J. Phys. Chem. 2001,105,3719-3724 3719

Unimolecular Reaction Dynamics from Kinetic Energy Release Distributions. 8. Protonated
Fluorobenzene and Structure of the Phenyl lon
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A previous interpretation of the kinetic energy release distribution (KERD) observed in the fragmentation of
protonated fluorobenzene is confirmed by a maximum entropy analysis. The KERD is bimodal, with an
intense and broad component due to the production of the cyclic phenyl ion. Ab initio calculations indicate
the existence of several open-chain isomers, with an energy abott.2.@V higher than that of the phenyl

ring. A weaker component of the KERD corresponds to the formation of one or several of these acyclic
structures. Its abundance represents about 6% of the main component (but drops down to 3% for the
perdeuterated isomer). More translational energy than the statistical estimate is released during the dissociation
process because of the presence of a barrier along the reaction path leading to the generation of the cyclic
phenyl ion. About one-half of the energy of the barrier is released as translation, thereby indicating the operation
of strong exit-channel interactions between separating fragments.

1. Introduction

Kinetic energy release distributions (KERDs) have long been -
considered to provide an essential piece of information in the
study of reaction mechanisms of gaseous molecular iols.

The information is presented as a function, dend®dE), % . L
giving the probability of generating fragments with a relative L
translational energy equal & if E denotes the internal energy %
measured in excess of the dissociation threshold. o

|

Recently, Schirder and co-worke?4 published an analysis
of the KERD derived from the decomposition on the micro-
second time scale of the protonated fluorobenzene e )
H* — C¢Hs™ + HF. They showed that the dissociation process o 5 S ] 3 :
was composite. The most intense component of the KERD, € (eV)

characterized by a large translational energy release, WaSFigure 1. (solid line) Experimental KERD (obtained as private

assigned to the production of the low-energy phenyl ion in its communication from the authors of ref 14) for the reactighigE-H"
cyclic structure. This component of the KERD reaches its — CgHs* + HF. (broken lines) Maximum entropy decomposition into

maximum at a value of (43% 40) meV for GHsF-H™ and at two components assuming an internal energy of 2.50 eV. (dashed
about (550+ 50) meV for the perdeuterated speciesDeF- dotted line) Generation of the (_:yclic phenyl ion. (dotted line) Production
D*. This reaction channel will henceforth be referred to as the ©f & low-energy, open-chain isomer.
“broad component”. In addition, a weaker component (referred reaction path, giving rise to two nonplanar transition states. As
to as “medium” by Schider et al.) is also observed. The aresult, a substantial fraction of this (fairly large) barrier energy
corresponding most probable translational energy release isis expected to be released as translational energy. These barriers
about (30+ 10) meV for the normal compound and (4010) are followed by a potential well (0.42 eV deep) whose minimum
meV for the deuterated isotopomer, thus indicating a much corresponds to an ion-neutral complegHs"-HF. Vibrational
smaller and much sharper translational energy release than thafrequencies of all stationary points have been computed for both
of the broad component. The intensity of the second componentisotopomers. Using the RiedRamspergerKasset-Marcus
is much weaker than that of the main reaction channel, especiallytheory, Schider et al* estimated the internal energl
for the deuterated compound. The reactive fluxes are estimatednecessary to generate a protonated fluorobenzene ion with a
to be roughly in the ratio 10:1 for ¢ElsF-H™ and 18:1 for lifetime in the metastable range (i.e., corresponding to lifetimes
CsDsF-D™. Having discarded possible alternative interpretations, of the order of 10° s). A larger amount of energy must
Schraler et al. assigned this second channel to production of obviously be delivered to the deuterated compound to reach
an open-chain phenyl ion. Typical plots of the KERDs are given the same lifetime as the nondeuterated isotopomer.
in Figures 1 and 2. This article attempts to analyze the experimental results
A cross-section of the potential energy surface has beenobtained by Schiaer and co-worket$ on the basis of a model
calculated ab initio by the same team for the production of the potential energy surface, represented in Figure 3. For simplicity,
low-energy GHs* cyclic isomert® Barriers are found along the  the two nonplanar transition states have been reduced to a single
one, assumed to be located at an endfgy= 1.17 eV above
* E-mail: jc.lorquet@ulg.ac.be. the dissociation asymptote.
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Figure 2. (solid line) Experimental KERD determined in ref 14 for
the reaction @DsF-D* — C¢Ds™ + DF. (broken lines) Maximum
entropy decomposition into two components assuming an internal
energy of 2.82 eV. (dashedlotted line) Generation of the cyclic phenyl
ion. (dotted line) Production of a low-energy, open-chain isomer.
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Figure 3. Schematic potential energy diagram for the fragmentation
of protonated fluorobenzene. Relative energies in eV. TS, transition
state; INC, ior-neutral complex.

Based on the estimates of Scteo et al* we consider the
fate of a GHsF-H™ ion having an internal energy of 2.50 eV

Lorquet and Lorquet

tion, denoted the prior distributioR°(¢|E), which would be
observed if the dissociation proceeded in a completely statistical
way, that is, if all available quantum states of the pair of
fragments were populated with the same probability. Both
KERDs are assumed to be normalized, that is,
[ P(elE)de = [ PY(e|E)de = 1 1)
0 0
According to the maximum entropy theory, these two KERDs
are related by the following equation:

P(¢|E) = P%¢|E) e o g it g e 2)
where A; and A, denote (up to this point unknown) physical
properties that prevent the energy partitioning from being fully
statistical. They are therefore referred to as “informative
observables” or “dynamical constraints”. The quantifigsi,,
and 1, are Lagrange multipliers in a process that consists of
maximizing the entropy, that is, in making the dissociation
dynamics as statistical as allowed by the constraint(s). In
practice, however, the quality of the experimental data is such
that only a single constraint can be identified, so that eq 2
reduces to

P(¢|E) = PY%¢|E) e o g hA (3)
This is a one-parameter equation, because the Lagrange
multiplier 1o can be determined by the normalization condition
(eq 1).
A convenient way to identify the nature of the constraint
consists of conducting a so-called “surprisal analysfst¢-21.25
From eq 3, one derives

P%e|E)

l=In PlE)

=l + LA (4)

The quantityl, denoting the surprisal, is then plotted as a
function of various variables. The variable that generates a linear
plot is identified as the constraint

To perform this analysis, the prior distribution has to be

above the dissociation asymptote and compare it with that of a calculated. In a dissociation process, the internal endigy

CeDsF-DT ion with 2.82 eV internal energy.
The approach adopted in this article is as follows. The
maximum entropy method is summarized and applied, in the

partitions into a translational componenthereas the remain-
der E — ¢) is stored in the vibrationalrotational degrees of
freedom of the pair of fragments. Because the density of

form of a surprisal analysis, to the study of the KERDs measured translational states in a three-dimensional space is proportional

by Schialer and co-workerk! The average kinetic energy
release is partitioned into two components of the energy in
excess [i.e., the energy of the barf®y and the nonfixed energy
of the transition stateH — E,)]. Both components are partly
converted into translational energy, but with different efficien-

cies. The energy of the barrier is preferentially released as

translational energy, with a higher efficiency than the internal
energy in excess of the barriét - Ep). The weaker component
of the KERD is assigned to the production of gHg" open-
chain isomer whose possible low-energy structures are studie
by ab initio calculations. The experimentally determined bimodal
KERD is then interpreted as the sum of two contributions, as
originally suggested by Schder and co-workers.

2. The Maximum Entropy Method

to €12, the prior distribution is simply given By6-20.23-29

P°(e|E) = A(E)e"™N(E — ¢) (5)
whereN(E — ¢) denotes the density of vibratioralotational
states of the pair of fragmentsA(E) is a normalization
coefficient that can be obtained by substituting eq 5 into eq 1.

The functionsN(E) representing the density of states of the
pair of fragments gHs™ + HF and that relative to §Ds™ +

(PF have been calculated by the direct-count metRtassuming

a cyclic structure for the phenyl ion. The necessary rotational
constants and vibrational frequencies have been calculated ab
initio at the B3LYP/6-31G(d) level recommended by Scott and
Radon# and scaled according to their prescriptions. The
agreement with the set of vibrational frequencies previously
calculated by Klippenstefd for the GHs" ion is excellent. It

The method has been described several times, both in generaturns out that the density of states can be nicely fitted to an

termg6-20 and in the context of mass-spectrometric experimenta-
tion4511.2F28 |t consists of comparing the actual, experimentally
determined KERD, denotde{¢|E), with a hypothetical distribu-

analytical expression

N(E) = C exp(BvE) (6)
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4. Entropy Deficiency and Ergodicity Index

The most important concept in a maximum entropy analysis
is that of entropy deficiency. With each KERD is associated a
dimensionless entropys. The entropy of the prior (most
statistical) distribution, denote®"", is necessarily larger than
that of the experimental KERD. The differenD& between the
entropy of the prior distribution and that of the actual KERD is
called the entropy deficiency. It can be demonstr&téd that
DSis necessarily a nonnegative quantity:

o

]
B

Surprisal

'
o]

PEB) | &=
P%(elE)
Ao — M,V 0 (8)

: | DS= ™ — 5= [“P(c[E) In

172
€

Figure 4. Surprisal plot for the production of cyclic phenyl iongHg*

as a function of the square root of the translational energy (egs 4 and

7). (solid line) Production of gDs* ions (experimental data reported  Where
in ref 14). (dotted line) Production of s ions with experimental £
data taken from ref 14. (dashedotted line) Production of &1s* ions Y= f €Y?P(e|E)dE (9)
with data obtained as a private communication from the authors of ref 0

14 and reported in Figure 1. . .
A nonzero value foDS implies that the phase space sampled

For the GHst + HF pair of ions, the constar@ is equal to by the pair of fragments is reduced with respect to its maximum
477 (cmb~1 and g = 0.25 (cntY)~Y2 For the deuterated value. As a matter of fact, it can be shown that the quantity
species one find€ = 900 and3 = 0.27, also in the same units.  €xp(~DS) measures the fraction of available phase space
effectively sampled by the pair of fragmeft$* and can
3. Surprisal Graph for the Major Component therefore be termed an “ergodicity index”. In the present case,
The major broad component of the experimentally determined the Lagrange parameters derived in the previous section lead
KERDs (thus relative to production of the cyclic phenyl ion), 0 values of the ergodicity index expDS) of the order of 15%
read in Figures 4 and 5 of ref 14, was obtained by subtracting for both isotopomers. The situation is not statl_stlcal at all becal_Jse
the minor feature in an arbitrary but reasonable way. The cor- of the presence of the barrier, as analyzed in the next section.
responding prior distribution was divided by this result, accord-
ing to eq 4. Linear surprisal graphs, represented in Figure 4
were obtained when the logarithm of this ratio was plotted as
a function of the square root of the translational energy release. The experimental data on the KERDs have been derived from
The observed linearity indicates that the particular form of an analysis of metastable (i.e., corresponding to lifetimes of the

5. Conversion of the Barrier Energy into Translational
" Energy

eq 3 valid in the present case is order of 10°° s) dissociations studied in several field-free regions
/ of a four-sector mass spectromet&The observed peak shapes
P(e|E) = PYe|E) e 0 e 4" ) are really averages over a distribution of lifetimes and internal

energieg3-2535 However, it has been analytically demon-
with E = 2.50 or 2.82 eV for the nondeuterated and deuterated strated® that average translational energies are fairly insensitive
ion, respectively. In other words, the constraint that prevents to the collection efficiency of the metastable ions if the entry
the dynamics from being statistical is the square root of the and exit times in the field-free region are not too different.
translational energy, that is, the linear translational momentum When a reverse activation energy barrier occurs along the
of the separating fragments. The identification of the linear reaction path, the observed translational end@jymust be
momentum as the constraint has been noted in all previouspartitioned into two contributions. IE denotes the internal
studies?®26:40 energy and ifE, is the energy of the barrier (both measured
The quality of the surprisal graph is excellent for the with respect to the dissociation asymptote), then, as proposed
deuterated species. This is partly due to the weak intensity of by Zamir and Leviné® one can write
the minor component, which makes its subtraction relatively
easy. On the other hand, problems linked to the high-energy (d00= a(E — E,) + bE, (20)
part of the KERD clearly arise for the nondeuterated species,
as shown in Figure 4. This became apparent after an additionalEquation 10 means that the two components of the energy in
KERD relative to the dissociation ofs8sF-H™, kindly provided excess [i.e., the nonfixed energy of the transition st&te-(
by Schraler et al** and represented in Figure 1, was analyzed. Ep) and the energy of the barri&] are both partly converted
The long tail of the KERD is obviously nonphysical. On the into translational energy, but with different efficiencies, mea-
other hand, the KERD published as Figure 4 in ref 14 ends up sured by the coefficiensandb. Coefficientb can be expected
too rapidly. to be larger than coefficierst because the energy of the barrier
The Lagrange parametér adopts a large and negative value, is preferentially released as translational energy, with a higher
of the order of—10 eV~%2 This indicates that the translational efficiency than the internal energy in excess of the barrier
energy release is substantially larger than the statistical prior (E — Ep).
estimate obtained by assuming that all quantum states are equally Coefficienta measures the propensity of releasing the non-
populated. This nonstatistical effect is due to the presence offixed internal energy as translation in the reaction coordinate.
an energy barrier along the reaction path (Figure 3), a large The fact that the constraint that operates on the dynamics is the
fraction of which is converted into translational energy. This square root of the kinetic energy (Figure 4) (i.e., the transla-
point will be analyzed in section 5. tional momentum of the fragments) indicates the operation of
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the so-called momentum gap law, which provides that the ab initio calculations performed by Higlset al!® give a good
nonfixed energy is only reluctantly released as translational idea of the reaction coordinate. At the top of the barrier, the
energy?023-2837-39 A bjas exists against large translational CgHe¢F' ion has a nonplanar structure. (In fact, two transition
energy releases, which can be estimated as follows. states have been calculated, both nonplanar.) The barrier is
Lorquet® showed that when the functio¥(E), representing followed by a potential well whose minimum corresponds to
the density of states of the fragments, can be adequatelyan ion—neutral complex gHs*-HF with a CHF angle equal to
represented by a simple algebraic expression, the integrationsabout 120. This sequence of geometries suggests that strong
required by the maximum entropy analysis (egs 1, 8, and 9) torques operate when the hydrogen fluoride molecule is detached
can be performed analytically and generate closed-form equa-from the phenyl cation. As a result, translation and rotation
tions. However, the resulting expressions involve complicated remain coupled during fragmentation and a substantial part of
special functions of mathematical physics, most often general- the kinetic energy is released as rotational motion. Second, the
ized hypergeometric series. The latter can be generated by areleased translational energy can be expected to randomize (at
computer program, but it is sometimes possible to approximate least partly) in the potential well that follows the energy barrier
them by an empirical equation. When the density of stis{&s as the nuclear trajectories explore this well, even briefly, during
varies with the internal energy as expressed in eq 6, the amounthe last step of the dissociation. However, as pointed out by
of internal energy that is released as translation in the reactionAschi and Grandinetti! the higher the energy in excess, the
coordinate can be expressed in terms of the rate of increase ofower the efficiency of the randomization process in the potential
the density of states of the pair of fragments (i.e., the quantity well of the ion—neutral complex.
f defined in eq 6) and of the fraction of available phase space

actually sampled, measured by the quantity exp§). When 6. Production of Open-chain GHs* lons
the nonfixed energy of the transition state is equaBEoe-(Ep)

(i.e., the energy in excess of the barrier), the coefficiig Schraler and co-worket$ assumed the low-intensity, low-
given by energy component of the KERD derived from the production
of open-chain isomer(s) of the phenyl ion. Acyclic isomers have

a={0.27/B(E — Eb)1/2 + 2.2}[1 + 1.85 expt-D9)? been detected via collision-induced dissociattéaad in charge-

(11) transfer experiment¥.However, information on their relative

energies can only come from ab initio calculations. In what
The numbers that appear in this equation have no specialfollows, quantum chemical acronyms have their commonly
significance. They result from an empirical representation of a accepted significanc#:#°
combination of generalized hypergeometric functions. The energy of six different isomers of thesH™ cation
The value of the ergodicity index expDS) is unknown in (represented in Figure 5) was calculated with the GAUSSIAN
the present case. However, from previous experiéhcé 640 system of program® To check the stability of the predictions,
it can be estimated conservatively to range between 50% anda sequence of computations was performed with basis sets of

95%. This leads to values afequal to (0.05t 0.02) for both increasing size. Adding polarization functions on the hydrogen
isotopomers. Thus, the part of the nonfixed internal energy that atoms to the basis set has a very small influence, but transferring
is released as translational energy [i.e., the quantify/a E)] from a double- to a triple-dzeta basis set lowers the energy

can be estimated to be about equal to (0.868.03) eV and to difference between an open-chain isomer and the cyclic structure
(0.08 £ 0.03) eV for the normal and deuterated species, by about 0.1 eV and sometimes more. The correlation energy

respectively. was introduced by the presumably reliable quadratic configu-
Coming back to eq 10 and adopting for the average ration interaction with single and double excitations (QCISD)
translational energy release valtfesf [é(0= 0.60 + 0.05 or method®! The results, corrected for the zero-point energy, are

0.65+ 0.07 eV, one finally derives values bf= 0.46+ 0.08 reported in Table 1. Energies are measured with respect to the
or 0.49 4+ 0.08 for the nondeuterated and deuterated cases,cyclic phenyl structure.
respectively. The conformation HE=CH—CH=CH—C=CH does not
To summarize, the measured average translational energy ofcorrespond to a stable structure. It spontaneously rearranges into
the broad component of the KERD has a double origin. Part of a low-energy, open-chain isomer (hereafter dendjethat is
it comes from the translational energy at the top of the barrier. located about 1 eV above to the cyclic phenyl structure. The
This component represents about 5% of the internal energy inequilibrium structure igrans with respect to the central CC
excess of the top of the barrier. The second component resultsbond; it is about 0.1 eV lower in energy than ttis isomer.
from the (partial) conversion of the energy barrier (about 1.17 Isomerslians and 1¢s cannot be described by a conventional
eV) into translational energy. The efficiency of this conversion valence notation, for the following reasons. (i) The electronic
is measured by the coefficiebt The fact that the latter is found  structure is highly delocalized, as shown by the pattern of
to be less than one indicates that the barrier is not entirely CC bond lengthsRy, = 1.29 A Rys = 1.36 A, Rss = 1.40 A,
converted into translational motion. This results from the Ry = 1.40 A, Rsg = 1.22 A). Note especially the near equal-
operation of exitchannel interactions between separating ity of the three internal bonds. (ii) One might invoke a reso-
fragments, that is, indicates that part of the translational energy nance hybrid between at least two structure€HC=CH—
is converted into rotation (or, less probably, into vibration) of CH*—C=CH <> H,C=C*—CH=CH—C=CH < ... On one
the fragments. Only about one-half of the energy of the barrier hand, the CH group is perpendicular to the plane containing
is released as translation. Similar orders of magnitude werethe remaining atoms, just as in an allenic structure. The barrier
derived by Aschi and Grandinetti from classical trajectory associated with the torsion of the methylene group is as high
calculationé! of the translational energy released in HF loss as 1.2 eV. On the other hand, however, the isomerization barrier
reactions from small inorganic ions as well as from previous between theis andtrans structures is of the order of 1.3 eV.
experimentg2-45 Such a high value suggests that the two central carbon atoms
What causes the exithannel interactions? Two features of are connected by a fairly strong bond. (iii) A Mulliken
the potential energy surface are relevant in this respect. First,population analysis indicates that more than a positive charge
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Figure 5. Structure of the open-chain isomers aiHz" calculated at
the QCISD/6-31G(d) level.

is spread over all the atoms including the five hydrogens, with
carbons 1, 3, and 6 being stronglggatvely charged, as usually
found in the study of organic catioR3>3

Slightly higher in energy comes the quasilinear chagcH
C=C—C=C—CH," (denoted?), previously identified by Scfiro
der et al¥’ via charge-reversal spectroscopy. Our calculations
locate it about 1.2 eV above the cyclic structure.
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Another hexadiynyl isomer HEC—C=C—CH,-CH," does
not correspond to a stable conformation; it spontaneously rear-
ranges to another fairly low-energy structure HC—C=C—
CH'—CHj3 (3), approximately 1.3 eV above the cyclic isomer.

In a similar way, an attempt was made to remove a hydrogen
atom from the divinylacetylene isomer (i.e., formallysG+=CH—
C=C—-CH=CH"). However, this structure turned out to be
unstable and to cyclize spontaneously to a cyclopropene ring
substituted by a three-carbon atom chain (struct)reabout
1.7 eV above the cyclic structure. Another hexadiynyl isomer,
HC=C—-CH,—CH*—C=CH (5), was more than 2 eV above
the cyclic conformation.

Because of zero-point energy effects, energy values for the
perdeuterated dDs™ isotopomer are higher than those calculated
for the GHs™ ion. For isomersl and2, the magnitude of the
energy shift is equal to 0.017 eV.

The vibrational frequencies and rotational constants of the
open-chain isomers (and those of the deuterated isotopomers
isomersl and2) were calculated at the B3LYP/6-31G(d) level
recommended by Scott and Rad&hfor the quasiallenic isomer
1, the lowest torsional frequency calculated at 95 €(86 cnt?
for the deuterated isotopomer) was treated as an anharmonic
oscillator transforming into a free rotor when its internal energy
exceeds 1.0 eV. For the quasilinear iso2@he lowest torsional
frequency calculated at 31 cth(22 cn1? for the deuterated
isotopomer) was replaced by a free internals@id CDs rotor.

In the energy range of interest [6-3.5] eV, the density of
rovibrational states of the two pairs of fragmeht$ HF could
again be fitted to eq 6 witlc = 2500 (cnt?)~1 andp = 0.28
(cm™1)~Y2, (For the deuterated species, in the energy range
[0.7—1.8] eV,C = 19 000 ands = 0.29, also in wavenumber
units). Fortunately, the density of states of the pait HF

was not very different. Because it could be parametrized with
the same value of the exponehta prior distribution common

to both open-chain isomers could be calculated from these
results.

The experimental KERDs were compared with bimodal
distributions obtained by superposing two contributions. (1) A
broad and intense component, corresponding to the generation
of the cyclic phenyl ion having an internal enerfgy= 2.50 eV
(or 2.82 eV for the deuterated species), was calculated from
eqgs 5-7 with the Lagrange parameters determined in section
3. (2) The minor component was interpreted as resulting from
the production of the open-chain isomigg,s (with a possible
admixture oflgs and of2) having an internal energy equal to
2.50-1.00 = 1.50 eV (or 2.821.02 = 1.80 eV for the
deuterated species). Its Lagrange paramiteras determined
by adjusting the maximum of a distribution given by eq 7 to
the most probable energy release experimentally determined by
Schraler and co-worker! The parametet; was found to be
positive and of the order of 6 eW2 or 5 eV-12for the normal
and deuterated isotopomers, respectively.

TABLE 1: Ab Initio Calculated Energy Difference (in eV units) between the Open-chain and Cyclic Isomers of the Phenyl lon,

Corrected for the Zero-point Energy

number of basis functions method Lrans Leis 2 3 4 5

100 B3LYP/6-31G(d) 1.01 1.10 0.96 1.22 1.70 2.34
115 B3LYP/6-31G(d,p) 1.01 1.10 0.98 1.23 1.70 2.34
138 B3LYP/6-311G(d,p)//B3 LYP/6-31G(d,p) 0.87 0.96 0.86 1.10 1.64 2.12
109 B3LYP/cc-pvVDZ 1.03 1.13 1.05 1.28 1.77 2.32
183 B3LYP/AUG-cc-pVDZ// B3LYP/cc-pVDZ 1.02 1.12 1.08 1.30 1.76 2.30
250 B3LYP/cc-pVTZ/IB3LY P/cc-pvVDZ 0.90 0.99 0.89 1.12 1.67 2.15
100 QCISD/6-31G(d) 1.07 1.15 1.31 1.43 1.76 2.16
109 QCISD/cc-pVDZ 1.11 1.19 1.34 2.18
115 QCISD/6-31G(d,p)//QCISD/6-31G(d) 1.08 1.17 1.29 1.42 1.74 2.19
138 QCISD/6-311G(d,p)//QCISD/6-31G(d) 1.00 1.08 1.22 1.32 1.70 2.02
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Figures 1 and 2 compare experiment and theory with the (13) Moon, J. H.; Choe, J. C.; Kim, M. 8. Phys. Chem. 200Q 104,

relative intensity of the two components taken as a fitting 458i4 Schider D.: Oref. 1+ Hrisk 1. Weiske. T Nikitin. E. E.
parameter. As was to be expected from Figure 4, the fit is much Zufnm)ackC, \;,_?gch@ar;epu_ "Phyrstf Chem. Azlggeiogﬁscl)s;_m' T
better for the deuterated compound. The branching ratio between (15) Hrusk, J.; Schider, D.; Weiske, T.; Schwarz, H. Am. Chem.
the two channels is estimated to be about 16:1, whereag®shro Soc.1993 115 2015.

14 . ; ; (16) Levine, R. D.; Bernstein, R. B. Thermodynamic Approach to
et al:* proposed 10:1. For the deuterated species, we ObtathoIIision Processes. IBynamics of Molecular Collisions, Part;B/iller,

34:1, to be compared with the ratio 18:1 derived by Sdbro W. H., Ed.; Plenum: New York, 1976: p 323.

et al. Our numerical values are approximate because the (1|_7) tLeviFeMl'«;- DI.; Pgnﬁey, J. ILrAt Infol\r/lmlatiorll-Tgeﬁ{ric AITJEroachi
experimental KERDs have been treated as if they had been,RRECich 2 oy Soieiin. oo g it o R ew vork,
determined in an energy-resolved experiment. Neglecting the 1979

averaging procedure over the collection efficiency in a sector  (18) Levine, R. D.Adv. Chem. Phys1981 47, 239.

instrument is valid for determination of the first moment of the _ (19) Levine, R. D. Statistical Dynamics. Trheory of Chemical Reaction

iatrilg AR 28 ; : : - Dynamics Baer, M., Ed.; CRC Press: Boca Raton, FL, 1985.
distribution: However, the accuracy of this approximation is (20) Levine, R. D.; Bernstein, R. Blolecular Reaction Dynamics and

unknown if the fitting is performed on the maximum of the chemical Reactity; Oxford University: New York, 1987.
KERD, as has been done for the estimation of the branching (21) Momigny, J.; Locht, R.; Caprace, Git. J. Mass Spectrom. lon

; i Processed986 71, 159.
ratio between the broad and the minor components. (22) Momigny, J.- Locht, RChem. Phys. Let993 211, 161.
. (23) Urbain, P.; Remacle, F.; Leyh, B.; Lorquet, J.JCPhys. Chem.
7. Concluding Remarks 1996 100, 8003.
. . . 24) Urbain, P.; Leyh, B.; Remacle, F.; Lorquet, A. J.; Flammang, R.;
Th.e present calculatu_)ns conf|_rm the analysis conducted by Lor(qu()et, J1.cJ Chem).l Phys1999 110, 2911. d g
Schraler et alt* concerning the bimodal nature of the KERD. (25) Urbain, P.; Leyh, B.; Remacle, F.; Lorquet, J. I6t. J. Mass

The broad component is due to the production of the cyclic Sp(ezcégomlgr?g iBngSGﬁSE 15L5- AL G Levh B
. : . . oxha, A.; Locnt, R.; Lorquet, A. J.; Lorquet, J. C.; Leyn, ..
phenyl ion. The major fraction of the observed translational -5, Phys1999 111, 9259,

energy release results from the conversion of the energy barrier (27) Lorquet, J. Cint. J. Mass Spectron200Q 201, 59.
into translational energy with an efficiency of about 50%. The  (28) Lorquet, J. CJ. Phys. Chem. 200Q 104, 5422.

[P i ; (29) lllenberger, E.; Momigny, JGaseous Molecular lonsSpringer-
dynamics is constrained by the momentum gap law, as in all Veriag: New York 1092,

other cases studied so far. _ (30) Gilbert, R. G.; Smith, S. CTheory of Unimolecular and Re-
The weaker component corresponds to the formation of one combination ReactionsBlackwell Scientific Publications: Oxford, UK,
or several open-chain isomers. For simplicity, generation of a 1990.

. i o - (31) Scott, A. P.; Radom, L]. Phys. Chem1996 100, 16502.
single open-chain isomer has been assumed in the present (32) Klippenstein, S. dnt. J. Mass Spectrom. lon Procesd@97, 167

analysis. Competitive production of another low-lying isomer 168 235,
cannot be ruled out by the present method. However, we feel (33) lachello, F.; Levine, R. DEurophys. Lett1987, 4, 389.
i ic (34) Levine, R. D.Adv. Chem. Phys1988 70, 53.
that t_h(_a_sharpness of the weaker component argues against this (35) Holmes, J. L. Terlouw, J. KOrg. Mass Spectromio8q 15,
possibility. 383,
The triplet state of the cyclic phenyl ion is known to lie about (36) Zamir, E; Levine, R. DChem. Phys198Q 52, 253.

1 eV above its ground staté35thus in the same energy range (37) Beswick, J. A.; Jortner, Adv. Chem. Phys1981 47, 363.
as the low-energy, open-chain isomers. However, ab initio  (38) Ewing, G. EJ. Chem. Phys1979 71, 3143.

. . (39) Ewing, G. EJ. Chem. Phys198Q 72, 2096.
calculations by Harvey et & have shown that the triplet phenyl (40) Hoxha, A.; Locht, R.; Lorquet, J. C.. Leyh, BOOL manuscript
cation is likely to be a very short-lived species that very rapidly submitted for publication.
undergoes intersystem crossing to the singlet ground state. (41) Aschi, M.; Grandinetti, FEur. J. Mass Spectron200Q 6, 31.

Therefore, it is not expected to play a role in reactions taking lgéiz)l?gsclhl'ﬂ'; Grandinett, F-; Pepi, t. J. Mass Spectrom. lon Proc.

place on a time scale of the order of £G. (43) Aschi, M.; Cacace, F.; Grandinetti, F.; PepiJFPhys. Chenl994
98, 2713.
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