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Neste trabalho foram calculadas as energias criticas e os fatores pré-exponenciais
para a decomposigio e a isomerizagio unimoleculares do 1-metil-2,2,3,3-tetrafluo-

rociclopropano.

Também foram modeladas as rea¢des de adigdo e insergido de metileno a hidro-
carbonetos e comparou-se a razio das constantes calculadas com o valor experi-

mental.

RRKM calculations are used to compute the critical energies and pre-exponential
factors for the unimolecular decomposition and isomerization reactions of 1-

methyl-2,2,3,3-tetrafluorcyclopropane.

Also the addition and insertion of methylene to hydrocarbons is modelled and the
ratio of the constants is compared with the experimental values.

Key words: RRKM calculations,; competitive reactions.

Introduction

It is well known that gem-difluorcyclopropanes undergo
decomposition reactions to yield :CF2 plus the correspond-
ing olefin. However, thermochemical calculations suggest
that this process should occur in competition with structural
isomerization, involving a hydrogen atom migration. In
spite of that, this process has never been experimentally ob-
served in thermal studies'?. In this type of reactions, the
deposition of energy in reactants molecules is left to the
chance of melecular encounters. The state of the reacting
system can be macroscopically described by its tempera-
ture; on the microscopic level, it represents an infinite col-
lection of states with all possible values of E, the total
internal energy, in excess of zero-point energy, and of J, the
rotational quantum numbers, between zero and (in princi-
ple) infinite. This represents a very considerable collection
of states, with the result that the thermal distribution func-
tion, P(E)., is very broad at temperatures where the reaction
proceeds at a convencient rate.

At practical temperatures, that is below 900K, the maxi-
mum of P(E). is always below the critical energy for reac-
tion. This implies that k(E) the microcanonical rate constant
for unimolecular reaction, is averaged over the tail of the
distribution function. In most of the experimental systems,
which might present competitive reactions paths, only the
path of lower critical energy is observed.

By contrast.in the chemical activation technique the ener-
gy is deposited in the reactant molecules during the course
of their production by a large exotermic chemical reaction,

at relatively low temperature. The activated molecule has a
distribution of energies, F(E), that begins and reaches its
maximum at energies which are generally much greater
than the critical energy for unimolecular reaction. In spite of
that, the two functions are not very different: in essence
F(E) is similar to the function P(E-E.*)., that is P(E) shifted
along the energy axis by E.*, the critical energy of the re-
verse of the activation reaction in the chemical activation
system. That means that the formation of the activated mo-
lecule proceeds at low temperature with a narrow distribu-
tion of energies, while the maximum of the function
corresponds to a temperature about five times higher. Thus
the averaging of k(E) is done over the entire range of F(E).
The two functions are qualitatively compared in Figure 1.

In addition, due to the high energies obtained, more than
one channel of reaction can be available, allowing the ob-
servation of high energy path which are not attainable in a
thermal system. As a consequence, in the experimental
study of the unimolecular reaction of chemically activated
1-methyl-2,2,3 3-tetrafluorocyclopropane (MTFC), two
paths of reaction were observed: isomerization and decom-
position with elimination® of :CF.

While conventional thermal studies have provided most
of the avaiable information on the Arrhenius parameters,
the chemical activation method has been mainly used to ob-
tain data on collisional energy transfer through the compari-
son of the experimental data with the calculated values
using the RRKM theory and a suitable model for the energy
transfer probabilities*”.
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Figure 1. Comparision of thermally and chemically activated
systems. The distribution functions P(E, , E).n and F(E) refer to
the distribution of energies of the vibrational excited molecule
formed by the thermal and chemical activation processes,
respectively.

The main aim of this work is to show how critical ener-
gies and preexponential factors for two competitive paths of
reaction can be estimated through a careful computational
work and a comparison with the chemical activation data.
Here, the experimental results of Reference 3 were used for
comparison.

Two aspects must be pointed out. First, the Arrhenius pa-
rameters for the isomerization of MTFC can not be ob-
tained from a conventional thermal study, while the
parameters for the decomposition via were only crudely es-
timated because of the experimental difficulties of this sys-
tem®. Second, chemical activation calculations involve an
extensively parameterization. In any case, some of the pa-
rameters can be estimated from experimental data and from
the knowledge of related systems. Care must be taken in
this choice to obtain reliable results. Also it must be kept in
mind that these calculations can provided only a reasonable

estimation of the results within the limitations of the in- -

volved parameters.

We also calculate in this work, the relative velocities of
insertion and addition of singlet methylene to hydrocar-
bons, using the concepts of the RRKM theory and equilibr-
ium and compare these results with experimental ones®.
Calculation of the unimolecular constants

Chemically activated 1-methyl-2,2,3 3-tetrafluorocyclo-
propane (MTFC *) can be formed by the insertion of singlet
methylene to the C-H bond of 1,1,2,2-tetrafluorocyclo-
propane (TFC):

CH,CO + hv —> CHx('A)+CO
CHx('AD)+M — CH’B)+M
CHz(aBl) + O, — H;0,H,, ...
CH('A))+TFC —— MTFC’

Singlet methylene is formed in-situ by the UV photolysis

of ketene and oxygen is added in order to remove triplet

methylene®1°,

RRKM rate constants

It was determined that MTFC” reacts according to the fol-
lowing mechanism®:

MTEC" X, CF=C-CFH
CH;
MTFC® X, CF,+CF;=CH-CH;
MTEC" + M X, MTFC+M
2CF, —> GCyF4

Isomerization, decomposition and collisional stabilization
are competitive processes and experimental data has been
obtained for the isomerization/decomposition (I/D) isomeri-
zation/stabilization (I/S) and decomposition/stabilization
(D/S) ratios®.

In this work the theoretical D/S and I/S ratios were com-
puted by adopting the matrix formulation of Hoare!!, origi-
nally proposed for a one-channel system:

D/S=(/w)Z {ko[(I-P) + (ko/® + (ki@ N )

here o is the collisional frequency, kp is a diagonal matrix
with elements kp(E) the microcanonical rate constants for
the decomposition reaction, ki is a diagonal matrix with ele-
ments ki(E) the microcanonical rate constants for the
isomerization path, I is the unit matrix, P is a matrix with
elements Py, the collisional transition probabilities from
state i to j, and f is a vector with elements f(E), the energy
distribution function of MTFC". A similar expression was
found for the ratio I/S.

The collisional frequency,  , can be evaluated from the
product (P k). The collision number kv is computed from
the collision diameter, san, the reduced molar mass and the
temperature'2. In order to calculate the collision diameter,
the molecular diameters, o, the Lennard Jones parameters,
e/k, and the collisional integrals 622 (T") are needed'>'
The following relations were used:

k= s?am(8n kT/nam)'?
sam=oam[0 22 (T")]'"?
oam= (oA +o M)2
eawk = [(€ a/k)(emk)]"?

The microcanonical constants were computed from the
RRKM theory!2!516

k(E) = (L"h)(Qi"/Qi){Z P(Ex") / N'(E")}

k(E) 1s the rate constant at a specific energy E, L* is the
statistical factor, Q" and Q, are the partition functions for
the adiabatic rotations in the complex and the molecule, re-
spectively, P(Eyy") is the sum of the numbers of vibrational-
rotational quantum states of the actavated complex at all the
energy levels of energy less than or equal to E* and N*(E")
is the density of quantum states of the energized molecule
at energy E".
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The collisional transition probabilities were computed
using the step-ladder model, where the down-transition ele-
ment Py, from state i to j, are defined as follows'”!%

P;=1.0-Py
P;=0

fori-j=<AE>4
fori-j/<AE>q

<AEg> is the mean down-energy loss. The up transitions
were calculated from detailed balance:

PiyPji = (gi/g) exp (-(Ei - E;)/kT)

gi and E; are the degeneracies and energies of the i ele-
ment. As usual, the condition } i P; = 1.0 was imposed on
the transition probability matrix column by column.

The distribution function of the chemical activated sys-

tem was derived from the expression®®:

k! (E) K(E) E
flE) 8E = ———

[ KEXE) E
Em

which is obtained using the principle of detailed balance ap-
plied to the reverse process of reforming CH; and TFC
from MTFC" with a rate constant k (E). It is assumed that
all the species are in thermal equilibrium and that the frac-
tion of molecules with energy between E and E + SE is the
Boltzmann equilibrium population K(E) SE.

Calculated results for the unimolecular paths

The calculations were performed using a VAX 8810
(Nicleo de Computagio Eletronica of the UFRJ) and FOR-
TRAN programs.

Normal mode frequencies for the molecule which are
needed for the evaluation of N'(E"), have not been reported
in the literature, so they were estimated from the assign-
ments for 1,1,2,2-tetrafluorocyclopropane?! and propene??
Several models were constructed for the activated com-
plexes of the isomerization, decomposition and reverse re-
action. The entropy of activation was calculated using the
vibrational frequencies for each model. Then, from this
value and the statistical factor, the preexponential factor for
each via was computed. In order to reduce the time of com-
putation, seven groups of degenerated frequencies were ar-
tificially constructed. This method have proved to be very
good and accurate enough'2,

The sum and density of quantum states were calculated
" by exact count up to 20 kcal/mol and then by direct inver-
sion of the partition function?. In most calculations a step-
size of integration of 1 kcal/mol was used. Some calculation
were performed with a graining of 0.25 kcal/mol, and by
couting exactly the vibrational states up to the maximum
energy. No noticeable differences were found.

The statistical factors were calculated by numbering the
atoms and counting the equivalent but distinct complexes
for each via of reaction and the Q,*/Q ratio was arbitrary
set as unity'. In fact, the value calculated from the inertia
moments of the molecule and the assumed activated com-
plexes, was not so far different from unity.

In this kind of calculation the needed parameters are the
critical energies and preexponential factors for unimolecular
reactions, the minimum energy of the energization, (Em),

J. Braz. Chem. Soc.

and the mean energy loss for deactivating collisions. In well
characterized systems, the only unknown is <AE>¢ and an
adequate use of the theory and the experimental results, per-
mits to obtain this value for different bath gases. If Ey, is
also unknown, a careful computation can provide both valu-
es within reasonable limits®*, As has just been discussed,
for the present system, the Arrhenius parameters for the
isomerization reaction have not been obtained and the pa-
rameters for the decomposition via have only been esti-
mated with a considerable error®. Since the main aim of this
work is determining these parameters, a different approach
was adopted.

The <AE>4 value can be reasonable estimated in 6 + 2
kcal/mol (See Figure 6 of Reference 7). The relation be-
tween the mean energy loss for deactivating collisions and
the complexity of the activated molecule, was first proposed
by Carr®® on the basis of the data for many chemical activa-
tion systems and latter was extended and re-discussed for a
variety of systems, including the results of direct techniques
for azulene, toluene, substituted cycloheptatrienes and sub-
stituted cyclopropanes’.

The En value can be estimated from the heat of formation
of CHx(*Ay), 101 + lkcal/mol?, and the difference of -7
kcal/mol between the heats of formation of 1-methyl-
2,2,3,3-tetrafluorocyclopropane and 1,1,2,2-tetrafluorocy-
clopropane calculated from group additivity rules®%:

AR (MTFC) - AH% (TFC) = AH%, (CHx('A1)) - Em

In this manner Ey, can be estimated as 108 kcal/mol, with
an error which depends on the uncertainty in the heat of for-
mation of the CHy('A;) and the uncertainty in the -7
kcal/mol value. This last error is inknown, but should be
about + 4 kcal/mol. That means that Ep, can be reasonably
estimated as 108 + Skcal/mol. These figures were used, in
combination with the values of critical energy and entropy
of activation obtained from the aproximately Arrhenius pa-
rameters, as the initial set of parameters. Then, iterative cal-
culations were made in order to obtain the best fit to the
experimental data and in such manner get a reasonable esti-
mation of the kinetic parameters for both vias of reaction.

From the experimental high pressure rate constants’,
k™1 =4.85 10% s and k*p = 1.52 10° s}, the isomerization
path can be neglected, in a first approximation, in order to
obtain a rough estimation of the other parameters. So, some
exploratory calculations were initially performed setting the
rate constant for the insomerization path to zero and varying
Em between 98 and 114 kcal/mol, <AE>4 between 5 and 13
kcal/mol, EJ between 43 and 48 kcal/mol and log Ap be-
tween 13.0 and 15.0, that is, all the parameters were varied
beyond their limits of uncertainty. Because of the need of
checking the sensitivity of the results to the choice of the
parameters, about 120 calculations were carried out. By this
method, it is not determined a unique transition state, since
different models may reproduce the frequency factor Ap
and activation energy Ep. Nevertheless, RRKM rate con-
stants are not particularly sensitive to the choice of vibra-
tional frequencies and moments of inertia, as long as the
critical energy is used in agreement with the activation en-
ergy and AS” agrees with the A factor.

The log Ap = 13.0 and log Ap = 15.0 values can be repro-
duced using the same high vibrational frequencies, while
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Figure 2. Comparision of experimental data for the
decomposition via with RRKM calculations, using different sets
of parameters and setting the isomerization constant equal to
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Figure 3. Comparision of experimental data for the
decomposition via with RRKM calculations, with the rate
constant for the isomerization path equal to zero, Em = 108
kcal/mol and <DE >d = 6 kcal/mol.

zero. Energy values are in kcal/mol.

Curve Em <AE>; E% logAp (s)
1 104 5 44 13.2
2 108 6 46 13.2
3 105 8 46 13.6
4 108 10 44 13.2
5 105 6 45 13.2
6 110 8 46 13.2
7 104 8 44 13.2
8 105 8 46 134
9 111 8 46 13.0

10 110 8 46 13.0

choosing different values for the frequencies equal or lower
than 500 cm, If all these “low frequencies™ are added, the
sum X v; is nearly 25% lower for the log Ap = 15.0 value.
The uncertainty of the estimated value 13.1 + 0.3, corres-
pond to error of + 33% in the three lower frequencies
(375 em™).

It was assumed that there were no active rotations. Also,
some calculations were made considering the internal rota-
tions of the methyl group. This approach, as well as other
improvements for the calculations, were finally not consid-
ered because the considerable scattering of the chemical ac-
tivation data used for comparision. Each of the calculations
gives the D/S values for all the collision frequency interval.
It was found that the results can be fitted with ES =46 + 2
kcal/mol, log Ap/s' = 13.1 + 0.3 using the previous selected
values: Em =108 + 5 kcal/mol and <AE>4¢ = 6 % 2 kcal/mol.
Some of the results are shown in Figures 2 and 3.

Then, several computations were performed using these
selected values and with different pairs of EY and A for the

Curve E kcal/mol logAp(s™)
1 43 132
2 43 13.0
3 45 13.2
4 47 134
5 46 132
6 45 13.0
7 46 13.1
8 47 132
9 46 13.0

10 47 13.0

isomerization reaction. The D/S ratios were as expected, the
same as those calculated considering only one reaction
path, at least within the significant figures of our calcula-
tions.

A first adjustment was made by evaluating the D/I ratio
for different pairs of En, and <AE>4. It was found that the
difference between the critical energies of the decomposi-
tion and isomerization path is (E° - EY) = -7.5 + 2.0
kcal/mol and the Ap/A; ratio is 0.20 £ 0.15, for any value of
Em and <AE>, and also for any reasonable value for the ki-
netic parameters for the decomposition via.

Then the experimental results I/S in function of the colli-
sional frequency were adjusted to found the best values,
using the selected ones for En, <AE>4 and EJ , that is 108,
6 and 46 kcal/mol, respectively, and log Ap = 13.1. Nearly
60 calculations were done, giving E9 = 54 + 2 kcal/mol and
log Ar=13.8 + 0.3 (see Figure 4).
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Figure 4. Comparison of the experimental data for the
isomerization via with RRKM calculations, using En = 108
kcal/mol, <AE>4 = 6kcal/mol, E°p = 46 kcal/mol and log
Ap=13.1.

Curve E%,kcal/mol logAi(s™)
1 54 14.02
2 53 13.80
3 53 13.75
4 55 14.02
5 54 13.80
5 53 13.70
6 55 13.90
6 56 13.75
7 55 13.80
7 54 13.70
8 56 13.90
9 56 13.75

This uncertainty in the A factor means and uncertainty of
+ 10% in the lower frequencies of the isomerization com-
plex (250 cm™).

Calculation of bimolecular constants

The RRKM theory has been applied in ways that go be-
yond the scope of unimolecular reactions.

Here, we use the results of RRKM theory to estimate the
rate constants for the insertion and the addition of CH; to
hydrocarbons.

The chemical activated species (MTFC") is formed and

stabilized through the mechanism:
*
H CH,

ki
CH2 (1A1) + A
k-i
H

*

H_ _CH, CH,

Tt o
*

H___CH;

A ko D+ CF?
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Figure 5. Energy distribution function of chemically acti-

vated MTFC and microcanonical rate constant () for de-

composition to TFC + CH. The calculations were

performed considering E° = 104 kcal/mol

*
CH,

H
AN

where D stands for the decomposition product and I for the
isomerization product.

In this mechanism, a quasi-equilibrium is assumed to exi-
st between the reactants and the activated molecule. This
approach is similar to that of the atom-atom scattering the-
ory developed by Smith?’ and that of the atom-molecule re-
combination theory of Bowman?®®, From this mechanism the
quasi-equilibrium constant can be calculated from the parti-
tion functions of the reactants and the activated MTFC?*

Ki(T) = Q'(T)/Qread T)

Similarly for an addition reaction such as the formation
of vinylcyclopropane (VCP) the following mechanism can
be proposed*®3L,

*

N
k.a
:* ——3
AN I AN

and also a quasi-equilibrium constant can be calculated:

CH2(1A1) + CH=CH-CH=CH>

kg isomerization
products
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Table 1. Summary of molecular and transition state models for the unimolecular reactions of MTFC. The values given for the activated

complexes are the ones for the preferred models.

Molecule Transition Transition
state state
(decomposition)  (isomerization)
Vibrational frequencies 3009 (4) 3009 (4) 2973 (3)
(degeneracies), cm’™! 1421 (5) 1421 (5) 1521 (4)
1226 (3) 931 (5) 1336 (4)
969 (5) 647 (4) 1018 (6)
685 (3) 500 (5) 683 (4)
494 (5) 410 (3) 499 (5)
226 (5) 375(3) 250 (5)
calculated preexponential
factors, s! 1.26 1013 6.31 1013
calculated critical
energy, kcal/mol 46+2 54+2
I'/1* 1 1
G 2 2
collisional diameter, Sam, A 5.5576
collision number, ky, s™! Torr! 1.014 107

Ko(T) = Q'(T)/QeeadT)

If the quasi-equilibrium constants are computed as well
as the unimolecular decomposition constants, k.; and k. ,
for the activated molecules, the bimolecular constants k; and

2t 4.3

ot
4.2

w

i~ ~
w
g-2¢t «
4.1

-4

1 A 1

100 120 140
ENERGY kcal mol™

Figure 6. Energy distribution function of chemically activated
VCP and microcanonical constant (s™) for decompostition to
butadiene + CH.. The calculations were performed considering
E? = 104 kcal/mol.

ka can be calculated. In spite of that, the error in the abso-
lute value of the bimolecular constants may be considerably
high due to the parameterization needed for the calculation
of the unimolecular rate constants (see below) and the un-
certainties in the computation of the partition functions.
Also, as was suggested by the referee, the validity of the
quasi-equilibrium assumption may be questionable. The re-
agents are in their fundamental states with a Boltzmann dis-
tribution of energy, and the MTFC and VCP molecules are
vibrationally excited with a distribution function similar to
the P(E) shifted along the energy axis by Em. However, if
the ratio ky/k, is calculated these errors are cancelled in part,
and a reasonable value is obtained. Anyway, this value
should be considered as a rude estimation of the true one.
Calculated results for the bimolecular rate constants.
The ki/ka ratio was computed from the relation:

ki/ka = {Ki(T)ki}/{Ka(T)k-a}

The unimolecular rate constants were computed using the
RRKM theory and the same equations and programs as in
the previous sections. For the insertion via the same acti-
vated complex as in the previous calculations was assumed.
For the addition reaction, the vibrational frequencies using
in the modelling of References 30 and 31 for the chemical
activation study of vinylcyclopropane, were adopted (Table
2). The microcanonical rate constants as well as the energy
distribution functions, f(E), are shown in Figures 5 and 6.
The mean constants were obtained by averaging over the
f(E) for each system.

Calculations for MTFC were done for different critical
energies in the range 108 + 5 kcal/mol. Here the results for
104 kcal/mol, which is in the range of uncertainty of E, are
shown, for a better comparision with the results for VCP.

Partition functions were calculated as usual?®. Spectro-
scopic data needed for the computation were taken from the
bibliography?!#2730.32-3¢
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Table 2. Parameters used for the RRKM calculation of the rate constants k.; and k., fot the inverse processes of insertion and addition.

Vibrational frequencies (degeneracies), cm!
for insertion reaction

for addition reaction

critical energy for
reaction, kcal/mol

mean constants for
inverse reaction, s’!

Ki/Ka

MTFC transition state
3009 (4) 3048 (3)
1421 (5) 1441 (5)
1226 (3) 1273 (3)

969 (5) 1002 (5)

685 (3) 750 (3)

494 (5) 457 (4)

226 (5) 223 (6)

vCP transition state
3050 (8) 3048 (7)
1417 (6) 1441 (6)
1000 (11) 1100 (11)

750 (4) 800 (4)

425 (1) 500 (1)

310 (2) 350 (2)

80 (1) 200 (DA
insertion addition

108+ 5 104+ 2
1.46 10 1.49 10

0.138

In this manner the ratio ki/ks was calculated as 0.17 per
bond, considering the indistinguishable sities of addition
and insertion and critical energies for reaction of 104
kcal/mol. If a critical energy of 108 kcal/mol is considered
for the inverse of the insertion reaction, the ki/k, is about
0.10.

Discussion

The experimental evidence of a structural isomerization
path, in addition to the decomposition via®, seems particu-
larly relevant since the occurrence of both processes in
gem-difluorcyclopropanes has only been observed in
MTFC and 1,1-difluorcyclopropane®’. Nevertheless, the
chemical activation results were not able to provide direct
information about the kinetic parameters for both vias of re-
action. As was just been discussed, most of the chemical ac-
tivation works deal with the calculation of the mean energy
loss by collision, <AE>, and the characterization of the col-
lisional energy transfer process®. In all these systems the
Arrhenius parameters for reaction are known, and can be
used in computing the RRKM rate constants. In this man-
ner, the experimental results, which are always obtained as
the ratio decomposition (or isomerization)/stabilization, are
compared with the computed values for which the only un-
known is <AE>q, which is used as an adjustable parameter.

For the present system, due to the lack of thermochemical
data, only a phenomenological characterization could be
done and the usual approachment for the calculation of En,
and <AE>4 could not be realized®. In the present work the
experimental date were re-analyzed and the RRKM theory
together with the stepladder model for collisional deactiva-
tion, was used to estimate the kinetic parameters.

The usual unknowns, <AE>4 and Eq, were obtained from
the knowledge of many chemical activation systems, which
seems to behave in a previsible way. The adopted value of
<AE> is undoubtedly good since the correlation of Carr®
has proved to be followed by a variety of systems. The
value for Em is subject to the pertinence of extending the
use of Benson's rules? for this type of compounds and then
using the difference of -7 kcal/mol obtained for cyclic hy-
drocarbons. In the estimation of the heats of formation of
cyclic hydrocarbons, the agreement with experimental is
generally in the range + 0.5 kcal/mol. Both experimental
and theorical calculations give a difference of -7 kcal/mol
for cyclobutane, cyclopentane, cyclohexane and the corre-
sponding methyl-compounds. With halogen-containing
compounds the experimental data are somewhat sparse and
conformational corrections differ from those applicable to
hydrocarbons. Nevertheless, in general the calculated AHy¢
agree to +2 kcal/mol with the experimental value. In addi-
tion, we only need, for present purpose the difference be-
tween the heat of formation of MTFC and TFC and so is
quite probably that the difference is within -7 + 4 kcal/mol.

The critical energies and pre-exponential A factors calcu-
lated in this way are a reasonable estimation of these values,
which can not be experimentally obtained. The fact that A
factors are relatively small could be an evidence for postu-
lating that the transition states are cyclic. These processes if
occur in a concerted mechanism also explain the relatively
low energy of activation compared with unfluorinated cy-
clopropanes.

The difference between the critical energies for both vias
of reaction can be determined with reasonable confidence
as 8 + 4 kcal/mol. This difference is high enough to explain
why the structural isomerization path way, which takes
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place in competition with the decomposition reaction, can
not be observed in a conventional thermal sudy. With the
parameters of Table 1, it can be calculated that at 500 K the
isomerization would represent less than 0.5% of the total,
while at 700 K it would be = 13%. However, at this tem-
perature the reaction would be too fast to be studied by con-
ventional methods®. In the chemical activation system the
distribution function has it maximum at aproximately 57
kcal/mol above the critical energy for isomerization.

Finally, the calculated insertion/addition ratio is in good
agreement with the conventional experimental value for hy-
drocarbons of 0.12%. 1t also confirms the hypothesis pro-
posed by Boaglio et al.’, who obtained a value of 1.7 by
extrapolation of the chemical activation results for a system
which presents non-RRKM behavior at high pressures.
Clearly, this new calculated value demonstrates that, as it
was just claimed, the discrepancy found in Reference 7 is
due to experimental error because of the impossibility of
reaching the true high-pressure region.
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