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RARE GAS-HALOGEN ATOM INTERACTION POTENTIALS FROM CROSSED MOLECULAR
BEAMS EXPERIMENTS: I(2P3/2) + Kr, Xe (1Sp)

Piergiorgio Casavecchia,? Guozhong He,b Randal K. SparksC
and Yuan T. Leed .

Materials and Molecular Research Division
Lawrence Berkeley Laboratory and
Department of Chemistry
University of California
Berkeley, California 94720 USA

~ ABSTRACT
_ Angular distributions of I(2P3/2) scattered off Kr and Xe
1

(7S,) in the thermal énergy range have been measured in crossed

o

mo]ecuiar beams experiments. The interaction potentials for two relevant

states (X 1/2 and I 3/2) for each of the systems are obtained by using an

approximate elastic scattering analysis, which neglects nonadiabatic

coupling, as brevious]y done for other rare gas-halogen systems. The I-Xe -

(X 1/2)'pofentia1 (e = 0.69 kcal/mole, o = 4.30 R) and to some extent, |

I—KF (X 1/2) potentia] (e = 0.55 kcai/mole, rn = 4.05 R) shows a

slightly more aftractive interéction than the interaction potentials of

Xe—Xe and Xe-Kr, but the I-Xe (I 3/2) ﬁotentia] (e = 0.48 kcél/mole, "

= 4.60 A) and the I-Kr (I 3/2) potential (e = 0.36 kcal/mole, Py = 4.32

R) present shallower e¢'s, a larger ro and sfronger repulsive walls than

the corresponding rare gas pair potentials.y The results obtained from

this and previous investigations are reviewed.

‘a. Permanent address: Dipartimento di Chimica dell'Universita, 06100
Perugia, Italy. ' '

b. Permanent address: Institute of Chemical Physics, Darien, People's
Republic of China. .

c. Permanent address: Division of Chemistry and Chemical Engineering,

California Institute of Technology, Pasadena, California 91125.
d. Miller Professor, 1981-1982.



INTRODUCTION

1 much work

Since the first synthesis of'rareugas compounds. in 1962,
has been.devoted to extend the scope of rare gas chemistry.. While in tne
sixties‘the major effort was in the preparation and the characteriiation_
of po]yatomic compounds, in the seventies, following the observation of
U.V. emission from rare gas monohalides (RG—X)2 and the achievement of
laser action in XeBr, KrF, XeCl, XeF, Arf and KrC],3 a great deal of -
attention has been paid to diatomic systems. |

Although the'interaction potentials of excimer states of'the RG-X
systems, which are simi]ar-to ground state alkali ha]ides, have been
fatr]y:weil charaeterized in both theoretica]4 -7 and exper1menta1
'flnvest1gat1ons,2 »8-10 the determ1nat1on of the 1nteract1on potent1a]s of
"nthe ground state.has not been as extensive. Know]edge of the 1nteract1on g
vof a ha]ogen atom with a rare gas atom in the ground state 1s 1mportant |
“from many reasons.a In add1t1on to the1r usefu]ness for the understanding
of both the em;ssion spectra and the k1net1cs of 1as1nguact1on, they are
- important in understanding the transition from a van der*waa]s force to a
chemioa1 bond. A]SO” this information is essential to’the theoretical
study of termo]ecular recomb1nat1on of ha]ogen atoms in a rare gas '
env1ronment 11 Moreover the collisions of atoms carry1ng orb1ta1 and
“spin angular momenta are of interest in the field of scattering theory.

In our earlier crossed mo]ecu]ar beam studies, the attractive_a

12 13

potent1a] wells for the X.1/2 state of F-Xe™“ and Cl=Xe derivedffrom

differential cross section measurements were found to be in good agreement



with those determined spectroscopica]]y.14-16 . These are the only two

systems where bound-to-bound transitions have been observed. In a

subsequent series of studies, systems including F-Kr, Ar, Ne17 and

Br-Xe, Kr, Ar18 were investigated. In this paper, we'report our crossed
molecular beam investigation on the interaction potentials of I-Xe, Kr
systems from the measurements of differential cross sections.

Information on the interactions between iodine and rare gas atoms is
quite Timited. The theoretical Understanding of iodine atom recombination
in rére gases has suffered in the pastbfrom the lack of reliable

19_ The emission spectra

of I-Xe has been studied recently by several groups;?b’8’10’20’21

information -on the‘I—RG interaction potentials.
-Bands
assigned to transitions which terminate on the X 1/2, I 3/2 and II 1/2
states were‘observed in these studies. The first qdantitative analysis of
the high pressure B » X (III 1/2 » X 1/2) bands in I-Xe by Tellinghuisen

20 provided information on the slope of the repulsive interaction

et al.,
~potential of the X 1/2 state:in the Franck-Condon region relative to the _
predetermined attractive upper state potential. In a recent investigation
.of the I-Xe bound-free emission spectra,22 the slightly adjusted
theoretical interaction potentials calculated by Hay and Dunm’ng5b were
used to simulate B » X (III 1/2 , X1/2), B> A (IIT 1/2 - II 1/2) and C >
A (IT 3/2 -1 3/2) transitionsAin order to géin information about the
shapes of the lower state potential. Estimates of the depth and location
of the well for the X 1/2, I 3/2 and II 1/2 potentials have been made.

F]uorescence21 has é]so been observed from KrI, but just ]ike the Xel,

no lasing action has been observed. Photodissociative absorption, which



5seridusly limits the efficiency of XeBr And XeC1l Tasen523 i§valso

) thought-to;ﬁenthe main reason fdr the fai]urefof'observing:the laser
osciiTatioh;i'So far, there is no repdff published on"the spedtroscopic
analysis for the I;kﬁ syStem; | | |

: “The re§u1f§:6btainéd from the PreSeﬁf;study5é%§end the quantitative
_bicturé Offthe-ihteractioﬁipofeﬁtiaj5{§f'thé groﬂnq state-manifd1d'fo a
large humbefvbf-diatomic RG-X systemséifSystématicrcomparfson«of»the
féSu]féfdbtained for- all RG-X pairS'Wi]};bé made. In particular, from the
analysis_ofxthé roWS'anq'columns"ofﬁthe RGQXimatrjx,ﬁthg'efféct of various
hangen at§m§ and rare éas atomSﬁin'the”subt]é“transitibh*fiomwvan'defﬁm‘

Waals forces to chemical forces will be examined.

Uyt



EXPERIMENTAL

The crossed molecular beams apparatus used in this study is a newly

designed higher resolution versionz4

].25

of the universal molecular beam
machine described by Lee et a Supersonic beams of iodine atoms

seeded in a rare gas carrier are crossed with beams of krypton or xenon
under single collision conditions at 90° intersection angle in a liquid
nitrogen codled collision chamber maintained at 8 x 1078 torr.

Scattered iodine atoms are detected as a function of the in plane
scattering angle, O, by a triply differentially pumped rotatable ultra
high vécuum quadrupole mass spectrometer detector.

The jodine atoms were produced by thermal dissociation of 12 in a
resistively heated graphite oven described e]sewhere.26 The collision
energy, E, was varied by changing the carrier gas for 12 whiie keeping
the nozzle temperature of the ijodine atom beam source at ~1680 K. The two
different seeded mixtures which were used were prepared by passing pure
krypton or helium diluent gas through a temperature controlled reservoir
containing solid iodine. The reservoir tempekature was kept at 340 K,
which corresponds to an iodine vapor pressure of 7 torr. In order to
prevent subsequent condensation of the iodfne vapor the gas inlet line to
the nozzle was uniformly heated to a temperature bf about 390 K.

The velocity distributions of the beams were characterized by
time-of-flight (TOF) measurement. Table I gives the seed mixture,
sfagnation pressure, peak ve]bcity and full-width-half-maximum (FWHM)

velocity spread as well as the average collision energies for each set of

beam conditions used.



The bond dissociation energy of the iodinévmolecu1e is sufficight]y
low that nearly total dissociation of_iodine can be easily achieved. The
nozzle témperature has'bee&‘estimated from ihe meaSuremeﬁt of the velocity
- distribution of the beam. - Under the normal operating:femperature (~1680
K), esééntiaT]y all thé_ioaine atohs are produced in their ground state,
312

The 1ne1astjc'scattering forming electronically excited iodine atoms
'vjs‘eXpected to give negiigibie contribution to the;measured-1abor5fory
1angu1gr”distnjbution in the~énergy range investigated, since thé I(2P);’3
‘:spjn—drbit_(S—O)_sp]itting'is’as Targé as 21.7 kca]/ho1e527 Therefore,

no dttempt was made to detect the fine structure tramsitfion‘(2P'3/2 >
'_égﬁl/é):by-ana}yzing the VeTocityzof.scattered I -atoms. | '

| ';”Labofatd}y'éngulah distributions, ‘I1(0), of scattefed_l atoms were
Q'pbtdﬁhed_b&*taking from .4 to 6 scans of 20 sec counts'atseach-ahg}e for -
thefIZ/HévSegded-mixture and of 40 sec counts for the IZ/Kr'seeded
mixture. - The IKG) were'timevnormé]ized by periodically returning the.
détectorfto-an arbitrary reference angle (usually 10°) in order to account
fdr,possib]eflong term drifts in beam intensities_and:defector
senSifivity. The rare gas target beam wa;\modu]ated'atv150 Hz by a tHnih§"
fork chopper for backgrQUndﬂsubtraction. The other-féatures of

experimental detai]ahave been described,previéUs]y.18



RESULTS AND ANALYSIS
Laboratory angular distributions of I(2P3/2) scattered off Xe

1

(7S,) and Kr (15 at two collision energies are presented on a

0 O)
semi-log scale in Figs. 1 and 2, respectively. Exemplary error bars
representing two stahdard‘deviations_of the mean are shown when visible
outside the solid circle. The I-Xe data appear somewhat noisier than the
[-Kr data especially at the lowest E, because there is interference from
the transmission of a small amount of elastically scattered 129Xe at m/e

= 127. Although the mass spectrometer was operated at a fairly high
resolution it was not possible to completely eliminate the contribution -of

129Xe, without substantially reducing the signal coming from elastically

127} Tne data have been corrected for the measured

scattered
‘contribution of 129Xé.

The I(0) for both systems at the lowest E clearly show the dark side
of the rainbow oscillation. At higher E the angular distributions reflect
the scattering méin]y from fhe repulsive part .of the potentials. The
detection of the heavier atom scattered off the light collision partner is
responsible for the somewhat unusual shape of the I(0) at large angles in
the I-Kr system (Fig. 2). When one detects the heavy particle scattered.
off a lighter target, particles scattered at two different center-of-mass
(CM) angles are observed at the same laboratory angle. As the detector -
approaches the edge of the elastic Newton circle, the differential cross
section shows a rather broad peak in the vicinity of the cutoff angles,

within which the heavy particle is kinematically constrained to scatter.

This is due to the nature of the transformation Jacobian which relates the



laboratory and CM reference frames. 8 The 1(@) shown in Fig. 2 have

been truncated near the onset of this. peak. This. effect has been properly
accounted for in the oata'analysis | . L

In contrast to ]1ghter ha]ogen atoms,,wh1ch conta1n atoms in both-
P and 2P 'when produoed by therma] dassoc1at1on- the‘I-+-RG

3/2 1/2
experiments, which are entirely due to the 2P37é state of 1od1ne, -are

2

certainly less complicated. The molecular electronlc states ar1s1ng from
the four-fold degenerate ground state I(2 3/2) + RG(ISO) asymptote -

are the ‘doubly degenerate X 1/2 (or I* 1/2) and I 3/2 states, in Hund s’
case:c5notation. (In‘Hund'sfoase b and a notation these are designated:
=Zz{75»and ?H3/2, respeetively ) In this notation-theu1/2 or. |

E 3/2 represents the @ quantum number (the proaect1on of the tota]
e]ectron1c angu]ar momentum upon the internuclear ax1s) Thé procedure of
analysis to obta1n the X 1/2 and 1 3/2 potentials uses anaelastic
aporoximatiOh;"wntch'has already been successfo11y app]ied'tofthe F, C1

and 8r(2p) + ra(!s) systems.!2»13:17,18

This method will only be .
briefly discussed here. Since inelastic events are expected:to be
: neg]igﬁble for the I-RG systems, the totalﬁcenter—of—massvdifferentia]

.cross section can be written as:
wnere oy 1/2(9) and 01'3/2( o) are the elastic differential cross

sect1ons for X 1/2 and I 3/2 states The ca]cu]ated center-of-mass

elastic d1fferent1a] Cross. sect1ons are transformed to the laboratory



frame, and averaged over the beam velocity and anguTar réso]ution
distributions to give the calculated I1(©). Comparison of calculated 1(0)
with experimental I(©) provides the basis for evaluation of the
interaction potentials.

The validity of the elastic approximation used here is supported by
its ability to corroborate accurate spectroscopically determined X 1/2

potentials for F—Xe14 and C]-Xe;16

in the analysis of laboratory
‘differential cross sections and by more rigorous coupled-channel
scattering ca]cu]ations.27 This model describing the collisions
separately on each of the adiabatic potentials, is expected to hold even
better for I-RG systems which are characterized by Targer S-0 splitting.
Hund's case ¢ éffords a good description of the co]]isioh, with Q being
the good quantum number;29’30-
In the analysis of the experimental results of Figs. 1 and 2, a

flexible analytic form (Morse-Morse-switching function-van der waqls)'fs

used for the description of interaction potentials, VX I/Z(r) and VI

3lz(r). The reduced form of this potential function can be written as:
f(x) = V(r)le x = r/r
f(x) = exp(ZBl(1—x))-2exp(81(1—x)) . 0 <x<1
= exp(282(1-x))—2exp(82(1—x)) = Mz(x) | 1 <x< X
= SW(x) M2(x) + (1-SW(x)) W(x) Xp < X <Xy
-6 -8 ,
= Lgpx ~ - Cgpx = = W(x) Xp £ X < ®

and



10 |
g Sh(k) = v1/2[COs[_(x—xl)/(xz—xl)] + 1]

) whereCé =t /r6 C8r —hC8/rﬁ’ and ¢ and r, are the

"‘dehth ahd-p051t1on of the potentia] minimum, The C6 eonstants are
est1mated from. the S]ater K1rkwood formula for, effect1ve number of
e]-ectrons31 and po]ar1zab111t1es 32 33 The sma]] anisotropy of the
‘polar1zab111ty of the halogen has been neg]ected the C6 constants for

‘ the X 1/2 and I 3/2 states are assumed to be -the same. This- approximation
shou]d_haVe~a negligible effect in deriving the information on the
attraétiVe‘we]1s,since5the-deferential cfossesectinn,iS'not very
sehsitiye<to the ]ong-hange-part of the potential. ‘The C8 constants are-
estihatedifrOm those Of-Xe—RG'(RG=Xe,Kr)‘systems.33' The smaller

permanent quadrupole;induced dipole R'8t

induction term is neglected, as
are other coeff1c1ents of the asymptotic” expans1on

‘The X 1/2 and I 3/2 potentials are determined by fitting the
_ca1Cu1ated-I(O)_to the experimental values through the trial and error
'edjustment'of the rest of the potential parameters. Initially, the I 3/2
potentiail foh the tWo systems'was assumed to be very near the
cdrresponding rare gas paih Xe-RG (RG Xe Kr) The best'titrl( 0) are
reported as solid lines in Figs. 1 and 2 for I-Xe and I Kr,. reSpectlvely

The derived V are shown in Figs. 3 and 4, and the potential

X1/2, 1 3/2
parameters'are listed in Table II, where those of thet.-Xe-Xe34 and
Xe—K-r35 Systems are. a]so included for compar1son The contribution to

I(e) by each of the two potent1als is also shown at 1owest E in FlgS 1

and 2.  The relative we1ghts from Eq. (1) are used in the I(©) plots.
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Uncertainties in the ¢ and L parameters are obtained by
systematically varying the parameters and observing when the I(0) fits
become poor. The estimated maximum uncertainties are.within £10% in ¢ and

L for both V of I-Xe and I-Kr. Possible errors in the

x 172> '1 372
Morse g parameters are likely to be'of'a similar magnitude, based on their
observed influence on the I1(0) during the fitting procedure. Sensitivity
to the repulsive walls is less than that for the well region owing to
worse signal-to-noise for the structureless wide angle I1(0). Of course,
there is no information gained from the experiment about the repulsive
walls above the highest collision energy studied. Also, in order to
uniquely determine the two -interaction potentials involved in the

scattering, it is absolutely necessary to use measurements of I(0) at more

than one collision energy and covering a wide angular range.
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DISCUSSION | | | f
Inféh early étudy ofzthe:XeI ehjssibn bands- by Ewing-and Brau,8’lO :
the observed wavelength ahdjspectral w%dth were uséd to estimate the
‘”grouna state ihteracfﬁ&ﬁ potehtié] at>a distance edua],io ﬁhé:pétentjal
: mihimu@‘qfthe upﬁér‘state,:R;.( Noting:the simi]arity'of}the-
emitting excited Xel and Csl; the potehtial energy gradient of 1.9
(kcal/mo]e)ﬂ?l waS'obtained'at;3,3 R for X 1/2-state.
fTelﬂinghuisep etfai.zo analyied-strong.diffuse-emiséion band B > X
| of'XéiHQUantitétheJyIthroﬁgh a trial and%érkdr.theoretifa1'Simu1ation,~ﬂ
yaﬁd derived a steeper potential energy gradﬁent in the Franck—Condoh"

region. Their values are-

—1.

-avy 1,2’(R7e;3.31 A)/dR - 7.2+ 06 (kcal/mole) A

vX 1/Z(R = 3.3] R) =1.8 % 0.6 kcal/mole.

The truncated Rittner'potential-wds used for ‘the upper state with:we e

very close to that of Ref. 8.

22

‘Tamagake et al.”” ‘have also carried out a detailed analysis of the.

Xel emission spectrumf In their spectral simulation, the ab initio upper
5b

’ ".ionié state potential™™ fitted to a Rittner type potential was used, but

~ the ab initio potentia]$ of the ground state manifold were found to be too
steep with respect to the-uﬁper state potential and,requiredfthé addition
of a dispersion term (:R'6) to reach a good agreement. The following

values were obtained:
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“dVy 1jp (R=3.585 B)/dR = 6.5 (kcal/mole)R1

4

Vx'1jz(R = 3.585 R) = 1.14 kcal/mole. -
These va]ues,vreflecting_the relation between the upper state and X 1/2
state potentials, agree reasonably well with the results of Tellinghuisen

20

. ]
et al.,”” but a with different Re value used in the analysis. ¢€'s

and rm'S'for three potentials in the ground state manifold were also
estimated. They are 0.458, 0.157, 0.234 kcal/mole and 4.34, 5.12, 4.80 A-_
for the X 1/2; I 3/2 and II 1/2 state respectively.

The repulsive wa]] of Xel VX 1/2'(r) obtained from the present

study gives:
: v -1
~dVy 1/, (R =3.31 R)y/dR = 7.1 kcal/mole A
and-
Vy 1/2(R = 3.31 R) = 1.43 kcal/mole.
At a distance equal to Ré = 3.585|A, these values become:

-dVy 1/, (R = 3.585 A)/dR = 3.3 kcal/mole il

and
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Vy 1/ (R =3.585 A) = 0.1 kcal/mole.

Our va]ues»abpear to be in good accord with the spectroscopic estimate of
TeT]inghuisen-et a].;zqebut not with the results of Tamagake et 51.22
The larger ¢ values (by about 0.3 kcal/mole) of therpreseht.study than
thdse;of Tamagake et al. for bofh X‘1/2 and I 3/2 states e]so suggests
that their upper B(IIIvllé) curve should be moved to shorter internuclear
distances. This is actually not surpffsing, since it has been already
vfobseﬁved_fromva comparison of-ceicu]ated w;, D; and Ré with .
expefimentally derived Qé}qes for many other rare gaS'halidevsyetems, that
while a fairly godd_agreement is found between-va]uesﬂof-w;, the-
calculated values of R; are systematically larger by'OfZ-;.0.4,A and
_the values of D; systematically ]ower;6 The R; value of 3.31
used for the III 1/2 state of I-Xe in the spectrum simulation of
Tellinghuisen et al. is 0.0l A shorter then the R; for CsI and is -
significantly shorter than the theoretical va]ue5b of 3.62 R, which was
used by Tamagake et al. Similar disagreement was seen for the Br-Xe
system, between our previous mo]eeular beam studiesls and the analysis
_bf Tamagake et al.

OQur results for the I-Xe system show.that the'VX 1/Z(r) has a

34 The well depth is

strenger attractive interaction than that of Xe-Xe.
about 0.13-0.14 kea]/mole (~25%)~deeper and g about 0.1 A shorter.
Also, the I-Xe inner wall appears to be much less repulsive. A similar
trend is observed for the VX 1/2(\h) of . I-Kr compared to Xe—Kr,35 byt'

the deviations appear to be more modest, being only 0.085 kcal/mole deeper
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(~18%) and 0.07 A shorter. In contrast to Vy 1,,, the Vy 5, for both
systems deviate in the opposite direction with respect to the correspond-
_ing rare gas pair. The e values are shallower by about 0.08 and 0.10
kcal/mole for I-Xe and I-Kr; respectively, the g are: larger by ~0.2 A,
and the inner wall is s]ight]y‘moke repulsive than for-the interaction
potentials of Xe-Xe and Xe—Kr;

| Recombination -data have also been Used to estimate the interaction
potentials betWeeh iodine atoms and rare gas atoms. But,: the derivation
of reliable detailed information from the highly averaged kinetic rate
constants is difficult, espeéia1]y, when the theory of termolecular.
recombination used for the analysis is not exact. Porter and Smith19b
used 4 simple model and obtained a well depth of 1.3 kcal/mole for I-Xe, .
which is more than twice as deep as the value obtained in this work. Wong

19d'studied the iodine atom recombination in a wide range of

and Burns
temperatures using classical trajectory calculations and the Monte Carlo
sampling method. Quasiboundlrecombining atom-inert gas complexes were
included in their approach. Assuming a Lennard-Jones potential and taking
well depths of 0.7, 0.6 and 0.5 kcal/mole for the I-Xe, I-Ar and I-He
interaction, respectively, the calculations yielded recombination rate
constants in fair agreement with the experiment. By extending the
classical trajectory investigation using an improved sampling technique
and sTightly modified potentials, the agreement between computed and
experimental rate constants became reasonable, although not perfec-t.19e

The L-J parameters used for thesé improved calculations are ¢ = 0.7, 0.6,

0.2 kcal/mole énd o = 3.90, 3.55, 3.08 A for I=Xe, I-Ar and I-He,
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resbectively. ‘However, 1n:the:case of .1 in He, calculated rate constants _
failed to reproduce the experimental temberature dependence of the rate_
constants, and for I in-Xe .and Ar, the calculated recombination rate
constants at low. temperatures were significantly lower than exper1menta]
results. It 1s worth not1ng that in-all the theoretwca] recomb1nat1on
studies, .the ha]ogen-rare gas 1nteract1on has a]ways been descr1bed in
terms of a s1ng]e potential” energy curve, of the.L-J type However, the
effect-of multiple. potential curves in systems conta1n1ng'open'she]1 atome
needs1éarerJ'consideration.36. « » t _

., Thﬁs*new_and~more completevpicture of valjz(r) and Vi 3/2( r) for
I-Xe anaﬁlikrﬁmaynserve thétuEefulvpurpose of furnishing a reference for -
refﬁnﬁng3thefemcitéd_state‘poténtia]s in. the: theoretical simulation of
emission’Spectraaasfwel]-as for the reeva]uatipn of the theoretical models
of termolecular recombination. | A

Thekpreéent-wprk on Xe-I and Kr-I‘not dnly extends the rare gas -
ha]ide System.to the heaviest combination, it also completes the
interéstjng:Xe-X series. e's andvrmfs,of the.X_l/Z:state of all rare.
gas halide systems studied by the crossed mo]ecular beams method are
summarized in Fig. 5 and Fig. 6 Except for the Xe—X series, the values .
of e's and " 's and the general systematic trend are quite similar to g P
those of analogous rare gas-rare gas combinations. For example, in.the
Kr-X series when the halogen atom becomes heavier both ¢ and " become
-larger as shown -in Fig. 7. In Xe-X.series, the deviation from the,genera]j
trend expected for van der' Waals 1nteractiens areﬁseen fOr‘Xe-Cl and Xe-F

as shown in Fig. 8. In the.series from Xe-Br to Xe-C1 to Xe-F, the'e
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becomes larger instead of smaller. The appearance of a "chemical" nature
of the interaction can be seen more clearly when the interaction.
potentials are plotted in reduced. forms. Using ¢'s and rm's of I-3/2
potentials as reducing parameters, Xe-X potentials of both I 3/2 and X 1/2
states are shown in Fig. 9. -Since the interaction of the I 3/2 state is:
essentially a van der Waals interaction, if the interaction of X 1/2_staté
of all Xe-X series are also van der Waals interaction, all Xe-X potentials
in thé X 1/2 state should also be very close together.v This is seen to be
true only for Xel and XeBr, substantia] deviations can be seen clearly for
XeCl and XeF.

Comparison of various rare gas halide systems also shows that Xe
appears to be chemically more different ffom Kr, Ar or Ne-than F is from
.C1, Br or I. Much more extensive variation of the rare gas ionization
potentials (21.56 eV for Ne, 15.76 for Ar, 14.0 eV for Kr and 12.13 eV for

37

Xe)”" than the variations in the electron affinities of the halogen

atoms (3.399 eV for F, 3.615 eV for C1, 3.364 eV for Br and 3.061 eV for

)38

I and the important role played by charge transfer4 might be the

main reason for the peculiar trend in the interaction potential of rare
gas halide systems. The small and highly electronegative halogen atom
with the most polarizable and most easily ionizable rare gas atom provides
the 1imiting case of F-Xe, which has the strongest interaction potential
and clearly indicates the operation of chemical forces beyond the much

weaker van der Waals interaction.
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Table 1. Beam Characteristics and Center-of-Mass Collision Energies

Stagnation “Peak avlv ' Aﬁerage Collision Energies
Beam Pressure (Torr) Velocity (10% cm/s)  (FWHM) E (kcal/mole)
. I-Xe I[-Kr
0.9% I, *+ 99.1% Kr 770 9.55 0.17 7.7 6.4
0.9% I, + 99.1% He 800 ‘24.69_ 0.20 47.4 37.4
Xe 200 3.08 0.10
Kr 300 0.10

3.81

€2



Table II. Interaction Potential Parameters for I-Xe, Kr and Xe-Xe, Kr.

c

System I-Xe I-Kr Xe-Xe Xe-Kr
Electronic o L o | .

State X 1/2 13/2 x1/2 " or3e o Lyt e
¢ (kcal/mole) 0.690 0.480 0.550 - 0.360 0.548%  0.558° +0.465°
ro () 4.30 4,60 4.05- 432 4.5 4.36 4.12
8 4.40 7.10 5.70" 6.80 6.62 6.00
8, 6.50 7.30 6.10 6.30 6.475 7 6.30
X] 1.1066 1.0950  1.1136  1.1100 1.1071 ~1.1189
X, 1.800  1.635 1850, 1.700 1.635 1.370
Cg (kcal/mole A%) 4955, 4955. 3254, 34, 4145, 2800.
g (kcal/mole A8 34570. 38570 20940.  20940.  28930. 15000."
aRef. 34a.

brRef. 34b. This Xe-Xe poteﬁtial should be more accurate than that of Ref. 35a. Only e and m are

. reported s1nce the potent1a1 is not of the MMSV form.

CRef 35.

‘The- repu]s1ve walls. are similar.

‘;ﬁz“.
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FIGURE CAPTIONS

Fig. 1. Laboratory angular distributions of- scattered I for the
2 1
I("P5,p) * Xe("Sy)

- Solid circles are data points and the solid curves are

Sn) system at two collision energies.

calculated from the best fit potentials of Table II, averaging
over angular and ve]bcity distributions of experimental
conditions. Dashed and dashed-dotted curves represent the
relative contribution to I(0) of the X 1/2 and I 3/2 potentials
of Table II, according to Eq. (1).

Fig. 2. Laboratory angular distributions of scattered I for the

I(2P ) + Kr(ls system at two collision energies.

32 o)
Symbols are the same as in Fig. 1.

1so) obtained

from experimental results shown in Fig. 1. Note the scale .

Fig. 3. Interaction potentials for I(2P3/2) + Xe(

change at V(r) higher than 0.1 kcal/mole.

lg

0) obtajned

Fig. 4. Interaction potentials for I(2P3/2 + Kr{
from experimental results shown in Fig. 2.

Fig. 5. Well depth, e, of the X 1/2 potential for the X-RG versus
halogen atom.

Fig. 6.  Minimum position, r_, of the X 1/2 potential for the X-RG
versus halogen atom. |

Fig. 7. Comparison of Kr-halogen interaction potentials for the X 1/2
state. |

Fig. 8. Comparison of Xe-halogen interaction potentials for the X 1/2

state.
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‘Fig. 9. Reduced potentials for Xe-halogen systems. e and r_ of I3/2

potential of each of system‘was taken as unity.
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