20±0.11	136.4
	20.9	2.5	10000 8144 0.814	15.99±0.08	139.6
	22.2	2.5	10001 8062 0.806	15.83±0.08	134.7
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Table 3 .

 3 QCT results for the partition of the total kinetic energy in translational, vibrational and rotational energies of the products of thereaction O ( 1 D) + H 2 . E col /kJ mol -1 E tr (%) E vib (%) E rot (%)Dynamical studies on the O( 1 D) + H 2 /D 2 reactions -Tables21

		Molecular Physics	Page 20 of 61
	2.1	30.15	34.56	35.29
	4.2	29.40	34.42	36.16
	5.4	29.44	35.06	35.5
	8.0	29.75	34.26	35.99
	12.6	30.12	35.13	34.75
	20.9	31.24	35.62	33.14
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Table 4 .

 4 QCT results for the partition of the total kinetic energy in translational, vibrational and rotational energies of the products of the reaction O ( 1 D) + D 2 .E col /kJ mol -1 E tr (%) E vib (%) E rot (%)

	2.1	30.34	33.45	36.21
	4.2	29.32	33.73	36.95
	10.0	30.52	33.73	35.75
	20.9	30.84	35.41	33.75
	22.2	31.29	35.30	33.41
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Table 5 .

 5 Phase space estimates of the partition of the total kinetic energy in translational, vibrational and rotational energies of the productsof the reaction O ( 1 D) + H 2 . E col /kJ mol -1 E tr (%) E vib (%) E rot (%)Dynamical studies on the O( 1 D) + H 2 /D 2 reactions -Tables23

		Molecular Physics	Page 22 of 61
	2.1	36.83	41.12	22.06
	4.2	36.74	39.97	23.28
	5.4	36.71	39.60	23.69
	8.0	36.76	38.67	24.53
	12.6	37.30	37.56	25.14
	20.9	38.42	36.10	25.48
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Table 6 .

 6 Relation P(υ = 4)/P(υ = 3).Figure 1. Reactive cross section as a function of the collision energy for the reaction O ( 1 D) + H 2 . QCT results, • this work; QM results using the BR PES, --(38); QCT results using the K PES, ---(3) and QCT results using the DK PES, (27).Figure 2. Rate constants for the reaction O ( 1 D) + H 2 . Equation (6), line --, previous QCT thermal results (14) (without correction, • and with correction, line --, see text) and QM calculations (38), line • • • • •, all using the BR PES. Experimental data: ♦, (55); , (49); and • • • • •, (5). Line -• • •-, represents QCT results (50) on the K PES considering corrections.
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		BR PES	DK PES (6; 8) Exp. (6; 8)
		QCT	QCT	QM
	1 1 A (only)	0.51	0.47±0.01 0.53	-
	1 1 A +1 1 A	-	0.60±0.01 0.61 0.59±0.05
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  Dynamical studies on the O( 1 D) + H 2 /D 2 reactions -Figures 25 Figure 1. Reactive cross section as a function of the collision energy for the reaction O ( 1 D) + H 2 . QCT Dynamical studies on the O( 1 D) + H 2 /D 2 reactions -Figures 27 Figure 3. Reactive cross sections as a function of the collision energy. This work, • and --, reaction O ( 1 D) + H 2 ; and ---, reaction O ( 1 D) + D 2 . QCT results for the O ( 1 D) + D 2 reaction on the DK PES, • (9) and × (11).Figure 4. Differential cross sections for the reaction O ( 1 D) + H 2 , at 2.1 kJ mol -1 collision energy. Points Dynamical studies on the O( 1 D) + H 2 /D 2 reactions -Figures 29 Figure 6. Angular distribution of the products for the reaction O ( 1 D) + H 2 , at the collision energy of 5.4 kJ mol -1 . Line --, QM results on the DK PES (30); line • • • • •, QCT results (10) on the same PES; line ---, experimental results (10). Points •, this work. Dynamical studies on the O( 1 D) + H 2 /D 2 reactions -Figures 31
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  Figure 10. Rotational distribution of the products. Plots and lines as in figure 8. Dynamical studies on the O( 1 D) + H 2 /D 2 reactions -Figures 35 Figure 11. Distribution of the rotational population for the reaction O ( 1 D) + H 2 for υ =2 at the average collision energy of 11.7 kJ mol -1 . Line ---and points , experimental data (16); line --, this work.
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