
Photodissociation Dynamics of Vinyl Fluoride

Using photofragment translational spectroscopy and tunable vacuum-ultraviolet ionization, we measured the time-
of-flight spectra of fragments upon photodissociation of vinyl fluoride (CH2CHF) at 157 nm.  Four primary
dissociation pathways - elimination of atomic F, atomic H, molecular HF, and molecular H2 - are identified.
Decomposition of internally hot C2H3 and C2H2F occurs spontaneously. The barrier heights of CH2CH → CHCH + H
and CHCHF → CHCH + F are evaluated to be 40 ± 2 and 44 ± 2 kcal mol-1, respectively.  The photoionization yield
spectra indicate that the C2H3 and C2H2F radicals have ionization energies 8.4 ± 0.1 eV and 8.8 ± 0.1 eV,
respectively.  The dominant reaction C2H3F → C2H2 + HF occurs on the ground surface of potential energy after
excitation at wavelength 157 nm, indicating that internal conversion from the photo-excited state to the electronic
ground state of vinyl fluoride is efficient.  Universal detection of photoproducts allowed us to determine the total
branching ratios, distributions of kinetic energy, and average kinetic energies for all dissociation pathways of vinyl
fluoride.
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After optical excitation in the VUV region, vinyl fluoride (CH2CHF)
might dissociate in these four primary manners:

CH2CHF → CHCH/CCH2 + HF, (1)
→ CHCF/CCHF + H2, (2)
→ CH2CF/CHCHF + H, and (3)
→ CH2CH + F. (4)

The elimination of HF (H2) from vinyl fluoride might proceed via
three- and four-center mechanisms to form isomers CCH2 and CHCH
(CCHF and CHCF), respectively.  Likewise, vinyl fluoride might
produce isomeric fragments CH2CF and CHCHF via rupture of the Cα-
H and Cβ-H bonds, respectively.  Following fission of the C-H bond
[reaction (3)], the C2H2F product that has little internal energy
survives [reaction (3')], whereas that having internal energy larger
than a dissociation barrier spontaneously decomposes to CHCH + F
[reaction (3'')] or to CHCF + H [reaction (3''')].  Analogously, the CH2CH
product that has little internal energy survives [reaction (4')] but that
having internal energy larger than a dissociation barrier
spontaneously decomposes to CHCH + H [reaction (4'')].

We measured the TOF spectra of products C2H2F, C2HF, C2H3,
C2H2, HF, F, H2, and H at laboratory scattering angles 10˚-70˚ using
several photoionization energies.  With a computer program
PHOTRAN we mimicked the TOF spectra of products.  After iterative
forward convolution, we obtained a kinetic-energy distribution P(Et)
of products from the best fit to the experimental TOF spectra of two
momentum-matched products, of which Et is the total kinetic energy.
Figure 1 summarizes all the primary P(Et) that we employed to mimic
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the TOF distributions of products from photolysis of vinyl
fluoride at 157 nm.

Figure 2 shows TOF spectra of C2H2, HF, C2HF, and H2.
C2H2 exhibits two distinct features in its TOF distribution.
The rapid feature of C2H2 correlating with product HF
arises from reaction (1).  Shown in Fig. 1 (a) is the
corresponding P(Et).  Although 124 kcal mol-1 in average
energy is deposited into the internal degrees of freedom
of products C2H2 and HF, no spontaneous decomposition
was observable from the two products.  In contrast, the
slow feature of C2H2 arises from reactions (3'') and (4'').
We determine the c.m. ratio of the rapid to the slow
feature to be 67:33 from the TOF spectra of C2H2 recorded
with photoionization energy 18.3 eV after taking daugh-
ter ions C2H+ and C2

+ into account.  Figure 1 (b) shows the
P(Et) of reaction (2) that has a <Et> value of 23.1 kcal mol-1.
Products C2HF and H2 from channel (2) share the average
internal energy 102 kcal mol-1, but spontaneous
decomposition is unobservable from these two products.
The slow C2HF product from channel (3''') becomes
prominent when the photoionization energy is increased
to 11.9 eV; not shown here.  A ratio of the rapid to slow
component of C2HF is about 2.7 in the c.m. frame.

Vinyl fluoride can dissociate into C2H2 with HF
according to three- and four-center mechanisms.  In the
three-center process, vinyl fluoride produces first CCH2

(vinylidene) + HF with a succeeding rapid isomerization

from CCH2 to CHCH.  In contrast, the four-center
mechanism of dissociation produces CHCH + HF directly
after surmounting a barrier 82.2 kcal mol-1. We cannot
distinguish these two site-specific processes in the
present work because the maximal kinetic energy release,
109 kcal mol-1, is less than both the available energy 116.3
kcal mol-1 of the CCH2 + HF channel and 158.4 kcal mol-1

of the CHCH + HF channel. Analogous to the C2H2 + HF
channel, we suggest that H2-elimination from vinyl
fluoride might proceed via three- and four-center mecha-
nisms.  The three-center process has a barrier 118 kcal
mol-1 to produce biradical CCHF (fluorovinylidene) with
H2 followed by rapid isomerization from fluorovinylidene
to CHCF (fluoroethyne). The four-center mechanism
produces fluoroethyne and H2 directly.  In the present
work we cannot, however, distinguish these two site-
specific processes for elimination of H2 because the maxi-
mal kinetic energy release 67 kcal mol-1 is simultaneously
less than the available energy 79.9 kcal mol-1 of the CCHF
+ H2 channel and 124.8 kcal mol-1 of the CHCF + H2

channel.

Figure 3 depicts the TOF spectra of C2H2F
(fluorovinyl), atomic H, C2H3, and atomic F.  C2H2F has two
features in the TOF distribution recorded at laboratory
scattering angle 10˚; a sharp feature peaks near 100μs
and a broad feature has a maximum about 200μs. The
rapid and slow features correspond to the forward and
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Fig. 2:  TOF spectra of products C2H2, HF, H2, and C2HF record-
ed at m/z = 26, 20, 2 and 44, respectively.  The rapid feature of
C2H2 correlates with HF whereas the slow feature of C2H2 is
due to elimination of an H-atom and a F-atom via channels
(3'') and (4'').  C2HF correlates wholly with H2.  With photoion-
ization energy 11.9 eV, a slow part of C2HF from channel (3''')
appears; not shown here.  Laboratory scattering angles and
ionizing photon energies are shown in each panel.

Fig. 1:  P(Et) of four primary dissociation pathways of vinyl
fluoride upon photolysis at 157 nm.  Solid and dashed lines in
panels (c) and (d) correspond to products C2H2F and C2H3 that
survive and further decompose, respectively.  The total area of
each primary P(Et) is normalized to unity.



backward parts of C2H2F, respectively, recoiled in the c.m.
frame with respect to the TOF axis; thus the two features
correspond to the same P(Et).  Atomic H has three features
with maxima near 7.5, 13 and 35μs.  Only the leading
part of the first feature correlates with the surviving
C2H2F.  The rest of the first feature of atomic H, shown as a
dashed line, correlates with the C2H2F fragment that
further decomposes to C2H2 + F via channel (3'') or to
C2HF + H via channel (3''').  Reactions (3''') and (4'') are
responsible for the formation of the second feature of
atomic H, shown as a dotted line.  The third feature of
atomic H is attributed to dissociative ionization of
products HF and C2H2.

Figure 1 (c) shows the primary P(Et) for surviving
C2H2F (solid line) and dissociating C2H2F (dashed line) that
have <Et> values 29.1 kcal mol-1 and 13.4 kcal mol-1,
respectively.  The surviving and dissociating C2H2F have a
ratio 7:93 in the c.m. frame.  Because the leaving H-atom
carries no internal energy, the internal-energy distribution
P(Eint) of C2H2F is derivable from the P(Et) with Eint = Eava -

Et.  The abrupt curtailment at Et = 26 kcal mol-1 reflects a
dissociation threshold at Eint = 44 kcal mol-1 of 2-
fluorovinyl (CHCHF).

We evaluated the ionization energy of C2H2F to be 8.8
±0.1 eV from a low-resolution photoionization yield
spectrum of the C2H2F radical. We computed also the
adiabatic ionization energy of 1-fluorovinyl, cis-2-
fluorovinyl, and trans-2-fluorovinyl to be 8.85, 8.75, and
8.74 eV, respectively, using the G3 theory, in satisfactory
agreement with the present experimental value.  For
comparison we measured also the photoionization yield
spectrum of C2H3 radicals.  We determined the ionization
energy of C2H3 to be 8.4 ± 0.1 eV, consistent with a
reported value of 8.468 ± 0.029 eV.  

Channel (4), C2H3F → C2H3 + F, has the largest
enthalpy of reaction among dissociation channels (1) - (4),
implying a small branching ratio for the C2H3 + F channel.
Atomic F has two features located at ~ 30 μs and ~ 100
μs in the TOF distributions.  The large slow feature of
atomic F is attributed to spontaneous decomposition of
internally hot C2H2F via channel (3'').  Because C2H3 has
only a small yield, a signal of the 13C isotopic variant of
C2H2 is significant at m/z = 27.  The surviving C2H3 has a
narrow TOF distribution and correlates with only the
solid-line component in the first feature of atomic F.
Dissociative ionization of HF to F+ remains observable in
the present work.  The internally hot C2H3 correlating with
the dashed-line component of atomic F further
decomposes to C2H2 + H via channel (4'').  Reaction (3'')
has a much greater contribution to the second feature of
C2H2 than reaction (4'').

Figure 1 (d) depicts the primary P(Et) of reaction (4).
The total P(Et) is divisible into two parts, Et < 18 kcal mol-1

and Et ≥ 18 kcal mol-1, corresponding to the dissociating
and surviving C2H3, respectively, from which the
branching ratio of channel (4')  to channel (4' ' )  is
determined to be 55:45.  The small- and large-Et parts
have <Et> values 12.2 and 25.6 kcal mol-1, respectively.
From the value of breakpoint 18 kcal mol-1 and available
energy 60 kcal mol-1, we determined the height of the
barrier for the dissociation C2H3→ CHCH + H to be 40 ±
2 kcal mol-1.

In summary, upon photodissociation of vinyl fluoride
at 157 nm, we determined the branching ratios of
dissociation pathways, the height of the dissociation
barriers, the ionization energies of C2H3 and C2H2F and
measured the distributions of kinetic energy of products.
Vinyl fluoride is excited to the π-π* state at wavelength
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Fig. 3:  TOF spectra of atomic H, C2H2F, C2H3, and atomic F
recorded at m/z = 1, 45, 27 and 19, respectively.  The green
solid and dashed lines of atomic H correlate with the surviving
and dissociating C2H2F, respectively; the surviving C2H2F is
shown in the lower left panel.  The dotted line is attributed to
secondary H-atoms from channels (3''') and (4'').  The dashed-
dotted line is attributed to daughter ions H+ of products C2H2

and HF after ionization.  The solid and dotted lines of C2H3

denote signals of the surviving C2H3 and the 13C isotopic
variant of C2H2, respectively.  The purple solid and dashed
lines of atomic F correlate with the surviving and dissociating
C2H3, respectively; the green dashed line is attributed to
secondary F-atoms from channel (3''); the dotted line is
attributed to daughter ion F+ of product HF after ionization.
Laboratory scattering angles and ionizing photon energies are
shown in each panel.



157 nm.  The dominant reaction C2H3F → C2H2 + HF with
a branching ratio of 59% that proceeds on the ground
surface of potential energy, indicates that internal
conversion from the π-π* state to the ground electronic
state of vinyl fluoride is more efficient than direct
decomposition from an excited state.  This work not only
provides a comprehensive account of the photodissocia-
tion dynamics of vinyl fluoride at 157 nm but also demon-
strates the detection of all reaction products using tun-
able VUV ionization.
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