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Kinematic (mass) effects in reactions in the type

H+HL—->HH+L

Augustin Siegel® and Arnulf Schultz®

Fakultat fiir Physik, University of Freiburg, D 7800 Freiburg/Br., West Germany

{Received 7 April 1981; accepted 19 May 1981)

To get a better understanding of reactions such as Ba + HCl—BaCl + H 3D trajectory calculations of the
type H —>HL— HH + L {H = heavy, L= light) were performed on a number of different model potentials, at
different collision energies. The study was mainly devoted to a systematic search for kinematic effects caused
by the special mass combination. In (H—ML} reactions, kinematics play a dominant role in the reaction
probability and in the impact parameter dependence of the product molecule energies. It is therefore possible
to draw further information from direct experimental results. All kinematic effects found can be simply
explained by the relatively small moment of inertia of the light particle. Some insight into the dynamics of

such reactions is also obtained.

INTRODUCTION

In a previous article we reported on the determina-
tion of the product state distribution for the reactions
Ba+ HX~BaX+H (X=Cl and Br) as a function of the
collision energy. ! Like many alkali-atom hydrogen halide
reactions these two reactions possess a very pronounced
mass balance of the type H+HL —HH + L (H =heavy,

L =light). Application of the conservation laws to
thermoneutral (H + HL) reactions show the existence of
a very efficient transfer of the angular momentum I of
the reactants to the angular momentum J' of the product
molecules. Examplesare the reactions K+ HBr or Cs
+HBr.? Trajectory calculations indicate that the rela-
tion J’ =L may hold also for exothermic reactions like
Ba + HX, even at high collision energies, 4

In addition to the angular momenta, there may be
other quantities in (H + HL) reactions which are cor-
related to each other by the special mass ratio. It is
very important to know all these relationships in order
to be sure which experimentally determined quantities
provide information on the reaction dynamics (potential
surface), and which quantities just reflect the special
kinematics (mass ratios). The qualitative understand-
ing of the reactive process may also be improved con-
siderably, if one understands the kinematics. In order
to find out these kinematical relationships we carried
out trajectory calculations on model potentials for the
general triatomic reaction A+BC—-AB+C, InRef. 1
we already used the results described below for an
analysis of our experimental results for the reactions
Ba + HCI and Ba + HBr.

This work was actually stimulated by the question of
whether additional information about the potential sur-
faces of (H + HL) systems could be obtained if vibra-
tional population distributions are measured at various
collision energies. A simple impulsive model shows
that the appearance of large product vibration must be
related to small impact parameters, and vice versa.

2)pregent address: Fachbereich Physik, University of Kaiser-
slautern, D 6750 Kaiserslautern, West Germany.
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We demonstrate in this article that the vibrational popu-
lation distribution changes substantially with both the
potential surface and the collision energy. The rota-
tional distribution, on the other hand, is found to be
essentially determined by the kinematics, i.e., not much
can be learned about the dynamics of (H+ HL) reactions
by a measurement of the rotational energy distribution.

CALCULATION PROCEDURE

The program used for the trajectory calculations was
originally written by D. L. Bunker. The integration
procedure was changed from a Runge~Kutta method
to a Hamming predictor —corrector method with variable
integration step size.

The model surfaces are of the LEPS (see, for ex-
ample, Ref. 5) and hyperbolic map function (HMF)
types. 7 These two types of model potentials differ
enough to ensure that none of the effects found is due
to the analytical form of the surfaces. Table I sum-
marizes the parameters of the four basic surfaces used
for the calculations. We also made some additional
calculations for thermoneutral and endothermic reac-

TABLE I, Surface parameters.

(a) Morse parameters common for all gurfaces

Dpp=4.24 eV rap=2.72 A Bap=0.9109 A~
Dpc=4.436 &V rpe=1.274 & Bac=1.898 A
Dyc=1.82 eV rrc=2.2318 A Bpc=1.112 At
(b) Other surface parameters
KaB Kpc Kac
LEPS1 0.15 0.08 0.15
LEPS2 0.15 0.20 0.15
up Vo a A n
HMF1* 0.12 -0.5 1.5 4 3
HMF22 0.40 -0.5 1.5 4 3

0021-9606/82/094513-15$02.10

“The meaning of the HMF pai-ameters can be found in Ref. 7.
Egs. (1)—(9).

© 1982 American Institute of Physics 4513
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tions. For this purpose, surfaces were derived from balances differ from H + HL with the result that all kine-

the basic ones by changing the value of the dissocia-
tion energy D,5. No surface with a basin in the poten-
tial was used.

The Morse parameters of the diatomic potentials are
those of the molecules BaCl, HCl, and BaH, common
for both the LEPS and the HMF surfaces. Figure 1
shows collinear cuts of the four surfaces. The LEPS
surfaces exhibit small barriers (~0. 03 eV) in the en-
trance valley. The location of these barriers is indi-
cated by arrows in Fig. 1. The two LEPS surfaces
differ mainly in the region of the energy release.
LEPS1 is of the late downhill type, whereas LEPS2
belongs to the early downhill type. Both HMF surfaces
show early downhill character. HMF1 and HMF2 dif-
fer in the bend of the minimum energy path as projected
onto the (v,p, 7sc) plane. The bend is sharper for sur-
face HMF1 than for HMF2. For the LEPS surfaces this
bend is always rather sharp as a consequence of their
analytical form.

The mass combinations used in the calculations are
listed in Table II. Masses are given in amu throughout
this article. m,, mg, and mc=137, 35, and 1 are the
masses of Ba, Cl, and H. This mass combination
represents our extreme case of H+ HL. With the
masses m,, mp, and mc =137,35, and 4, the sensi-
tivity of the kinematic effects to mass changes is tested.
For the two additional mass combinations m,, mp, and
me =137, 18, and 18, and 137, 1, and 35, the mass

matic effects typical for H+HL vanish almost com-
pletely. For the mass combination m,, mgs, and m¢
=137, 1, and 35, only a small percentage of the tra-
jectories turned out to be reactive. Therefore no re-
sults will be shown for this mass combination. How -
ever, the kinematic effects vanish to the same extent
as in the examples given for m,, my, and m =137,
18, and 18.

The initial conditions are chosen to be close to those
of our experiments. ! since we used a supersonic noz-
zle beam the vibrational and rotational energy of the re-
agent molecules E,;, and E_,; are set to zero. Even
without the use of a nozzle beam this would be a good
approximation for hydrogen halides as reagent mole-
cules. Some calculations were done with E,;,#0. These
calculations are very time consuming because the very
fast oscillations of the hydrogen halides determine the
upper limit of the integration step size. The collision

TABLE II. Mass combinations in amu.

My myp me
137 35 1
137 35 4
137 18 18
137 1 35

J. Chem. Phys., Vol. 76, No. 9, 1 May 1982
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FIG. 2. Histograms of the reaction probability P(b) for several surfaces and the mass combination m,, mp, and ms=137, 35,
and 1, Step size in the histograms is 0. 05 A. 30-50 trajectories are calculated per histogram unit,
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FIG. 3. Histograms of the reaction probability P(b) for the masses my, mg, and mc=137, 18, and 18,

J. Chem. Phys., Vol. 76, No. 9, 1 May 1982



4516 A. Siegel and A. Schultz: Kinematic effects in reactions

lj‘.” HIMF2 T T B 1 IJ-’,| T T . T .
(h) ] I ”
Epaz eV E o= 368V axel s
s0F { 250 o ST
..' .: »
2001 3/ 1 200 . / ’ .
. uf...’ :/'-. hd
» ,*.'.v. D .
150} < 1 150 2" .
- Iz . ,./}:
100} -y . 100 A
('. C .t Lmax=197 h A Lmax=297h
/— Imax =199 h - Imax=275h
50 i ) .’ a -1 50 . .. . 4
’.
A i B e L = 1 A 1 A Jd -
S0 100 150 200 250 ITI(h) 50 100 150 200 250 ILI [h)
ITI LE|P51 T T T T I]"‘ T T T T T
LEPS1
h
th) E frans =MeV th) Etrare =340V
250} 1 250 .
200L 41 200 8
1501 T . 150 4
3
100 n. E 3. . -
T o Lmacs132 h 100 Fa Log 2226 h
}({ Imax=z132 h e Jmax=221 h
sof  Ld” {1 st . -
e *
* A i i A 1 = i 1 A i L i
0 100 150 200 250 1IT1(h) S0 100 150 200 250 11 [h)

FIG. 4. Correlation of J’ and L for the mass combination m,, mg, and mc=137, 35, and 1 for two surfaces and two collision

energies. Every point represents the result of a single trajectory.

energy is set to the fixed values 0. 11 and 0. 34 eV ac-
cording to our two experimental boundary values. The
remaining initial conditions—impact parameter and ini-
tial position of the three atoms —are chosen statis-
tically by a Monte Carlo method.

RESULTS

In order to find kinematic effects, the results of
many single trajectories were surveyed with the goal
of finding functional dependences and correlations be-
tween the different quantities. Since it is impossible
to show results for all the surfaces by figures, only
typical examples are shown. For all the other sur-
faces the results look quite the same as far as the kine-
matical effects are concerned.

J. Chem. Phys., Vol

We found three different kinematic effects:

(1) The reaction probability P(b) as a function of the
impact parameter b is a step function of the form
P(b):{l for b =by. 1)
0 for b> by

Figure 2 shows calculated histograms of the function
P(b). The step size in the histograms is b=0. 05 A.
About 30-50 trajectories are calculated per histogram
unit. The masses of the three atoms in these calcula-
tions are m,, mg, and mo=137, 35, and 1. The ex-
amples shown belong to two different model surfaces,
and to two different collision energies.

Almost all collisions for small impact parameters in

.76, No. 9, 1 May 1982
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FIG. 5. J’ as a function of L for the mass combination m,,
mp, and mc =137, 18, and 18.

these examples lead to reaction irrespective of the sur-
face and the collision energy. The reaction probability
sharply drops to zero within a small region of impact
parameters. The value of b,,, depends on both the sur-
face and the collision energy. The same behavior for
the function P(b) is observed for all other surfaces as
long as the masses are m,, mg, and ms=137, 35, and
1. The drop of the reaction probability from one to zero
always takes place within a few tenths of an angstrom.
So the step function character of the function P(b) is a
very good approximation for all our surfaces, at least
for all collision energies within the range chosen in the
present calculations.

If the masses are changed to m,, mgy, and my =137,
18, and 18 the shape of P(b) changes drastically and be-
comes dependent on both the surface and the collision
energy, as is shown in Fig. 3. The surfaces and colli-
sion energies are the same as in Fig. 2. Strong steric
effects hindering the reaction at small impact parameters
show up. Note that d,,, is somewhat different from the
values observed for the previous mass combination.

In the function P(b), b,., only depends on the surface
and the collision energy for H+HL. The mechanisms
determining b,,, for the surfaces used here are dis-
cussed below.

(2) The rotational angular momentum of the product
molecules J' is to a very good approximation equal to
the orbital angular momentum of the reactants

J >L .

The close correlation of these two quantities is demon-
strated in Fig. 4. Every point represents the result
of a single reactive trajectory. For this presentation
the density of points was chosen to be essentially con-
stant within each interval Ab. Since the initial angular
momentum of the reagent molecule is zero, L is equal
to the total angular momentum, Therefore the devia-
tions of the points in Fig. 4 from the straight line J’

4517

=L indicate the value of the product angular momentum
L'. For all surfaces used in the calculations the per-
centage of trajectories with L' > 204 was less than 10%.

If the masses are changed again to m,, mg, and m¢
=137, 18, and 18 the correlation between J' and L be-
comes very weak as can be seen in Fig. 5 as an exam-
ple.

The result of J' =L is in agreement with resuits ob-
tained by Polanyi et al. 3.4 on different surfaces and at
different collision energies. So, for the extreme cases
of the mass combination H + HL the angular momentum
of the product molecule J’ is almost exclusively deter-
mined by kinematics. Since L,, the maximal angular
momentum for which reaction is observed, is a function
of the potential surface as well as of the collision ener -
gY, Jmax is also dependent on these quantities.

(3) There exists a strong correlation between the
product vibrational energy Ej,, and the impact param-
eter as well as between the product translational energy

trans and the impact parameter.

In Fig. 6 the product vibrational and translational
energies are plotted as a function of the impact param-
eter for the masses m,, mg, and m =137, 35, and 1.
As before, every point is the result of a single trajec-
tory. The correlation between Ej,, and b on the one
side and Ej,,, and b on the other side is apparent.
Figure 6(c) shows an example of a calculation where the
BC molecule is vibrationally excited by 0.2 eV. This
differs from other calculations of this work. The cor-
relation remains, and the average value of E,,, (b) at a
given impact parameter b increases by just the same
amount of additional initial vibrational energy. The
correlation effects disappear, however, almost com-
pletely if one changes the masses again to m,, mp, and
me=137, 18, and 18. This is shown in Fig. 7.

Note, however, that the impact parameter dependence
of the mean energies E,,(b) and E},.,.(b) [the bar stands
for the average value of E.,(b) and Ef,,..(b) at a given
impact parameter b] is certainly not determined by the
mass ratio; instead it is given by the potential surface
and by the initial conditions (E, 4.5, Eony Eroe) as can
be seen in Fig. 6. Therefore, the population distribution
of the vibrational and translational product states must
depend on these quantities. Since measurements of the
vibrational population distributions N, were performed
by us, ! it is interesting to know the sensitivity of N,
to the potential surfaces as well as to the collision
energy. Figure 8 presents some results of these cal-
culations. The shape of N, changes quite substantially
with both the surfaces and the collision energy. The
present calculations were not done, however, with the
intention of finding—by a systematic variation of poten-
tial parameters—a surface which fits the experimental
N, data best. So far there is at most a qualitative agree-
ment between the experimental and calculated distribu-
tions N,.

DISCUSSION

The following discussion is intended to providea qual-
itative understanding for the existence of the kinema-

J. Chem. Phys., Vol. 76, No. 9, 1 May 1982
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tic peculiarities just described. As a second topic it
will be shown how these peculiarities can be used to
draw additional information from experimentally deter-
mined quantities such as mean product rotational ener-
gies or vibrational population distributions.

Qualitative understanding of the kinematics

The reason for the existence of the kinematic ef-
fects is the very small mass of the atom C in compari-
son to the masses m, and my or, in other words, the

J. Chem. Phys., Vol. 76, No. 8, 1 May 1982
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FIG. 8. Histograms of vibrational population distributions.
For an explanation of the appearance of bimodal distributions
for the HMF surfaces at E ,,=0.34 eV see the text,

very small moment of inertia Iz, of the molecule BC
compared to those of the systmes A-B and A-BC with
BC treated as one particle.

This point will be discussed now for the three effects
separately and illustrated by some typical trajectories,
which are shown in Fig. 9. In this figure the paths of
the three atoms are drawn as a function of time. Time
is marked along the paths in units of 10°"* s, The
calculations for these trajectories were done on surface
LEPS2 at a collision energy 0.5 eV and for the masses
my, mg, and me=137, 35, and 1. The initial vibra-
tional and rotational energy was zero as before. As a
consequence of an appropriate choice of the initial mo-
menta the three atoms stay in a plane during the reac-
tion. They exhibit, however, the essential characteris-
tics of out of plane trajectories also.

To explain the special shape of the function P(d) one
has to find out why there are practically no nonreactive
collisions for small impact parameters and what causes
the sharp drop in the reaction probability at b,,,. Non-
reactive collisions at small impact parameters are
mainly caused by steric hindering of the reaction. Fig-
ure 9(a) now shows a trajectory with impact parameter
b =0 and with initial positions of the three atoms very
close to the collinear configuration A-C-B. With these
conditions, steric effects in general will hinder reac-

tion strongly. Steric hindering indeed plays some role
in the collision shown in Fig. 9(a). The time marks
along the path of atom B indicate a decrease of the rela-
tive velocity of the atoms A and B. This decrease is
caused by the repulsion acting between the atoms A and
C. This repulsion is strongest in the linear configura-
tion A~C-B. Due to the very small momentum of in-
ertia Iy the system approaches the minimum energy
configuration, i.e., the opposite linear configuration
A-B-C, very fast and starts an oscillatory motion
around it. In this way the effect of steric hindering is
much smaller than it would be in cases of a larger mo-
ment of inertia Iz.. Our trajectory calculations have
shown that for the masses m,, mg, and mo=1317, 35,
and 1, reaction would not take place if the angle X (ABC)
is half the angle in Fig. 9(a) or less. A few cases of
steric hindering of the reaction can even be found in the
range of impact parameters 0<b<b,,,, if one adjusts
the initial conditions in a proper way., However, all
these cases of hindering possess an estimated statisti-
cal weight of less than 1% for all surfaces used here.

In a similar way one can understand the sharp drop
in the reaction probability at b,,,, and the mechanisms
determining the cross section. As long as the bond of the
molecule BC exists, a two particle approximation with
BC treated as one particle will describe the system
very well. This is because the momentum of atom C
as well as the angular moment of BC stay small com-
pared to the total momentum and the total angular mo-
mentum, respectively.. With this two particle approxi-
mation an angular momentum barrier can be calculated,
and it turns out that in many cases the barrier deter-
mines the value of b,,,. This can be seen, for example,
in Fig. 10(a) for surface HMF2 at the collision energy
0.11 eV. In Fig. 10(a) the effective potential along the
minimum energy path is drawn for b,,,=5.15 A as giv-
en by the trajectory calculations. The barrier gives a
strict upper limit for impact parameters of reactive
collisions. This is true because the angular momentum
J of BC remains small during the approach of the re-
agents and therefore the orbital angular momentum L
stays constant to a very good approximation until the
bond BC is broken.

In Fig. 10(b) the effective potential of HMF2 is drawn
in the same manner as for the collision energy 0. 34 eV.
The value b_,,=4.55 f&, which is observed in the calcula-
tions, was used to determine the effective potential. One
can see that in this case the barrier top is well below
the energy 0. 34 eV, i.e., the angular momentum bar -
rier does not completely determine the cross section.
Using J’ =L to calculate the product rotational energy
for b,,,=4.55 .f\, it turns out that the total energy of the
reaction is contained in product rotation. In this case
the cross section is determined then by conservation of
angular momentum J’' =L, valid for our mass combina-
tion. The upper limit for the impact parameters of re-
active collisions is very strict again, because L is con-
stant as before.

The change in the mechanism determining the cross
section is observed for all HMF surfaces used in our
calculations, because the minimum energy paths of these

J. Chem, Phys., Vol. 76, No. 9, 1 May 1982
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surfaces are very similar. For the LEPS surfaces used
here the cross section is determined by the angular mo-
mentum barrier in any case.

Indications to the change of this mechanism can be
seen at least in two instances of the results of our calcu-
lations: (1) small, but significant deviations of the
points from the straight line J’' =L can be seen in Fig.

4 (surface HMF2, collision energy 0. 34 eV) for the
largest L values. The same is observed for the other
HMF surfaces. (2) The vibrational population distribu-
tion of the HMF surfaces shows a qualitative change in

A. Siegel and A. Schultz: Kinematic effects in reactions

FIG. 9. Single trajectories calculated on
surface LEPS2, E =0.5eV. Time is
marked along the paths of the three atoms
in units of 10" s. The cross indicates
the center of mass.

going from the collision energy 0. 11 to 0. 34 eV (Fig.
8). At the higher collision energy a second peak ap-
pears at v =0 in the distribution. This second peak
corresponds to collisions with impact parameters close
to bpay i. €., the total energy of the reaction is al-
most completely contained in product rotation.

The explanation for the existence of the two remaining
kinematic effects follows again from the small momen-
tum of inertia lz.. To point this out, it is convenient
to express the correlation between J’ and L as a
correlation between the rotational energy of the product

J. Chem. Phys., Vol. 76, No. 9, 1 May 1982
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FIG. 10. Effective potentials along the minimum energy path

for surface HMF2 calculated in a two particle approximation
for b=0 & and buay Observed in the calculations for the energies
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molecule AB and the impact parameter:

2 2
Ern(b)= J'z/z #Aa"’gn o Lz/2 #AB”OAB

= (1a,5020)/21ra720 ~ Ereana(8/ 745 ) , (2)
where p is the reduced mass, v the initial relative
velocity, and r?\B the equilibrium distance of the mole-
cule AB. Therefore, both effects can be described as
correlations between product energies and the impact
parameter,

The quantities of our initial conditions, which are cho-
sen statistically, are the impact parameter and the ori-
entation of BC with respect to A. Therefore the exis-
tence of a strong correlation between product energies
and the impact parameter indicates that the product
energies are, to a very large extent, independent of the
initial orientation of BC. This independence is caused
again by the small momentum of inertia Iz.. As long
as the bond of BC exists, this small momentum of
inertia enables the system to approach the minimum of
the potential energy irrespective of the initial orienta-
tion. Qualitatively this can be seen in the Figs. 9(b)
and 9{c). Two trajectories with different impact pa-
rameters are drawn there. Both trajectories show
again the fast motion of atom C. Reaction takes place
in a much shorter time than in the trajectory shown in
Fig. 9(a) (i. e., after approximately 30 time units,
rather than 45), because steric hindering plays no role

0.11 and 0,34 eV. here. Therefore the motion of atom C does not show a
LEPS 2
P{b) P(b)
10 10
Etruns=-11°v E! ol s36eV
a5 me=1amu 05 rm':=1<:|rnu
1 2 3 4 5 blAl 1 2 3 4 5 bl
LEPS2
4 Pb) P(b)
T VvV ')
E"m =NMeV Eqmm =34V
asp me =bamu as m. = bamu
1 2 3 4 5 blAl 1 2 3 4 5 bIA]

FIG. 11. Change in the reaction probability function in going from me=1 (top) to mc =4 (bottom).
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FIG. 12. Comparison of the correlation of J’ and L for mg =1 (left) and mg =4 (right).

full oscillation, but only half a cycle. Note that atom
C is out of the range of the figure long before the
atoms A and B reach the ends of the paths which are
drawn. Following the paths of A and B after reaction
has taken place, one can see the vibrational rotational
motion of the product molecule AB. If one takes the
vibrational period as the time unit, one can see that an
increased impact parameter yields an increased rota-
tional energy of AB.

By conservation of energy E,.;= Eyp(0) + Etrans(d)
+ E!,(b). For the LEPS calculations it turned out that
E}..s(0} is nearly independent of 5. With a constant
value E},,..(b) taken from the lower part of Fig. 6(b)
and with E.(b) determined by Eq. (2), E%;,(b) becomes
a parabolic function as is shown in the upper part of
Fig. 6(b). In the same way the curves E!, (b) were con-
structed in Fig, 13,

The kinematic effects are very pronounced if the
masses m,, mg, and mqc=137, 35, and 1 are used in
the calculations. In order to see, at least qualitatively,
how sensitive the kinematic effects react on changes of
the moment of inertia Izs, we did some calculations with
the masses m,, mg, and mc=137, 35, and 4. This
corresponds to an increase of Iz by a factor of 3. 7.
Results of these calculations are shown in Figs., 11-13
in comparison to results obtained with mc==1. In all the
examples shown the kinematic effects become weaker
in the case of m.=4 compared to the results with mc
=1

Additional information from experimental results

In experiments described in Ref. 1, we determined
the vibrational population distribution N, and the mean
product energies of the BaX molecules formed in the re-
action Ba + HX - BaX+H (X=Cl and Br) at various col-
lision energies. Since the kinematic effects are very
pronounced in these cases, they can be used to estab-

lish relations between measured quantities and other
quantities of interest. This will be shown now by a
few examples.

Absolute reaction cross section o, (E, /)

The mean rotational energy is defined as
= Bmax
BB = 10)Eai(0) ®)

with the partition function of the impact parameters given
by

F(b)=2b/b%s (4)

if P(b) is a step function as in Eq. (1), With Eq. (2) and
with the approximation u,p >~ i, pc one obtains by inte-
gration of Eq. (3)

2
Ex‘ot(Etra.ns) = Etransbrznax/zrgB
2
= Etra.nsg‘re(Etrus )/277723 . (5)

Equation (5) allows us to determine the absolute cross
section from the mean product rotational energy. In
Ref. 1 we have presented reactive cross sections derived
in this way for the reaction Ba+HX ~BaX+H (X=Cl

and Br).

In a similar way Toennies et al. 8 have determined the
cross section of the reaction Rb + HBr. In their ex-
periment the mean rotational energy was measured us-
ing an electrostatic quadrupole state selector. They
assumed P(b) was a step function in their determination.

Detailed vibrational cross sections 0,,(E ;s v/

With 0,¢(Eya5) as derived above, detailed vibrational
cross sections 0,,(E rau, v) Were determined in Ref. 1
from the experimental vibrational population distribu-
tions N, as

ore(Etranss v ) = Ure(Etnns)Nu - (6)
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The function v(h)

With the knowledge about the strong correlation be-
tween the product vibrational energy and the impact
parameter the cross section 0,,(E\;.4, ) can be ex-
pressed by

vy
Ure(Etrans’ U)—_- 2 f
Bl

b! P(b')db . (7

Integration is done over all impact parameters which
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1 2 3 bl 1 2 3 blAl  between E(j, and b in going from mg
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the upper part of the figure see the
text.
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lead to the formation of a given vibrational state v. Us-
ing Eq. (1) the detailed cross section becomes
Ure(Etrans’ U)=7"[b2(v)—b2(v+ 1)] . (8)

This corresponds to the area between two concentric
rings with radii b(») and (v + 1). From the set of
Eq. (8) with the assumption b(v,,, + 1) =0 one obtains

b(v) :[1/11 vmf-v Ope(Eiranss Vmax = V' )]”2 .

v'=0

(9)
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FIG. 14. The function »(b) determined with Eq. (10) for several surfaces in comparison with the results of single trajectories.
The calculated values of »(b) are marked as crosses and connected by a line.

This equation canbe applied to the results of our trajec-
tory calculations. With the vibrational state population
distributions shown in Fig. 8 and the cross sections
0,6(E¢rans) determined from the histograms in Fig. 2,
one can calculate the cross sections 0,,(Epa, v) ac-
cording to Eq. (6). Then () can be determined from
these cross sections by means of Eq. (3). The func-
tions v(b) obtained in this way are shown in Fig. 14 in

J. Chem. Phys., Vol.

comparison to the results obtained for single trajec-
tories. The agreement is quite good except for b =0
and b =b,, in some cases. These deviations show up
because classically not the whole energy intervals are
populated in the calculations.

In the same manner the experimental detailed cross
sections 0,(Ey ans, v) (Fig. 13 of Ref. 1), can be immed-

76, No. 9, 1 May 1982
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iately converted into v(b). Possibly v(b) is more suit-
able for a search of correct potential surfaces since few
trajectories may suffice for a comparison, while many
trajectories have to be calculated to obtain 0,,{E;au, 7).
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