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A global ground-state potential energy surface for the dissociation reactions of difluoroethylenes (DFEs) was
computed by B3LYP and QCISD calculations, using the standard 6-311G(2d,2p) basis set. RRKM calculations
were performed to compute relative abundances of hydrogen fluoride (HF) and molecular hydrogen produced
from 1,1-DFE and from 1,2-DFE (cis and trans) at energies ranging from 110 to 180 kcal nelative to

the zero point energy of 1,1-DFE. Thermal rate constants were also evaluated by the variational transition
state theory for temperatures in the range 125800 K. Both theoretical methods agree that, at the energies
and temperatures studied, the main channel for HF elimination from 1,1-DFE is through a four-center transition
state, whereas for 1,2-DFE the process occurs through a direct three-center elimination. At the energies studied,
the RRKM method predicts that the main channel for molecular hydrogen elimination from the DFEs goes
through a three-center transition state that connects 1,1-DFE with products.

Introduction and between the associated exit barriers led Sato ®taal.
I<:onc|ude that HF is mainly produced through the four-center
elimination channel. Recently, this conclusion was corroborated
by a direct dynamics study in which the potential energy surface
was computed by a semiempirical AM1 Hamiltonian modified

There has been considerable experimental and theoretical
work devoted to characterizing the photodissociation dynamics
of fluoroethylened: 17 Several methods were used to excite the
target molecules to energies at which molecular decomposition o ’
cargl] take place. Pulsed s:I{Jltraviolet light from a flash IaF;np or by specific r_eactlon parameters (AM1-SRP).
laser were often employed to promote excitation to a higher For 1,1-difluoroethylene (1,1-DFE), only four-center HF
electronic state. The subsequent photofragmentation is expecte@liminations can take place, assuming that 1,2 migration of H
to proceed primarily from a highly excited ground electronic @nd F atoms is not facile. For 1,2-difluoroethylene (1,2-DFE),
state, formed by internal conversion or intersystem crossing from Nowever, both the four- and three-center HF eliminations can
the initially excited electronic state. This is supported by the Occur. Watanabe et akeported vibrational distributions of HF
fact that similar results were obtained whether infrared mul- Produced by Hg-photosensitized reactions of fluoroethylenes.
tiphoton excitatiod or Hg photosintetizatichi is used. Fur-  1hey found that for 1,1-DFE the fraction of the available energy
thermore, the forms of the product translational energy distri- that goes to HF vibration is much higher than the statistical
butions obtained for the photodissociation of fluoroethylenes ©ne, whereas for 1,2-DFE the corresponding fraction is closer
also indicates that direct dissociation from the excited electronic 0 that predicted by statistical calculations. Similarly, Lee and
state is unlikely:213 co-work_eré2 found S|_gn|_f|ca_nt dlfference_s in Fhe product

Among the unimolecular channels that can occur in fluoro- translational energy d|str|bu§|ons for HF ellmlnathn from 1,.1-
ethylenes, the molecular elimination of hydrogen fluoride (HF) DFE and 1,2-DFE. As for vinyl fluoride, these discrepancies
is found to be the most important one. In vinyl fluoride, the Were attributed to differences in the exit barriers and transition

simplest derivative, HF eliminations can be produced from a states for the three- and four-center eliminations. In addition,
four-center or a three-center transition state. Sato &t al. they concluded that the three-center elimination is preferred in

investigated the photodissociation of vinyl fluoride by using 1.2-DFE:?Product energy distributions for HF elimination from
mass-resolved photofragment time-of-flight spectroscopy. Ad- 1,1-DFE cz7alculated by direct classical (and quasiclassical)
ditionally, they performed ab initio MP2/6-31G(d,p) calculations ~ trajectories’ were found to be in good accord with experiment.
to provide further insights into the reaction mechanism of this ~ Apart from the HF elimination channel, Lee and co-workers
system. Their calculations predicted classical barriers of 82.2 also observed eliminations of atomic and molecular hydrogen
and 85.3 kcal moft for the four-center and three-center in the photodissociations of 1,1-DFE and 1,2-DFE at 193 nm.
eliminations. More recent calculations at the QCISD(T)/6-311G- For 1,1-DFE at 157 nm, double bond braking and F atom
(2d,2p) level afforded barriers of about 80 kcal mo{74 kcal elimination were also observed, but the branching ratio for the
mol-including the zero point energy, ZPE) for both chandgls. latter channel was found to be negligiBfeAt 193 nm of
The reverse barriers for the four-center and three-center channel@xcitation, molecular hydrogen elimination is found to be more
are, however, quite different: 52.2 and 9.3 kcal mpl important for 1,1-DFE than for 1,2-DFE. This observation led
respectively, as calculated by QCISD(T)/6-311G(2d,2p). The Lee and co-workef8 to conclude that, assuming that H and F

differences between the three- and four-center transition statesatoms do not migrate, three-centes élimination (from 1,1-
DFE) is apparently preferred over four-center (from 1,2-DFE).

* Corresponding author. E-mail:uscqfemn@correo.cesga.es. Photolysis of 1,2-DFE produces some/€LF, that are faster
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than those from 1,1-DFE, although the corresponding transla- stationary points as minima or saddle points and to evaluate
tional energy distributions are rather similar to each other; they zero point vibrational energies for the species investigated. In
peak at~8 (1,1-DFE) and-9 kcal mol® (1,2-DFE), indicating most cases, we followed the minimum energy path (ME®)
the presence of a small exit barriér. in order to either perform a subsequent VTST calculation or
It is important to remark that the photodissociation studies make sure that a transition structure connects with the expected
of DFE were interpreted with the assumption that H and F reactant and product. The ab initio calculations involved
migrations do not take place. Similarly, for the photodissociation quadratic Cl optimizations including single and double substitu-
of ethylene, the mechanism proposed in most investigations totions (QCISD)3’ and, to obtain more accurate energies, QCISD-
explain the experimental data considered no appreciable hy-(T) single point energies (at the QCISD optimized geometries),
drogen scrambling®2! The comparison between the experi- that is, a triples contribution to the energy was added. All the
mental data and results obtained by RRKM calculations (in electronic structure calculations were carried out using the
which H scrambling was not considered) led Lee and co- GAUSSIAN 98 program packag®.
workerg?=24 to conclude that the dissociation dynamics in RRKM Calculations. Microcanonical rate constantgE)
ethylene may be nonstatistical in nature. By contrast, a recentwere computed for 24 elementary steps involved in the HF and
classical trajectory study suggests that hydrogen scrambling Hz eliminations channels (see Appendix) using the well-known
is significant and, furthermore, that the dissociation of ethylene equation of the RRKM theo?§
occurs at, or near, the statistical limit if the process takes place

in the electronic ground state. Therefore, it seems interesting (E) = oWSE) @)
to explore the possibility of H and F migrations in DFE in order ho(E)

to assess the importance of these processes in the global

mechanism of the DFE photodissociation. whereo is the reaction path degenerabys(E) the total number

The pyrolysis of fluoroethylenes has also attracted the interest Of States at the transition state with energy less than or equal to
of experimentalists, although not as much as the photolysis. E: @1dp(E) the density of states at the reactant. In this work,
Simmie et aP%?” investigated the thermal decompositions of W<(E) andp(E) were evaluated by direct count of vibrational
vinyl fluoride and 1,1-DFE in a single-pulse shock tube for the States using a progréfh based on the BeyeiSwinehart
temperature ranges 1170350 K and 12871482 K, respec- algorithm#° The data employed in these calculations comprised
tively. They found that the principal reaction is the unimolecular the QCISD(T)//QCISD energy barriers and the B3LYP frequen-
elimination of HF. Recently, da Silva et #reported ab inito ~ ¢ies (for TSEVII and TSI-VIIl we used MP2 frequencies,
and DFT calculations for the four-center elimination path of and forct-TS we employed those obtained by CASSCF).
1,1-DFE, as well as rate constants calculated by variational VTST Calculations. Thermal rate constant&(T) were
transition state theory. The calculated rates were found to be in€valuated for all the HF elimination pathways shown in Figure
agreement with those determined experimentally. 1. In all cases the MEP was followed at the B3LYP level of

We thought it to be of interest to perform a theoretical Ccalculation, using the Pagéviclver method* with a step size
investigation on the photolysis and pyrolysis of 1,1-DFE and of0.0l_ bohr and with Hessian calcula_tlons every 10 steps. This
1,2-DFE in order to support and/or clarify the mechanism and step size was small enough to provide convergent results of
main conclusions inferred from the experimental investigations. the thermal rate constants. As in the RRKM calculations, we
Our study is organized in two parts. The first part, which is correct the B3LYP barrier heights with the QCISD(T)//QCISD
presented in this paper, entails three main objectives: (1) aValues. . , L
thorough characterization of the electronic ground-state potential  Within the VTST? we used the canonical variational
energy surface (PES) for the fragmentation reactions of 1,1- transition state theor;l/ g:vﬂvylth small-curvature corrections
DFE and 1,2-DFE, (2) an assessment of the relative importance©" tunnellr:/%S(CSTCT)? “In this scheme, the CVT/SCT rate
of the molecular elimination processes at the excitation energiesOnstantk® (T), can be written as
involved in the photodissociation studies, paying special atten- kCVT'SCT('D . SCT('DkCVT M
tion to the possible implications of the H and F migrations, and K

(3) the evaluation of thermal rate constants for the HF \yhere,SCT(T) is the SCT transmission factor for tunneling and
elimination at temperatures at which successful pyrolysis pf KSVT(T) is the classical CVT rate constant, which is obtained
DFEs may take place. For these purposes, we employed highy,y minimizing the generalized-transition-state rate constant
level ab initio and density functional theory (DFT) calculatidhs, along the MEP. All the CVT/SCT calculations were performed
RRKM calculations? and variational transition state theddy.  \ith GAUSSRATE 8.4 which is an interface between the

The second part of our study will involve the calculation, by rograms POLYRATE 84 and GAUSSIAN 988
using direct trajectories, of product energy partitioning for the

HF elimination (the most important process) in the photodis- Results and Discussion

sociation of 1,2-DFE, which is presented in paper Il. . )
Potential Energy Surface.The global ground-state potential

energy profile obtained in this study for the dissociation channels
of 1,1-DFE and 1,2-DFE is depicted in Figure 1. The numbers
Electronic Structure Calculations. Density functional and in this figure (and the energies reported in this section, unless
ab initio theories were employed to characterize the ground otherwise stated) correspond to the electronic energies (in kcal
electronic potential energy surfaces for the fragmentation mol=?), relative to that of 1,1-DFE, calculated at the QCISD-
reactions of 1,1-DFE and 1,2-DFE. The DFT calculations were (T)/6-311G(2d,2p)//QCISD/6-311G(2d,2p) level of theory. Fig-
carried out with the B3LYP method and the 6-311G(2d,2p) ures 2-4 show the most relevant stationary points optimized
standard basis set. This DFT method combines Becke’s three-with the QCISD method, along with their zero-point energy
parameter nonlocal hybrid exchange potefti# with the (ZPE) corrections obtained by B3LYP calculations, and for the
nonlocal correlation functional of Lee, Yang, and P#rr. transition states the imaginary frequency, too. Following is a
Frequency calculations were then performed to characterize thedescription of the reaction paths comprising the global PES.

Computational Details
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Figure 1. Schematic diagram of the ground electronic state global potential energy surface of difluoroethylenes. The relative energies were calculated
at the QCISD(T)/6-311G(2d,2p)//QCISD/6-311G(2d,2p) level.

Channel I refers to the four-center HF elimination frorans points, together with the ZPE corrections and imaginary
1,2-DFE. The associated transition state is referred teT& frequencies (for the transition states), are shown in Figure 3.
I, where the first (italic, lower case) lettet) (n this acronym Migration of a hydrogen atom iris-1,2-DFE proceeds via
indicates that this structure arises from the trans isomer of 1,2-transition state-TS-ll (CB = 66.1 kcal mot?!) and produces
DFE (t-1,2-DFE). The above transition state connects with a an intermediate species-(nt-111), which in turn may dissociate
van der Waals (complex) minimum (Int-HF), which then to give HF+ FA (CB = 52.0 kcal mot?) or H, + difluoro-
dissociates to HR- fluoroacetylene (FA). Channels of type Il acetylene (DFA, CB= 82.1 kcal mof?). The H atom migration
refer to the three-center HF eliminations from both the cis and from trans-1,2-DFE entails a similar profile. As seen in Figure
trans conformations of 1,2-DFE. As seen in Figure 1, these 1, the relative energies for both intermediates (and those for
three-center HF elimination processes involve several elementaryc-TS-I1l andt-TS-1l) are significantly lower than those for the

steps. The classical barrier (CB) for the first step-i86 kcal transition states and intermediates of channels Il antt1S-|
mol~tin both cases, cis and trans, and the products are the vanthe transition state for the four-center HF elimination). How-
der Waals minima designated here edl-ll and t-11-11, ever, the transition states for the last steps of channels of type

respectively. These two minima may dissociate directly to give Il (especially those involving the elimination of molecular
HF + fluorovinylidene (FV), which then rearranges to form hydrogen) have relative energies substantially higher than those
FA (via TS4-1l), or, alternatively, those minima may evolve for channels | and II.
through transition statesTS2-Il andt-TS2-11 to give a common Migration of F atom froncis-1,2-DFE leads to intermediate
van der Waals minimum, named as 12-Il. This intermediate is c-Int-1V first (CB = 98.3 kcal mot?), and this in turn may
then transformed to Int-HF (the F* FA isomerization occurs  evolve to 1,1-DFE. The two transition states involved in these
in this step), which subsequently dissociates to HHA. two steps are namedTS1-IV andc-TS2-1V. Fortrans1,2-
Therefore, the elimination of HF and the isomerization of FV DFE, the B3LYP calculations predict two similar steps, with
to FA takes place in a stepwise manner rather than in concert,the first intermediatet{Int-1V, not shown in the figure) having
which is in agreement with the suggestion of Lee and co- a HCCH dihedral angle of 4C6However, attempts to optimize
workers!? this intermediate by QCISD calculations were unsuccessful. In
As indicated in the Introduction, in this work we paid special particular, starting from the B3LYP geometry Bfnt-1V, the
attention to the possibility of H and F migrations. Channels of QCISD optimization led directly to 1,1-DFE.
type Il and IV in Figure 1 involve H and F migrations from Channels WVIII initiate from 1,1-DFE. The relevant
1,2-DFE, respectively. The structures for the relevant stationary stationary points for the corresponding pathways are presented
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Figure 2. Main geometric parameters calculated at the QCISD/6-311G(2d,2p) level for the stationary points involved in channels | and Il of
1,2-DFE (Int-HF andct-TS are shown here, although they are common to other channels). Below every structure are listed: the acronym used
along the paper, the point-group symmetry, the ZPE evaluated at the B3LYP/6-311G(2d,2p) level in kéahnmibthe imaginary frequency in

cm* (only for transition states). For transition state TS, the geometries and ZPE were calculated at the CASSCF(2,2)/6-311G(2d,2p) level. In
the structuresg: and ¢, refer to the FCCF and HCCH dihedral angles, respectively.

in Figure 4. Channel V is the four-center HF elimination from Figure 1 also shows direct atomic aneé=C dissociations
1,1-DFE, which presents a classical barrier height (91.8 kcal from 1,1-DFE and 1,2-DFE. Similar dissociations may also

mol~1) similar to that fortrans-1,2-DFE (89.7 kcal motft). occur from the intermediates obtained in this study, but for
Fluorine migration from 1,1-DFE, referred to as channel VI in clarity we have not depicted them in the figure. Atomic
Figure 1, evolves via transition state TS-VI (99.3 kcal niy! eliminations and €C scissions were observed in the photo-

which connects witte-Int-111. Note that H migration from 1,1- dissociations of DFE&13 For 1,1-DFE at 157 nm excitation,
DFE is related to channels IV, which were already detailed. H atom elimination becomes the second major dissociation
Channel VII concerns the three-centerdtimination from 1,1- pathway!3

DFE. This pathway proceeds through TS1-VII (117.7 kcal  Finally, we have to note that the eifrans isomerization
mol~1), and leads to a van der Waals minimum (Int-VII), which  barrier for 1,2-DFE was calculated in this study at the CASSCF-
then dissociates to €CF, + H,. The subsequent isomerization (2,2)/6-311G(2d,2p) level, because the other quantum mechan-
:C=CF, — FC=CF (via TS2-VII) has a classical barrier height ical methods employed here do not describe appropriately the
of 53.4 kcal mof™. Since the relative energy of TS¥Il + diradical character of the associated transition structure (denoted
H, is very high (171.9 kcal mol), this isomerization can only  in Figure 1 byc,t-TS)#’ The barrier height obtained here65

take place at very high excitation energies. This is in agreementkcal mol 1, is similar to the experimental barrier for the related
with the result of Reiser et &f.in their infrared multiphoton ~ compound ethylent®

excitation study of FC=CHCI that :G=CF, does not rearrange Once the global PES has been detailed, it is worthwhile to
to form FG=CF. On the other hand, the fact that the fastest remark the pathways leading to HF and, ldliminations.
translational energy for the #C,F, product from the 1,1-DFE Hydrogen fluoride may be eliminated from channels I, Il (cis

photodissociation at 193 nm-@0 kcal mof™) is significantly and trans), Il (cis and trans), and V, independently on whether
lower than that observed for 1,2-DFE-%0 kcal mof™) led the reactant is 1,1-DFE or 1,2-DFE because both isomers are
Balko et al? to suggest that the above isomerization does not connected between each other, as shown in Figure 1. On the
occur in concert with the three-centes elimination (from 1,1- other hand, Hmay be eliminated through channels Ill (cis and
DFE), which is supported by our calculations. trans) and VII. Notice that we have not found a transition state

The three-center elimination of molecular fluorine (channel for a direct four-center Helimination fromtrans1,2-DFE;
VIIl) to produce :G=CH, + F, first has a very large barrier  neither for vinyl fluoridé-15nor for ethylené"-22was a transition
height (183.6 kcal mot!), so that this channel is open only at  state of that kind achieved. Our mechanism, therefore, is much
very high energies. This explains why Wwas not observed in ~ more involved than that inferred from previous photodissociation
the photodissociation studies of 1,1-DFE at 193 and 157%#h.  studies, and may help to understand more clearly the experi-
In the subsequent step of pathway VIII, vinylidene isomerizes mental observations. For instance, Lee and co-wotkéts
to acetylene. We have to note that we could not find stationary assumed that H and F migration (in the excited electronic state)
points for TS1-VIl and TS1-VIIl by B3LYP calculations, is negligible. Here we find that, in principle, these processes
although we optimized them with the QCISD and MP2 methods. may occur on the electronic ground state. In the next section,
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Figure 3. Same as Figure 2, but for channels Il and IV.

we will show that H migration has significant implications as tion (as a whole) is the dominant process in the energy range
far as the H elimination from 1,2-DFE is concerned. studied, and that the three-center eliminations from 1,2-DFE
RRKM Calculations. Micocanonical rate constants for (channels Il) are favored over the four-center elimination from
energies ranging from 110 to 180 kcal mb(above the ZPE trans-1,2-DFE, in agreement with the conclusion of Balko et
of 1,1-DFE) were computed for HF and idliminations using all2 As the energy increases the elimination of becomes
the RRKM theory. The rate constants were then employed to significant, although in this case the percentage is quite small,
evaluate relative abundances of &d F, as a function of the which agrees with the experimental observation that the H
energy and for every reaction pathway. The rate equations for elimination is more important in 1,1-DFE than in 1,2-DEE.
the molecular elimination channels are shown in the Appendix. Balko et al'2 considered that plis produced only via four-
A compilation of the energies, geometries, and frequencies usedcenter elimination in the photolysis of 1,2-DFE, and, on account
in the RRKM calculations is included as Supporting Information. of the relative translational energies, they suggested that the
The relative abundances obtained in this work for 1,1-DFE as reverse barrier for that channel should be small (similar to that
reactant are displayed graphically in Figure 5. At the lowest for the three-center Helimination from 1,1-DFE). Obviously,
energies investigated, the four-center HF elimination from 1,1- from the experimental data obtained in their study, their
DFE (channel V) dominates the dissociation completely. As interpretation appears to be very reasonable. However, our
energy increases,rlimination, via channel VIl only (the three-  investigation predicts a very different mechanism for molecular
center elimination from 1,1-DFE), becomes significant and hydrogen elimination. Apart from the fact that we have not
competes with the above HF pathway (channel V). The other found a direct four-center f£limination mechanism from 1,2-
molecular elimination channels are insignificant at the energies DFE, our results predict that the most important pathway for
studied. Therefore, for 1,1-DFE our results are in agreement, H, elimination involves H and F migration (see Figure 6), that

at least qualitatively, with the experimental observafidtsand is, 1,1-DFE is formed first, and then,Hs eliminated by the
conform with the basic mechanism used to interpret the three-center, channel VII. Another significant pathway for H
experimental data. At 157 nm, however, the HFé#4perimental elimination involves H migration to give-Int-lll, with its

ratio (~4.7) is substantially higher than that predicted here subsequent dissociation vialTSH2-IIl. The exit barrier for
(~1.2). It should be noticed that at this energy the actual rates channel VIl is virtually negligible, and that for 3&limination
might be controlled by the intramolecular vibrational energy throught-TSH2-I1ll is quite large (46.0 kcal mol with the
redistribution, and so the applicability of the statistical RRKM zero-point energy corrections). Thus, our mechanism may
theory is limited. explain why the H + C,F, translational distributions are so
The relative abundances ot ldnd HF obtained here for 1,2-  similar for 1,1-DFE and 1,2-DFE (peaking &8 and~9 kcal
DFE (we assumed equal amounts of cis and trans isomers) aranol™2, respectively), and why some of the/8,F, produced
shown in Figure 6. The calculations show that the HF elimina- in the photolysis are faster for the latter than for the former.
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Figure 4. Same as Figure 2, but for channels V to VIII. For stationary points TS-VII and TS1-VIIl, the ZPE corrections were evaluated at the
MP2/6-31G(d,p) and MP2/6-311G(2d,2p) levels, respectively.
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Figure 5. Relative abundances obtained by the RRKM method for Figure 6. Same as Figure 5 but for 1,2-DFE.

a) H; and (b) HF in the energy range 11080 kcal mot?, which are . Lo . .
éré'&'ﬁced f(ro)m the photodisggciati(g)n of 1.1-DFE. points. For the HF elimination reactions this dual-level correc-

tion suffices because both the variational and tunneling contri-

Thermal Rate Constants. The kCVT/SCT(T) rate constants  butions to the rate constant are expected to be small, and the
were evaluated by dual-level direct dynamics, specifically by major effect due to change in the barrier height is taken into
following the MEP at the B3LYP level (low level) with  account. Thus, the rate constants obtained by the CVT/SCT
interpolated optimized single point energies (ISPBt the method are quite close to those obtained by the conventional
stationary points at the QCISD(T)/QCISD level (high level). transition state theory (TST).
In this paper we used the simplest form of ISPE in which the  The CVT/SCT thermal rate constants obtained in this work
high-level energies along the MEP are obtained by interpolation for the four-center HF elimination from 1,1-DFE (for temper-
based on the supply of high-level energies only at the stationaryatures ranging from 1250 to 1500 K) are compared with the
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Figure 8. Arrhenius plot showing the calculated CVT/SCT thermal
rate constants for the HF elimination from 1,2-DFE through channels
I, Il, and lll. The total and-II rate constants have very similar values
and appear superimposed in the graph.

available experimental data in Figure 7. The thermal rate
constants for the other possible channels of HF elimination were

not evaluated because, as shown in the previous section, the

RRKM calculations predicted negligible contributions. As can

be seen, the agreement between the theoretical and experimental
rates is good. The calculated activation energy in the temperature

range studied is 88.6 kcal m@| a value within the experimental
error of the measured value (867 kcal mol?).

Figure 8 plots the thermal rate constants calculated for 1,2-
DFE at temperatures in the range 1289600 K. In this case,
no experimental information is available; however, we are quite
confident of the accuracy of these calculations, seeing that for

1,1-DFE good agreement between theory and experiment was

achieved. For the sake of simplicity, channel V was not
considered in these calculations, but the contribution of this
channel should be negligible, taking the RRKM results into
account. Actually, the total rate constant for HF elimination
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almost coincides with that obtained for channi| with a small
contribution fromc-Il. Therefore, we conclude that direct three-
center HF eliminations dominate over the other possible
channels.

Conclusions

The potential energy profile calculated in this work predicts
several pathways for HF and;Hliminations. There are six
possible mechanisms for HF elimination and three for H
elimination. For HF elimination we found the four-center
elimination fromtrans-1,2-DFE (channel 1), the three-center
elimination from cis and trans 1,2-DFE (channel$ and t-11),
the three-center elimination fromint-111 and t-Int-IIl (through
transition states-TSHF-III andt-TSHF-III, respectively), and
the four-center elimination from 1,1-DFE (channel V). The three
possible mechanisms for,Helimination are the three-center
elimination fromc-Int-11l and t-Int-111 (through transition states
c-TSH2-1Il andt-TSH2-IIl, respectively), and the three-center
elimination from 1,1-DFE. All these are open channels at 193
and 157 nm of excitation, either if the reactant is 1,1-DFE or
1,2-DFE because they are connected through H and F migra-
tions.

The RRKM calculations predict that the HF elimination is
the dominant process for the DFE dissociations. For 1,1-DFE,
the HF elimination occurs by the direct four-center mechanism
(channel V). The contributions from other pathways are
insignificant. For 1,2-DFE, the three-center eliminations through
channels Il are the most important processes. Therefore, as far
as the HF elimination is concerned, the calculations support the
mechanisms considered in the experimental investigations. The
elimination of K from 1,1-DFE and 1,2-DFE mainly occurs
through a direct three-center elimination from 1,1-DFE. A direct
four-center mechanism for tlimination was not found.
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Appendix: DFEs Rate Equations

Proposed mechanism for the HF;, ldnd K, photodissociation
reactions:

M, FA+HF R paimpe
_Hu, paiupT —— Int—1II
k e
t-12-DFE{ ¢-1,2-DFE k*"
3, 4,c
L YEEN ’
t-Int-TII — "’ 1,1-DFE

k3, koac

k4,t k9

—  1,1-DFE ~ 7 t-12-DFE

k—4,1 k_g
—*s_, FA+HFY

ke k1o R FA+HF,t-HI
—t

_ c—Int—1III .

1,1-DFE -6 t—Int-T1I1 11 DFA+H,2t—lII
—1, prA+HYT .
14 5

r ’ - c—Int-1II
—=2 > HCCH+F, -14

kip -1

c—Int—TII —k—> DFA +HF
13 FA + HE—III
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In the above scheme we considered that 1,1-DFE leads directly
to c-1,2-DFE (and vice versa), which is a reasonable ap-
proximation because the stability of tlednt-1V intermediate

is only of 0.5 kcal/mol after ZPE correction. This scheme leads
to the following kinetic equations, which, expressed as a system

GonZdez-Vazquez et al.

of ordinary differential equations (ODESs) of the tygw/dt =
AX, is given by:

d[1,1-DFE)/dt
d[c-1,2-DFE)/dt
d[t-1,2-DFEJ/dt | =

d[c-Int-111]/dt
d[t-Int-1] )/t
0y Ko Ky kg 0 [1,1-DFE]

ac ~0p Kg k. 0 [c-1,2-DFE]

k.

K kg —03 0 K |[|[t-1,2-DFE] | (A.1)
ke  Kse 0 —ay Koy |[[c-Int-111]

0 0 kg kyy —og[|[t-Int-]

where
o =Kotk tktkt+k+k
az = k2,c + k3,c + k4,c + k9
ag =Ky + Ky + Koy Ky +K g
o, =K gt kgt Kkt katky
05 =K gyt Kot Ky +K gy
The solution of this system of ODEs is of the type

5
X = » ¢ expiit) u; (A2)

X; being the concentrations of the reactive specieandu the

eigenvalues and eigenvectors of thenatrix, respectively. The
constantsg;, are obtained from the initial conditions. Subse-

1,
¥= L c-Int-111] (A.10)

dHY"
—gt = kl1,1-DFE] (A.11)

d[F,]
—5i = kal1,1-DFE] (A.12)

Supporting Information Available: Structural parameters
at different levels of theory of the stationary points needed in
the RRKM calculations. This material is available free of charge
via the Internet at http://pubs.acs.org.
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