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Photodissociation of 1,1-difluoroethylene ,(®&CH,) at 157 nm has been investigated using
photofragment translational spectroscopy. Five dissociation channels have been experimentally
observed; molecular HF elimination, H atom elimination, molecular hydrogeh ékmination, F

atom elimination, and double bond breaking. Molecular HF elimination and H atom elimination
channels are found to be the two major dissociation pathways in photodissociatig8@©fJf-at

157 nm excitation. Molecular hydrogen {H elimination and double bond cleavage are also
significant, while F atom elimination is a minor process. Product translational energy distributions
for all dissociation channels have also been measured. All translational energy releases are peaked
at energies away from zero, indicating that the dissociation,6(0H, at 157 nm excitation most

likely occurs with exit barriers on the ground electronic potential surface through internal
conversion from the initially excited electronic state. Branching ratios and averaged energy
partitions for different channels have also been estimated19@8 American Institute of Physics.
[S0021-960628)00948-9

I. INTRODUCTION ene molecules are good candidates for experimental studies
of this topic. At about 8 eV excitation, most of the fluoroet-
hylenes have significant absorption cross sectién$his

will allow us to look at photodissociation processes at high

Most molecules have extensive absorption at high energy L . . .
excitation(8 eV), and yet photochemistry in this energy re- nergy excitation in greater detail using the commercially
' available K laser as the photolysis laser. Different fluori-

gime has been very rarely studied. This is largely due to the ) . .
lack of strong photolysis light sources in the vacuum uItra_nated ethylenes actually have very interesting chemical prop-

violet (VUV) region. Only until recently are strong VUV erties. As the number of fluorine substitutions increases in
light sources becoming availableBond selectivity in pho- ethylene, the double bori€=C) actually becomes weaker.

tochemical processes at such high energy excitation is als'(:)igure 1 shows the double bond energies of the different

an interesting topic in general. Bond selectivity in dissocia-fluorinated ethylene moleculédt is therefore noteworthy to

tion processes generally can result from two main sourced®0K at the trends of the branching ratio of double bond
selectivity due to energetics or selectivity due to purely dy_breakmg_rel_atw_e tq the other @ssouatlon channels at the
namics. Selectivity due to energetics means that the weak&fUV €xcitation in different fluorinated ethylenes.
the chemical bond, the easier it is to break. However, if itis ~ Fluoroethylene molecules also serve as a good example
purely due to dynamicsthe resulting selectivity will not be in studying molecular elimination processes, especially in
decided by thermodynamics. It is not immediately clearHF elimination processes. During the last decades, many ex-
whether the photochemistry at extremely high energy elecperimental studies on the photodissociation of fluorinated
tronic excitation, where every bond is breakable, is purelyethylenes have been conducted. Various methods were em-
determined by energetics or by pure dynamics, especially iployed to excite the precursor molecules to energies at which
relatively large molecules. At about 8 eV excitation, wheremolecular fragmentation can take place. Photodissociation
strong photolysis laserél57 nn are already available, al- by excitation to a higher electronic state, through absorption
most every chemical bond existed in nature is already brealef pulsed ultravioletfUV) light from a flash lamp or laser,
able. Many interesting questions can then be posed: At thiwere frequently used. Photofragmentation following UV ex-
excitation of energy, how are these chemical bonds broken€itation is now believed to proceed largely from a highly
Are the bonds broken in a selective way, or are the dissocieexcited ground electronic state, formed by internal conver-
tion pathways purely determined by energetics? Fluoroethylsion or intersystem crossing from the initially excited elec-
tronic state. The infrared multiphoton dissociation technique

dauthor to whom correspondence should be addressed; electronic mailvas also applied to study the mOIGCUk_ir dissociation of fluo-
xmyang@po.iams.sinica.edu.tw roethylenes. In many of these experiments, the molecular

Photodissociation at very high energy excitation is inter-
esting and also of fundamental importance in chemistry

0021-9606/98/109(24)/10838/9/$15.00 10838 © 1998 American Institute of Physics
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FIG. 1. Graph shows the=2C double bond energies of the fluorinated

ethylenes. The double bond energy decreases as the number of the subst'{-h | = ible bi di iati h |
tuted fluorine atoms increases. ethylen€. Five possible binary dissociation channels are

listed in the energy diagram—three simple bond rupture
channels and two molecular elimination channels:

hydrogen halide elimination channel was carefully studied?C=CHz+hv(157 nm—F,C:+:CH,

by observing infrared emission from specific rovibrational —FC=CH,+F
levels. The results of these investigations carried out before
1980 can be found in several review articfe8 and refer- —F,C=CH+H

ences therein. More recently, Setser, Arunan, and
Wategaonkar studied several three-center and four-center
HF and HCI eliminations from molecules formed by the re- —FC=CH+HF.

?‘C“O” of H atoms .W'th radicals by detecting the Steaqnytat%riple dissociations are only energetically possible after HF
infrared(IR) emission from HF or HCI, respectively. Similar elimination from 1,1-difluoroethylene at 157 nm excitation.

e;(p?{éTleEts on vm()j/l ﬂuondi Vgig tf)erformegl by D?r:.aldsonFrom the energy diagram, the available energies for the triple
€ ai q Feon_e ap cc;-wor_ef e(@?r\(peg)use tnove |mte- dissociation channels are very small. Therefore it would be
resolved Founer transtorm infrar SPECLroscopy 10 itsicyit to detect them experimentally. In this work, photo-

:quz;lstlgatti Ithe dls;olmlatlcr’]rl‘ Offl vmyltf:]utlarldetrgnsé,z- (fissociation products are measured by photofragment trans-
ichioroe ng\e and 1,1-chiorofiuoroetnylene. 50raon angy ;. spectroscopy. Product translational energy distribu-
co-workers also investigated dichloroethylene isomers

4 vinvl chlorid ing i £ fliaht h ions are mapped out from time-of-flight spectra of
and vinyl chioride using time-ol-Tight resonance-enhancea,, .. jissociation products. Relative contributions of differ-
multiphoton ionization, to detect the photofragment prod-

) .~ ent channels are also estimated, giving us a valuable set of
ucts. Recently, Hall and co-workers studied the photodisso- gving

ciation dynamics of 1,1-difluoroethylene at 193 nm excita—data for comparisons with other fluoroethylene molecules.
tion using time-resolved FTIR em|35|6ﬁ.Phot0frag_|ment L. EXPERIMENT

translational spectroscopy was employed to study vinyl chlo-
ride, trans and cis-dichoroethylene, and 1,1-dichloroethy- The instrument used in the experimental investigation of
lene at 193 nm excitatiolf. The photodissociation dynamics 1,1-difluoroethylene photodissociation at 157 nm is a newly
of vinyl fluoride at 157 nm was studied recently using pho-built crossed molecular beam apparatus. A detailed descrip-
tofragment translational spectroscofyOnly the HF elimi-  tion of the new machine can be found in Ref. 21. Briefly, the
nation channel was clearly identified. Photodissociation ohew apparatus consists of three parts: a main chamber, a
1,1- and 1,2-difluoroethylene at 193 nm was also studiedource chamber, and a rotatable detector. The source cham-
very recently?® Experimental results show that the transla-ber generates molecular beams for studies of crossed mo-
tional energy distributions of the HF elimination channel for lecular beam reactions or molecular photodissociations. The
the 1,1- and 1,2-difluoroethylene are significantly different,apparatus can be set up in two different running modes for
indicating very different dynamics for the two molecules. H photodissociation studies: heavy fragment detection and light
and H elimination channels were also observed for both molfragment detectiorimainly H and H). For heavy fragment
ecules. The translational energy distribution of &limina-  detection, the main chamber is where the laser beam and the
tion displays a significant exit barrier in the dissociation pro-molecular beam interact with each other for photodissocia-
cess, similar to that of ethylene photodissociation. tion experiments. While for light atom detecti@d and H,),

The experiments described in this article aim to underdaser and molecular beams interact with each other in the
stand the photodissociation dynamics of 1,1-difluoroethylensource chamber with the molecular beam perpendicular to
at 157 nm. At 157 nm excitation, 1,1-difluoroethylene in-the detection axis. The interaction region is about 8 mm
volves mostly Rydberg excitation. Figure 2 shows the energyaway from the nozzle. Such close distance is used is to com-
diagram of possible dissociation channels of 1,1-difluoroppensate for low detection efficiency in the detector of the

HFzCZC:'f'Hz
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lighter fragments(H and H,) because of the shorter resi- 10009

dence time in the ionizer. The photodissociation products are
detected using a differentially pumped universal detector. A
neat sample is used in this detection scheme. For heavy frag-
ment detection, the laser, the molecular beam, and the detec-
tion axes are in the same plane. Normally, a molecular beam
seeded in Ar is used. The,ECH, sample in the molecular
beam are then intercepted by an unpolarized 157 nm laser 200
beam, which is generated by a Lambda Physik LPX210I la- o
ser with a NOVA tube laser cavity. About 1-3 mJ of 157 nm 0 oSS .
laser light was normally used during the experiment to avoid 10 20 30 40 50 60 70
multiphoton effects. The laser pulse duration is about 15 ns. Time of Flight (us)
The Ia;er .beam !S focusleda S mm(W|ch)X2 mm(hel.ghb FIG. 3. TOF spectrum an/e=1, ®=90° from photodissociation of 1,1-
spot size in the interaction region using a MJEns with a difluoroethylene. This spectrum was taken by accumulating signals over 100
focal length of 100 cm. Since black deposits on the focusk laser shots using the light mass detection scheme. The open circles are the
lens. which reduce laser power to the interaction reaion. ca xperimental data points, while the solid line is the fit to this spectrum using
o P . glon, e translational energy distribution shown in Fig(cbirve 1.
be easily formed by the 157 nm high power laser beam, a
differentially pumped laser beam path is used so that this

problem can be avoided. The whole IasP; beam path is in garameterwill couple to the angular distribution of products
vacuum tube with a vacuum of aboukL0™ " Torr or better.  eyen if anunpolarizediaser beam is used as the photolysis

The focusing lens can then be easily cleaned without changsy rce. In this experiment, however, the anisotropy is not
ing the laser beam path and without venting the main chamgqnsidered.

ber of the apparatus. Photodissociation products recoiled
from the interaction region are detected by an electron im-
pact ionization detector. The electron impact ionizer is |o-!ll- RESULTS

cated in the detection region where ultrahigh vacuum TOF spectra of photofragments from theOEH, pho-
(10~ **Torr) is maintained. The ions are then extracted fromygdissociation at 157 nm were measured using the mass fil-
the ionizer and guided into a quadrupole mass filtettre)  tered photofragment translational spectrometric detector, as
and counted by a Daly-type detector. A multichannel scalegescribed above. Signalsmife=63, 62, 50, 45, 44, 43, 31,
(Turbo MCS by EG&Q is then used to record the product 25 24, 20, 19, 14, 13, 12, 2, 1 were detected from photodis-
time of flight spectra at different angles between the molecusgciation of FCCH,. After detailed analyses of the experi-
lar beam and the detector axis. mental data, all five dissociation channels listed in the energy

The R,CCH, sample was purchased from PCR, Co. Thediagram(Fig. 2) were observed. No experimental evidence
sample is used without further purification. For heavy frag-for triple dissociations is found for 1,1-difluoroethylene at
ment detection, the E£CH, molecular beam is generated by 157 nm excitation. Multiphoton effects have been checked
expanding a 5% premixture oL€CH, in Ar through a com-  carefully during the experiment. All results shown here
mercially available pulsed nozzl&eneral Valve C9. The  should have little multiphoton effect. In the next few para-
nozzle is maintained at 120 °C during the experiment in orgraphs, the experimental data and detailed analyses will be
der to avoid possible clustering in the molecular beam. described.

Since the product time-of-flighiiff OF) spectra from pho-
todissociation of FCCH, are measured in laboratory frame,
in order to obtain the center-of-ma&SM) translational en-
ergy distributionP(E), a laboratory-to-center of mass con- H atom elimination from the 1,1-difluoroethylene at 157
version is required. This conversion is done using an alreadgm excitation has been experimentally observed. The TOF
available prograncmLAB2 running on a Pentium PC. The spectrum of the H atomnf/e=1) product was measured at
analysis program uses an iterative forward convolutiorthe perpendicular direction of the molecular beam using the
method which is described elsewhéfdn this program, a light mass detection scheme described above. Figure 3 shows
trial P(E) and CM angular distributiofy3 parameteris used the TOF spectrum of the H atom product from the photolysis
to calculate the TOF spectrum for a photofragment mass ataf F,CCH at 157 nm. The heavy fragmentation partner of the
given molecular beam-detector angle using the known appdd atom elimination channel is the,€CH radical (/e
ratus parameters and the measured beam velocity distribu=63), which would also go through dissociative ionization
tion. The calculated TOF is compared with the experimentato form daughter ions in the electron bombardment ionizer,
TOF spectrum and the(E) was then improved by adjusting for example, ECC', CFl , CF", etc. Figure 4 shows the
the distribution point by point on the computer screen untilTOF spectra at mass 63 {ECH"') at two different labora-
satisfactory fits are achieved for TOF spectra measured abry angles. Since TOF spectra of H angCEH fragments
different angles. In the experimental set up for heavy fragare from the same dissociation channel, total linear momen-
ment detection, the laser beam, the molecular beam, and titem should be conserved in this process. Figure 5 shows the
detection direction are in the same plane, as pointed outanslational energy distributions used to model the TOF
above. In this configuration, the photofragment anisotrigpy spectra ain/e=1 (H, curve J andm/e=63 (F,CCH, curve

@ m/e =1

800

600 -

400 4

Counts

A. Atomic hydrogen elimination: F  ,CCH,+ hv
—F,CCH+H
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: FIG. 6. TOF spectrum am/e=2, ®=90° from photodissociation of 1,1-
n 60 difluoroethylene. This spectrum was taken by accumulating signals over 100
% 20 1 k laser shots using the light mass detection scheme. The open circles are the
8 ] experimental data points, while the solid line is the fit to this spectrum using
20 the translational energy distribution shown in Fig. 7.
04
100 200 300 400 500 600 700 800 tional energy, and subsequently higher internal excitation
Time of Flight (ys) (internally ho}. The internallyhot F,CCH radicals might go

through complete dissociative ionization much more easily
FIG. 4. TOF spectra atn/e=63, ®=7.5° (upper track and 20°(lower  than the internallycold ones, which could make the disso-
e o o o 20 e 3 s e o o llive frization patters,of o and cold radical sig
;Ze;hse experimentalpdata points, while the solid lines ar.e the fﬁs to thgﬁflcamly different. In the H atom, elimination _Channel’ ,the
spectra using the translational energy distribution shown in FiguBre 2. internally hot F,CCH (m/e=63) might not survive at all in
the electron bombardment ionizer. Therefore, the slower part
of the TOF spectrum ah/e=63 is missing. Curve 3 in Fig.
2) using thecmLAB2 program. The two translational energy 5 represents the translational energy distribution of the
distributions actually show a significant difference in the F,CCH radical products which are internallyot and go
lower energy part of the distribution, which should be ex-through dissociation ionization in the ionizer. Hence in the
actly the same due to total linear momentum conservation. fiitting of the daughter ion masses from the dissociation ion-
seems that some of the lower energy part of the translationé@tation of the FCCH product radicals, the translational en-
energy distribution derived from the/e=63 data is miss- ergy distributions for both the&old and hot radicals were
ing. The lower translational energy part of tinite=63 data used. This approach works well in fitting the TOF spectra of
represents the JECH product radicals with lower transla- all daughter ion masses cracked from thg&CEH radical
product due to the H atom elimination channel. This indi-
rectly supports theold andhot radical assumption.
e In Fig. 5, the translational energy distribution of the H

05 / ) F,C=C~ F,C=CH+H atom elimination channelcurve 1) is peaked at~5 kcal/
mol, indicating that a small barrier exists in the dissociation
_:g 06 process. This result implies that H atom elimination most
Z likely occurs through the ground potential energy surface.
§§ 0.4 3
:d B. Molecular hydrogen elimination: F  ,CCH,+ hw

02 —F,CC:+H,

The molecular hydrogen elimination channel from the

r - . ; . X FZCCI'—|2 molecule at 157 nm excitation was also observed
experimentally. TOF spectra ab/e=2 and 62 show the

existence of the molecular hydrogen elimination channel.

FIG. 5. Translational energy distributions used to fit the TOF spectra of thg-:
dissociation products from the H atom elimination channel. The distributior?‘:Igure 6 shows the TOF spectrum of th@ IHOdUCt from the

shown in curve 1 here is used to fit the H atom product TOF spectrumPhotolysis of the FCCH, molecule using the light mass de-
which should be the complete translational distribution of the H atom elimi-tection configuration. The translational energy distribution
nation process. The distribution of curve 2 is used to fit thee=63 used to model the TOF spectrum 0E i shown in F|g 7.
(F,CCH radical TOF spectrum, representing tield F,CCH radical frag- The heavy fragment of the #elimination channel should be

ments which survive in the electron impact ionizer. The distribution of curve . LT .
3 is the subtraction of curve 2 from curve 1, representinghtbieF,CCH the difluorovinylidene radical (JEC:, m/e=62). The TOF

radical fragments that do not survive in the electron impact ionizer. spectrum atn/e=62 (F,C;) (Fig. 8 shows the contribution

0.0 4

20 30 40
Translational Energy (kcal/mol)
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FIG. 7. Translational energy distribution for the, llimination channel Time of Flight (us)

from photodissociation of 1,1-difluoroethylene at 157 nm. . e
FIG. 9. TOF spectrum am/e=50, ®=15° from photodissociation of

F,CCH, at 157 nm. The spectrum was taken by accumulating signals over
100 k laser shots. The open circles are the experimental data points, while

of the H, elimination channel calculated using the transla-the solid lines are the fits to the spectra usingdheas2 program. Curve 1

tional energy distribution in Fig 7. In addition. the contribu- is the contribution attributed to the double bond cleavage process using the
S ! translational energy distribution shown in Fig. 11, while curve 2 is the

tion to the TOF at_n/e_: 62 f“?m _the (_jlssouatlve lonization contribution from the H atom elimination channel in which the coj@€H

of the R,CCH radical in the ionizer is also clear. The tWo fragments dissociatively ionizes t,& in the electron impact ionizer.
curves to fit the H atom elimination channels representingurve 3 is the overall fit the spectrum combining the above two contribu-
the hot F,CCH fragment and theold F,CCH fragment are  tions.

shown in Fig. 8. The translational energy shown in Fig. 7 is

a Pea‘,‘ed d|str|but|on_w!th |_ts peak at about 15 .kcaI/ rT]Ol'state through internal conversion from the initially excited
!ndlcatm.g tha.t the bl elimination .channel has an exit barrier electronic state, similar to the H atom elimination process.
|n'th'e d'ISSOCIatIOH process. This result implies that the H The H, elimination from the ECCH, molecule is a
elimination process likely occurs on the ground ele’Ctromcthree-center elimination process. The reverse barrier height
for a three-center H elimination from ethylene on the
ground electronic surface is calculated to be about 12

1500 kcal/mol?® The result here is somewhat consistent with the
three-center elimination process, which implies that when H
1000 leaves the FCCH, molecule the GF, radical should be still
1) ] in the vinylidene structure.
o 500 C. C=C double bond cleavage: F ,CCH,+ hv
04 The C=C double bond fission from the excited@®CH,
100 200 300 400 500 600 700 800 molecule at 157 nm excitation was also observed. The TOF
spectra of the two fragments: mass 50 and mass 14 are
1000 -
1 m/e =62
800 ~ & 4 600 -
1 ®=15° o
600 500 20 m/e =14
Q 4
g 400 400
S ]
200 4 ‘E 300 4
=2
1 S 200
0 © 1
T T T T T 1 M 1 ' 1 v T v T 1 100 4
100 200 300 400 500 600 700 800
Time of Flight (us) ’9
FIG. 8. TOF spectra an/e=62, ®=7.5° (upper trackand ®=15° (lower 0 50 100 150 200 250
tracg. The spectrum at 7.5° was taken by accumulating signals over 500 k Time of Flight (us)

laser shots and the spectrum at 15° over 500 k laser shots. The open circles

are the experimental data points, while the solid lines are the fits to thé=IG. 10. TOF atm/e=14 (CH,), ®=20° from the photodissociation of
spectra using the translational energy distribution shown in Fig. 7. Curve F,CCH, at 157 nm. The spectrum was taken by accumulating signals over
is the contribution of the Kelimination channel, while curves 2 and 3 are 750 k laser shots. The open circles are the experimental data points, while
the contributions from the so-calledld andhot F,CCH fragments from the  the solid line is the fit to the TOF spectrum from the translational energy
H elimination channel. Curve 4 is the overall fit to the spectrum. distribution shown in Fig. 11 using themLaB2 program.
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F,C=CH, > FC=CH, +F
o F,C=CH, — F,C: +:CH, o
S os S o6
8 S
g &
= 044 = 044
g =
& ~
0.2 0.2 -
0.0 T T T T T T J 0.0 T T T T T T T T T
0 10 20 30 40 0 10 20 30 40 50
Translational Energy (kcal/mol) » Translational Energy (kcal/mol)

FIG. 11. Translational energy distribution for the double bond cleavageFIG. 13. Translational energy distribution used to fit the TOF spectra at
channel of 1,1-difluoroethylene at 157 nm. m/e=45 for F atom elimination from 1,1-difluoroethylene at 157 nm.

shown in Figs. 9 and 10. The feature in the TOF spectrum otiative ionization of the FCCH fragment in the ionizer from
mass 14 (:CH) is assigned to the double bond cleavagethe hydrogen elimination channel. The translational energy
channel, the translational energy distributifig. 11) de-  distribution (Fig. 11) obtained for the double bond cleavage
rived from the TOF spectrum of mass 14 should be the ki-also peaks at about 10 kcal/mol. This result indicates that the
netic energy distribution for the-C bond breaking pro- double bond cleavage processes in thEEH, photodisso-
cess. Using this translational energy distribution, the fastiation of 157 nm has an exit barrier, implying that the dis-
peak shown in the TOF spectrum of mass 590F) can be  sociation of the &C bond breaking may not be an event
momentum matched as the fragment partner of the fB&8)-  occurring on the initially excited electronic state. It likely
ment using themMLAB2 program, indicating that the fast peak occurs on the ground electronic potential energy surface.

in the TOF spectrum at mass 50 is indeed from thE€:F

fragment of the double bond cleavage process. The slowes. F atom elimination: F ,CCH,+ hv—FCCH,+F

eak in the TOF spectrum ofi/e=50 is due to the disso-
P P The C—F bond rupture channel was also observed from

the photolysis of FCCH, at 157 nm. The TOF spectra at
m/e=45, ®=20°, 30° (FCCH radica) are shown in Fig.

so - = . : :
I ° mfe =45 12. The feature shown in these spectra is assigned to the F
40 |- . 0% o ®=20° atom elimination process. The translational energy distribu-
301 tion derived from the TOF spectra at/e=45 is shown in
2 a0l Fig. 13. Because of the dissociative ionization in the ionizer,
5 i °. R . ° the TOF spectrum am/e=19 (F') is very complicated
o 10 | o o [«
@} | %Omoo o é,oaJ ooocQ?:%& ooc::’
0 oo %0 ¢ © o @
[ o 0% ° ooo ° o
r o ° 50
10 b
" [l 1 1 1 1 ) [
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a
[ S 2L
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50 g
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100 |
g ol
3  sof I o
(@] -10 I 1 " ! " ! " 1 " ! . !
I 0 100 200 300 400 500 600
0 Time of Flight (ps)
50 A I 1 . 1 . ! . ! , FIG. 14. TOF spectrum ah/e=19 (F"), ®=20°. The spectrum was taken
50 100 150 200 250 300 by accumulating signals over 50 k laser shots. The open circles are the
Time of Flight (us) experimental data points, while the solid lines are the modeled fits to the

spectrum usingmMLAB2 program. Curve 1 is the contribution from the pri-
FIG. 12. TOF spectra amn/e=45 (FCCH), ©=20° (upper tracg and mary HF produc{HF elimination cracking to F in the ionizer, curve 2 is
®=30° (lower trace. The spectrum was taken by accumulating signals overfrom the primary F product F atom eliminatiprcurve 3 is from the primary
100 k laser shots. The open circles are the experimental data points, whiECCH produc{HF eliminatior) cracking to F, curve 4 is resulted from the
the solid lines are the fits to the spectra using the translational energy digrimary CF, product cracking to F, curve 5 is due to the primary,EC:
tribution, shown in Fig. 13, for the F atom elimination channel. product cracking to F, and curve 6 is the overall fit.
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FIG. 15. TOF spectrum at/e=20 (HF"), ®=20°. The open circles rep- FIG. 17. TOF spectrum at/e=44 (HCCF'), ®=15°. The spectrum was

resent the experimental data points, while the solid line is the fit to thetaken by accumulating signals over 500 k laser shorts. The open circles

spectrum using the translational energy distribution shown in Fig. 16. represent the experimental data points, while the solid lines are the modeled
fits to the spectrum. Curve 1 is the contribution from the FCCH pro(iEt
elimination calculated using the translational energy distribution shown in
Fig. 16. Curve 2 is from the £CH product(H atom elimination cracking

. . . o . to the FCCH ion in the ionizer. Curve 3 is the overall fit to the spectrum.
since other primary photodissociation products which con-

tain F atom would also eventually contribute to the TOF
spectrum am/e=19 (F") (see Fig. 14 The fitting to the . Molecular HF elimination: F ,CCH,+ hv—FCCH+HF
TOF spectrum in Fig. 14 shows that there is some contribu-

tion from the F atom elimination channel, or at least some  Molecular HF elimination was also detected from the
feature in the spectrum is consistent with the F atom elimiPhotolysis of 1,1-difluoroethylene at 157 nm. Most of the

nation channel. The contribution from the F atom eliminationPT€Vious studies on photodissociation of fluorinated ethyl-
channel is calculated using the translational distribution de€N€S involve detection of HF products using the IR emission
rived from the TOF spectrum an/e=45 (FCCH frag- technique. Nascent \{|brat|gn state dlstrlbu_tlons of HF have
meny. Other channels also exist in the TOF spectrum aP€&n mapped out using this method. In this study, the TOF
m/e=19. The TOF spectrum in Fig. 14 is modeled using aSPectra of the photodissociation produteCCH and HF
total of five different contributiongsee Fig. 14 captignn-  Were measured. Figure 15 shows the TOF spectrum/at

cluding F atom elimination. The fitting to the TOF spectrum —20 (HF7), ©=30°. The feature shown in this spectrum is
of mass 19 only serves the purpose to show that it is possibl%tt”b“ted to the HF elimination channel. The translational
to model this complicated TOF spectrum using the knowrEnergy distributior(see Fig. 1§ for the HF elimination can
existing channels, including the HF elimination channelth‘f’n be derived from the TOF spectrum in Fig. 15. Figure 17

which will be described in the next paragraph. The translaShows the TOF spectrum ate=44, ®=15° The fast peak

tional energy distribution for the F atom elimination derived Shown in the spectrum can clearly be modeled as the

from the TOF spectra at mass 45, shown in Fig. 13, is alsghomentum-matched partner to the HF fragment, indicating

very similar to those of other dissociation channels. The disthat the fast peak in Fig. 17 is from the FCCH photofrag-

tribution is peaked at approximately 13 kcal/mol, indicatingme”t' while the slower peak is mainly due to the dissociative

a possible dissociation mechanism from the ground potential

energy surface. 2000 -

1500

1000

Counts

F,C=CH, > FC=CH + HF
0.8

= 500 4
S o064
S
E
= o044 04
8 T T T T T T
[~" 0 100 200 300 400 500 600
0.2 Time of Flight (us)
0.0 FIG. 18. TOF spectrum an/e=43 (CCF’), ®=15°. The spectrum was
0 20 40 50 80 100 taken by accumulating signals over 250 k laser shorts. The open circles are
Translational Energy (kcal/mol) the experimental data points, while the solid lines are the fits to the spec-

trum. Curve 1 is the contribution from the primary FCQiass 44 product
FIG. 16. Translational energy distribution for the HF atom elimination (HF elimination cracking to FCC in the ionizer, curve 2 is resulted from
channel from photodissociation of 1,1-difluoroethylene at 157 nm excitathe RCC product (H elimination) cracking to FCC, curve 3 is from the
tion. F,CCH product H atom eliminationand curve 4 is the overall fit.



J. Chem. Phys., Vol. 109, No. 24, 22 December 1998 Lin et al. 10845

250 TABLE II. Energy partition of different dissociation channels of 1,1-
m/e =31 difluoroethylene at 157 nm excitatidn
200 |-
Total Eiran
Dissociation channel available Averaged Averaged /E;,
» ey (157 nm excitatioh energyEy:  Egans Eint ratio
=]
§ 100 L F,C=CH,—F,C:+:CH, 44.1 11.0 331 25/75
F,C=CH,—FC=CH,+F 55.9 19.6 36.3 35/65
o F,C—=CH,—F,C—=CH+H 65.1 16.7 48.4  26/74
i F,C=CH,—F,C=C:+H, 66.0 18.5 475  28/72
F,C=CH,—~FC=CH+HF 136.3 25.4 1109 19/81
o & :
0 100 200 300 400 500 600 700 aThe averaged translational energids,{,) are experimentally measured
Time of Flight (us) values, while the averaged internal energy is calculated by subtracting the

Eansfrom the total available energ¥e(,= E,;— Eyand - All €nergies are in
FIG. 19. TOF spectrum am/e=31 (CF"), ®=25°. The spectrum was kcal/mol.
taken by accumulating signals over 100 k laser shorts. The open circles
represent the experimental data points, while the solid lines are the fits to the
spectrum. Curve 1 is the contribution from the primary FCCH pro@iét  the estimation, the detection efficiencies of different ob-
elimination) cracking to CF* in the ionizer, curve 2 is resulted from the F - g0 04 jons are assumed to be the same. There are also other
product (double bond ruptudedissociatively ionizing to CF, curve 3 is . " .
from the KFCCH product(H atom eliminatiof, and curve 4 is the overall fit. sources of errors in the f|tt|ngs of some TOF spectra since
the correlations between the contributions from different

channels are rather significant. The anisotropy of the disso-

ionization of the FCCH product from the H atom elimina- ciation processes will also likely increase the errors in calcu-
tion channel. TOF spectra at mass &3. 18 and mass 31 lating the branching ratios. In this experiment, however, this
(Fig. 19 were also measured. The different features in theseffect is considered to be small since all dissociation pro-
spectra can all be attributed to dissociative ionization in theeesses most likely occur from the ground potential energy
electron impact ionizer from different primary dissociation Surface through internal conversion, which will wash out

channelgsee figure captions in Figs. 18 and)1%he trans- most of the anisotropy in the dissociation processes. Due to

lational energy release for the HF elimination channel alsghe above sources of error in estimation, the branching ratios
has a peaked distribution, similar to those of other dissociaobtained here should be regarded as estimated values rather

tive channels. The peak of the translational energy distributhan accurate measurement results. Nevertheless, these esti-
tion is at about 20 kcal/mol. Therefore it is clear that allmated branching ratios should provide a good base for a
dissociation processes of 1,1-difluoroethylene at 157 nm exough picture of the important dissociation channels. From
citation likely occur through the ground state potential, notTable I, itis clear that the major dissociation channels are the

through direct dissociation on the initially excited electronicH atom elimination and the HF elimination channels. The H
state potential. elimination and the double bond breaking channels are also

rather significant. The contribution from the F atom elimina-
IV. DISCUSSION tion channels is, however, minor.
A. Branching ratio B. Energy patrtition

Branching ratios for photodissociation processes can From the translational energy distributions of all differ-
give us very important information on the dynamics of pho-ent channels, all averaged translational energy releases can
todissociation in general. In this work, TOF spectra for allbe determined. Assuming(E) is the translational energy
primary product masses and cracking masses from the phdistribution of a dissociation process, the averaged energy
todissociation of 1,1-difluoroethylene were carefully mea-E,  can be calculated using the following formula:
sured. Laser power for each TOF spectrum was also rather JEp(E)dE
well controlled and measured. By accumulating the contribu- v —————.
tions of the different fragment ions to each channel, the Jp(E)dE
branChing ratios of each individual channel were eStimatedTab|e Il shows the averaged kinetic and internal energy re-
The estimated bl’anching I’atiOS are I|Sted in Table l. Duringease, and their ratios_ From Table ||, |t iS C|ear tha‘[ the
product internal energy partition in photodissociation of 1,1-
difluoroethylene at 157 nm excitation are always signifi-
cantly larger than the translational energy release, with the
internal energy release ranging from 19% to 35% of the total

TABLE I. Branching ratios for different dissociation channels of 1,1-
difluoroethylene at 157 nm excitation.

Dissociation channel Branching ra#o) available energy.
F,C—=CH,+hv—F,C:+:CH, 10
F,C—=CH,+hv—FC=CH,+F 2 V. CONCLUSION
F,C—=CH,+hv— F,C=CH+H 25 . i . .
F,C—CH, + hv— F,C—C:+H, 11 Photodissociation dynamics of 1,1-difluoroethylene at

F,C=CH,+hv—FC=CH+HF 52 157 nm excitation have been studied using photofragment
translational spectroscopy. Five dissociation channels have
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