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The atomic and molecular hydrogen elimination processes from ethylene have been studied using a
molecular beam apparatus. Site and isotope effects on the molecular hydrogen elimination from
ethylene have been clearly observed from the photodissociation of ethylene at 157 nm.
Experimental results show that there are three different types of molecular elimination processes:
1,1 elimination, 1,Zis elimination, and 1,2rans elimination. Significant differences have been
detected between 1,1 elimination and 1,2 eliminations in their kinetic energy distributions.
Noticeable difference is also found between &i2-elimination and 1,2rans elimination for
molecular deuterium elimination. Branching ratios for atomic and molecular hydrogen elimination
processes have also been determined for ethylene and its isotopomers. Isotope and site effects on the
branching ratios of different molecular elimination channels have been observed. The experimental
results are also compared with recent theoretical studies20@ American Institute of Physics.
[S0021-960600)01345-3

I. INTRODUCTION The relative branching ratio for the atomic and molecular

) . hydrogen elimination channel is also an interesting issue.
Even though the unimolecular decomposition process of Previous experimental studies show that any pair of H

ethylene has been the topic of extensive experimental an oms can participate in molecular elimination, while no
theoretical studies for the last few decades, many details qfj,,, isotope scrambling has been observed. Molecular hy-
the dissociation processes remains unclear until even tOdaXrogen elimination has been studied in the photodissociation

Efr eevtlr? LﬁneeXperfggfr:ﬂ Setuggfj:og}/ tahar‘]t_ tueeilerOCIaz(())rt]onOf ethylene at 193 nm excitatidh? Site and isotope effects
. y un xcration g gy p on the dynamics of molecular hydrogen elimination from
involves four different chemical dissociation channels:

ethylene have been investigated qualitatively. Molecular

C,Hy+hv—HC=CH+H,, (1) elimination from highly excited molecules is an important
and also interesting class of unimolecular reactions since it is
—HC=C:i+H,, (20 related not only to simple bond rupture processes but also

bond formation processes during dissociation. The chemistry
—HC=CH+H, 3) and physics involved in this type of elimination processes are
— HC=CH+2H. (4) also muqh more complicated and richer than simple bond
rupture dissociation processes. However, there has been lack
Figure 1 shows the energetic diagram for all possible reacef systematic studies on the dynamics of the molecular hy-
tion channels. The first two channels listed above are theélrogen elimination so far, especially the precise kinetic and
molecular hydrogen elimination processes, while the thirdnternal energy distributions of the photodissociation prod-
and the fourth channels are the atomic hydrogen eliminatiomicts. This is mainly due to the lack of sensitive universal
processes. For the atomic hydrogen elimination, there is detection methods for molecular hydrogen. Recently, a new
triple dissociation channel, in addition to the simple C—Hmolecular beam apparatus has been established in our
bond rupture process. The dynamics of this triple dissociataboratory'® Because of its low background at low masses
tion channel is a complicated yet interesting phenomenonimass 1 to mass)4n the detector in comparison with other
similar machines, this apparatus provides us a unique tool to

dAuthor to whom correspondence should be addressed. Electronic maiﬁtUdy 'ntere_sm_]g gtomlc hydrogen elimination and molecular
xmyang@po.iams.sinica.edu.tw hydrogen elimination processes.

0021-9606/2000/113(21)/9668/10/$17.00 9668 © 2000 American Institute of Physics
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Molecular elimination process from ethylene can be di-ll. EXPERIMENT

vided into three types of elimination: 1,1 eliminati¢hlE), Photof t Kineti ; ic techni d
1,2<cis elimination (12cB) and 1,2trans elimination (12tE). otolragment KINELC Spectroscopic technique was use

In each of the three types of elimination, there are two poszo investigate the photodissociation dynamics of ethylene at

sible pairs of hydrogen atoms for molecular eliminatisae 157 nm. The main thrust of this study is to understand the

Fig. 2). In this work, photodissociation of different ethylene detailed dynamics of the atomic and molecular hydrogen

isotopomers at 157 nm are systematically investigated in Or(_ahmlmauon Processes from ethylene. The exper.|ment was
arried out using a molecular beam apparatus, which consists

der to examine the site and isotope effects on the dynamicOf WO source chambers. a main chamber. and a rotatable
of molecular hydrogen elimination from ethylene. Atomic ' '

hydrogen elimination has also been studied carefully. At 15./un|versal detectof’ The most crucial part for this study is

nm excitation, the ethylene molecule is mainly excited to thethe ultraclean detector in the apparatus. The ultrahigh

3py,y,; Rydberg statelt The equilibrium geometries of the

3py,y,; Rydberg states are all near planar from a recent the-

oretical calculation(see Fig. 3! implying that the 1,Zis o(HCCH)
andtrans molecular eliminations could be dynamically dif-

ferent. Recently, we have reported our preliminary results on .
this interesting topic; site-specific effect on dynamics of the 0
molecular elimination have been reportéExtensive theo-
retical studies on the photodissociation of ethylene have also
been carried out based on a statistical mddiel In this
article, a full report with more careful measurements is pre-
sented on this subject.
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FIG. 3. Molecular geometries of the ground and excited electronic states
FIG. 2. Site-specific molecular hydrogen elimination processes indicated.(from Ref. 11.
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% therefore the ionization efficiency of these products is
@B 5004 smaller as a result. For H and,Hbroducts, the ionization

efficiency is typically~10 °. The laser beam was crossed
with the molecular beam perpendicularly at the distance of
. T : . : , ~5 mm away from the nozzle tip. Such close nozzle—laser
0 %0 10 1%0 distance(higher target densilyis used to compensate the
Time of Flight (us) low detection efficiency of the lighter fragment. The beam
FIG. 4. Experimental and simulated TOF spectra for photodissociatiorfﬁg?_:tlaor?; Zr?)r[())(():ﬂ‘(:etrsﬂlr;ldr?”lrut:ﬁ ?Zsigpgr:t;%n;eHS;\f;e\:'eEZ?e
products atm/e= 1,2 from normal ethylene (£i,) at 157 nm. All spectra
were taken by averaging over 25 000 laser shots. ity, time-of-flight (TOF) resolution for these products is still
acceptable. The photodissociation products pass through a
hole of 4 mm diameter on the cold plate near the source
vacuum (1x 10" *2torr) was maintained during the experi- chamber wall and enter the main chamber. The products then
ment in the electron-impact—ionization region in order tofly into the detector through a square hole of 4.5mm
make the detection of the molecular and atomic hydrogen< 4.5 mm on the detector chamber wall. The flight distance
products much easier. Ethylene and its isotopomers were irft) of the neutral products was about 285 mm and the detec-
vestigated in order to clarify the sources of the atomic andion axis was orthogonal to both the laser beam and the mo-
molecular hydrogen elimination processes. lecular beam. The neutral products were ionized by a Brink-
Totally, five different ethylene isotopomers, normal type ionizert® and the length of the ionization regiéh) was
ethylenéCH,CH,), d,-ethylenéCD,CD,), 1,1-d-ethylene ~13 mm. lons produced in the ionizer were then focused
(CD,CH,), 1,2<is dy,-ethylenéCHDCHD), and 1,2trans into the quadrupole mass assembly by some ion optics, mass
d,-ethylené CHDCDH), were obtained commercially for this selected by the quadrupole mass filteixtrel), and finally
experimental study. All the samples used here are rated witbounted by a Daly-type ion detecttIn this study, the data
99% or better purity. These samples were used without anwere accumulated overx210*—4x 10° laser shots depend-
purification. The light source used in this study was an unding on the signal-to-nois€S/N) ratios. All experimental con-
polarized 157 nm laser beam generated by a Lambda Physditions such as molecular number density and laser intensity
LPX 210F, laser with a NOVA tube laser cavity. The rep- in the interaction region were well controlled in order to
etition rate used in the experiment is 50 Hz and the lasemake meaningful comparisons of results from different iso-
pulse duration is-15 ns. A differentially pumped laser beam topomers. Multiphoton effects and molecular clustering ef-
path was used, and the vacuum of the laser beam path wé#ects were carefully checked.
~1x10 " Torr or better. In order to avoid multiphoton ef- Product TOF spectra from photodissociation of the eth-
fects, the 157 nm laser power was attenuated by a mesh §dene compounds were measured in the laboratory frame. In
about 1-2 mJ/pulse in the experiment. The laser flux densitgrder to obtain the center-of-ma&SM) kinetic energy dis-
was also reduced by focusing the laser beam by aMgks  tributions P(E5), the conversions from the laboratory frame
to a larger spot size of~4 mmx4 mm in the interaction tothe CM frame are required. The conversions for this study
region. A pulsed molecular beam was produced by expandwvere done by a forward convolution method. Simulations
ing the neat ethylene samples from a solenoid va¥eneral  were carried out using a recently developed window-based
Valve) through a 0.5 mm diameter orifice. The backing pres-software package;mLAB3,>” which was modified from the
sure of ethylene and its isotopomers during the experimentrevious versioncmLAB2.28 In this simulation program, a
was 50 Torr. trial P(E+), and a CM angular distributio(B-parameterare
Typically, lighter photodissociation produdtid and H,)  used to calculate the TOF spectrum for the photofragment at
fly faster so that their residence time in the ionizer is shortera laboratory (LAB) angle @, between the molecular

(=)
|
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5 IIl. RESULTS AND ANALYSES
(75}
A. Ethylene (C,H,)
RS TOF spectra of the photodissociation products, H and
- T - T - T ] H,, from the normal ethylene at 157 nm, were recorded at
0 40 . 80. 120 160 the perpendicular direction of the molecular beam using the
Time of Flight (us) experimental method described above. Figure 4 shows the

FIG. 6. Experimental and simulated TOF spectra for photodissociationTOF spectra am/e=1(H) and 2(H) from the photodisso-
products am/e=2,4 from fully deuterated ethylene §B,) at 157 nm. Al ciation of the normal ethylene. These TOF spectra are simu-
spectra were taken by averaging over 25 000 laser shots. lated using thecMLAB3 program, and the simulated TOF
spectra are also shown in Fig. 4. For the H atom elimination,
the triple product channel #8,+2H is clearly present since
beam and the detector using the known apparatus parametessry slow H product is produced above the triple dissociation
and the measured beam velocity distributian,«,). The limit. Figure 5 shows the kinetic energy distributions ob-
calculated TOF spectrum was then compared with the extained from simulating the above TOF spectra. In the simu-
perimental TOF spectrum and tR€E) was adjusted point- lations, the H atom product TOF spectrum is simulated as-
by-point on the computer screen until satisfactory fit wassuming that the H atom products are all from binary
achieved for the TOF spectrum. dissociation. Even though this way of fitting is approximate,
Relative branching ratios of different dissociation chan-it is helpful to understand the overall characteristics of the H
nels were calculated by integrating the signals in the CMatom elimination. Therefore the kinetic energy distribution
frame. In order to determine accurately the relative yields obbtained for the H atom elimination is for the total H atom
different photodissociation products, detection efficiencies oproducts. Atomic elimination processes in work are simu-
H,, HD, and D, were determined by measuring the intensi-lated in this way for all the molecules. From Fig. 5, the H
ties of the continuous effusive beam consisting of anelimination process shows a broad product kinetic energy
equimolar mixture of B, HD, and D, at m/e=2, 3, and 4. distribution with its peak at-30 kcal/mol, indicating that the
Since the total ionization cross sections of &d D, are  H, elimination process has a significant reverse barrier. This
known to be nearly identicaP HD is expected to have the is not surprising since Helimination normally has such a
same ionization cross section ag&hd D,. From the relative  reverse barrier. For the H atom elimination, the kinetic en-
detection efficiencies of §l HD, and D, the detection effi- ergy distribution shows a narrow energy distribution with its
ciency of H atom atm/e=1 could be estimated since the peak around 8 kcal/mol. The overall kinetic energy release is
relative ionization efficiency of H and Hvas also knowrt?  quite low for the H atom elimination process. Most of the H

TABLE I. Relative yields of all low mass products from ethylene at 157 nm.

Molecule H D H HD D,
C,H, 0.560.592 e 0.440.4) S E
C,D, e 0.400.53 L e 0.600.47
1,1 CD,.CH, 0.320.28 0.150.28 0.2000.19 0.230.12 0.100.13
cisCHDCHD 0.380.349 0.140.23 0.070.09 0.350.39 0.060.03
transCHDCDH 0.410.33 0.140.22 0.070.09 0.350.38 0.040.03

aNumbers in the parentheses are theoretical values from Ref. 14.
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FIG. 8. Experimental and simulated
TOF spectra for photodissociation

0 50 100 150 100 150 products atm/e=1, 2, 3, and 4 from
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products actually are produced above the triple dissociatiofydrogen elimination from gH,. Therefore isotope effect on

channel limit (HCCH-2H), indicating that the dominant H pranching ratios is clearly present. The branching ratios are
products are likely from the triple dissociation channel. listed in Table I.

Using the known relative detection efficiencies and the
measured relative signals for the H angdfoducts, branch- ¢ 1 1-dideuterated ethylene (CD,CH,)
ing ratios have also been determined for the two products.

The two channels appear to be almost equally important. The 1 OF spectra of the photodissociation products at mass
results are listed in Table 1. 1(H), 2(H,&D), 3(HD), and 4(B) from 1,1-dideuterated

ethylene at 157 nm using the experimental method described
above were recorded. Figure 8 shows the TOF spectra at
m/e=1(H), 2(D&H,), 3 and 4(DQ) from the photodissocia-
(C,D,) tion of the 1,1-dideuterated ethylene. These TOF spectra are
CIsimulated using theMLAB3 program, and the simulated TOF

TOF spectra of the photodissociation products, D an ¢ | h  Fig. 8. Similar to the ab |
D,, from the fully deuterated ethylene at 157 nm were re->PECTA Are aiS0 SNOWN In Fig. ©. Simiar to e above analy-

corded at the perpendicular direction of the molecular bears >’ the H and D atom products are simulated assuming these

using the experimental method described above. Figure Eroducts are from a binary dissociation. Figure 9 shows the
shows the TOF spectra at/e=2(D) and 4(D) from the inetic energy distributions obtained for all the product chan-

B. Fully deuterated ethylene

photodissociation of the normal ethylene. These TOF spectra
are fitted using themLAB3 program, and the simulated TOF
spectra are also shown in Fig. 6. Figure 7 shows the kinetic
energy distributions obtained from simulating the above TOF
spectra. Similar to the analysis of the normal ethylene data
the TOF spectrum for the D atom products was simulated as
a binary dissociation process. This is an approximate way tc__
extract information for the H atom elimination process. The &
kinetic energy distributions for the D and,Celimination
processes from £, are very similar to that for the H and,H
elimination from GH,, indicating the dynamics of the two
processes in the two molecules are very similar to each other
Using the relative detection efficiencies for the apparatus anc
the measured relative signals for the D ang fwoducts,
branching ratios have been determined for the two product
channels. In comparison with theld, results, the molecular

0.08 -

0.06

0.04 4

0.02 4

0.00

1,1-CD,CH,

0

20 40

T T T T T
60 80 100 120

Translational Energy (kcal/mol)

FIG. 9. Kinetic energy distributions obtained for the H, D,, HiD, and B,

deuterium from GD, is more important than the molecular elimination processes from the simulating the TOF spectra in Fig. 8.
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FIG. 10. Experimental and simulated

TOF spectra for photodissociation

100 150 0 50 100 150 products atm/e=1, 2, 3, and 4 from
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—- 2 nm. All spectra were taken by averag-
€ mass 3(HD) 120 ing over 25 000 laser shots.
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nels from simulating the above TOF spectra. From Fig. 9, iftof CH,CD,. Similar to CHCD,, isotope effects are present
is clear that the H and D processes have similar kinetic enin the atomic and molecular elimination processes.
ergy distributions, while 5 HD, and DB, elimination pro-
cesses also have similar distributions. Noticeable differences )
were found for the HD and Peliminations from CBCH,. ~ E- 1,2-frans dideuterated ethylene  (CHDCDH)
Since the D and bisignals are overlapped in some degree,  TOF spectra of the photodissociation products at masses
the kinetic energy distributions obtained for the two pro-1, 2, 3, and 4 from 1,2ansdideuterated ethylene at 157 nm
cesses should have larger error bars than those of other pr@ere recorded. Figure 12 shows the TOF spectranét
cesses. Similarly, branching ratios have been determined foe1(H), 2(D&H,), 3 and 4(D) from 1,24rans dideuterated
all the product channels in the same way used above. Thethylene. These TOF spectra are simulated in exactly the
branching ratios determined are listed in Table I. Notice thakame way used in the above section. The simulated TOF
H atom product is about twice that of the D atom product,spectra are shown in Fig. 12. Also similar to the above analy-
while H, and HD are about twice that of the,Product. This  sjs, the H and D products are treated as products from a
implies that large isotope effects are present in the atomiginary dissociation. Figure 13 shows the kinetic energy dis-
and molecular hydrogen elimination processes. tributions obtained for all product channels from simulating
the above TOF spectra. Similarly, using the known relative
D. 1,2-cis dideuterated ethylene (CHDCHD) detection efficiencies and the measured relative signals for
TOF spectra of the photodissociation products at masses
1, 2, 3, 4 from 1,2eis dideuterated ethylene at 157 nm were 007 ] H
recorded. Figure 10 shows the TOF spectrané=1(H), ' / 1,2-cis CHDCHD
2(D&H,), 3 and 4(B) from 1,2<is dideuterated ethylene. 005
These TOF spectra are simulated in exactly the same wa
used in the above section. The simulated TOF spectra ar ]
shown in Fig. 10. Also similar to the above analysis, the H @ oo+ D
and D products are treated as products from a binary disso™
ciation. Figure 11 shows the kinetic energy distributions ob- ]
tained for all product channels from simulating the above o0 / 2
TOF spectra. Similarly, using the known relative detection /
efficiencies and the measured relative signals for the H, D, ]
H,, HD, and D, products, branching ratios have also been ¢ — = — ,
determined for the these product channels, which are listec 0 2 % & 10 120
in Table I. The relative yields of the H and D products from Transtational Energy (kcal/mol)

this isotopqmer are very similar to that Of_ GED,, whereas g, 11. Kinetic energy distributions obtained for the H, B, HD, and D,
those relative of Kl HD, and D, are very different from that elimination processes from the simulating the TOF spectra in Fig. 10.

0.03 4

0.01+
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mass 3(HD) nm. All spectra were taken by averag-
—_ 120 ing over 25 000 laser shots.
0
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©
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0
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the H, D, H, HD, and D products, branching ratios have Since dissociative ionization of the molecular hydrogen

been determined for all the product channels, which ar@roduct can be neglected, the signals observedmé

listed in Table I. Notice that the relative yields of the H and =1,2,3,4 should be the photodissociation products of H,

D products from this isotopomer are very similar to that ofH>&D, HD, and D,, respectively. By fitting these TOF spec-

CH,CD, and 1,2eis CHDCDH, whereas those relative of tra atm/e=2,3,4 from all three isotopomers, the kinetic en-

H,, HD, and D are very different from that of C)CD, but  ergy distributions and yields for each channel have been de-

similar to that of 1,2eis CHDCDH. termined. From Fig. 2, the Hand D, eliminations from all

three deuterated ethylenes are clearly site-specific. The H

) . . and D, eliminations from 1,2rans CHDCHD are all due to

F. Site and isotope effects on the atomic and site-specific 1,2rans elimination (12tE), the H, and D,

molecular hydrogen eliminations eliminations from 1,%is CHDCHD are all due to site-
In order to know whether a meaningful comparison canspecific 1,2eis elimination(12cB, and the H and D, elimi-

be made across all isotopomers, total photodissociation sigrations from 1,1 CHCD, are all due to site-specific 1,1

nals(from m/e=1 to 4) from the three dideuterated ethylene elimination(11E). While the H, and D, eliminations are site-

isotopomers were compared. Without considering the transspecific, the HD eliminations from the three deuterated com-

formation(LAB-to-CM frame) differences between different pounds are the combination of two different site eliminations

isotopomers, which are considered to be small since thésee Fig. 2 As shown in Fig. 2, the HD elimination from

shape of the total signal of the three compounds are quite

similar, the integrated signals from the three dideuterated

ethylenes were all within 5% of each other, indicating that H

the photodissociation of three deuterated ethylene molecule o7

can be compared quantitatively. It is necessary to point oul 1,2-trans CHDCDH

that the product angular anisotropy in the dissociation pro- °®

cesses might also cause some small differences in the  oos- D

branching ratios. However, this should not cause any signifi- - wond

cant difference because unpolarized laser source is used i€ | HD

the experiment. In addition, experimental results here show  cos H,

that molecular hydrogen elimination from ethylene most 0] D,

likely occurs on the ground potential surface through internal
conversion from the initially excited state. This would likely 0014
wash out the product angular anisotropy in the dissociation -

processes. The original geometry of the ethylene molecule o =~ 2 4 0 s 10 120
also points to a small angular anisotropy parameter for mo-
lecular elimination even if it is a direct and fast dissociationgg, 13, Kinetic energy distributions obtained for the H, B, HD, and D,
process. elimination processes from the simulating the TOF spectra in Fig. 12.

40 60 80
Translational Energy (kcal/mol)
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TABLE Il. Relative yields of specific site 5 HD, and D eliminations. 1.0 4 S
1 N\ a) 1,1-Elimination
Specific site elimination 5] HD H, 0.8+ ; ‘\‘:.\ 5
1,24rans eliminaton (12tE) 1.00 1.64 2.03 0.6 4 /" ‘\\‘\ ----- le:)
1,2<cis elimination (12cB 1.68 1.60 2.02 1 l/ ‘-\ U H
1,1 elimination(116) 2.81 3.37 5.65 044/ \ ’
024 // \\}\.\
0.0 T T TS T ]
1,24rans CHDCHD is the combination of the 1,1 HD elimi- 1.0~ 7>
nation and the 1,2is HD elimination; the HD elimination 08 ] /;/" \"\\\\ b) 1,2-cis Elimination
from 1,2cis CHDCHD is the combination of the 1,1 HD ] 7 Y b
elimination and the 1,%ans HD elimination; and the HD . 064 by NN e b
elimination from 1,1 CHCD, is the combination of the 1,2- §F 04 ',-:/ \ ———-H,
cis HD elimination and the 1,ZansHD elimination. b \\_
Since the H and D, elimination processes are site- 024 J \\\:\
specific, the relative yields listed for the,tdnd D, elimina- A N \-?‘T.‘\-'“i""- .
tions in Table | are also site-specific. The HD elimination
from each ethylene isotopomer, however, is a combination of 1‘0'_ Y c) 1,2-trans Elimination
two specific site eliminations. Therefore the total HD yields 084 ,,"/ ‘\\\
listed in Table | are not site-specific. In order to determine 6] / ' \f\\ T__&D
the site-specific HD yield, the total HD yield from each deu- - 4 R — H,
terated ethylene can be viewed as the summation of the tw« 0.4 “\\
site-specific HD vyields, and each specific site HD yield from 02 AN
different deuterated ethylene molecules is assumed to be th ] N
same: T T T
0 20 40 80 80 100 120 140
Yup(1,2=trans CHDCHD) =2ypp(11E) +2ynp(12cB © Translational Energy (kcal/mol)
YHD(1,2-CiS CHDCHD) = 2yin( 116 + 2y 12tE), (6) FIG. 14. Site effect on th&(E)s for D,, HD, and H elimination.
Yhp(1,1 CHCD,) =2yp(12¢E +2yp(12tD), (7

whereYp is the total yield of HD elimination, angp is
the yield of site-specific HD elimination. Solving the above tively. From the measured kinetic distributior®,,(E),
equations, the relative yields for the site-specific HD elimi-p,,(E), and P,,(E), the kinetic energy distributions
nations can be obtained. Table Il lists the relative yields ofp,,,{E), pi12(E) and py;E) for the site specific HD
the H,, HD, and D site-specific elimination processes. elimination can be determined by solving the above equa-
The kinetic energy distributions for the site-specific tions. The specific site effect on the kinetic energy distribu-
eliminations of H, HD, and D are also obtained through the tion of the H,, HD, and D elimination is shown in Fig. 14.
simulation using theMLAB3 program. Since the JHand D, For convenience of comparison, all kinetic energy distribu-
eliminations are all site-specific, the kinetic energy distribu-tions shown in these figures are normalized to the same
tions obtained for these processes are also all site-specifigeight.
However, the kinetic energy distributions for site-specific The isotope effect on the kinetic energy distribution is
HD eliminations from the three dideuterated compounds ca@lso quite interestingsee Fig. 1% For the 1,1 molecular
be obtained using a similar method to the calculations of theétyydrogen elimination channel, the kinetic energy distribu-
site-specific HD yields. Here, the kinetic energy distributiontions for H,,HD,D, are almost exactly the sanisee Fig.
of the HD elimination from a dideuterated ethylene can be15), implying that the isotope effect on the dynamics of the
viewed as the summation of the contributions of the two1,1 elimination channel are very small. However, the isotope

site-specific HD elimination: effect on the kinetic energy distributions for the four center
P..(E)=2 E)+2 E), 8 elimination channels, especially the Li&-elimination, is
12(B) = 2P1:e(B) + 2P12cel E) ® much more significant. From Table I, it is also obvious to
Pod E)=2p11E)+2p1aE), 9 see that the relative yields for any specific site elimination
increase as the eliminated spediBs, HD, and H) becomes
P1i(E) =2p12e E) + 2p12cel E), 10 e pectBe &
whereP,(E), P1,{E), andP,(E) are the kinetic energy From the kinetic energy distributions and yields for the

distribution for the total HD elimination from 1,2ans  specific site H, HD, and D elimination (see Fig. 14 and
CHDCHD, 1,2¢is CHDCHD, and 1,1 CHCD,, respec- Table ll), it is very clear that the 1,1, 1,&s, and 1,2trans
tively, while p1o=(E), p1ocdE), andp1(E) are the kinetic D, elimination processes show significantly differences in
distribution for each specific site HD elimination: y2ns  their kinetic energy distributions, indicating that the dynam-
elimination, 1,2eis elimination, and 1,1 elimination, respec- ics of D, elimination from different sites are quite different.
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1.0+ TABLE IIl. Averaged kinetic energy releases from photodissociation of

1 7N — 11H2 ethylene at 157 nm.
0.8 /! N cisH2
06 ] /.i NN - transH2 Molecule H D H HD D,
S Y CHa 124 - 398
044 f/ N C,D, o 11.2 o - 37.4
1/ Mo 1,1 CDCH, 12.9 115 35.6 41.8 35.2
024/ [l cisCHDCHD 123 120 393 361 455
1 TSIl trans CHDCDH 11.9 11.5 40.4 36.2 40.4
00 — T T T T T T T
1.0 - R
08 NN —11HD N : . .
< i NN cisHD eliminations in which tunneling effect might be important.
—~ 086 / \‘\\ e transHD Recent theoretical studies also showed that conical inter-
%_J/ . N sections might be important in this systéf2° indicating
°-4'_ ANN that internal conversion from the excited excited electronic
024 S state to the ground electronic state might be very efficient. In
1 \-\\:_\\\ addition, the theoretical results also indicate that-trans
00 —r - r - T 1 1 T 1 isomerization in ethylene can also be promoted through coni-
1.0 - cal intersections. From the difference observed between the
AN —11D2 . .
08 ] SoNN Y cisD2 1,2cis and 1,2trans H, elimination in this work, it is likely
o / N \\ N transD2 that cis—trans isomerization should not be much faster than
06 ,/' AN the dissociation process. In other words, isomerization
04 1 ) N AN should not be complete before dissociation.
41/ N From Table |, there is a clear isotope effect on the
024 N branching ratios of the atomic hydrogen elimination. How-
00 1 “'\l\.;:'\ ever, kinetic energy distributions for atomic hydroger
- — 71 1 r 1 r 1 T T 7

deuterium eliminations are all very similar, indicating there
is no obvious isotope effect on the dynamics of the atomic
hydrogen elimination process.

T T |
0 20 40 60 80 100 120 140
Translational Energy (kcal/mol)

FIG. 15. Isotope effect on thB(E)s for specific site elimination.
G. Comparisons with theoretical calculations

Recently, Changet al. has calculated both the product
The difference between the 1¢is and 1,2transD, elimina-  branching ratios and the kinetic energy distributions for the
tion is especially interesting because all previous studies gihotodissociation of ethylene and its isotopomers at 157 nm
different wavelength excitations show no differences be-and other wavelengths using an RRKM motfeThe calcu-
tween these two microchannels. The HD eliminations fromlated branching ratios are also listed in Table | in comparison
different sites also show some differences in their kineticwith the experimental values. From Table I, the overall
energy distributions. For thetelimination processes, how- agreement between the calculated branching ratios and ex-
ever, there is no obvious difference between thecisznd  perimental results are quite good, indicating that the RRKM
1,24rans H, eliminations. From theoretical studies, the four- picture is quite good for the photodissociation of ethylene at
center molecular hydrogen elimination requires a 1,2 hydro157 nm. However, there are quantitative differences between
gen atom migration. The transition state of the 1,2 eliminathe calculated and measured branching ratios. The atomic
tion is believed to be the so-called ethylidene radicalhydrogen elimination channels are always overestimated in
(:CHCH;) .20-2313-1%Recent theoretical studies on the ethyl- the theoretical calculations, and the D elimination channel is
ene photodissociation show that the structures of the transalways overestimated relative to the H atom elimination
tion state of the 1,2rans and the 1,Zis elimination pro- from the three dideuterated ethylene compounds. In the cal-
cesses are slightly differeft.This will certainly cause some culations, the difference between the 1,1 molecular hydrogen
difference in the 1,Zis and 1,2trans elimination processes. elimination and the 1,2 molecular hydrogen elimination is
The main difference shown in the dynamics of ti2-and quite close to the experimental results, indicating that the
1,24rans eliminations could not, however, be solely ex- theoretical model is quite good. However, the difference be-
plained by the differences in the transition states. Other dytween the 1,Zis an 1,2trans molecular hydrogen elimina-
namical processes such as 1,2 concerted molecular hydrogéans observed in the experiments do not show up in the
elimination, which does not require 1,2 hydrogen atom shifttheoretical calculations, indicating that the RRKM model
might be responsible for the main difference between theseems to be inadequate to predict this difference.
1,2<cis and 1,2trans molecular hydrogen eliminations. It is Averaged kinetic energy releases have been determined
conceivable that the concerted molecular hydrogen eliminafor the kinetic energy distributions for different reaction
tions fromcis andtrans configurations might be quite differ- channels. The results are listed in Table Ill. From these re-
ent because the migration distances between the two hydraults, the averaged kinetic energy releaged2 kcal/mo)
gen atoms are significantly different in the two type for the atomic hydrogen elimination processes are always a
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little bit higher than the calculated valués9 kcal/mo). For  mostly results from triple dissociation, while molecular hy-
the molecular hydrogen eliminations, the calculated averagedrogen elimination should be essentially a binary dissocia-
kinetic energy release for the 1,1 elimination is about 22tion process. The branching between the atomic hydrogen
kcal/mol, which is significantly lower than the measuredand molecular hydrogen does not change significantly for
value (~35 kcal/mo}, while the calculated value for the 1,2 different isotopomers. Comparisons with recent theoretical
elimination process is about 70 kcal/mol, which is signifi- calculations show that a statistical RRKM model could not
cantly higher than the observed valite40 kcal/mo). These fully describe the ethylene photodissociation at 157 nm, in-
results indicate that the RRKM theoretical model is clearlydicating this system is not fully statistical. The results of this
inadequate to describe the product kinetic energy distribuwork provide a good example of site-specific molecular
tions even though the model is quite good in predicting theslimination processes.

branching ratios for different dissociation channels. It seems
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