
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

Beamline

21A1 Chemical Dynamics 

Authors

S.-H. Lee, W.-K. Chen, and W.-J. Huang
National Synchrotron Radiation Research Center,
Hsinchu, Taiwan




