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-~ ABSTRACT

The absence of formation of the stable hydrogen dichloride as.-an

intermediate in the beam studies of the-hydrogen atom-chlorine molecule

reaction is explalned in terms of a symmetry imposed barrler accompanylng

“the broad81de attack of a hydrogen atom on a chlorine molecule.
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Tho gas phaée‘hydrogen étom-chlori%e molcculé reactiﬁn has of late
been carefully écrutinized hy_sevéralvgroups choosing ffom.two'different
éxperimcntal téchniques,  The results of two;récent croséed molecular '
beam investigatiéns (1,2] and those of an earlier infrared chemilumines-
cence study [3jiare all in good agieement with one anofher and indicate
that the reaction; H 4+ Clz = HC1 + C1 proceeds in a dir¢0t manner with

no cvidence for.the formation of any loﬁg-lived intermediate complex.

This outcome ié'rather_unexpected wvhen viewed in light of the matrix

isolation experimgnt [4) involving the trapping of the hydrogen dichloride

radical, this study showing that HCl= is a stable, linear, centrosymmetric

 species with a»pdtential basin of about 15 kcal/mole (to dissociation to

C1 + HCl). Perhaps equally surprising are 1n§icatibns from both measure-
ments of the energy partitidning 1n‘tﬁe reagtibn tl-3],'and the product '
angular distriﬁﬁtions‘[1;2],'that‘the reactioﬁ-is governed by predominantly
repulsive forces between therproducts'with no evidence of any reactant
attraction thﬁﬁ Oné might expéct to be assoéiﬁted with a system in which
the formation ofﬂé Stable‘intermediate 1s not deemed unlikely. This

seeming paradox'hgs'been dﬁly nqted by'thé Begm experimenters, and
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| the reaction has * been discussed'by Herschbach
utilizing a valence bond approach"[gb]. In this papcf it is dcmonstrated
by a simple molecular orbital argument that régardiess of the'inéomihg
hydrogen velocity, symmétry requirements impose a barrier to the bi- |
- molecular formation of CIHCL froq H + Cla.

Although a mainstay for many:years in the calculation of molecular
orbitals for isolated molecules [5], the power and simplicity of the
group theoretical approach to the investigation 6f reactive systems has
Qhaqupite recently been adequately appreciated [GJ.v The presence of a
symmetry imposed barrier in a bimolecular reaction can most.easily be.
demonstrated by constructing a correlation diagram between the molecular
orbitals.offhe reactant(s) and product(s). In this procedure, the
direction of approach of the reactants must be specified, and the caveat
| must-be kept in mind that in the final analysis it is the correlation‘of
molecular states and not molecular orbitals which mus§ be examined for
symmetry imposed activation energy.

Fig; lbdepicts the molecular orbital correlation diagram for the
reaction H +Clz = Cl-H-CL = CL 4+ HCl. The bonding-in the hydrogen
dichloride species can be treated as a three centef bond formed from
combination of the hydrogen ls orbital and chlorine 3p orbitals'[7].
This results in one bonding, one non-bonding, and one antibonding
orbital, the qualitative features of which are illustrated in Tig. 2,

The quantitative values of these orbital energies are uncertain, dut .

reasoning by analogy to HC1, in which the o7n7c" configuration is



v

. -3_

repulsive [9], one expects:the 0; antibohdingcorbitel to be at a very
higﬁdenergy; Orbitai"energiee forythe_chlbrine molecule and hydrogen -
chloride ere‘oofeined:from‘photoelectrom epectroscopy [10]. The reactant
orientation‘most likely'to lead to'the'formation-of theiintermediate com-
plex 'ClAH-Ci’ is that of a broedside attack of a hydrogen;atom on a
chlorine molecuiee' This results in a‘triangular transition state of

Cév symmetrj and produces the orbital correlations between H + Clz,
Cl-H-C1, and Cl +.HCld as indicated in rfig. 1, where actual orbital
crossings ere evoided when electron correlation and.deviations from |
ideal C symmetry are taken into account This reactant%approach re-

sults in an increase in energy of the filled Cl:o. g orbitals and the

half fllled‘hydrogen'ls orbital accompanying the decrease in energy of

the filled Clz o_ orbital. Whether or not this mode of reactant ap-

g
proach involves a'symmetry'imposed'activation energy depends upon whether
the electronic state of Cl-H-C1 containing one electron in the enti-
bonding ’o;~ orbital is of higher or lower energy than the separated
reectants (i.e., groundAState' H + Clg); Again referring to the analogous
2 3

HC1L o n o (repulsive) configuration, one would expect the excited

C1l-H-C1 molecule to be of!higher energy than the separated reactants

~and thus an activation energy barrier is anticipated.” In any case, the

argument does not reét on this but only:upon'whether symmetry considera— :
tions 1nd1cate that a linear approach of an hydrogen atom is more llkely

to lead to reaction to C1 + HCl than the broads1de attack, since only

B 1n the latter case can the complex Cl-H-Cl be formed. Fig- 3 1llus-

trates the orbltal correlatlono for the. llnear case. A comparison of .
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figs..1 and 3 does indicate that the linear reactive ‘channel is ener-'
getically favored over that of the hydrogen attacking broadéidé, thus
eXplaining why formation of C1-H-Cl is not observed in.the beam studies,
ihe orbital correlation diagfams also make clear the formation of
Cl-H-Cl1 in the matrix isolation experiment, in which the rele&anﬁ re-
action has béen postulated as Cl + HC1 = Cl-H-C1 [4]. Reference toi_
:the-right hand side of fig. 1 indicates that this reaction is indeed

symmetry allowed.

I thank Professors Ronald R. Herm and Bruce H. Mahan for useful
discussions. Support by the U.S. Atomic Energy Commission is gratefully

acknowledged.
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Figure 1.

Figure 2.

Figure 3.

Figure Captions

MoleCulai'orbital correlation diagram for the reaction

H+Clz = Cl-H-CL = Cl + HCl. .Dashed lines indicate avoided

crossings and closed and open circles denote electronic conflguratlon

for ground state H + Clo and Cl + HCl respectlvely
Qualitative forms for the bonding, non-bonding and anti-

bonding three center orbitals in " Cl-H-Cl. Shaded and

unshaded areas denote different phases of the wave function.

Molecular orbital-éorrelation diagram for the reaction

"H + Clz = (H-Cl-Cl) = HCl + Cl. The orbital energies

for the intermediate (H-Cl-Cl) are estimates.
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LEGAL NOTICE
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