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The X+ H, (X = CI, Br, and |) reactions may be taken as models for endoergic triatomic reactions with
heavy-light—light kinematics and collinear saddle point. The dependence of scalar and two-vector properties,
angular distributionsk(, k'), (k, j", (k',j"), and (', "), on Er, v, j), as well as the effect of considering initial
parallel (I1), perpendicularl{), and random (nullk—j alignment has been studied using the quasiclassical
trajectory (QCT) method. The threshold energy for Il alignment is always higher than the oriésifmf

null alignments, but for high enoudkr valueso(ll) becomes larger than(0) and o(null), and the same
occurs for thg-dependence. In therange of values explored(ll) is in general equal or larger thar([)
ando(null). The expressioizo(ll) + ?/30(0) provides a very good estimate ag¢null) if the system is not

in the vicinities of the threshold region, and some useful relations to simplify the QCT calculations for Il
alignment have also been given. For the two-vector properties considered, the results obtairedijfonent

are in general closer to the ones for null alignment than the results obtained for Il alignment. The angular
correlations that result from the calculation are not a trivial result coming from a kinematic constraint; being
particularly remarkable the role played by the rotation of themtblecule. These results may be explained
taking into account the saddle point properties, the “effective molecular size” of the rovibrationally excited
H, molecule, and the geometrical implications of the alignments.

1. Introduction work using the quasiclassical trajectory (QCT) method:
Most of the experimental and theoretical efforts devoted to Cl+H,—HCI+H, AE=0.13eV (1)

the understanding of the gas phase reaction dynamics have been

focused on scalar properties, such as the total cross section and Br+H,—HBr+H, AE=0.81eV (2)

energy partitioning in products. In comparison with this,

relatively little is known on properties that concern vectors of I+ H,—HI+H, AE=1.55eV 3)

reactants and products, such as relative velocities and orbital h h ) | h b derived f
and rotational angular momenta. Differing from scalars, vectors Where the reaction energg) values have been derived from

have not only magnitudes that are directly related with different spe(;:t:o?copi% dafa. This set of regction;hmay behtaken as
types of kinetic energy (translational, orbital and rotational) but MOC®!S for endoergic triatomic reactions with a PES that presents

also directions.  If the study of the reaction dynamics is restricted & coIhnea:jsad?]Ie point bﬁtweenl_ rﬁatlz_tahntsk_and products, and
to scalar properties, it will not be possible to obtain full correspond to t e_HL—L( eavy-light-light) Inematics.
information on the forces that act in the reaction. In fact, In Fh's work, mainly devoted to the sterepdynamlcs of thesg
although much more difficult to deal with, mainly from the reactions, the dependence of scalar properties (total cross section
experimental point of view, vector properties should also be (0) and_ average fra(_:tlon of energies in products appearing as
considered in detail as they are key indicators of the anisotropy ransiatiorr'Lvibrationt,'L)and rotatiorit [ and two-vector

of the potential energy surface (PES) involved in the reaction. Rroperties (angular correlationk,(k'), k.1, (k’.’ 1 .and ¢,
Hence, a complete understanding of the gas phase reactiod )) on relative translational energ¥+), and rovibrational 4,

dynamics is only possible after accounting for both type of J) levels of reactants, as well as the effect of considering initial

properties togethér:3 From these works, it becomes clear that Pe'Pendicular), parallel (1), and random (null) initiak =
¢ alignment have been considered. Although the reactive scat-

the study of two-vector angular correlations among the set o
y d d tering experiments required to study the effect of the inkia)

vectors{k, k', j, j', I, I'}, wherek, |, andj represent the initial i difficul p | ¢
(reactants) relative velocity, orbital angular momentum, and alignment are very difficult to carry out, see, for example, refs
1-2 and 78, and there is still a very scarce number of

rotational angular momentum, respectively (primed variables h ical studi hi bi f |
refer to the final (products) vectors), is of great importance to theoretical studies on this subject, see, for example, ref03
this work highlights the interest of exploring the influence of

the understanding of the dynamics of elementary chemical . ) AN .
reagents alignment to obtain a deeper insight into the dynamics

reactions (see also, for example refs 4 and 5). q st q ) f ol i hemical i
The next set of reactions involved in theXsystems, being and stereodynamics of elementary chemical reactions.

X an halogen atom (CI, Br, and I), has been studied in this 2. Analytical Potential Energy Surfaces

* To whom correspondence should be addressed. For the ground PES of the ;81 and HBr systems,
IUn!vers!tat de Barcelona. respectively, the G312 and SEC® surfaces derived from
§Em’aei{_s"rjﬁigu‘§@L§yifg§bs afubes Truhlar and co-workers have been used. In both cases, a
O E-mail: r.sayos@dynamics.qf.ub.es. modified LEPS surface with Sato parameters that depend on
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perpendicular alignment, BC rotates in arbitrary planes perpen-
dicular to theXY plane withj placed in theXY plane, all possible
directions of] on this plane being equally probable. Inthe case
of null (random) alignment, for each initial conditioBq, v, j)
it was checked that the initigdk—j distribution was really
isotropic. This means that the absolute values of the first and
second Legendre moment (k-))Cand P.(k-j)[) respectively)
were very small (usually lower than 1®in absolute value).
For an arbitrary conditionHy, v, j), the total energy for the
two possible senses of BC rotation that correspond to the initial
k—j parallel alignment is the same, but the total angular
| momentum vectod (J = | + j) is different in both cases.
However, it is enough to consider one of the two senses of BC
rotation to evaluate scalar properties, such as the opacity
function, reaction probability, total cross sectiay),(average
translationallEy' [ vibrationalE,'[J and rotationalEgr' Cenergies
in products, etc. The situation changes if vector properties have
to be evaluated, but as the two conditions we are considering

at the collinear HXH saddle point, to make the surface more are closely related, it comes out that also their vector properties
accurate in this region, was used to fit their ab initio electronic are strongly connected. Thus, for two-vector angular distribu-
structure calculations on both PESs. Both surfaces have beerfions, the properties that will be considered in more detail in
tested’13 by comparing with experiments the calculated rate this work, if the two vectors involved are of polar type, or of
constants and kinetic isotope effects for theHHHX — H, + axial type, their angular distributions coincide for both senses
X (abstracnon) and HX+ H (exchange) reactions W|th|n the Of BC rO'[ation. But, |f they inV0|Ve a p0|al’ and an aXlal VECtOI’,
framework of the variational transition state theory with ©ne of the angular distributions is the mirror of the other one.
optimized multidimensional tunneling treatment (VTST/OMT). Hence, it is enough to consider a single sense of rotation for
For reaction 1, a good agreement has been found recentlythe reagent diatomic molecule to evaluate the properties we are
between the measured differential cross section and the quanturinterested.  Nevertheless, as trajectory calculations do not
mechanical and quasiclassical trajectory resdltEor the Hl demand in general a very large amount of computer time,
system a new LEPS surface (hereafter indicated as the LEPSxcepting if systems are close to threshold or near-threshold
65 PES) have been develop¥dyith Sato parameters;$= regions, it is probably good to recomend to run trajectories
Syn = 0.125 and the diatomics Morse parameters taken from taking into account both senses of rotation, at least for a
ref 6. This surface has been derived by us from a LEPS basedrepresentative set of initial conditions, as it will allow us to

PARALLEL Al.l(;NMI-INT] PERPENDICULAR ALIGNMENT |

Figure 1. A + BC arrangements for initial parallel and perpendicular
alignments.

inversion (fitting}415of the experimental k(z, j) rovibrational
distributions arising from the H- HI — H, + | reaction6.17

The QCT calculations we have carried out on the LEPS-65 calculated for each reaction.

PES® reproduce quite well all experimental data, including also
the H, (v = 1)/H, (v = 0) vibrational inversion.

3. Computational Details

check the correctness of the Monte Carlo sampling.

In all, around three millions of trajectories have been
Batches of 50-6000 000
trajectories were run for each initial conditiok({ v, j, and
kind of alignment) to be sure to furnish statistically significant
distributions. About 100820 000 reactive trajectories have
been obtained for each initial condition, depending on the

reaction and conditions considered (e.g., an average value of

Although the use of the QCT method to simulate gas-phase g5 reactive trajectories/condition results for the reaction with
chemical reactions was established in the middle of the 19603,C|)_ The QCT initial conditions explored, given as intervals of

this c_ontinues to be an_acti\_/e area qf reseéfciihus, i_t yieIds ~ values, are the followingEr (eV), 0.25-4.0 (Cl), 1.1+-4.5
considerable and detailed information on the reaction kinetics (Br), 1.84-5.0 (I); v(Hz), 0—12: j(H,), 1-18: taking into

and dynamllcs, ofte.n not .avallable from. other thepretlcal account in all cases three differeintj initial alignments (),
methods, with relatively simple means, if there exists an | "anqg null). Moreover, to analyze in deeper detail the vector
analytical fit of the PES, and the system is not very close 10, ,heries particular attention has been payed to the initial
the threshold region, where quantum el_‘fects (mainly tunneling -4ditions indicated in Figures 2 ane-B. These sets o,
through the barrier) could play a dominant role. The three- , 4y congitions have allowed us to study in detail the reactivity

dimensional (3D) QCT calculations have been carried out in @ ¢ raactions £3 at “ordinary” conditions, namely low energy

standard way, see, for example, refs 19 and 20, by means of.qjisions (lowEr, v, andj values), and at “extreme” conditions,
the TRIQCT programi!

namely high energy collisions (one of the above indicated

The selection of initial parallel or perpendicular alignments arameters has a large value and the other two have low values).
follows the same procedure employed in our previous work on

the K+ HF — KF + H reactiod® and is represented in Figure
1. This figure shows both situations in the usual space-fixed
right-handed coordinate system employed in trajectory calcula- 4.1. Opacity Function. The reaction probability as a
tions, which has the origin placed at the center of mass of the function of initial impact parameter (opacity functiof(b) vs
reagent diatomic molecule (BC), the attacking atom (A) placed b) for representative initial conditions of reactions3.is shown

in the YZ plane, and the relative velocity vectdt)(pointing in Figure 2. On the overall parallel alignment has a larger trend
along the positive direction of theéaxis. For initialk—j parallel to react at higheb values than the other alignments, and for
alignment, BC rotates in th€Y plane, and its rotational angular  all conditions Er, v, j), although theP(b) vs b shape may be
momentum j) may be directed along the positive or negative different for each alignment, the same bmax results for all of
directions of theZ axis with equal probability. This corresponds them. As expectedmaxincreases witler, and the increase of

to the two possible senses of BC rotation. For initiat] bmax With v andj correlates with the increase of “effective

4. Scalar Properties
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Figure 2. Opacity function P(b) vs b) for representative initial condition&f, v, j, alignment) of reactions-13. The symbols©”, “0O0", and “”
correspond to the results obtained for perpendicular, parallel and null alignments, respectively.

molecular size” (outer turning point) of the;Hnolecule as

a threshold energ¥r0.22 This corresponds, as in our case, to

andj increases, even though this correlation is stronger for the reactions with a PES that presents a barrier between reactants

vibrational quantum number. At lor there is a marked

and products.Er o for parallel alignment is always higher than

tendency for reactive trajectories arising from parallel alignment the ones for perpendicular and null alignments. But, although
to be produced preferently at higher impact parameters than ino(ll) is lower thang(C) and o(null) at low and moderaté&r,
the case of the other alignments. However, the opacity functions for high enoughEr valueso(ll) becomes larger thaa([J) and

tend to become similar &y increases. The opacity functions

for all alignments become similar to each other quite rapidly

as v increases. In the case of tljedependence, there is a

o(null).
Vibrational excitation of reactants typically enhances total
cross section®’ and in fact this is also observed in almost all

tendency for reactive trajectories arising from parallel alignment conditions, wheres increases almost linearly with except at
to be produced preferently at higher impact parameters than inyery high values (Figure 3). The vibrational enhancement of

the case of the other alignments.

reactivity is particularly evident, as the presence of a late barrier

The opacity function dependence on the alignment can bein the PESs makes the ;Hvibrational energy particularly
understood on the basis of the collinear saddle point that exhibit effective to overcome the barrier and reach the products valley,

the PES of reactions-13. As trajectories with initial parallel

in agreement with what is expected from the Polanyi’s réfes.

alignment have a tendency toward the insertion of the attacking In the v range of values explored(ll) is in general equal or
atom into the reactant diatomic molecule bond (energetically larger thano(0) and o(null), and for all alignments the total

unfavorable), in this case reactive trajectories will occur
preferently at higheb values than for the other two alignments.
4.2. Excitation Function. The dependence of the total cross
section §) on Er, v, andj (excitation function) for representative
initial conditions of reactions-13 is shown in Figure 3. The

cross section increases withexcept at the higher values,
where a decrease withis observed for reactions 2 and 3, that
is more pronounced for parallel alignment. For reaction 1 a
tendency toward saturation in tlevs v dependence, with the
presence of a plateau in tlefunction, results at the higher

o vs Er dependence is the typical one for reactions that presentvalues explored foo(O) and o(null), while o(ll) still exhibits
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Figure 3. Total cross sectiono for representative initial condition&f, v, j, alignment) of reactions-13. Same comments as those in Figure 2.
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Figure 4. Ratio of average fractions of energy in produdfisiy/i'ld, for representative initial condition&A, v, j, alignment) of reactions-13.
The symbols ©”, “[0", and “®” correspond to the results obtained fdy'[i/,'(d, TR GI/TR'[d, and @6/ respectively.

an increase with.. To the best of our knowledge there is a reaction?? this rule is contradicted when the collision energy
single case where a vibrational inhibition in a bimolecular and internal energy are low. For reactions 2 and 3, the tendency
reaction has been reported (HLi, — LiH + Li%%. However, of o to decrease in the region of the the highemalues treated
this case is very different to the ones treated here, as the H results simply from the opening of the dissociative channel
Li, reaction presents a deep minimum between reactants andeading to X+ H + H. This is a special case of collision
products and, although on the overall it conforms the general induced dissociation (CID), because of the very high internal
rule that vibrational excitation of a reagent bond promotes energy content of the reagent molecule. For reaction 1 the
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Figure 5. kk' angular distribution expressed in terms of the solid-angle differential cross secudd(tt) for representative initial condition&f,
v, j, alignment) of reactions-13. The symbols©”, “0", and “@” correspond to the results obtained for perpendicular, parallel, and null alignments,
respectively.

dissociative channel becomes also open at the higlvatues v, j) the difference, if any, between tlwevalues of the different
considered but in a much less extension than for reactions 2alignments arises exclusively from the reaction probability, as
and 3. all them exhibit the sambmax values. In what respects to the

The dependence of the total cross sectiof esents typical larger threshold energies obtained for parallel alignment this
shapes (Figure 3). For reaction 1, there is an initial decreasedirectly correlates with the existence of a collinear saddle point
of o with j that is followed by an increase at highevalues in the PES of reactions-13 and to the fact that parallel
that can be interpreted as usually, on the basis on an initially alignment shows a tendency toward insertion (energetically
dominant orientation effect that later, at highewalues, is unfavorable), not present for the other alignments. Because of

substituted by a dominant energetic eff&et%28 For re- this, with the exception of what occurs at highor for excited
actions 2 and 3, there is a monotonic increase wifith j that vibrational levels of H, reactivity at low (very low) impact
can be interpreted on the basis of a purely dominant energeticparameters is small (very small) compared to the one for the
effect. For all reactiongg(ll) is initially below o(0) ando(null), other alignments. For instance, in reaction 15-Cl, with Er

but for high enough values, analogously to what happens in = 0.55eV and H(v =0, andj = 1, 3 and 18), in thé interval
the o vs Er dependenceg(ll) becomes larger than([J) and 0-0.5 A, P(b, Il) is equal to zero whild(b, 00) andP(b, null)

o(null). are almost constant and very similar: around 0.7, 0.7, and 0.9
If the initial condition Er, v, j) is not very close to the 1.0, respectively.
threshold region for reactions to be produckgs(Il) + %/z0(0) Previous arguments only remain on a merely geometrical

provides a very good estimate agnull), the fully orientation point of view (i.e., we are leaving out considerations about the
averaged total cross section. This can be justified on the basispossible influence of the PES on orienting/reorienting thé X
that from the three right-hand-side orthogonal space fixed axis H, system during the collision). From this perspective, it is
available, oneZ axis) is involved in parallel alignment, while  easier for anX atom to approach the Hnolecule with angles
the other two X and Y axis) are involved in perpendicular near to insertion into the diatomic bond wheris initially
alignment. prepared aligned parallel to(side-on attack) than ffis initially

The excitation function behaviour can be interpreted from prepared aligned perpendicularkdend-on attack). We have
the corresponding opacity functions, as the former are obtainedalso assumed in these considerations thaXtid arrangements
after proper integration of the later propertf@sPerpendicular in the strong interaction region (zone where interatomic distances
alignment behaves in a more similar way to null alignment than are of the order of chemical bond distances) somewhat reflects
the parallel one as it can be seen from the opacity functions. the initial k—j alignment. Similar considerations were used
Hence, this fact should also be observed in the case of thepreviously with quite good success to rationalize the experi-
excitation functions, as in fact it occurs. From the opacity mental and QCT results corresponding to the-kIF — KF +
function analysis it is also clear that for a given conditi&s, ( H10 prototypic H-H—L system.
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Figure 6. kj' angular distribution expressed in terms of the solid-angle differential cross secidd<t) for representative initial condition&f,
v, j, alignment) of reactions-13. Same comments as those in Figure 5.

4.3. Average Fraction of Energy in Products. Even reactive trajectories for parallel alignment. But disregarding
though regarding scalar properties we have been mainly thesej values interval, the abovementioned statement on the
concerned with reactivity (i.e.,with the total cross section), for ratio for vibration is also valid herelfr'[]/r' (4 is greater than
completeness some insight on the average fraction of energy inone and tends to decreaseBs v, or j increase. '}/ [
products has been performed. To make easier the comparisoriies approximately between 0.5 and 1.3, being in general almost
between the influence of perpendicular and parallel alignments constant (for thes andj dependences) or showing an increase
on the average fractions of energies available in products, the(for the Er dependence). For the most representative “ordinary”
i'GI/' [4 ratio has been plotted in Figure 4. condition leading to reaction 1 for all alignmen&r(= 0.55

Reaction 1 behaves in a different manner than do reactionseV and b (v = 0, ] = 1)), the three ratios of fractions take the
2 and 3, and the latter reactions behave similarly to each other.following values: 0.86 (V), 2.72 (R), and 0.50 (T), respectively
The much closer vicinity to the products arrangement of the (Figure 4).

saddle point for reactions 2 and 3 compared to the case for For reactions 2 and 3, in gener@}'[j/d,'[d is essentially
reaction 1 is probably the main reason of the different behaviour constant, and the most significative changes occur®gr)/
obtained for these systems. Thus, although theHXdistance fr'[3 and B L/ . Thus, while the former ratio tends to
at the saddle point is in all cases quite close to the correspondingincrease (in some cases, after an initial decrease), the latter one
equilibrium distance in the XH product diatomic molecule:  tends to decrease (in some cases, after an initial increase). For
1.273 (1.401), 1.414 (1.476), and 1.609 (1.634) A, respectively the most representative “ordinary” condition leading to reaction
for X = CI, Br, and I, where between parentheses theHX 2 for all alignmentsEr = 3.0 eV and H (v = 0, = 1)), the
distance for each saddle point is given, the'i distance at  ratios take the following values: 0.13 (V), 0.32 (R), and 1.80
the saddle point (0.990, 1.207, and 1.528 A, respectively, for (T), respectively. Analogously, for the most representative
X = ClI, Br, and I) substantially differs from the corresponding “ordinary” condition for reaction 3&r = 3.15 eV and H (v =
equilibrium distance in the Himolecule (0.741 A). Fromthe 0, = 1)), the ratios take the following values: 0.53 (V), 1.14
energetics and consistently with geometrical results, it comes (R), and 1.10 (T), respectively.
out that the barrier height including the zero point enerylg{
+ AZPE) and the reaction energ\AE) are equal to 0.244,
0.766, and 1.502 eV and 0.130, 0.810, and 1.551 eV for
reactions 13, respectively. The geometries of the XHH saddle  Thekk’, kj’, k'j’, andl’j’ angular distributions for representa-
points and energetics have been taken from refs 1% (®I), tive initial conditions of reactions 13, that is to say from
13 (X =Br), and 14 (X=1). “ordinary” to “extreme” conditions (cf. in section 3), are plotted
For reaction 1[%,'0J/,'[d, is almost constant and close to in Figures 5, 6, 7, and 8, respectively, expressed in terms of
the unity, except for what happens when the dependenge on the solid-angle differential cross sectioRdftiQ2’). To calculate
is considered, as betwegn= 6 and 9, where there are no this property the uniform phase space (UPS) methioas been

5. Vector Properties
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Figure 7. Kj' angular distribution expressed in terms of the solid-angle differential cross secdd<t) for representative initial condition&f,
v, j, alignment) of reactions-13. Same comments as those in Figure 5.

used to construct the histograms. Thus, thel8C angular dicular and null alignments. For:Hv = 0), the lowestw value
range has been divided into 20 bins, in such a way that eachtaken into account, witler andj fixed at their lowest values
bin contains an equal volume of phase space: distribution consideredEr min, j = 1), thekk' scattering is predominantly
uniform in the solid angle<’) but not in the angle formed by  backward, but as increases it becomes rapidly predominantly

the two vectors ). In Figures 5-8 the value of (80/dQ2’) forward. For B (j = 1), the lowesi value taken into account,

for each bin is specified at the center of the interval. The with Er andv fixed at their lowest values consideregk (in, v
forward/backwardf(b) (parallel/antiparallel (p/ap)) scattering = 0), thekk' scattering is predominantly backward, butjas
ratio of thekk’ (kj', k'j" andl'j") angular distribution considered increases it becomes progressively more forward, and in general
in the next subsections are equal to €9’ < 90°)/N(6" > it is predominantly forward for bi(j = 18). This behavior is

90°) ratio, whereN(6' < 90°) (N(6' > 90°)) is the number of more apparent for parallel alignment. In general, when reactiv-
reactive trajectories obtained for each initial conditionfat ity is comparable for all alignments, the shape of ti€
angles lower (higher) than 90 Analogously as occurred in  distributions is similar in all cases, with the only exception of
the case of scalar properties, for the two-vector properties what happens at highvalues. Concretely (e.g., fOE£ min, v
described in this section it will be shown that the results obtained = 0, j = 18)), while thekk' distribution is very/quite broad for
for perpendicular alignment are closer to the ones for random perpendicular and null alignments, for the parallel case it
(null) alignment, than those in the case of parallel alignment. presents a rather sharp maximum inside the ® kk' angular
The angular momentum transfer when evolving from reactants interval.
to products has a different behaviour depending on the kinemat- The influence oy on thekk' distribution can be interpreted
ics (mass combinations) of the reactions considered. Reactionson the basis of a purely impulsive effect, assuming that the effect
1-3 are of the H-L—L type and for the conditions considered of more repulsive parts of the PES energetically accessible as
it comes out that, except for higtvalues, a t— I' transformation Er increases can not counterbalance it. The influence of the
trend has been observed for all alignments. However, in generalH, vibrational quantum level on th&k’ scattering can be
this tendency is not strong. In the higlease, neither the+ interpreted on the basis of the relaxation produced in the H-H
I nor the I— j' transformation trends have been observed.  bond asv increases. As indicated in section 4.1., an increase
5.1. kk' Angular Correlation. Thekk' differential cross of “effective molecular size”, directly related to the outer turning
section is plotted in Figure 5. This distribution is predominantly point of the B molecule, is produced asandj increases, even
backward for the lowesEr value considered in each system though the increase is stronger for the vibrational quantum
(Ermin) @and H (v = 0, ] = 1), but asEr increases the distribution  numbers. This fact could facilitate the abstraction at larger
becomes symmetrical, and at the higkgrvalues considered  distances of a hydrogen atom from the hydrogen molecule by
the forward scattering clearly dominates, with the exception of the attacking halogen atom, thus favoring the forward scattering.
what happens for two alignments of reaction 3. In this case, The influence of the Krotational quantum level okk' can be
thekk' angular distribution is nearly symmetrical for perpen- interpreted in a similar way as in the case of the effect,of
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Figure 8. I}’ angular distribution expressed in terms of the solid-angle differential cross seciigd<t) for representative initial condition&f,
v, j, alignment) of reactions-13. Same comments as those in Figure 5.

even though as mentioned before the influence¢ af the B contrary, the reactive trajectories that peak at an angle higher
outer turning point value is not so high as in the case ahd than 90 or are placed around it correspond to the ones arising
also taking into account the existence of rovibrational coupling. from an initial situation where vectoksandj are parallel kj
5.2. kj' Angular Correlation. The kj' differential cross angle= 0°). These two initial angular arrangements of vectors
section (Figure 6) is symmetrical around°Sfor all initial k andj correspond to two different orientations of them but to
conditions. Thuslkj'C= 90°, the p/ap scattering ratio is within  a single aligment case and concretely to the parallel one. The
the 0.93-1.10 interval, and the first-order orientation parameter behavior exhibited by perpendicular alignment in reaction 3 for
is very close to zera&@W(k+j'): 1074—10"2in absolute value). high j values is not easy to understand, and it is even more
The shape of th&j’ angular distribution is similar for H(v = evident for b (v = 0,) = 14) than for H (v = 0,j = 18). In
0,j = 1) and for Ermin, H2 (i = 1)), respectively, within the  what respects to the reason becgusends to be perpendicular
Er andv intervals considered. Except for what happens at high to k, after consideration of the angular momenta transformation
j values, thekj' distribution shows a maximum at 9@or all from reactants to products at the beginning of this section, it
alignments. The most remarkable effect occurs when the becomes clear that this is not a trivial result coming from
dependence of thig' distribution onj is considered. Here the  kinematics.
kj' distribution is broader than in the abovementioned cases, 5.3. Kj' Angular Correlation. The same comments on the
and although it is also symmetrical around’9hstead of a kj' angular distribution are also valid here, for example, the
maximum peaking at 90 a minimum appears at this angle for k'j’' angular distribution (Figure 7) is symmetrical around 90
parallel alignment at high enoughvalues. In this situation, (K'j'O= 90°), the p/ap ratio is within the 0.931.10 interval,
two maxima symmetrically placed around°3Je present (e.g., and the first-order orientation parameter is very close to zero
for the initial condition Er min, H2 (v = 0,j = 18)) both maxima ~ (Af™®(k’+j"): 10~4—1072in absolute value). However, fdrj’
in d?0/dQ’ occur at around 45 and 13%or reactions 1 and 2, the angular distributions are much broader than the ones for
and at around 60and 120 for reaction 3. It is worth noting kj', and the symmetrical two maxima that appear for parallel
that for this last reaction a similar but smoother behavior is alignment and highj values now occur at lower and higher
also observed for perpendicular alignment, and a wide plateauangles than those fdqg', respectively.
showing slightly this tendency also appears in the case of null 5.4. Ij' Angular Correlation. The I'j’ differential cross
alignment. section is plotted in Figure 8. For reaction 1, except for what
The just-mentioned behaviour exhibited by reactive trajec- happens for parallel alignment, the p/ap scattering ratio increases
tories that arise from parallel alignment directly correlates with notably withEr, but for the former alignment this ratio is almost
the specification of the initial conditions. Thus, the reactive constant. For perpendicular and parallel alignments, the p/ap
trajectories that peak at an angle lower thaf 80are placed ratio decreases notably with but for null alignment it is almost
around it correspond to the ones arising from an initial situation constant. For this reaction the most remarkable effect takes
where vectork andj are antiparallelKj angle= 18C°). By place when thd'j’ angular dependence gris accounted for.
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Thus, although théd'j’ angular distribution is predominantly  result from the calculation are not a trivial result coming from
parallel for the lowerj values considered, gsincreases both  a kinematic constraint, being particularly remarkable the role
vectors tend to be antiparallel. The p/ap ratio decreasesjwith played by the rotational angular momentum of thenkblecule

in a very important way (e.g., forHv =0, = 18) there is a on them.

very small number of reactive trajectories with angles lower Additional information on the data contained in this work
or equal to 96). and about other results not included (average andlesand

For reaction 2, the p/ap scattering ratio is almost constant p/ap ratios, first- ) and second-ordeA¢®) orientation and
within the 3.0-3.81 eVEy interval and H (v = 0, = 1). For alignment parameters, differential polar cross sections, etc.) is

perpendicular and null alignments, the p/ap ratio increasesavailable from the authors upon request.
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