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Synopsis. The effects of various inorganic additives
with and without dipole moments on the product yield
distributions have been examined in the CH,~H®™Br and
CH,-H®™Br systems. Indications were that the ion-clusters
formed in the reactions of IT-activated 8°Br and #2Br play
an important role in determining individual product yield
distributions.

It has been reported that isomeric transition (IT)-
activated 8Br and %2Br undergo only thermal ionic
reactions in the H8™Br-CH, and H8™Br-CH, systems,
and that the large isotope effect observed can be ex-
plained in terms of the difference in decay schemes
between 8™Br and #=Br.1:2) The y-transition of 82™Br
to the ground state is attained in a single transition and
fully converted. The 8™Br has two successive transi-
tions through the intermediate with a half-life of 7.4 ns,
and the first stage is fully converted and the second is
partially converted (619%,). The organic yield of 8™Br
therefore can be classified into the following two types;?
Processes A (399,): internal conversion (IC)+37 keV
y-ray emission ; Process B (619,): IC+IC. The chemical
effect due to Process A is essentially identical to that
of 82mBr. The above isotope effect has been explained
by assuming that complex ions CH,Brt or HBrBr+
produced via the thermal ionic process interact with
the surroundings to form an ion-cluster, and that the
second IC in Process B occurs in such a cluster.?
This has been qualitatively supported from the experi-
mental results obtained in the condensed phase.2) The
aim of this paper is to confirm the presence of ion-
clusters in the reactions of IT-activated 8Br and #Br
in the CH-H8=Br and CH,~-H®™Br systems by the

TaBLE 1.

addition of polar and/or nonpolar molecules, since
the polarizability of molecules is one of the most impor-
tant controlling factors in ion-cluster formation. The
ratio of HBr to CH, and total pressure in all samples
were kept constant at 0.1:0.01 and 660%30 mmHg
respectively. Details of experimental procedures may
be found elsewhere.l=®

Results and Discussion

The effects of inorganic additives (0.3 mf) on the
yield distribution in both systems are shown in Table
1. Here, X and Y in the Table are CH,BrCl and
CH,CHBrCl respectively in the HCI additive experi-
ment. In the case of the H,S additive, X is thought
to be CH,BrSH. The minor products in low yields
(=0.19%,) in other additive experiments have not been
identified. CH_ Br yields were larger with 8™Br than
82mBr while CH,Br, yields with 32™Br were much
greater than with 8™Br. Table 2 shows the normaliz-
ed yields Y due to Process B, which have been calculat-
ed by the following equation:?
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Y(%) = &

As previously reported, the isotope effect in both systems
can be elucidated by comparing the yields due to
Process B with 8™Br yields.?? The vyield ratios of
CH,Br to CH,Br, were 0.2—0.7 for #=Br and more
than unity for Process B. CH_,Br yields in both systems
were not affected by the addition of non-polar molecules
without dipole moments, while a slight decrease in
CH,Br yields was observed in the system of polar ad-

(®mBr.yield —0.39 of ®mBr-yield).

EFFECT OF INORGANIC ADDITIVES ON THE YIELD DISTRIBUTION OF ORGANIC PRODUCTS

FORMED BY THE IT-aAcTivaTEDp 8Br Anp #Br reactions wita CH,
(H8™Br or H¥#mBr/CH,=0.120.01, total pressure: 660-+30 mmHg)

Additive Org. yield (%) CH,Br (%) X (%) CH,Br, (%) Y (%)
(0.3 mf) somBr som]gr somPBr 82mBy somBr 8omBy s2mBr
none 4.2 4.5 1.6 0.8 0 0 2.6 3.7 0 0
Kr 3.9 4.4 1.4 0.7 0 0 2.6 3.7 0 0
Xe 4.0 4.2 1.6 0.9 0 0 2.4 3.3 0 0
CO, 4.0 4.1 1.5 0.7 0.1 0.1 2.4 3.3 0 0
o, 4.1 4.1 1.5 0.9 0.1 0.1 2.3 3.0 0.2 0.1
N, 4.0 4.3 1.6 0.9 0 0 2.4 3.4 0 0
CO 2.9 2.6 1.3 0.9 0.1 0 1.4 1.7 0.1 0
HBr 3.1 3.1 1.3 0.5 0 0 1.8 2.6 0 0
H,S 2.9 4.2 1.1 0.5 1.3 2.6 0.4 1.1 0.1 0
HCl 4.2 4.0 1.2 0.7 1.0 1.5 1.5 1.8 0.5 0
SO, 2.1 2.2 1.5 0.8 0.1 0.1 0.5 1.2 0 0.1

The experimental errors were 7—159%, for 8™Br and less than 109, for %2mBr,
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TapLE 2. EFFECT OF ADDITIVES ON THE YIELD DISTRIBUTION
OF ORGANIC PRODUCTS FORMED zia PROCESS (B) IN ToE
H8mBr-CH, systeM
(H®omBr/CH,=0.1£0.01, total pressure: 660230 mmHg)

Additive Jonization Dipole = Org.  opp.  x  cpB, v

(O3mf) PO TeRel S R kD (%)
none —_— —_ 4.0 2.1 0 1.9 0
Kr 13.9 0 3.7 1.8 0 1.9 0
Xe 12.1 0 3.8 2.0 0 1.8 0
CO, 14.1 0 3.9 2.0 0.1 1.8 0
O, 12.5 0 4.1 1.9 0.1 1.9 0.2
N, 15.5 0 3.8 2.0 0 1.8 0
co 14.1 0.112 3.0 1.6 0.1 1.2 0.1
HBr 11.6 0.82 3.1 1.8 0 1.3 0
H.S 10.4 0:97 2.1 1.5 0.5 0 0.1
HCI1 13.8 1.08 4.4 1.6 0.7 1.3 0.8
SO, 13.1 1.47 2.0 1.9 0.1 0 0
Br 11.8 0

CH, 12.9 0

ditives with dipole moments. CH,Br, yields in both
systems showed a sharp decrease by the addition of
polar molecules, contrary to the results for non-polar
additives.

The %Br+ and %2Brt+ ions formed by IT processes
react with CH, and/or HBr to form collision complex
ions, CH,Br* and/or HBrBr+ at first, as has been
reported previously.1:® Further, these thermal ions
are thought to have ample opportunity to form ion-
clusters. Loeb has proposed the following equation
indicating that an ion-cluster is formed when the
potential energy between the ion and molecule is
greater than the relative kinetic energy of the ion,%

(D-1)B
87 Nrt IKE > 1,

where D is the dielectric constant of additive molecules,
N, the number of molecules per cm3, 7, the distance
between the ion and molecule, #, the statistical weight
factor and KE, the relative kinetic energy of the ion.
The ratio was found to be 3.4 for CH, at 660 mmHg
(D=1.00094, r=3x10-8 cm? and 0.5 assumed for B)
and therefore it is reasonable to presume the formation
of ion-clusters in the 32Br and 8%Br reactions. Since
the potential energies between the ion and nonpolar
additives are smaller than for CH,, and moreover
the concentration of CH, is larger than those of the
additives, the ion-cluster thus formed in the case of
nonpolar additives contains mainly CH, and/or HBr
molecules. In addition polar additives play an im-
portant role in cluster formation since the potential
energies between the ion and additives are much greater
than those for nonpolar additives. Consequently, the
ion-cluster thus formed contains an appreciable number
of additives as constituents.

The formation of CH,*Br in the CH,-H32™Br
system has been explained energetically by the H*
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transfer reaction from CH,*Br+ to CH, and/or HBr
as previously reported.?

Similarly, the fact that CH,®Br yields were almost
constant in the present experiment can be explained
on the basis of the exothermicity of the H+ transfer
reaction from CH,*?Brt to CH, and/or additives. On
the other hand, the CH®?BrBr+ ion formed by the ion-
molecule reaction of CH,8Br+ with HBr is considered
to be a precursor for CH,8BrBr. CHS?2BrBr formed
by charge neutralization of CH#?BrBr+ undergoes H-
abstraction to give CH,Br82Br.1:2) In the presence of
polar additives, CH,#Br+ is effectively surrounded by
these molecules in the process of ion-cluster formation,
therefore the concentration of HBr in the vicinity of
CH,®?Br* decreases, and eventually the above reaction
leads to the CH,8BrBr formation being hindered by
the addition of polar molecules. Thus the remarkable
decrease in CH,8?BrBr yields in polar additives can
be explained qualitatively.

The second IC in Process B proceeds in an ion-
cluster like a condensed phase. Therefore, the molec-
ular explosion following the second IC is responsible
for the chemical effect due to Process B. Although
no precise information on the IT activated 8'Br reactions
under such condition is available, both the ion-mole-
cule reactions and primary radical recombinations
in the clusters appear to be responsible for product
formation. Previously it has been pointed out that
radical reactions are not concerned with the formation
of CH,;Br and CH,Br,.1»? This does not always mean
however that the primary recombination involving
80Br-radicals does not occur. In Process B that CH,-
Br>CH,Br, may be qualitatively interpreted by the
above assumption since similar results were obtained
in the solid CH,~H®™Br system.?’ Furthermore, it
is assumed that ion-molecule reactions also contribute
to product formation, judging from the similarity of
reaction products in both 82=Br and Process B. The
effect of additives on the CH Br and CH,Br, yields
in Process B may be explained in terms of the difference
in concentration of polar and nonpolar molecules
contained in the clusters in the same manner as 32™Br.
However the details of the reaction mechanisms must
await until further experiments are conducted.
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