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The kinetic energy release distributions (KERDSs) for the fluorine atom loss from the 1,1-difluoroethene cation
have been recorded with two spectrometers in two different energy ranges. A first experiment uses dissociative
photoionization with the He(l) and Ne(l) resonance lines, providing the ions with a broad internal energy
range, up to 7 eV above the dissociation threshold. The second experiment samples the metastable range, and
the average ion internal energy is limited to about 0.2 eV above the threshold. In both energy domains,
KERDs are found to be bimodal. Each component has been analyzed by the maximum entropy method. The
narrow, low kinetic energy components display for both experiments the characteristics of a statistical, simple
bond cleavage reaction: constraint equal to the square root of the fragment kinetic energy and ergodicity
index higher than 90%. Furthermore, this component is satisfactorily accounted for in the metastable time
scale by the orbiting transition state theory. Potential energy surfaces corresponding to the five lowest electronic
states of the dissociating 1,1#;F," ion have been investigated by ab initio calculations at various levels.

The equilibrium geometry of these states, their dissociation energies, and their vibrational wavenumbers have
been calculated, and a few conical intersections between these surfaces have been identified. It comes out
that the ionic ground state?R; is adiabatically correlated with the lowest dissociation asymptote. Its potential
energy curve increases in a monotonic way along the reaction coordinate, giving rise to the narrow KERD
component. Two states embedded in the third photoelectron b&Ad é815.95 eV and &3, at 16.17 eV)

also correlate with the lowest asymptote at 14.24 eV. We suggest that their repulsive behavior along the
reaction coordinate be responsible for the KERD high kinetic energy contribution.

I. Introduction curve for 1,1-difluoroethene dissociatidrgbserved a strong
intensity increase at 15.73 eV. In 1974, Frey’s photoeleetron

difluoroethene cation (1,1-81,F>", cis-1,2-GH,F,*, andtrans photoion coinci.der.]ce (PEPICO) meagurements highlighted a
1,2-GH.,F,*) has been investigated for a long time. Lifshitz Pimodal behavior in the breakdown diagram of 1HgF,"

and Long suggested in 1965 a nonstatistical dynamics in this for the F loss channel, with a minimum around 15.4 eV. In

fragmentatiort. Other investigations support this hypothesis. In  addition, his time-of-flight (TOF) spectra revealed a broadening
1973, Reinke et al., who recorded the photoionization yield of the kinetic energy distribution starting at the same enérgy.

More recently, in 1999, 1,1-difluoroethene was studied with a

The loss of a fluorine atom from the three isomers of the

. getégzgzpf?ding fgmré%-gjll:femard-Leyh@ulg-aC-be- Phene32- threshold-PEPICO technique by the and al., who confirmed
- . Fax: -4~ . .. . .
* Molecular Dynamics Laboratory. the minimum qt _15.4 eV in the bregkdown diagranhhey
* Centre for Protein Engineering. observed a rapid increase in the kinetic energy release upon an
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internal energy increase up to 16 eV photon energy, followed Then, KERDs are deduced from the experimental peak shape
by some kind of a plateau and then by a further rapid increase by a differentiation procedure followed by a change of variables
starting at Ir &~ 18 eV. This latter regime was interpreted as from the laboratory to the center-of-mass reference frémé.
resulting from consecutive reactions, for example, further F or In the case of low translational energy releases, a deconvolution
H loss from GH,F*, that become possible in this energy rafige. step is included in the data handling in order to remove the
The common dissociation pattern of the thregHg>" broadening by the experimental apparatus functfd®@ecause,
isomers has been highlighted experimenfafind confirmed in the present work, the ion translational energy in the direction
by now dated quantum chemical calculatiérighe latter led to of the spectrometer optical axis is around 7 keV with respect
the conclusion that the lowest dissociation channel requires anto the laboratory reference frame, whereas the peak width is
isomerization from thérans-1,2 to thecis-1,2 structure and then  only 50 eV, angular discrimination effects may be neglected in
to 1,1-difluoroethene before the loss of a fluorine atom takes the treatment. Otherwise, they could be taken into account by
place. Furthermore, both 1,2-difluoroethene isomers also showa more elaborate proceduies’
a minimum in their breakdown diagram near 15 €VAs a 1,1-Difluoroethene (commercially available from ABCR with
matter of fact, the occurrence of a specific fragmentation from 99% purity) was used without further purificatiomn the
an excited electronic state has been suggested in many reactionspectrometer source, the ionizing electron kinetic energy is equal
involving the loss of a fluorine atom from a molecular cation: to 70 eV and the ion current is set at 10 or 38. The
CoHgFH,2 11 CRCIF, 1213 CoFgt 14716 CHgF 17118 CR,*, 1310 accelerating voltageYac, is around 7 kV. The electrostatic
CsFg*,2 and GFyot.1 analyzer exit slit -slit) width is adjusted to 0.25 mm to reach
To analyze in more detail the supposed nonergodic processa translational energy resolutioNE/E, of 1073,
taking place in 1,1-gH,F,", we investigate in the present paper  Fragmentations taking place in the spectrometer first field
the kinetic energy release distributions (KERDs) associated with free region occur in a given time window characterized by the

the F loss dissociation entrance timery, into this region and by the exit time,, out
of this region. Through the rate consta), this time selection
1,1-CH,F," = CH,F +F (1.1) is equivalent to the selection of a relatively narrow energy range.

Accordingly, the internal energy distribution of the parent ions
Two internal energy domains are considered: a narrow, low is given by the product of a transmission function, that depends
internal energy range, corresponding to the metastable window,0"n the rate constant, and of the branching ra(E), corre-
and a wider, high energy range, reached by dissociative sponding to the selected dissociation channel (hesd & +
photoionization. The KERDs are then analyzed by the maximum F):
entropy method®21 that leads to a quantitative estimation of
the degree of ergodicity of the reaction and is therefore T(E) = Alexp(—k(E)t;) — exp(~k(E)7))]R(E) (2.1)
particularly suited to detect nonstatistical situations.

This paper is organized as follows. Section Il describes the whereA is a normalization constant ai(E) andR(E) are taken
experimental procedures. The maximum entropy method is from refs 38 and 4. In the present work, considering the
presented briefly in section Il together with the ab initio uncertainties on the thermochemical threshold and on the rate
calculations necessary to compute the prior distribution. The constant, the average internal energy can be estimated to be
results are described in section IV. Their analysis requires lower than 0.3 eV. An average value of 0.17 eV has been
information about the potential energy surfaces: ab initio adopted, on the basis of the appearance energy of ref 22. The
calculations are thus presented in section V. Section VI dealswidth of T(E) corresponds to a standard deviation of 0.07 eV.
with the discussion of the experimental results based on the abT(E) corresponds therefore to an energy domain close to the
initio data. The main results are gathered in the concluding reaction threshold.

section VII. It must be emphasized that no information is available for
. this reaction about quantum statistical fluctuations of the rate
II. Experiment constant resulting from the fact that individual quantum eigen-

The kinetic energy release distribution, denote@®@s$E), is states at a given energl, may not all decay with the same
the probability of releasing a kinetic energyon the dissocia-  rate. The experimental data of ref 38 provide us only with an
tion fragments ifE is the excess energy with respect to the averagek(E) curve.
dissociation asymptote (located at 14.24 eV above the 1,1- B. Photoionization/Retarding Field Analysis. This tech-
C,H,F, vibrationless ground sta#®. Both spectrometers used nique gives access to a more extended internal energy range of
to measure it in specific energy ranges have already beena few electronvolts. The sample, introduced by effusion in a
described in previous publicatioA%;28 and only the most salient  reaction chamber, is ionized by photons emitted by a rare gas
features are noted here. discharge lamp. The resonance lines Ne(l) (16.56.87 eV)

A. Metastable Dissociations.The experimental setup used and He(l) (21.21 eV) were used in the present case. Photoelec-
to sample the metastable energy range is a two-sector forwardtron spectra are recorded by a Lindau-type electron energy
geometry instrument; that is, the electrostatic analyzer is analyzer, and ions (El.F,;" or G;H,F') are analyzed by an
followed by the magnet. Parent ions are produced upon electronion retarding potential device, followed by a quadrupole mass
impact in the spectrometer source and then accelerated by aspectrometer. The measurement principle is that only ions with
voltage differenceVace ScanningVace with fixed electric and enough kinetic energy are able to surmount the retarding
magnetic fields, one records a mass spectrum of parent ionspotential barrier and are thus detected. Therefore, scanning the
dissociating to a given fragment ion in the first field free region retarding potential while focusing on a given fragment ion whose
of the spectrometé®31 In this ion kinetic energy spectrum  kinetic energy is denotee, one gets a retarding curvigy):
measured in the laboratory reference frame, mass peaks ardts derivative leads then to the kinetic energy distribution. Taking
broadened by the kinetic energy released during the fragmenta4into account the fact that the experimental device discriminates
tion. against high kinetic energies, the relationship between the
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retarding curve and the ion translational energy distribution, describes a complete sampling of the phase space available to
P'(er), becomes the fragments at enerdy.
In an actual situation, however, dynamical effects take place
~ ¢ di(er) so that the system does not necessarily behave statistically. The
Ple) O e e, (2.2) maximum entropy formalism relates the deviations from stat-
isticity to constraintsA(¢), that prevent the system from fully
whereu = 0.43 + 0.0327 For every measurement, fragment exploring the available phase space. The constrained KERD that
ion and parent ion retarding curves have been recordedcorresponds to the largest entropy can be written as folfows
sequentially.

The internal energy distribution of 8,F," is given by the
He(l) or Ne(l) photoelectron spectrum multiplied by the
branching ratioR(E), for the selected dissociation chanfdéls
the appearance energy foptGF" is equal to 14.24 e¥ithe \yhere the parametelo(E) ensures normalization anti(E)

Ne(l) experiment explores an internal energy range up to 2.5 gesignates the Lagrange parameter conjugated to the constraint,
eV above the fragmentation asymptote and the He(l) measure-a (). Equation 3.2 can be shown to converge to an exact
ment, up to 7 eV. The average internal enef@/, is equal to quantum mechanical expressionR{g|E).42

1.5 eV for Ne(l) and 3 eV for He()). In many situations, a single constraimt £ 1) is sufficient

In such retarding field experiments, the thermal energy of 1o account for the difference between the prior and the
the parent ion provides a non-negligible contribution to the eyperimental distribution?$:24284345 However, the fluorine loss
fragment kinetic energy and a deconvolution step is compul- rom the 1,1-difluoroethene cation is a complex mechanism and,
sory?® The velocities corresponding to the thermal motion [With i, the present work, this equation will be used in some instances
the distributionP™()] and to the kinetic energy released [with \ith two or even three constrainta €2 or 3).
the distribution P=%(;)] are vectorially added to give the  The nonstatistical character is quantified by the entropy
observed fragment velocity [with the distributi®¥(»)]. For that deficiency, that is, by the always positive difference between

reason, mathematically, the deconvolution equation must con-he entropy of the prior distribution and that of the experimental
sider the velocity vectors and not the kinetic energies: one:

P(e|E) = P°(<|E) exp-Ao(E)] [ 1exp-4(E) A(€)] (32)

r=

P'(7) = P™P**(7) (2.3) DSE) = ~2(E) — T A4 E)A(D (3.3)

where the transformation of variables:is= [7] = (2¢/my)Y2.
.The f.irst step of our analysis is to.obtain the thermal DS(E) is related to the ergodicity index
distribution, PT(7), by a fit of the parent ion retarding curve
based on a Maxwell velocity distribution. We noticed only a F(E) = exp[-DS(E)] (3.4)
small difference (about 15%) between the effective temperature
found by this fit and the estimated ion source temperature. ~ Which gives an upper bound for the ratio of two phase space
To proceed further, we need a suitable analytical form for volumes: (i) the volume actually explored by the fragments
PKER(). Note that refers to the ionic fragment: its kinetic ~and (ii) the available volume at energy*®
energy, is related to the total kinetic energy released on both ~ An additional complication arises from the fact that the

fragmentsg, by experimental distribution corresponds to a more or less wide
internal energy range, so thBf¢|E) has to be averaged over
€ = m(C,H,F,")-e/m(F) (2.4) the distributionT(E) introduced in section II:
As we shall see in the next section, the maximum entropy P(e) = me(e|E) T(E) dE (3.5)

formalism provides us with a suitable analytical form R(e)

(eq 3.2) and thus foP““%(z). This form depends on Lagrange B The Prior Distribution. The calculation of the prior
multipliers, which are obtained by fitting eq 2.3 to the (gistribution requires the knowledge of the density of states of
experimental data. The subsequent procedure will be explainedine GH,F+ fragment. Ab initio calculations were carried out
in section IV. Once these parameters have been obtained, theyith the Gaussian system of prografigio check the stability
deconvoluted distribution, expressed in terms of either velocity of the predictions, a sequence of calculations was carried out

or kinetic energy, can be easily calculated. with basis sets of increasing size, ranging from 6-31G(d) or
) cc-pVDZ to 6-318-+G(2df,2p)* The correlation was intro-
IIl. Maximum Entropy Method duced, first by the density functional theory (B3LYP) and, in a

A. Basic Equations.Consider a completely statistical dis- second approach, by the quadratic configuration interaction with
sociation at internal enerdy. In such a case, all quantum states Single and double excitations (QCISD) metH8dFor the
of the pair of fragments are equally probable. The corresponding signification of the quantum chemical acronyms, see ref 48. It
kinetic energy release distribution is called the prior distribution is gratifying to note that the different methods give results that
and is simply given by the densities of states corresponding to differ by 0.1 eV or less (except for th\; cyclic transition

the degrees of freedom of the pair of fragme§t&:39-41 state discussed below).
The lowest energy was obtained for a sindigf state in a
P°(e|E) = NYE)e*%0,(E — €) (3.1) symmetrical HCCF' geometry belonging to th€,, point

group. Its equilibrium position was taken as the origin of the
NO(E) is a normalization factorg'? is the energy dependence energy scale. Another possible, less symmetddalstructure
of the three-dimensional density of states for the relative HCCHF" was found to give rise to an extremely shallow
translation of the fragments, ang: stands for the density of  minimum when the calculations were carried out in a fairly small
internal states of the dissociation fragments. Such a situationbasis set [6-31G(d)]. However, the minimum vanished when
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the basis set was increased and was replaced by a flat region of

the potential energy surface, at an energy of about 1.07 eV
(uncorrected for zero-point energy). This feature is a source of
anharmonicity, which was taken into account in the calculation
of the density of states reported below. The symmetdéal
three-membered cycle (with the fluorine bridging both carbon
atoms,C,, point group) was found to correspond to a saddle
point. All calculations locate it about 1.75 eV above the deepest
well, except the QCISD/6-31G(d) method, which provides a
value of 1.55 eV. (Energy values of all stationary points have
been corrected for the zero-point energy.)

The triplet3A” surface has a much more complicated shape.
Two identical BHCCF" minima were detected at 1.47 eV. They
belong to theCs point group, with a CCF angle equal 46127
(or —127), and are interconnected by two transition states. One
of them €A,) belongs to theC,, point group and lies at an
energy of 2.52 eV. The second saddle point is nonplanar and
hasCs symmetry; its energy is 2.39 eV. Therefore, the existence
of a two-dimensional double-well structure in the surface is a
source of anharmonicity for two low energy vibrational normal
modes. Still a third mode is anharmonic, because it connects
the HLCCF" and HCCHF isomers via a nonplanar transition
state located at an energy of 3.59 eV.

The HCCHF 2A" isomer has a plana®s structure with two
(in principle nonequivalent) minima. In one of them, the lone
hydrogen is close to the other one; its energy is equal to 1.57
eV. In the other equilibrium geometry, it is close to the fluorine
atom, and the energy is equal to 1.58 eV. However, the
interconversion barrier is very low (less than 0.2 eV) and, hence,
this isomer is highly fluxional. In addition, the nonplanar

transition state at an energy of 3.59 eV reported above provides

another source of anharmonicity.

The vibrational wavenumbers and rotational constants of the
different isomers were calculated at the B3LYP/6-31G(d) level
recommended by Scott and Radrand were scaled according
to their prescriptions. On the basis of these results, the rovibronic
density of states of the8,F" fragment was calculated by the
direct count method, using a BeyeBwinehart routing-5°
modified by us to take into account the anharmonicity detected
in many oscillators. Rovibrational densities of states were
calculated separately for the singlet state and for each of the
two triplet isomers. The resulting energy-level density functions
were then simply added to generate a final rovibronic function,
which was then injected into eq 3.1. However, the energy gap
between the singlet and triplet states is fairly large (of the order
of 1.5 eV). Therefore, the total rovibronic energy-level density
was found to be only slightly higher than the rovibrational
function pertaining to the singlet state alone. Their ratio is equal
to 1.08, 1.27, 1.35, and 1.53 at internal energies of 4, 5, 6, and
7 eV, respectively.

IV. Results

A. Metastable Internal Energy Range.The kinetic energy
release distribution for 1,148,F,* — C,H,F" + F measured
in the metastable time window is displayed in Figure 1. The
average kinetic energy release is equal to 0878002 eV. A
bimodal behavior is clearly seen, with a narrow low kinetic
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Figure 1. KERDs in the metastable window. Solid line: experimental
data (with error bars). Dashed line: fit using the maximum entropy
method either with three constraints for the second component (a) or
with a reverse potential barrier (b). Dotted line: low kinetic energy
contribution. Dasheddotted line: higher kinetic energy contribution.

tional energy releases, the experimental KERD has been
modeled as a sum of two contributions:
P(e|E) = fP(¢|E) + [1 — fIP"(€|E) (4.1)
According to a previous work of Fati et &! two models have
been tested. In both cases, the low energy compoRalE),
is simply given by the maximum entropy method expression
(eq 3.2) with a single constrain'(¢). The Lagrange parameters
are assumed to remain constant in the limited internal energy
range sampled. The high energy contributid®(¢|E), is
expressed in a different way in both models, as explained below.
The comparison of both approaches is expected to assess the
robustness of our results.

The distributionP(¢|E) given by eq 4.1 has to be averaged
over the internal energy distributiof(E) (eq 3.5). The resulting
KERD is then fitted to the experimental data usingy&
minimization procedure. In this way, we deduce the relative
weight, f, the constraintsA/(¢), and the Lagrange multipliers,
A(E). Very different initial values of the fitted parameters were
tried in each case, and it was checked that all initial conditions
converged to the same optimal set of parameters. This ensured
that the global minimum of thg? multidimensional surface was
found.

(i) First Model: Introduction of Additional Constraint#\s
already mentioned, the maximum entropy expression (eq 3.2)
converges to an exact distribution if the number of constraints
is infinite. In this first model, we used this expression R(e|E)
with the minimum number of constraints necessary to reach a
good agreement with the experimental data. This model does
not imply any assumption about the physical origin of the larger
width of the high energy component.

The best fit is shown in Figure 1a. A single constraii &
€12) allows us to reproduce the narrow component of the KERD,

energy component and a wider higher kinetic energy componentwhereas three constraints'g, e, ande?) are needed to get a

starting ate ~ 0.05 eV. The reproducibility has been tested

good quality fit for the wider component. Actually, this fit needs

with regard to both the experimental data and the data handlingthree constraints to convert the asymmetric prior distribution
procedure (see the Experiment section). Starting from the into a more or less symmetric bell-shaped distribution. Such
hypothesis that a bimodal distribution results from the super- Gaussian-like distributions have already been observed when a
position of two phenomena characterized by different transla- reverse activation barrier governs the dynamfés:>2Table 1
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TABLE 1: Maximum Entropy Analysis of the KERD 124

Recorded in the Metastable Time Window¢ %41T®
bE, i it 104 -
model f o(ev) F (ev) F' (ev) 08 N\ 0.2
model with three constraints  0.53 0.94 0.044 0.42 0.106 0.1 2y é
model with a barrier 0.65 0.04 0.98 0.049 0.44 0.122 (g 2
\ T T T T T T 1
afis the weight of the KERD narrow componehg, is the amount 0.4 N ot 2) 3 45 Bpdy
of the reverse potential barrier directly converted into relative trans- =
lational energyF and [é[Jare, respectively, the ergodicity index and 0.2 \\ _
the average kinetic energy release at the average internal efiergy ( ’ o N
0.17 eV), for either the narrow component (low kinetic energy, 1) or Y Dt
the wider component (high kinetic energy, h). ’ T )
0 1 £ (eV) 2 3
1.0 —— metastable KERD Figure 3. Non-deconvoluted KERDP'(¢), recorded with the He(l)
resonance line, as a function of the kinetic energy released on both
large energy range convoluted KERDs : fragments¢ (see eq 2.4). Solid line: experimental data (with corre-
__:: ::E:; ::22:::22 :::2 sponding error bars). Dashed line: maximum entropy fit using eq 4.6
with Aiq = 2. Dashed-dashed and dashedotted lines: components
0.5 corresponding to, respectively, the dissociation from the ground ionic
state and the fast, nonstatistical dissociation. The inset shows the
corresponding internal energy distribution. The arrows indicate which
energy range contributes to which part of the KERD.
00-¢ - same origin, whereas the high component is slightly larger for

1
0 1 € (eV) 2 the He(l) resonance line. On the basis of previous literature
Figure 2. Comparison of the experimental KERDs obtained in the datal=2we made the hypothesis that the low translational energy
metastable window and using dissociative photoionization. To facilitate component comes from dissociation via the ground electronic
the_ comparison, the maximum of each distribution has been scaled tostate, whereas the high translational energy component results
unity. from a fast, nonstatistical dissociation taking place on an excited
electronic state. This hypothesis will be substantiated by ab initio
calculations presented in section V. We now show how both
contributions of the KERD could be separated.
(i) Second Model: Introduction of a Rerse Actiation We first had to decide at which internal energy the assumed
Barrier. The experimental distribution shows a shoulder rear nonstatistical process starts. It is clear that its onset should occur

= 0.05 eV: that is, the influence of the second contribution is Pelow 2.5 eV (measured from the lowesbHoF" + F
likely to begin at this kinetic energy. In additioR(¢|E) is dissociation asymptote), since it affects the KERD with the Ne-

wider thanP(¢|E). This seems to indicate a reverse barfgy, () resonance line. Moreover, the breakdown curve fgi*
from which a fraction equal tbE, is systematically converted from _l,l-dlfluoroethene decreases between 0.5and 1.15eV and
into translational energ§? We assumed therefore that the then increases agairt,and an early study noticed the appearance

distribution P'(¢|E) is shifted bybE, toward higher kinetic ~ ©Of @ structure in the KERD beyond this enefgfbove 4.75
energy and is given by the piece-wise defined equation eV, the breakdown curve decreases rapidly as new dissociation

channels open up, leading to further H or F loss froghl{£+.4
Accordingly, our model assumes that vibronic states located
between 1.15 and 4.75 eV can lead either to the vibrationally
excited electronic ground state via internal conversion or directly
to the fragments.

The KERD is thus modeled as the sum of two contributions.

The fit of the experimental curve with this model is presented The internal energy range is divided into two parts, as shown
in Figure 1b. The best fit occurs @' = €2 andAh = €22, in Figure 3. The first part below 1.15 eV and above 4.75 eV
We see that this model is also able to describe reasonably wellcorresponds to excited parent ions that rapidly convert to the
the KERD. However, the quality of the fit is worse than that 9ground electronic state. The second part is related to an energy
for the first model, because it introduces an unrealistic discon- 'ange, between 1.15 and 4.75 eV, where parent ions have a
tinuity. Nevertheless, the model provides an estimate of the Probabilityp(E) of decaying to the ground electronic state prior
fraction of the reverse barrier converted into translational energy, to dissociation and a probability-1 p(E) of directly dissociat-
which is found to be equal to about 0.04 eV. Table 1 shows a NG
satisfactory agreement between both models used to analyze The KERD is then written as
the metastable KERD.

B. Higher Internal Energy Range. Figure 2 displays
metastable data together with the non-deconvoluted KERDs

obtained by dissoci_ative p_hotoionizatio_n wi_th either the He(_I) where Py(¢|E) and Pq(¢|E) respectively refer to dissociations
or Ne(l) resonance lines using the retarding field method (section from the electronic ground state and to direct dissociations from

[1B). As expected, much wider KERDs are obtained by photo- 51 excited state. The branching rati(E), is equal to
ionization compared with the metastable data because the sam-

pled internal energy is much broader. These KERDs are also
clearly bimodal and look similar. Because the low translational
energy components are almost identical, they should have the

presents the parameters deduced from this fit (weidht,
ergodicity indices, and average kinetic energy release for each
KERD component).

P(e|E) =
0 whene < bE,
P%e — bE,|E) exp[-4y" — 4," A,"(¢ — bE,)] when kE, < e <E
(4.2)

P(e|E) = f(E) Py(€elE) + [1 — f(E)]Py(<[E)  (4.3)

1 whenE < 1.15eV orE > 4.75 eV

f(E) = {p(E) when1.15ev< E <4.75ev (44
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209 . TABLE 2: Maximum Entropy Analysis of the KERDs
) Ne(l) : Obtained by Dissociative Photoionization at Fixed

—--- dissociation via ground state Wavelength (Ne(l) and He(l) Resonance Lines)
—-—-— prompt dissociation process

\ He(l) : resonance [E0 constraint e[ (e[

- digsociation via ground state :
—— prompt dissociation process line (ev) Ag€) P B0 Fy (V) Fa (eV)

104 N\ Ne() 15 €2 052 065 0.99 029 0.07 0.79
Ne() 15 e 055 0.67 0.98 0.30 0.07 0.80
He(l) 3 &2 061 074 099 041 022 0.89
He(l) 3 € 0.61 0.74 099 0.41 0.21 0.92

a [frepresents the weight of the KERD low energy componers.
the fraction of ions in the internal energy range 4575 eV that
decay to the ground electronic state before dissociakirand(¢(Jare,
0.0 05 £ (eV) 1.0 15 respectively, the ergodicity index and the average kinetic energy release
at the average internal enerd¥L] for the narrow (g) and wide (d)
components of the KERDs.

1.5 -

v

0.5

0.0

Figure 4. Deconvoluted KERDs for the dissociative photoionization
experiments. This figure shows the decomposition into a statistical and

a fast nonergodic component. 124
As usual,P(e|E) must be averaged ovayE) to give P(c). 1.0 =
= hv—14.24eV, _. 08+ .-
Pe)= [ “TH(E) Py(elE) + ., -
[1 — f(B)]Py(¢|E)} T(E) dE (4.5) &
0.4 -

Pe) = [*"P(elE) T(E) dE + 02

hv—14.24eV, _

4.75eV Pg(dE) T(E) dE + 00 T T T T

4.75eV 0 2 4 6 E(eV)

1.15evp(E) P9(6|E) T(E) dE + Figure 5. Average kinetic energy release as a function of internal

4.75e\r energy (defined with respect to the lowest dissociation asymptote).
1.15ev[1 — P(E)] Pd(ElE) T(E) dE (4.6) Sandg-)gljléss and diamond: pnarrow and wide component in the %e?astaz)le
range. Filled circles: TPEPICO data of Ba et at* Solid and dashed
The first three terms represent the ground state dissociationdotted lines: Ne(l) and He(l) statistical dissociations from the ground
contribution, whereas the direct, prompt dissociation is described State (the displayed data correspond tg # €'). Dashed and dotted
by the fourth one. In egs 4.5 and 418; is the energy of the lines: Ne(l) and He(l) nonstatistical fragmentations from excited states.

resonance line used and 14.24 eV is the appearance energy of . o
the GHoF* fragment. KERD. The deconvolution procedure narrows the distributions

Py(¢|E) and Py(e|E) are given by the maximum entropy and, hence, increases the inten_sity of Ffach component, especially
method (eq 3.2). The distribution given by eq 4.6 is then the low energy one. The relative Welght.of each component,
converted into a velocity distribution which is convoluted with OWeVer, is unaffected by the deconvolution step, as expected.
the thermal velocity distribution (see Experiment section 11B).  Note also that the shoulder observed in the metastable KERD

The resulting distribution is converted back into a KERD that around 0.05 eV is not at all resolved in the dissociative
can be directly compared with the un-deconvoluted experimental Photoionization experiments because of the convolution with
data. This procedure allows us to deduce the parameters of eghe thermal distribution.
4.6: p(E), Lagrange multipliers, and constraints. Figure 5 shows the average translational energy cuR/igE),

For the low kinetic energy component, one constraint is deduced from all available distributions and from experimental
sufficient. The data do not allow us to decide betwe¥hand data determined by Glue et al. using a TPEPICO technique

¢, as already observed in the case of the pyridine ion dissocia-coupled with a TOF spectromettrThe Ne(l) and He(l)
tion.28 For the high kinetic energy component, two constraints resonance lines curves are fairly consistent. Moreover, there is

(¢¥2 and€) are necessary. good agreement between the TPEPICO data points and our
Different trials have been performed: constant or linear curves for a dissociation process via the ground state at low
dependence fop(E) and the Lagrange multipliers, possibility ~€nergy and between the TPEPICO results and our curves for a
of direct fragmentations in the lowedE < 1.15 eV) or highest ~ prompt dissociation at higher energy. This is an important
(E > 4.75 eV) energy ranges. All parametrizations lead to Validation of our model, since the analytical form fefe|E) of
similar results so that the discussion will be based on the eq 4.3 is able to account for the considerable increasél()
simplest situation with constant parameters. A typical fit to the in the internal energy range investigated in the present and
non-deconvoluted experimental distribution is shown in Figure Previous works. Our treatment isolates two processes, whereas
3. Deconvoluted distributions are displayed in Figure 4, and the TPEPICO data provide a global measure which displays a
the fitting parameters are summarized in Table 2. Average Smooth transition between the two regimes.
kinetic energy releases for the global distribution are found to
be equal to 0.4 0.09 and 0.53k 0.06 eV for, respectively, V. Potential Energy Surfaces

he Nel and Hel experiments. The aver val . o
the Nel and Hel experiments. The average valué(iof Several explanations can be a priori proposed to account for

o the bimodal nature of the KERDs that has been observed

= j; f(E) T(E) dE (4.7) experimentally in both the metastable and high energy regimes.

The participation of electronically excited states in the reaction

is actually the weight of the low energy component of the mechanism, possibly as an example of “isolated state
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interaction. Consequently, the F atom and th&l4+ cation
can form a weak complex in a very extended region of
coordinate space, as illustrated by the unexpected motion of
the fluorine atom along the minimum energy path (Figure 6).
Insight into the pattern of the potential energy surfaces of
the 1,1-GH,F," molecular ion has been obtained by different
techniques, highlighting different regions of configuration space.
First of all, the photoelectron spectréhiFigure 7) has been
reinterpreted using ab initio calculations at the equilibrium
geometry of the neutral molecule, to determine the energies of
the vertical transitions. The results, presented in Table 3, confirm
the assignments previously proposed by Bieri et al. based on
many-body Green function calculatioffsin addition, some
evidence in support of electronic predissociation can be found
in the vibrational structure of the first excited statéB4
Ab initio calculations at the QCISD level were performed to
determine the equilibrium geometry of the ground state and three
low-lying excited electronic states as well as their respective
.. dissociation asymptotes. The equilibrium geometries are sum-
Figure 6. Optimized geometries defining the minimum energy path marized in Table 4. Note that the equilibrium CF bond length
of the dissociating cation for selected—€ distances, in the third is larger in the neutral molecule than in théBX and A2B,
diabatic state, that leads to F in 8, state (UQCISD, 6-31G**(5d) jonic states. Moreover, the geometries of th#ABand FA;
basis set). states, optimized in th€,, point group, do not correspond to
E (eV) scaled from the dissociation asymptote minima but correspond to transition states as confirmed by the
4 2 0 2 4 6 negative eigenvalue of the Hessian at the MP2 level.
} f } f } } Getting insight into the potential energy surfaces far from
the nuclear equilibrium geometries implies investigating the
occurrence of surface crossings, that is, the existence of
nonadiabatic interactions. Their study requires less conventional
computational techniques. Crossings between potential energy
surfaces can be studied by CASSEgalculations. Three conical
, , ) \ intersections have been identified using small active spaces,
10 12 14 16 18 20 either CAS(3,3) or CAS(3,4), with the constraint of remaining
E (eV) scaled from the ground state of the neutral molecule in the_CZU po?nt group. Thgse conicgl intqrsectiops in\fowed the
Figure 7. He(l) photoelectron spectrum of 1,1-difluoroethene. fOHOV\L'ng pairs of electronic states: {(By/A%B;), (A’B2/B?A),
and (Anglcsz)
decay9-185457 can be postulated as a likely explanation.  Though the nuclear geometries corresponding to the seams
Electronic predissociation provides a variant of this mechanism. of these intersections are highly distorted, none of them actually
As an alternative explanation, the presence of a reversecorrespond to a dissociating structure because alF ®ond
activation energy barrier along the reaction path can be lengths remain within a 2015% variation range with respect
envisaged. Gentry and Gié8éave shown that the long-range  to the equilibrium geometry. The search for crossings between
interaction between a positive point charge and a fluorine atom the electronic states along the-€ dissociation pathway was
in its 2Py, state is characterized by a potential barrier of the then performed at the UQCISD level in a region where one of
order of 0.05 eV. Since two doublet states can be correlatedthe C—F bond lengths was equal to or larger than 1.7 A. At
with the2P3, state of the fluorine atom, this barrier occurs along such geometries, the electronic density of the dissociating
the third doublet state. Ab initio calculations at various levels fluorine is clearly emerging, which greatly facilitates the
of sophistication have shown that the hump persists in the convergence on the four chosen electronic states, that is, two
potential energy curve of the28 state of HF (0.07 eV at the 2A" and two2A’, correlating respectively with 38, and T?A,
QCISD(FC)/6-31G** level). However, it strongly decreases on one side, and with ; and CB; on the other side. These
(=0.02 eV) when the positive ion isH,F" and the shape of  calculated states are in fact diabatic, since the calculation is
the energy curve in the region of large-€ distances presents  based on a monodeterminantal zero-order wave function. In the
some kind of a plateau. As a matter of fact, due to the overlap present case, the computations reveal a crossing between the
of their electronic clouds, the interaction between F and the two ?A" states, which would not occur between adiabatic states.
cation is more complicated than a mere -auadrupole Adiabatic and diabatic states are known to coincide far away

peshe

TABLE 3: Ab Initio Calculations of the Vertical lonization Energies (eV) of 1,1-C,H,F; at Different Computational Levels

X2B,; A2B, B2A; 2B, D2A, E2A, F2B, GB, H2A,

SAC-CI 10.16 14.79 15.53 15.74 16.08 18.33 18.31 19.88 21.82
6-31G(d)

SAC-CI 10.38 15.05 15.82 16.08 16.43 18.52 18.70 20.20 22.08
6-311G(d,p)

SAC-CI 10.51 15.14 15.95 16.17 16.57 18.70 18.79 20.25 22.26
6-311+G(d,p)

MP2 10.20 15.15 15.66 16.33

QCISD 10.11 14.53 15.43 15.85
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X’B, geometry

v

reaction coordinate (Cg)
(i.e., C-F1 stretch and
C-C-F2 bending)
Figure 8. Scheme of the potential energy surfaces of 1L.H-€," in the Cy,, point group (left), corresponding to the initially populated Franck
Condon zone, and along the F loss dissociation coordinate (figlpipint group). Double arrows link correlated states in both parts of the graph.
The horizontal line corresponds to the energy of the lowest dissociation asymptote. The dashed lines represent tRA 'tistaddis. The empty

circles refer to the vertical ionization transitions, and full squares indicate the stationary points (equilibrium geometry or saddle paligdepen
on the electronic state).

»
L

C-Fin Cy,

TABLE 4: Stationary Points of the First Electronic States of
1,1-GH,F,* Detected by the ab Initio Calculations C,,,
QCISD, 6-31G**(5d) Basis Set)

TABLE 5: Vibrational Wavenumbers of the
1,1-Difluoroethene Cation Calculated at the MP2 Optimized
Geometries in theC,, Point Group?

neutral »B; A2B, B2A,(TS) DPA,(TS) X2B, A2B, B2A; DA,
c-CA) 1.33 1.42 1.33 1.40 1.31 & 582 546 513 448*
H—C (A) 1.08 1.08 1.16 1.10 1.08 981* 1051* 969* 826*
F—C (A) 1.33 1.27 1.29 1.30 1.41 1479 1173 1158 1415
H—C—H (deg) 121 122 78 144 121 1653* 1793 1529* 2088
F—C—F (deg) 110 115 116 120 99 3264 2849* 3003 3258
2 They correspond to equilibrium geometries for statesnd Aand & 382 893 597 844
to saddle points for States &d D by 646 336 223 643
. . . . 911 698 685 1138
from a region of strong nonadiabatic coupling, but they adopt 419 322 i 1267 i 4304
a very different behavior in the coupling ar&a®* Adiabatic 1039 614 606 412
states diagonalize the electronic Hamiltonian. A meaningful 1602 1468 1262 955
calculation requires the use of a multideterminantal wave 3408 2328 3197 3366

function (MCSCF, CASSCF, MRCI, ...). Diabatic states, onthe  2The active modes in the photoelectron spectrum are denoted by an
other hand, are expected to remain unchanged as the couplingsterisk.
region is crossed. To compute them, the procedure adopted here
consists of generating a QCISD potential energy curve basedvibrational wavenumbers for the different electronic states are
on a UHF calculation carried out for the electronic state under gathered in Table 5. We now briefly describe the key charac-
consideration. teristics of each electronic state as well as their mutual
According to these calculations, a general scheme of the interactions.
potential energies of the first electronic states is presented in  A. The X2B; Ground lonic State. This state correlates
Figure 8 and described hereafter. Two situations are displayed.adiabatically with the lowest asymptote ®CF"(*A;) + F(P)
The left-hand side of the picture correspond€£tp geometry, but correlates diabatically with the second asymptote at 1.47
that is, to the vicinity of the equilibrium geometry of the neutral eV (above the lowest one) where theGCF" fragment is in
molecule: this is appropriate to analyze the photoelectron its 3A"" state. The BA, state presents the opposite behavior: it
spectrum. The right-hand side describes the situation along thecorrelates adiabatically with the;ACF" fragment in its triplet
reaction coordinate, in th€s point group: this corresponds to  state while diabatically correlating with the lowest asymptote.
the dissociation process. The correlation between equivalentThe equilibrium geometry of the 28, state corresponds to the
states is shown by arrows. This figure summarizes the mostC,, point group. Its dissociation energy at the QCISD level is
salient theoretical results and will be used as a reference toequal to 4.22 eV. The associated photoelectron band shows
interpret the experimental data. In addition, the calculated mainly two vibrational progressions with wavenumbers equal
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to 806 and 1613 crt. According to the geometrical changes 20+ low component of the

upon ionization (see Table 4), the two normal modes corre- experimental KERD :

sponding to these frequencies involve several internal degrees 157 fpms, 77 constraints model

of freedom, mainly the €C and C-F bond lengths and the

H—C—H (or H—C—C) valence angle.
B. The A?B, Excited lonic State. This state is stable and is 5- e

—— OTST KERD

characterized by a deep minimum in the potential energy surface. e
At the QCISD level, it lies 0.138 eV below the first asymptote. T T 1
It correlates with the higher asymptoteHGF+(3A’) + F(P) 0.00 0.05 010 &(&V) 0.15

calculated to be at 5.23 eV from the lowest one. An unexpected Figure 9. Narrow component of the KERD in the metastable
feature of its equilibrium conformation is the smallness of the domain: comparison between the maximum entropy fits (obtained either

using additional constraints or a reverse barrier to describe the second,

HCH angle, equal_ to 78 . . broader component) and the OTST prediction. The fluorine atom
The corresponding photoelectron band is characterized by an,arizapility is taken equal to 0.557 3&° the internal energy

extended vibrational progression, with some irregularities that gistribution is given by eq 2.1, and the total angular momentim,
suggest nonadiabatic interactions leading to internal conversiondistribution is provided by the rotational distribution of the parent ion
and possibly to fast predissociations. As already mentioned, threein the spectrometer source at 10.

intersections (not shown in Figure 8) involving this state were L . o

found, with the lowest one lying about 0.5 eV above the lowest The ergodicity index (eq 3.4) is equal to 96 2%: the
dissociation asymptote and involving the fundamental state Mechanism that generates this part of the distribution is almost
X2B,. The vibrational mode able to induce the electronic ergodic. Phase space theory in its orbiting transition state version
transition is the unigque,amode that corresponds to twisting (OTST) models KERDs f_or ionic barrierless (_jlss_omatlons at
the CH group around the €C bond. This intersection may be 10w energy?%:506568 In this theory, the combination of the
responsible for the irregularities detected in the vibrational fotational {) and orbital {) angular momenta generates dis-
structure of the second photoelectron band between 14.6 andsociation channels with alrdependent transition state located
14.8 eV. The other intersections are calculated at about 1.5 at the orbital potential barrier. The probability of releasing a
2.0 eV above the asymptote and respectively involve thie; B kinetic energyg, is directly linked to the number of channels

and CB, states. with a reverse orbital barrier smaller than
C. The B?A; Excited lonic State.No actual minimum can Figure 9 shows the calculated OTST KERD together with
be detected by ab initio calculations. Within g, point group, the narrow component of the experimental KERD for both fitting

the calculated stationary point happens to be a saddle point.M0dels (see section IVA): there is satisfactory agreement for
The eigenvector connecting it to the minimum belongs to the the fl_rst moment of the three distributions. The average OTST
b, representation and distorts the system to@gpoint group. klnet|<_: energy released is equal to 0.055 eV, compared to the
This is understandable, because TRA Bstate has been shown €Xperimental values of 0.044 and 0.049 eV (see Table 1). This
to be coupled to thé B, state and is close t0%8,. Thus, the agreement and_ the _ergodic_ity index close to 100% suggest that
stationary point is in fact a funnel (also termed a “Bern _the corr_espondmg_d|SSOC|at|on takes pIa(_:e alongamonotonlcall_y
Oppenheimer hole”) in the potential energy surface. increasing potential energy surface. This component can obvi-
D. The C2B, Excited lonic State. The B, state is ously be related to a reaction on the lowest adiabatic dissociation
diabatically correlated with the lowest dissociation asymptote. Pathway. o
lts geometry and its vibrational frequencies were not calculable ~ (2) Large Component of the KERDhe high kinetic energy
at the QCISD level because this state has the same symmetnFOMponent (see Figure 1 and Table 1) is characterized by a
as the /&B, state. much lower ergodicity index, of the order of 40%. The average
E. The DA, Excited lonic State.Within the Cy, point group, kinetic energy release is larger than the st§t|st|cal expectation,
the stationary point obtained at the QCISD level turns out to fePresenting about 60% of the total available energy. This
be a saddle point. It lies at 1.603 eV above the lowest Suggests thatthe dissociating ion samples repulsive parts of the
dissociation limit. The eigenvector associated with the negative Potential energy surface at large interfragment separations. In
value of the Hessian also belongs to thedpresentation. The other v_vords, some kind of reverse activation barrier could k_)e
search of the minimum was done at the CAS(3,3) level and led OPerating. The good agreement between both data handling
to a structure where one of the CF bonds was equal to 1.58 A Procedures displayed in Figure 1 supports this hypothesis.
From a limited number of calculations at the QCISD level with _ AS an additional test, we applied the method developed by
a very loose convergence threshold on the UHF wave function Z8Mir and Levine to analyze the origin of the fragment
to prevent variational collapse, it appears that the minimum translational energ$? Assuming that the released kinetic energy

could be as low as 1.6 eV under the first asymptote. originates from both the reverse barrié,, and the excess
As schematically illustrated in th€,, part of Figure 8, nonfixed energy,E — E,, and that these contributions are
crossings between 2., and the two BA; and CB, states independent, the average kinetic energy can be expressed as
nearby are found for not very large—& distances, that is,
between 1.4 and 1.45 A. (E) = a(E — E,) + bE, (5.1)
VI. Discussion According to the barrier modehE, is estimated at 0.04 eV
A. Metastable Internal Energy Range.(1) Narrow Com- (section IVA). The knowledge of the Lagrange multipliers,

ponent of the KERDThe narrow, low kinetic energy KERD  provided by the maximum entropy analysis, allows us to
component is best fitted fdn'Ay' = (3.5+ 0.9)'2 The positive reconstruct an experimenta(E) curve and to fit it to eq 5.1
value of the Lagrange parameter means that the actual distribu+o find a andEy. This analysis leads @@= 0.53 andg, = 0.05

tion P'(¢|E) is narrower than the prior distributid®?(¢|E). This eV. For both the reverse barrier and the nonfixed contribution,
observation and the nature of the constraigt?( are not a significant part of the excess energy flows into the translational
unexpected for simple barrierless bond cleavage reacidfé® degree of freedom.
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A first possible explanation for the presence of a reverse ground state. This corresponds to the low kinetic energy
activation barrier is provided by Gentry and Gié%aho studied component of the KERD, for which the ergodicity index is very
the interaction between a point charge and a fluorine atom, asclose to 100%. Note that this process is even more statistical
already discussed in section V. However, for the reaction studiedthan in the metastable range. As we already suggested in
here, the corresponding reverse barrier nearly disappears.  previous studie3®45this could be due to the internal conversion

The potential energy surfaces depicted in Figure 8 suggestprocess itself. At high energy, the system has to undergo many
an alternative mechanism. As seen on the right-hand side ofnonadiabatic transitions to reach the ground state, leading to a
this figure, a nonadiabatic interaction takes place along the significant sampling of the phase space associated with the
reaction coordinateds symmetry) between the two lowe’t” nuclear degrees of freedom. _
ionic states. In addition, crossings wii' states occur at larger During the fast, nonstatistical decay process, a substantial
distances. We suggest that the observed bimodal KERD reflectstransfer from potential energy to translational energy occurs.
the competition between the adiabatic and diabatic dissociationHowever, because the CCF angle isHgF" must evolve from
pathways. its initial value of 128 in the reactant region to its asymptotic

For the metastable dissociation, the average internal energyValue of 180 (Cz, geometry), the curvature in the reaction path
is 0.17 eV above the dissociation asymptote. In other words, IS Significant, and only a fraction of the available energy is
both the ¥B, and the /B, states can be accessed. Internal '¢léased as kinetic energy, with the rest remaining trapped in
energy conversion is, however, much more rapid than the the internal degrees of freedom of the fragments. The ergodicity
microsecond time scale dissociation. Remember that a conicallndex (Table 2) is very small at an average internal energy of
intersection involving these states has been foundCin ~ 1-5 €V (Ne(l) experiments). It is seen to increase at higher
geometry. The fragmentation process can thus be assumed tdternal energies, possibly reflecting the fact that additional
take place from the ground2R; state, which corresponds to ~ €lectronic states become involved.

X2 in CS_ symmetry. From this state, two m_echa_nisms are || Summary
possible (Figure 8). If the system follows the adiabatic pathway
that directly leads to the lowest F loss asymptote, it samples a

monotonically increasing potential energy surface, giving rise Combinina th + of Kineti | distrib
to the statistical narrow component discussed in the previous -0mbining the measurement of KINElc energy release distriou-
tions in two very different energy ranges with the maximum

subsection. The diabatic pathway, on the other hand, leads to a o X . .
higher-lying asymptote, not accessible wih~ 0.17 eV. entropy method and ab initio calculations provides us with new
Interaction with the repl,JIsivéA' states, however, may induce information on the dissociation mechanism. In both kinds of
a transition leading eventually to the ground state fragments. S.XF’e”Fnﬁms ;mte‘?‘“?‘b'te. ng[g\END:\"ﬁD ?/ Otﬁ e}l/ESr[')d

When the system follows this latter pathway, it experiences a 'SS%(.:'a 'gelp 0 0|on|tga quﬂ VtVItvv - .h e ), the - Sl d
repulsive potential at long interfragment distances: this favors aré bimodal, suggestng that two mechanisms are invoved.
the release of relative translational energy. In addition, the Altogether, the proposed explanations for this behavior in both

diabatic pathway is favored by large nuclear velocity compo- mternallenergy regimes are con3|sten.t V.V'th eaph ot.her. .
nents along the reaction coordinate. This also contributes to The first component is due to a statistical adiabatic reaction

- T oo ) :
larger kinetic energy releases than those predicted by statistics TO™M the ground ionic state of 1,18,F,", X°B,. This state is
. . . . adiabatically correlated with the lowest dissociation asymptote,

B. High Internal Energy Range. As explained in section

1 o . L . ;
IVB, we have assumed that, at low internal energy, ions relax HCCF'(*A1) + F(*P). Dissociations taking place along this

i . L adiabatic channel give rise to a narrow KERD component
to t_he ground electronic state and dissociate in the same manneEorresponding to low kinetic energies. They display the usual
as in the metastable experiment.

o o properties of a simple bond cleavage KERD, in particular, a
Beyond an energy of 1.15 eV, however, initially excited ions - giatistical sampling, close to 100%, of the available phase space.
can either decay to the ground state by internal conversions or  The %2 L state is also diabatically correlated with an excited
directly dissociate from a repulsive state. In the right-hand side gtate of the fragments. A diabatic dissociation pathway from
of Figure 8, ab initio dissociation channels are drayvn. This this state crosses the repulsii/éﬁﬁ and CB, states A" in Cs
suggests that fast fragmentations may take place from#he B symmetry) during the fragment receding motion. This channel
state or from the &B; state that correlate with steeply decreasing g suggested to be responsible for the second component
?A' dissociation channels. We found that #34% of the ions  ghserved on the microsecond time scale. This process is favored
whose energy lies between 1.15 and 4.75 eV undergo directyy |arger nuclear velocities along the reaction coordinate and
dissociation (1— p(E) in Table 2). is therefore nonstatistical with an ergodicity index close to 40%.
This phenomenon is probably related to the bimodal pattern  |n the photoionization experiments, the second and third
of the breakdown curve for the fluorine atom loss from ionized excited electronic states28; and GB, are reached in the
1,1-difluoroethené:? The first increase of this curve is logically  Franck-Condon zone about 1.75 eV above the lowest dissocia-
brought about by the rate constant increase with energy, andtion asymptote, but they are correlated with the latter at large
the first decrease is explained by the appearance of otherinterfragment distances. They are therefore repulsive along the
fragments (CFH" at 0.44 eV, CEH* at 0.63 eV, and CFat dissociation coordinateds symmetry). The broad, bell-shaped,
0.68 eV, with respect to the F loss asymght&his reflects a  high kinetic energy component of the KERD recorded under
statistical, RRKM-like, behavior. By contrast, the second dissociative photoionization conditions results from a direct
increase in the @F* + F breakdown curve cannot be dissociation from these states, prior to energy randomization,
interpreted by statistical theories: the presence of states thathat is, from a conversion of potential into relative translational
are repulsive along the-cF dissociation coordinate favors the  energy of the fragments.
loss of F compared with other channels. As can be seen from Figure 3 and from the data of Table 2,
As shown in Table 2 for the dissociative photoionization the internal energy distributions accessed by our experiments
experiments, about 70% of the ions dissociate in a statistical cover mainly the 6-5 eV range (measured with respect to the
way via prior internal conversion to a vibrationally hot electronic C,H,F™ + F dissociation asymptote). This corresponds, in

Already a long time ago, the fluorine atom loss from 1,1-
C,H,F>* had been suggested to be a nonstatistical process.
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TPEPICO experiments, to a photon energy lower than 19 eV.

Our analysis is thus basically limited to this internal energy

domain. Larger internal energies are sampled with lower

probabilities. In other words, our work does not provide us with

information about consecutive reactions that take place above115
t .

19 eV* and are therefore not expected to play an importan
role under our experimental conditions.
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