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Orientation dependence in the reaction of Xe * with 
photodissociation polarized IBr 

Mattanjah S. de Vries, Vojislav I. Srdanov, Ciaran P. Hanrahan, and Richard M. Martin 

Department a/Chemistry. University a/California, Santa Barbara, California 93106 
(Received 3 August 1982; accepted 18 November 1982) 

The reaction of metastable Xe* with IBr to produce XeI* and XeBr* excimers was studied in crossed 
molecular beams. The IBr beam was rotationally polarized by using laser photodissociation to selectively 
remove most of the M state distribution. The reaction cross section was found to be largest when the Xe* 
approaches parallel to the plane of rotation of the IBr, and smallest when the Xe* approaches perpendicular 
to the plane of rotation. Reaction models for excimer formation are discussed. and it is concluded that the 
observed steric effect results from the anisotropy of the ionic Xe+ IIBc('ll) potential surface, involving the 
first excited state of IBr-, which is the intermediate state in the formation of XeI*. 

I. INTRODUCTION 

Molecular collision processes have been studied in 
crossed molecular beam experiments as a function of 
many parameters. However, the study of the depen
dence upon molecular orientation has been limited to 
only a few systems. Clearly both reactive and nonreac
tive molecular dynamics depend upon the approach 
geometry, but this parameter is generally the most 
difficult one to control experimentally. 

A limited number of polar molecules have been po
larized by hexapolar fields. 1 Another approach has 
been the use of optical excitation to obtain polarized 
excited atoms,2 excited molecules,3 and molecular 
ions. 4 With this technique, excited molecules will, at 
best, have a spatial distribution of the form cos2 e, 
where e is the angle between the light vector and the 
angular momentum vector. As the transition is 
saturated, the polarization of the excited species de
creases, while the remaining ground state molecules 
in the relevant rovibrational levels become highly po
larized. Therefore, sharp polarizations of ground 
state molecules can be obtained by exciting most of the 
sample to a dissociative continuum. The theory of 
molecular polarization by selective photodissociation 
was first given by Zare5 and Bersohn and Lin. 6 Ling 
and Wilson 7 extended the theory and demonstrated the 
polarization of IBr using photofragment spectroscopy. 
We have, for the first time, used this concept to study 
the effect of molecular polarization on reactivity in a 
crossed beam experiment. 8 

IBr molecules in a beam were polarized by selective 
photodissociation. A beam of metastable Xe* crossed 
the IBr beam giving the xenon halide excimers, 

Xe* + IBr- XeBr* + I 

-XeI*+Br. 

(1a) 

(1b) 

The effect of IBr polarization on the reaction cross 
section was observed by monitoring the intensity of ex
cimer emission as a function of the direction of polariza
tion of the photodissociation laser. The Xe*/IBr system 
was chosen to demonstrate the feasibility of this tech
nique because both the photodissociation of IBr7,9.10 and 
its reaction with metastable rare gasesll have been well 
studied. The cross section for reaction (1) is very 

large due to the harpoon mechanism, which involves 
curve crossings at large internuclear distance. 

II. PRINCIPLE OF THE EXPERIMENT 

The absorption probability for a dipole transition is 
proportional to 1 fJ.121 t: 12 cos2 

1], where 1] is the angle 
between the light vector ~ and the transition dipole mo
ment Ii. For symmetry reasons, the latter is fixed 
with respect to the molecular frame. Restricting our
selves to diatomic molecules, Ii will be parallel to the 
intermolecular axis when the electronic angular mo
mentum does not change (lli\ = 0), and perpendicular to 
the intermolecular axis when lli\ = 1. Molecules with 
different orientations will have different absorption prob
abilities, and therefore, different rates of dissociation. 
In this work the light pulse is long compared to the 
molecular rotational period, which means that the 
absorption probability depends only on the angle between 
the light vector and the plane of rotation of the molecule. 
This implies a different rate of dissociation for dif
ferent orientations of the angular momentum vector J 
with respect to the light vector. Quantum mechanically, 
this means that different M states are depleted at dif
ferent rates, where M is the projection of J on ~. 
Therefore the molecules that remain after photodis
sociation have an anisotropic M state distribution, with 
the degree of anisotropy increasing with the intensity of 
the light pulse. For high J values and a parallel transi
tion, it is, in principle, possible to photodissociate es
sentially all molecules except those rotating in a plane 
perpendicular to the light vector, i. e., those with 
M = ± J. The fraction of molecules in a certain (M, J) 
level that remain undissociated can be written as 7 

~ = exp[ - 30'F(S~ + s~ + S~)] , (2) 

where F is the number of photons/ cm2 pulse, 0' is the 
total absorption cross section for the relevant transi
tion, and the S terms are the line strengths for the dif
-ferent rotational branches. The latter are a function of 
M and J and are different for a parallel vs a perpendicu
lar transition. Figure 1 shows the behavior of Eq. (2) 
for several cases. The highest degrees of polarization 
are obtained for pure parallel transitions and high values 
of O'F. In practice, there is a tradeoff between the de-
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FIG. 1. Relative M state populations (J '" 43) following a laser 
pulse. The product of flux and cross section (aF) is indicated 
for each curve. Solid curves refer to parallel transitions, and 
broken curves to perpendicular transitions. The dotted curve 
is calculated for the experimental conditions of this work, i. e., 
aF", 1.6 and a 90% parallel transition. See Ref. 7 for a dis
cussion of the computational method. 

gree of polarization and the beam intensity, i. e., the 
fraction of molecules left. For example, a high de
gree of polarization is obtained with aF= 1. 6, while 
more than 20% of the molecules remain undissociated. 
For IBr these conditions are easily met. IBr has an 
absorption continuum that peaks near the second har
monic line of a Nd-YAG laser (532 nm). At that wave
length the transition is of 90% parallel character with 
a total absorption cross section of 8. 1 xl 0-19 cmz• 

III. EXPERIMENTAL METHOD 

The experimental setup is shown in Fig. 2. The Xe 
beam emerged from a supersonic nozzle source in a 
differentially pumped source chamber, and passed 
through a skimmer into the crossed beam chamber. 
The Xe beam then passed through a cold cathode dis
charge which excited a small fraction to the metastable 
3 Pz and 3 Po levels. Other excited states are either very 
short lived, or were removed by sweeper plates down
stream, which also served to remove ions. The meta
stable atoms were monitored by measuring the current of 
electrons emitted when the atoms struck a gold surface 
in a Faraday cage detector. The Xe* beam was crossed 
at right angles by an effusive IBr beam from a multi
channel capillary array. A liquid nitrogen cooled baffle 
with a slit was used to form a collimated IBr beam and 
condense the remainder of the beam so as to minimize 
background IBr in the interaction region. Both beams 
had rectangular cross sections of about 2 x 5 mm in the 
interaction region. XeBr* and XeI* chemiluminescence 

was detected perpendicular to the IBr beam and at an 
angle of 60° with respect to the Xe beam. The light was 
collected with a 50 mm quartz lens and passed through a 
Corning 7-54 absorption filter to an EMI 9750 photo
multiplier tube. Due to the wavelength response of 
the filter/phototube combination the detection effiCiency 
increased between 200 and 400 nm, and was therefore 
larger for XeBr* than for XeI*. The filter was used to 
minimize the amount of background radiation from the 
discharge entering the photomultiplier tube. A pulsed 
532 nm beam from a frequency doubled Nd-YAG laser 
intersected the IBr beam slightly above the interaction 
region. The laser beam was orthogonal to the particle 
beams. The light was linearly polarized and the light 
vector could be rotated by a half-wave plate. The laser 
was focused onto a pinhole in front of the interaction 
region for spatial filtering to prevent blinding of the 
photomultiplier. The laser beam diameter was 5 mm 
at the intersection with the IBr beam, so as to insure 
good overlap. The XeBr* and XeI* excimers have short 
lifetimes, of the order of 10 ns,14 and therefore the frac
tion escaping the interaction region before detection was 
negligible. The laser beam was pulsed at 10 pps, with 
a pulse duration of 10 ns, and the time dependence of 
excimer emission following each pulse was monitored 
using photon counting techniques and a multiscalar sys
tem with time channel widths of 1. 2 J.LS. 

IV. RESULTS 

Figure 3 shows the excimer emission intensity as a 
function of time after the laser pulse. The broken line 
indicates the chemiluminescence intensity with the laser 
off and the particle beams on, and includes the chemi
luminescence from COllisions of Xe* with background 
IBr. The laser pulse depletes the IBr beam in and just 
before the Xe* interaction region. As this dip in the 
IBr beam intenSity moves through the Xe* beam, the 
excimer emission decreases to a minimum at about 
5 J.LS and then increases back to the dc level as the dip 
exits the interaction region. 

Nd-YAG 
LASER 

COLD 
SHIELD 

HALF WAVE 
PLATE 

j 

Xe SOURCE----/ 

FIG. 2. Schematic diagram of the experiment. 
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FIG. 3. Chemiluminescence signal as a function of time after 
the laser pulse, with background chemiluminescence subtracted. 
Broken line indicates dc level with laser off. 

The energy of the 532 nm light is not sufficient to 
ionize Xe(3 Pa, 3 Po) by a one-photon transition, but the 
laser radiation could possibly excite one or both of the 
metastables to higher states which could be ionized by 
a second photon. To c heck this possibility the laser 
beam was translated with respect to the Xe* and IBr 
beams. No effect was observed when the laser beam in
tersected the Xe* beam in front of the IBr beam. As 
an additional check of the method, the same experiment 
was performed with Bra, which has an absorption coef
ficient seven times smaller than IBr at 532 nm. With the 
same Brz beam density, the relative dip in the excimer 
emission was about seven times smaller than with IBr, 
showing that the observed effect was due to halogen 
photodissociation and not to removal of Xe(3 Pa, 3 Po). 

Ideally one would like to employ a laser beam with a 
uniform intensity over the molecular beam interaction 
region. Unfortunately, the laser beam used in these 
experiments had shaded rings or "fringes," i. e., con
centric circles where the power was relatively low. 
The IBr molecules in these fringe regions were il
luminated with less than the intensity needed to achieve 
a high degree of alignment. In other words, neither ab
sorption nor alignment were uniform in space. There
fore the degree of IBr polarization that was achieved 
could only be roughly estimated, by estimating the de
gree of saturation of the absorption. Figure 4 shows a 
plot of the percent decrease in chemiluminescence 
(100 AIlIo) as a function of laser power. The measured 
pOints were obtained from plots such as Fig. 3. 10 is 
the dc signal obtained by averaging ten channels starting 
after 60 /ls, I is the average signal in the first ten chan
nels, and AI = 10 - 1. In the high power areas of the laser 
beam the fraction NI N~ of IBr molecules remaining is 
e-aF

• This follows from the time dependent rate equa
tion 

dN 
dt = - a<l>N , (3) 

where <I> is the photon flux (photons/cma s). Integration 
over time during the pulse duration t:.t yields: 

N=No exp [-0" fa tot <I>(t) dtJ = No exp( - aF) • (4) 

Therefore, the fractional depletion is 1 - e-aF
• As a 

crude first approximation we assume that a fraction f 
of the molecules were in the high intensity laser field, 
while the other molecules were not affected by the laser 
at all, i. e., the spatial distribution of the laser intensi
ty is approximated by a step function. The relative 
chemiluminescence decrease is then given by 

~I =1(1 _ e-aF ) • ( 5) 

This model was found to fit the data better than the 
assumption of a uniform laser intensity U=l). The 
solid curve in Fig. 4 was obtained with f= 0.55, and 
shows that the transition is becoming saturated at the 
higher power levels. Without saturation the signal de
crease would be linear, as shown by the broken line. 

The residual chemiluminescent signal 1110 was mea
sured as a function of polarization angle using pulses 
of 740 mJ/cma, giving an average aFvalue of 1.6 in the 
high intensity region, and the corresponding M state 
distribution shown in Fig. 1. The light vector was ro
tated by means of a half wave plate in 30 0 steps, ac
cumulating data at each angle. The procedure was re
peated many times in order to eliminate possible long 
term drift effects, and the laser power was checked 
periodically. The result of such a scan is shown in Fig. 
5. The dashed line is a least-squares fit to the data of 
the form 

~ =Asin(8Iab +<I» =Asin 8c.m. , (6) 

where 8lab is the laboratory angle between the light vec
tor (which is in the cross beam plane) and the Xe* beam, 
and <I> is the center-of-mass coordinate system correc
tion to give the angle 8c• m• between the light vector and 
the most probable Xe* + IBr relative velocity vector. 
As shown in Fig. 5, the chemiluminescence is largest 
when 800m• = 90 0 and smallest when 8c• m• = 00

• 

The above conclusion is true only if the variation in 
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FIG. 4. Total chemiluminescence signal decrease as a func
tion of laser power (background not subtracted). See the text 
for discussion of the calculated curve. 
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FIG. 5. Chemiluminescence after the laser pulse as a func
tio of the angle Blab between the light vector and the Xe* beam. 
The angle Bo•m• between the light vector and the most probable 
Xe* + IBr relative velocity vector is indicated on the top scale. 
The error bars are given by the standard deviations in the 
number of counts for each data point. A typical error bar is 
shown at the left. 

excimer emission intensity is a cross section effect 
and not a result of anisotropic emission from polarized 
excimers. If the polarized angular momentum J of the 
IBr was transformed to polarized angular momentum J' 
of the excimers, then rotation of € in the cross beam 
plane would cause rotation of J' in that plane. In that 
case the emission would be anisotropic with respect to 
the laboratory frame, rather than with respect to the 
center of mass frame. The angular distribution would 
depend on the character of the transition, which in this 
case is parallel, i. e., ~o =0. 15,16 Analysis of the emis
sion profile shows17 that this would lead to a maximum 
and minimum in the emission with the light vector par
allel (OI&b=OO) and perpendicular (9Iab =900) to the Xe* 
beam, respectively. This is clearly in contradiction 
with the results of Fig. 5, showing that the variation in 
excimer intensity is a cross section effect rather than 
a result of anisotropic emission. It is also interesting 
to examine whether the transference of polarized re
actant angular momentum to product angular momentum 
would be expected to give strong polarization of the ex
cimers in the Xe*/IBr system. The most extreme such 
case would be in the limit of zero orbital angular mo
mentum, where the excimer angular momentum polariza
tion would be equal to the IBr angular momentum po
larization. However, as will be discussed below, these 
are harpoon-type reactions, in which the initial or-
bital angular momentum can be as large as 250 Ii, while 
the average IBr angular momentum is of the order of 
40 Ii. Hennessy and Simons18 have measured the po
larization of the XeBr* excimer emission from the 
similar reaction of Xe* with Brz in crossed molecular 
beams. They find that even at thermal velocities the 
transfer of orbital angular momentum to product angular 
momentum is important, giving significant excimer 
polarization. Apparently transformation of orbital 
angular momentum into product angular momentum is 
the main effect causing excimer polarization, and there-

fore the IBr angular momentum distribution is not ex
pected to have a strong effect on the excimer angular 
momentum distribution. 

The geometry of photodissociation aligned diatomic 
molecule collisions is illustrated for parallel electronic 
transitions in Fig. 6. For a parallel transition near 
saturation only molecules with M states close to ± J 
remain (see Fig. 1), 1. e., molecules which are rotat
ing in planes nearly perpendicular to €. The results 
of Fig. 5 show that the reaction probability is largest 
for Vrel parallel to the plane of rotation and smallest 
for Vrel perpendicular to the plane of rotation. When 
drawing conclusions from this, it should be remembered 
that there is a wide range of reactive impact parame
ters. The implications of this are discussed below. 

V. DISCUSSION 

The reactions of metastable rare gas atoms with 
halogen molecules are analogous to those of the alkali/ 
halogen systems. 19 At a large internuclear distance Rc 
the covalent Xe* + IBr potential crosses the ionic Xe+ 
+ IBr- potential, and an electron jump can take place. 
At thermal velOCities, when the system follows the ioniC 
potential the reaction takes place with unit probability. 
The relevant potential curves are sketched in Fig. 7. 
Two ionic curves are indicated, surface I correlating 
with ground state IBr-e~+) and surface II correlating 
with excited state IBr-(2II). For the sake of clarity only 

J 

v 
...... ----.... 0 

(b) 

E v 
• • .... ·----0 

(a) 

FIG. 6. Geometry of photodissociation polarization for parallel 
transitions: (a) Perpendicular approach to the plane of rota
tion; (b) Parallel approach to the plane of rotation. 
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FIG. 7. Schematic potential energy diagram for the Xe-IBr 
system. Surface involving the Xe(3p2) and Xe+(2P3/2) states are 
shown. See the text. 

one of the 3 P 2•0 metastable states and one of the 2P1/ 2• 3 / 2 

rare gas ion states is shown. Ground state IBr- dis
sociates into 1+ Br-, while excited state IBr- dissociates 
into r +Br. This means that surface I is the inter
mediate in formation of XeBr while surface II leads to 
formation of XeI. There are two possible ways to 
reach surface II: (i) a curve crossing between the co
valent surface and surface II; or (ii) a coupling be
tween surface I and surface II. 

A. Electron transfer probabilities 

We will first consider the electron jump probability 
Pc, which is given by the Landau-Zener formula: 

P",l- [-21TH~2(a)J 
e exp ht:;. VVrel • 

( 7) 

Here t:;. V is the difference in potential slopes, Vrol is the 
relative velocity at Re , and H12 ( a) is the coupling matrix 
element. The latter is a function of a, the angle between 
the molecular axis and the line connecting the center of 
mass of the molecule with the atom at the crossing dis
tance Re. This angular dependence is usually expressed 
in the form19 

(8) 

It comes about because the electron jump is only allowed 
when both potential surfaces have the same symmetry, 
which is not necessarily the case in every orientation. 
The two symmetry groups involved in this case are C .. v 

for the collinear conformation and Cs for all others. 
(For a homonuclear diatomic C2v would indicate broad
side attack.) Table I summarizes the symmetries of 
the relevant potential surfaces. It follows from the table 
that the electron jump to the 2rr state of the negative ion 
is forbidden in the collinear conformation. These cor
relations must be viewed with some reservations because 
there is large spin-orbit coupling and therefore ~ and 
rr are not good quantum numbers. On the other hand the 
same conclusions are reached when the metastable is 

replaced by an alkali. 12 This is very reasonable since 
the core hole should not influence the behavior of the 
outer electron at large internuclear distances. Indeed 
there is detailed experimental evidence showing the 
similarities between alkali/halogen and metastable rare 
gas/halogen systems. ll•20 We therefore adopt the same 
forms for f( 0.) that have been found to hold in the alkali/ 
halogen systems, 13.21 i. e., f(a) '" 1 for the crossing with 
surface I and f( a) = sin( a) for the crossing with surface 
II. 

It is difficult to estimate the coupling matrix elements 
without exactly knowing the electron affinities of the halo
gen molecule. Using Olson's rules22 and a reactive E. A. 
of 2.45 eV,23.24 determined from alkali reaction studies, 
we find that the first crossing between the 3 P2 surface 
and surface I could be as far out as 11 A. At this dis
tance H12 will be extremely small and therefore Re(l) 
could be passed diabatically by a significant fraction of 
the trajectories. This situation is unique for Xe since 
its metastables have a relatively low ionization potential. 
On the other hand the E. A. to form IBr-(2 rr ) is of the or
der of 1 eV. Therefore, the crossing with surface II is 
at about 5 A and is strongly avoided. In this case H12 is 
of the order of 0.5 eV. As a result we find that Pc is 
always near unity, except when a approaches zero, 
causing Pc to vanish. 

In the following discussion we consider two models 
which can explain the observed steric effect. The first 
model assumes that the reaction occurs via surface 1. 
Since the cross section for electron transfer to surface 
I is not expected to be orientation dependent, the total 
reaction cross section should not have a steric effect 
with this model. However the branching ratio for for
mation of XeI* vs XeBr* may be orientation dependent, 
giving the observed effect. This model is discussed in 
Sec. V B. The second model assumes that essentially 
all trajectories pass Re(l) diabatically, i. e., follow the 
neutral curve. The cross section for transfer to surface 
II is expected to be strongly orientation dependent, and 
this would result in the type of steric effect observed ex
perimentally. The second model is discussed in 
Sec. ve. 

TABLE 1. Symmetries of the relevant 
potential surfaces in the Xe* /IBr sys
tema. 

Xe* +IBr c s 

Covalent 3P2 +Il:+ 3n2 3A',3A" 

Surface 3PO+Il:+ 3no+,3no- 3A', SA" 

Surface I 2P3/2 +2l:+ 3n2 3A',3A" 

2pI/2 + 2l:+ 3no+,3no_ 3A',3A" 

Surface II 2P3/2 +2n 3Ll.3.3l:1 3A',3A" 

2pI/2 + 2n 3n
l

,3l:
1 

3A',3A" 

"Singlet states derived from the ion pairs 
are omitted, since they cannot couple to 
the triplet covalent states. Also states 
involving a Pa core hole in the Xe ion or 
atom are omitted, because for the co
valent states that would correlate with 
the 3P1 atom. 

J. Chem. Phys., Vol. 78, No.9, 1 May 1983 
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B. Model I: Oreientation dependence of the Xel* /XeBr* 
branching ratio 

As discussed earlier, surface I correlates with XeBr* 
and surface II correlates with XeI*. In model I we as
sume that all reactive trajectories follow surface I in
itially, and that the subsequent coupling to surface II 
is orientation dependent. This problem was discussed 
in a general way by Kwei and Herschbach,26 and was sub
sequently considered by Balin-Kurti in his quantum 
mechanical calculations for the Li + F2 system. 27 For 
this system he found that surface II is always above 
surface I, except when the Li atom is in between the F 
atoms, in which case the surfaces become degenerate. 
This linear configuration (I-Xe-Br in our system) occurs 
for small impact parameter collisions and broadside 
attack. For the alkali/halogen systems there is much 
evidence in support of this model, as discussed by 
Gislason. 28 

The application of this model to explain the observed 
steric effect is illustrated in Fig. 8. The total reaction 
cross section is independent of molecular orientation, 
but with broadside attack small impact parameter col
lisions could lead to formation of XeI*, as indicated by 
the crosshatched area in Fig. 8(a). In our experiment 
this would result in a decrease in chemiluminescence 
signal, since the detection efficiency was lower for 
XeI* than for XeBr*. The XeI* /XeBr* ratio would be 
largest for approach perpendicular to the plane of ro
tation [Fig. 6(a)], leading to a minimum in the signal 
as observed. 

C. Model II: Orientation dependence of the electron 
transfer cross section to surface II 

Consider an incoming trajectory that passes Rc(I) 
diabatically to reach Rc(II). The angle between the in
termolecular axis and the line that connects the ap
proaching atom with the center of mass of the molecule 
changes continuously during the trajectory. However, 
to simplify the discussion, we will consider the poten
tials for values (QI) of this angle at the curve crossing 
distance Rc(II). The reason for this simplification is 
that the relevant part of the trajectory is at distances 
close to Rc(II), and therefore at an angle close to QI. 

(a) (b) 

FIG. 8. Schematic reaction cross sections from model I. (a) 
corresponds to a perpendicular approach geometry; and (b) 
corresponds to a headon approach geometry. For the per
pendicular approach small impact parameter collisions lead to 
XeI* formation, indicated by the cross hatched area. 

v 

a = 90° 

a = 0° 

Xe+ + IBr-

R[Xe-IBr] 

FIG. 9. Schematic diagram of the Xe-IBr potential energy 
curves near Rc(II) for different approach geometries. The 
potentials for Xe* + IBr and Xe+ + IBr- are shown for cy = (l0 and 
0' = 90 0. Examples of Xe* + IBr effective potentials are also 
shown for cy = 0° and cy = 90°. The effective potential V. = V + V c' 

where V c =Eb2/R2 is the centrifugal potential. The examples 
are shown for Ve(bo), where be is taken to be the orbiting im
pact parameter for the Xe* + IBr Cl' = 0 ° potential and relative 
kinetic energy E'. Since the cy = 90° potential is below the 
Cl' = 0 ° potential, the barrier in the corresponding Ve is also 
lower. The result is that for any given E' the orbiting impact 
parameter will be larger for cy = 90" than for cy = 0°, giving a 
larger close collision cross section and larger corresponding 
reaction cross section. 

It has been shown by Grice and Herschbach25 that for 
these types of reactions at thermal energies, the cross 
section for reaching the crOSSing point is controlled by 
the orbiting mechanism, i. e., there is a centrifugal 
barrier just outside Rc that can only be passed by tra
jectories with an impact parameter smaller than the 
orbiting impact parameter boo For QI = 0° HlZ is zero, 
while for QI = 90° it has its maximum value. In the latter 
case the adiabatic potential is more attractive, giving a 
larger orbiting impact parameter boo This is illustrated 
in Fig. 9. Therefore, bo is a function of the angle QI, 

e. g., bo(900) is of the order of 9 A, and bo(OO) is of the 
order of 6 A at the collision used in this work (40 meV). 

We first consider atoms colliding with nonrotating 
molecules. Figure 10(a) shows the situation for the 
case when the intermolecular axis lies along the x axis 
and v is parallel to the x axis. The molecule is sur
rounded by a sphere of radius Rc(II). Most large impact 
parameter trajectories approach Rc with large values of 
QI, for which Pc = 1. Since QI is close to 90°, the orbiting 
impact parameter is close to the maximum value bo(90). 
Only trajectories with very small impact parameters 
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Z trajectories in the xz plane than for trajectories in the 
xy plane. The resulting cross section is shown in Fig. 
l1(b). 

r-
I 

I 
I 
I 

/ 
I' 

----~:-----r---7~--------7L---------y 
\ 

x 

\ , 
'-~:;...--r-

(a) 

(b) 

FIG. 10. Schematic reaction cross section from model II •. 
(a) The intermolecular axis is along the x axis, and the rela
tive velocity vector v is parallel to the x axis. Two large im
pact parameter trajectories are sketched, one in the xz plane 
and one in the xy plane; and (b) reactive cross section (pro
jected on the yz plane). 

will not lead to reaction, since Pc vanishes near O! = O. 
As shown in Fig. 10(b), the reactive cross section is 
equal to the maximum orbiting cross section except for 
a small region in the middle where Pc - O. 

The situation when the intermolecular axis is per
pendicular to v is illustrated in Fig. l1(a). Large im
pact parameter trajectories in the xy plane approach Rc 
with large values of O!, again giving orbiting impact pa
rameters close to bo(900). On the other hand, large 
impact parameter trajectories in the xz plane approach 
Rc with O! close to 0°, and in that case the orbi:ting im
pact parameter is close to bo(OO). Therefore, the maxi
mum reactive impact parameter is much smaller for 

We can now understand the results of Fig. 5 by apply
ing the conclusions of Figs. 9 and 10 regarding the re
action crOss sections for nonrotating molecules to the 
distributions of rotating molecules shown in Fig. 6. For 
the case of Fig. 6(a), the molecular axis is always per
pendicular to the relative velocity vector, giving the 
reactive cross section of Fig. l1(b). For the case of 
Fig. 6(b) all angles with respect to the relative velocity 
vector are equally likely, causing the reaction cross sec
tion to vary from that of Fig. 10(b) to that of Fig. l1(b). 
Therefore, the reaction cross section is expected to be 
largest when Xe* approaches parallel to the plane of 
rotation of the IBr and smallest when Xe* approaches 

Z 

-----+----~--~r---------r----------y 

( a) 

(b) 

FIG. 11. Same as Fig. 10, but with the intermolecular axis 
along the z axis, perpendicular to the relative velocity vector. 
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perpendicular to the plane of rotation, as found in the 
results of Fig. 5. 

CONCLUSION 

In this paper we have described a new technique that 
allows information to be obtained about anisotropies of 
potentials that playa role in many collision processes. 
In general, dipole excitation offers the possibility of 
preparing targets of spatially polarized molecules for 
collision experiments. Excitation to a dissociative state 
makes it possible to obtain polarized ground state mole
cules rather than polarized excited states. With this 
method very sharp polarizations can be obtained, pro
vided that the transition is saturated. Absorption cross 
sections for bound-free molecular transitions are usually 
of the order of 10-19 cm2

• Unfortunately, this means 
that high laser powers are required that can only be 
provided with pulsed lasers, with their inherent low 
duty factor. An improvement over the experimental 
setup described here would be the use of a pulsed nozzle 
molecular beam, which would provide higher target 
beam number densities. In future experiments an at
tempt should be made to obtain a uniform laser profile, 
so that the average target polarization can be accurately 
evaluated. It should also be possible to monitor the 
degree of polarization of the ground state target mole
cules using polarized laser induced fluorescence. 

We conclude from this spatial polarization experiment 
on Xe*/IBr that the ionic surface correlating with the ex
cited IBr-em state is important in the excimer formation 
reaction. We have discussed two reaction models which 
can explain our results, both involving anisotropies in 
this excited state potential surface. 
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