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Translational energy distributions and angular difference Doppler profiles
of the excited hydrogen atom produced in e-C,H, collisions: Dissociation

dynamics of ethylene

Nobuaki Yonekura, Keiji Nakashima, and Teiichiro Ogawa
Department of Molecular Science and Technology, Kyushu University, Kasuga-shi, Fukuoka 816, Japan

(Received 21 May 1992; accepted 17 July 1992)

Formation of an excited hydrogen atom (H*) through electron-impact dissociation of ethyl-
ene has been investigated by measuring Doppler profiles of the Balmer-8 line and their angu-
lar dependence at an optical resolution of 0.007 nm. The Doppler profiles show a clear an-
isotropy. The translational energy distribution (TED) and the angular difference Doppler
profile were obtained. There are four major dissociation processes for the formation of H*(n
=4). Component 1 has a peak of TED at 1 eV, is produced in a perpendicular distribution,
and should be produced by predissociation through the Rydberg states converging to the
(1b,,) ! state. Component 2 has a peak of TED at 1.8 eV, is produced in a parallel distribu-
tion, and should be produced through the Rydberg states converging to the (2a,) —! state.
Component 3 has a peak of TED at 2-6 eV and is produced in a parallel distribution. Com-
ponent 4 has a peak of TED at 5-10 eV. Molecular orientation at the time of excitation was
estimated; the molecular plane is perpendicular to the electron beam for component 1, and
the C—C bond is perpendicular and the molecular plane is parallel to the electron beam for
components 2 and 3. The asymmetry parameters of components 2 and 3 were <0.2; these
values were much smaller than anticipated due largely to molecular rotation and deformation

at the time of dissociation.

I. INTRODUCTION

The electron-impact induced molecular dissociation
has been widely studied not only for understanding its pri-
mary process but also for elucidating chemical events in
plasma, atmospheric, and interstellar phenomena. The dy-
namic aspect of the molecular dissociation can be clarified
through analyses of translational and angular distributions
of nascent fragments. Detectable fragments, however, have
been mostly long-lived ionic and metastable fragments, be-
cause the conventional time-of-flight technique is applica-
ble only to them. Meanwhile, the Doppler profile of an
emission line of a short-lived fragment exposes the trans-
lational and angular distributions of the fragment and thus
can provide valuable information on the kinetics of the
dissociation process.! The translational energy distribution
(TED) and the angular dependence of the Doppler profile
have provided useful information on major dissociation
channels, disposal of the initial excitation energy, and sym-
metry of the dissociative states.”™* A series of studies on
dissociation dynamics has been done based on Doppler
profile measurements of the excited hydrogen atom (H*)
produced by electron impact; H,>*® H,0,”% H,S,°
CH,,'>"' C,H,,"? and aliphatic hydrocarbons.'®

Little has been investigated on the dissociation of C,H,
through highly excited states and, in particular, through
superexcited states. de Heer ef al.!*'® measured the exci-
tation function and the emission cross section of H¥(n=4)
produced in e-C,H, collisions and concluded that H*(n
=4) was produced through superexcited states. Donohue
et al.'" measured the excitation function and the threshold
energy of H*(n=4,5) produced in ¢-C,H, collisions and
concluded that there are three major dissociation processes
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of C,H, for the formation of H*. Although these measure-
ments are indispensable for understanding the complicated
dissociation processes of C,H,, further information on the
TED and the angular distribution would be necessary for
clarification of the dissociation dynamics.

Dissociation to H* has been related to dissociation to
the high Rydberg (HR) hydrogen atom and to the proton;
this is known as the core-ion model.'® Schiavone et al.'®
measured time-of-flight spectra, excitation functions, ap-
pearance potentials, and TEDs of H*(HR) produced in
e-C,H, collisions and found seven major dissociation pro-
cesses of C,H,. Formation of H* was investigated with a
time-of-flight technique by Kusch et al!® Ibuki et al?
have recently reported dissociative photoionization of
C,H,. These studies permit useful comparisons on the basis
of the core-ion model.

The steric effect is one of the oldest problems in chem-
ical reactivity, and a specific molecular orientation at the
time of the collision may favor a certain reaction.?! How-
ever, little has been known about the orientational effect in
electron—molecule collisions except for recent studies on
water® and acetylene.'?

We have measured the TED and its angular depen-
dence of H*(n=4) produced in e-C,H, collisions and have
tried to clarify the dissociation processes through higher
excited states of C,H,. The steric effect of dissociation has
been clarified through analyses of angular dependence.

li. EXPERIMENT

The apparatus used in this work was described in de-
tail in the previous publications.!"?? In brief, the collision
chamber has a rotatable electron gun and a gas cell. The

© 1992 American Institute of Physics
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FIG. 1. Doppler profiles of the Balmer-8 line produced in e-C,H, colli-
sions (left) and TED of H*(n=4) (right) at various incident electron
energies. Two TEDs are shown simultaneously; one of them was obtained
from the left side of the Doppler profile and the other from the right side.
The ordinates are normalized at the peak.

electron beam current was 20-80 pA and its energy reso-
lution was = 1.5 eV. The base pressure was 1X 10~° Torr
and the operating pressure was (1-4) X 10~° Torr.

The Balmer-£ radiation was measured using a Fabry—
Pérot interferometer with a typical optical resolution of
0.007 nm. The Balmer line was separated using a DIF-C
filter (Ad;,,=1.3 nm). The angular dependence of the
Doppler profiles of the Balmer-f line was measured at 90°
and 125° with respect to the electron beam. Polarization
was measured at 90° using a JASCO CT-50 monochro-
mator.

Ethylene of stated purity of 99% was purchased from
Sumitomo-Seika and was used without further purification.

Hl. RESULTS
A. Translational energy distribution

The emission spectrum of ethylene excited by electrons
consists mainly of the Balmer lines of H* and bands of the
excited CH and C, radicals.?* We have measured the Dop-
pler profiles of the Balmer-3 line at a higher optical reso-
lution at several incident electron energies, as shown in
Fig. 1. The shape and width of the Doppler profiles varied
as the electron energy increased.
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FIG. 2. Differences of the translational energy distributions. The open
dots are translational energy distributions and the black dots are their
difference. The ordinates are proportional to the absolute scale and indi-
cate the increase in the total emission cross sections at a larger electron
energy. (a) Difference between 27 and 35 eV. (b) Difference between 27
and 40 eV. (c) Difference between 40 and 50 eV.

The TED of H* can be obtained by differentiating the
Doppler profiles obtained at 125° with respect to the elec-
tron beam; any effect due to anisotropy can be ignored by
measuring them at the magic angle (125°). The differenti-
ation was carried out by smoothing the profile curve by a
least-squares procedure using a seven-point cubic convo-
lute.?* The results are also shown in Fig. 1; the ordinate is
an arbitrary scale normalized to the peak. The TED of
H*(n=4) varies according to the electron energy, indicat-
ing the existence of more than one dissociation process for
the formation of H*(#n=4). Donohue e¢ al.!? found three
major thresholds for the formation of H*¥(n=4) at 19.2
+1.0, 23.9+ 1.0, and 39+3 eV and indicated that there
are at least three major dissociation process of C,H,. The
TED at an electron energy below 23.9 eV would be very
useful for an assignment but was unobservable due to a
weak signal.

The TED at 27 eV has a peak at ~ 1 eV and extends up
to 7 eV. On increasing the incident electron energy, the
peak of the TED shifts to 2 eV at 50 eV and then to 3 eV
at 100 eV. There seems to be a weak shoulder at 6-10 eV
at 100 eV.

If we subtract the TED at 35 eV from that at 27 eV, a
component with a peak at ~1.8 eV appears, as shown in
Fig. 2 (a); the difference distribution is rather noisy and
small peaks such as at 1.2 and 2.4 eV are artifacts. Figure
2(a) indicates that there are two major components in the
TED at 35 ¢V; one has a peak at 1 eV and the other at 1.8
eV. Both of them appear at 27 eV, too. The former is
relatively more intense at 27 eV. The latter, however, be-
comes more intense at higher electron energies and most
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FIG. 3. The degree of polarization of the Balmer-8 line at several electron
energies.

intense at 50 eV. Accordingly we can expect that the
former has a lower threshold energy than the latter. The
difference in the TED at 40 and 27 eV as shown in Fig.
2(b) confirms this assignment.

The difference in the TED at 50 and 40 eV was also
calculated as shown in Fig. 2{c¢) and indicated the exist-
ence of a component with a broad peak at 2-6 eV. This
component becomes most intense at 100 eV.

By comparing the TED at 40 and 50 eV and at 100 and
300 eV, we can indicate a shoulder in the 5-12 eV region of
TED. The peak of this component is somewhere around
6-10 eV.

Thus, we can conclude that there are four major com-
ponents in the TED and their peaks are ~1, 1.8, 2-6, and
6-10 eV.

B. Angular dependence

The polarization of the Balmer- line was measured at
90° with respect to the electron beam for electron energies
of 27-100 eV, as shown in Fig. 3. Error bars in the figure
were drawn based on statistical uncertainty. The degrees of
polarization at all electron energies are approximately
zero, and we can conclude that the Balmer-f line is not
polarized.

The spectral line of a moving atom shows the Doppler
shift, AA=A—Ag. The angular difference Doppler profile,
AF, is the difference in two Doppler profiles taken at two
different angles with respect to the electron beam. When
the two angles are taken as 90° and 125° as in the present
case, Eq. (9) of Ref. 4 becomes

AF(AAw) =F(90°) —F(125°)
=—(3¢/32mAyw) (Jy+J1)
X [1—J,(Ade/Ag)*1BP,(Ade/Agp), (1)

where B is the asymmetry parameter, J, is the degree of
polarization on the molecular axis [J,=(J)—J))/(J,
+J))], v is the velocity of H¥, and P, is the Legendre
polynomial of the second order. B and J, are two basic
parameters; 3 indicates the angular distribution of the ex-
cited atom and J, indicates the distribution in its magnetic

sublevels. The difference profile can clearly disclose aniso-
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FIG. 4. The angular difference Doppler profiles of H*(n=4) at electron
energies of 27 and 40 eV. The dotted line is the smoothed difference
profile and is used for an estimation of 8.

tropic parts in the Doppler profile, because isotropic parts
are canceled by taking the difference.

Normalization of the emission intensity was carried
out using the following equation?”:

I(8)=1I(90°)(1—Pcos0), 2)

where P is the degree of polarization measured on the lab-
oratory axis and was zero in the present case. Thus, we can
equate the emission intensity at 90° with that at 125°.

The angular difference Doppler profiles* were calcu-
lated from the Doppler profiles obtained at 90° and 125°,
and the results at 27 and 40 eV are shown in Fig. 4. They
are positive in the center and negative in the wing. This
shape of the difference profile indicates that B is positive*
and that the dissociation is parallel with respect to the
electron beam.! The central peak is broader at 40 eV than
at 27 eV, indicating that both the slower component at 27
eV and the faster component at 40 eV have positive values
for 8. The relation!! of B, P, and J. » indicates that J, should
be zero, because P=0 and 8> 0. Thus, H*(#n=4) is pro-
duced in a parallel distribution with respect to the electron
beam and the magnetic sublevels are statistically popu-
lated.

In the present case, B is the only parameter which
determines the anisotropic distribution, because J,=0.
Then B can be determined as a function of the translational
energy with a least-squares fitting procedure.8 Because the
observed difference profiles (Fig. 4) are very noisy, we
have smoothed them using a fast Fourier transform rou-
tine?® in order to remove high frequency noise. The dotted
lines in Fig. 4 were thus obtained. We have determined 8
using a least-squares fitting to these smoothed difference

J. Chem. Phys., Vol. 97, No. 9, 1 November 1992
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FIG. 5. The asymmetry parameter, S8, and its dependence on the trans-
lational energy.

profiles, as shown in Fig. 5. We can conclude that B is
positive and tends to be larger at larger translational ener-

gies.

IV. DISCUSSION
A. Assignments of the dissociation process

The ground state electronic configuration of ethylene is
(KK')*(2a,)%(1b1,)%(1b2,)%(3a,)* (1b35)*(1b3,)*

in the Mulliken convention,?” where the molecule lies in
the yz plane with the C=—C bond along the z-axis. The
vertical ionization energies of the six outer orbitals (in
reverse order) were determined by photoelectron spectros-
copy as 10.68+0.02, 12.8+0.1, 14.8+0.1, 16.0+0.1, 19.1
#0.1, and 23.6+0.1 eV.?

There are four major components in the TED and
three major components!’ in the excitation function. The
core-ion model'® has been successful in qualitative inter-
pretations of dissociation dynamics in various molecules
and is used for assignments of these components.

The lowest threshold energies of H*¥(n=4), H*(HR),
and H* produced in e-C,H, collisions were 19.2+1.0
eV,!7 18.7+0.5 eV, and 18.66+0.5 eV,?’ respectively.
Because these threshold energies are close to the fifth ion-
ization potential of ethylene at 19.1+0.1 eV, we can con-
clude on the basis of the core-ion model that dissociation
for the formation of H*, H¥*(HR), and H¥*(n=4) should
proceed through the (1b;,) ~! ionized state or the Rydberg
states converging to this ionized state. The (15,,) molec-
ular orbital is C-H bonding,?”** and ejection of an electron
from this orbital weakens the C-H bond. The fifth photo-
electron band has an irregular structure,®' and the
(1b,,) "' ionized state is probably long-lived. Then the Ry-
dberg states converging to this ionized state are also long-
lived, and anisotropy in the formation of this component
would be small. We denote this as component 1 hereafter.

Component 1 of H*¥*(n=4) should correspond to the
TED with a peak at 1 eV, because this component has the
lowest threshold energy. This component corresponds well
with component 1 of H*(HR) because the latter has a
TED with a peak at 0.6 eV.'® The TED of component 1 of
H*(HR) was broad and extended to 5.8 eV.!® This agrees
with the TED of H¥(#n=4) measured at 27 eV, though
another component with a peak of translational energy at
1.8 eV, which extends to 10 eV as shown in Fig. 2, overlaps
on component 1 at 27 eV.

The dissociation limit of component 1 should be

CH,+e— CHI* - CH;(X) + H*(n=4) 17.5 eV.
(3)

The thermochemical energy of the dissociation limit was
calculated from the bond dissociation energy.*” The differ-
ence between the threshold energy (19.2+1.0) and the
dissociation limit (17.5 eV), 1.7 eV, should be converted to
the translational energy of fragments [mostly of H*(n
=4)] and the vibrational and rotational energy of C,H,.
However, the excess energy may be smaller than 1.7 eV,
because the threshold energy of H*(n=4) should be
smaller than those of H¥(HR) and H* (~18.7 eV) and
the fifth ionization potential (19.1 eV). Because the TED
peak of component 1 of H*(n=4) is 1 eV, most of the
excess energy would be converted to the translational en-
ergy.

The second threshold of H*(n=4) was reported to be
23.9+1.0 eV;!7 we denote this as component 2 hereafter.
There were three thresholds of H¥*(HR) in this region at
21.6£0.5, 23.6=0.5, and 26.0+0.5 eV."® Those at 21.6
and 26.0 seem to be weak and may not be found for H*(n
=4); component 2 of H¥(n=4) should correspond to
H*(HR) with a threshold at 23.6 eV. Judging from the
TED in Fig. 1 and from the TED differences in Fig. 2, we
can conclude that the TED of component 2 should be the
one with a peak at ~1.8 eV. The TED of the correspond-
ing component of H¥*(HR) lay in the region of 0.3-1.9 eV
(Ref. 18) and agreed approximately with that of H*(n
=4).

The threshold energy of component 2 is close to the
sixth ionization potential at 23.6+0.1 eV. Then the disso-
ciation for the formation of component 2 of H*(n=4)
proceeds through Rydberg states converging to the
(2a,) ~! jonized state. The dissociation limit should be ei-
ther of the following processes:

CHy+e—CH¥* L H*(n=4) + C,H,(X)
+H(n=1) 19.1 €V, (4)
~H*(n=4) +C,H(X)
+H,(X) 19.3 eV, (5)
—H*(n=4) +CH,=C+H(n=1). (6)

There is an intense component of H¥*(n=4), which
has a TED peak at ~2-6 eV and becomes a major com-
ponent at 100 eV and above, as shown in Figs. 1 and 2(c).
A similar component can be found in the case of H¥(HR),

J. Chem, Phys,, Yol. 97, Mc. 9, 1 Movembear 1892
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TABLE 1. The translational energy distributions (TED) and dissociation processes of H*(n=4) from

C,H, by electron impact.

Dissociation process

Threshold TED
energy” peak Dissociation Fragmentation
Component (eV) (eV) limit (eV) pattern
1 192 + 1.0 1 17.5 B*(n=4)+C,H;(X)
2 239 £+ 1.0 1.8 19.1 H*(n=4)+H(a=1)+CH,(X)
19.3 H*(n=4)+H,(X)+CH
H*(n=4)+CH,=C+H{(n=1)
3 (28-29) 2-6
4 39 =3 6-10

“Taken from Ref. 11. The value in parentheses was estimated.

which has a peak of the translational energy distribution at
~3.8 eV and a threshold at 29.2+1.0 eV. However, no
threshold for H¥(#=4) has been reported at ~29 eV.
There is a clear threshold at around this energy for the
formation of H* by photodissociation.”® An increase in the
value of B as shown in Fig. 5 also indicates the existence of
a dissociation process between 27 and 40 eV. Thus, we can
conclude that there should be a threshold at 28-29 eV, and
we denote this as component 3 hereafter. Component 3
should include an optically-allowed process, because H" is
produced by photodissociation in a corresponding process.
A careful remeasurement of the excitation function may be
necessary for its confirmation.

Component 3 is a major component at higher electron
energies, and this is consistent with the behavior of process
5 of H(HR).'® The Fano plot indicated that the major
process for the formation of H* from ethylene should be
optically forbidden. *! In all cases so far investigated ex-
cept water, the major component at higher electron energy
is produced through an optically-forbidden process and
intermediate states are doubly excited states.””'> Thus, we
should expect the existence of another optically-forbidden
process in component 3. In other words, component 3 con-
sists of two processes; one is optically allowed and has a
threshold at ~29 eV, and the other is optically forbidden
and is responsible for most of the intensity at higher inci-
dent electron energies. Both have a peak of TED at 2-6 eV.
The threshold energy of the latter is unknown but should
be ~30 eV.

The TED at higher electron energies has a shoulder at
6-10 eV. We denote this as component 4. Its threshold
should be the one at 39+3 eV. A corresponding compo-
nent of H*(HR) has a threshold at ~40=+5 eV and a peak
of TED at ~6 eV.'"® Another component of H*(HR) has
a threshold at ~52=+3 eV and a peak of TED at ~8 eV.
OQur component 4 may consist of two dissociation processes
corresponding to the above two components of H¥*(HR).
There are many doubly excited states at above 30 eV.
Many stable dications of C,H, were observed in mass spec-
troscopy.>>** Appell et al.*® found the double ionization
potentials of ethylene at 31.8, 35.0, and 38.5 ¢V. The Ry-
dberg states converging to some of the double ionized state
may be intermediate states for the formation of component
4. Since this component has a large translational energy, its
intermediate states should be highly repulsive.

The results of these assignments are summarized in
Table 1.

B. Anisotropy and orientation in dissociation

The asymmetry parameter, 3, represents the angular
distribution of H*. If the dissociation is rapid, the angular
distribution of the excited fragment depends on the orien-
tation of the molecule at the time of excitation and, thus,
on the symmetry of the transition to the dissociative ex-
cited state.!

The angular difference Doppler profiles (Fig. 4) indi-
cate that major dissociation processes proceed in a direc-
tion parallel to the electron beam. Dependence of 8 on the
translational energy (Fig. 5) has a positive slope to the
right both at 27 and 40 eV. Because 8 should in principle
be constant for a given transition, the slope indicates that
there is more than one anisotropic dissociation process. 8
may be dependent on the dissociation lifetime and thus on
the translational energy because the lifetime can vary with
it; this dependence is, however, negligibly small for discus-
sions described below. It should be kept in mind that an
isotropic process does not contribute to S, because such a
process has been canceled on the difference profile.

B at 27 eV indicates that the major anisotropic com-
ponent should have the TED extended to 7 eV and has a
positive value of 8. This component should be component
2, because it has a threshold at 23.9 eV and its TED ex-
tends up to 8 eV [Fig. 2(a)]. B decreases toward O at lower
translational energy and this finding indicates that compo-
nent 1 should have a negative value of f3, although the
absolute value would be small.

B at 40 eV is larger than that at 27 eV. 8 of a compo-
nent should decrease at higher electron energy, because the
direction of the momentum transfer vector becomes un-
clear at higher electron energies and a directional property
is always blurred.*® Thus, increases in B indicate that an-
other component with a higher positive value of B contrib-
utes to the dissociation process, and its positive slope indi-
cates that the other component has a large translational
energy. Then this component should be component 3.
Thus, we can conclude that £ is negative for component 1
and positive for components 2 and 3.

There are three plausible orientations of the ethylene
molecule at the time of excitation, as shown in Fig. 6. The

J. Chem. Phys,, Vol. 97, No. 9, 1 November 1992
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FIG. 6. Three possible orientations of the ethylene molecule with respect
to the direction of the electron beam near threshold.

large arrow indicates the direction of the transition mo-
ment, which is parallel to the electron beam at threshold.
At the electron energies used in the present study, the
direction of the transition moment is expected to be ap-
proximately parallel to the direction of the electron beam.
If the dissociation is rapid and axial, that is, if the molecule
neither deforms nor rotates before dissociation, 8 can be
estimated for each orientation. 3 is 2.0 when the dissociat-
ing C-H bond is parallel to the direction of the transition
moment (the electron beam) and is — 1.0 when it is per-
pendicular. When the excited fragment recoils at angle o
with respect to the transition moment, 8 reduces to
2P,(3}), where P, is the Legendre polynomial of the second
order.*”8 The calculated values of S for three orientations
are summarized in Table IL

Dunn®® showed a selection rule for electron impact
excitation for diatomic molecules based on group theory.
There are selection rules for the identification of the sym-
metry of the dissociative excited state.%*® We have ex-
tended these results to the case of the D,, point group, as
shown in Table III for the three orientations of C,H,.
Rules were obtained for transitions connected with the
ground state and were straightforward due to lack of any
degenerate representation.

Component 1 has a negative value of 8 and thus the
intermediate states are either in orientation 1 or 3; orien-
tation 1 represents an out-of-plane excitation and orienta-
tion 3 represents an in-plane excitation. One of the elec-
trons in the (14,,) orbital is excited to a highly excited
orbital in its formation, as is described in the previous
section, and the excitation from this orbital should be in-
plane due to symmetry. Thus, we can conclude that com-
ponent 1 is produced when the molecule lies in orientation
3 and that the symmetry of the intermediate excited state is
a, if the transition is optically allowed.

Components 2 and 3 have a positive value of 8 and
thus the intermediate states are in orientation 2. One of the

TABLE II. The value of B for the three configurations of the ethylene
molecule assuming axial recoil and rapid dissociation.

Orientation 1 2 3

B —1.0 1.25 —0.25

TABLE III. The selection rule for transitions for a molecule with D,,
symmetry.

Conﬁg- Ax Au Blg B]u Bzg BZII B3x B3u
uration

) E° 0° 0 0 0 0 0 14
2) E 0 0 0 ] 14 0 0
(3) E 0 0 » 0 0 0 ]

*V, allowed both for electron and photon excitation.
YE, allowed only for electron excitation.
0, forbidden.

electrons in the (2a,) orbital is excited to a highly excited
orbital in the formation of component 2. In this case, the
symmetry of intermediate excited state should be b,, if the
transition is optically allowed.

C. Asymmetry parameter

The observed values of B are, however, much smaller
than those described in Table II. Naturally, a positive
value of component 2 and a negative value of component 1
cancel each other. Judging from the TED at 27 eV, how-
ever, 8 at above 4 eV of TED should represent 8 of com-
ponent 2, and thus 8 of component 2 would be ~0.15, as
is indicated in Fig. 5. This value is much smaller than the
expected value (1.25). There are three possible reasons for
the smaller observed value; indefinite direction of the mo-
mentum transfer vector, rotation of the intermediate ex-
cited states, and deformation of the intermediate excited
states.

Zare calculated the angular distribution [7(8)] of the
fragment atom averaged over all directions and magnitudes
of the momentum transfer vector K. In the dipole limit

kn
I(6) « fk°+ {[1.(8)cos? 8’ +I(6)sin? 0’ 1/K’K>(4

n

+K1)41dK, (7)

I.(8)=1+42P,(cos 3)P,(cos ), (8)
1,(6) =1—Py(cos ) Py(cos 6), (9
cos 0’ = (K2 — k3 —k2)/2koK, (10)

where k, and k,, are the initial and final momentum of the
electron, and @ and 6’ are angles between the electron
beam axis and fragment recoil axis and between the former
and the momentum transfer axis, respectively. For compo-
nents 1 and 2 at an incident electron energy of 27 eV and
at the scattered electron energy of 8 and 3 eV, Eq. (7)
gives

I(0) x1—0.19P;(cos 0), (11)

I(0) <141.13P,(cos 8), (12)

respectively. Accordingly, the estimated value —0.25 of 8
for component 1 is reduced to —0.19, and 1.25 for com-
ponent 2 is reduced to 1.13. The value of component 1
would be compatible with the observed results, but the
value of component 2 is still too large. Thus, the indefinite
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direction of the momentum transfer vector plays a small
role in the small value of 8 of component 2, but not a major
role.

When the lifetime of the intermediate excited state is
large and the molecule rotates before dissociation, the
value of B apparently decreases.*™** This effect would be
important at least for component 1 because of predissoci-
ation. In the limit of very slow dissociation compared to
the rotational period, the anisotropy is reduced by a factor
of 4.% If the dissociation is very slow in the present case, 8
of component 1 is reduced to below —0.19/4= —0.05 and
that of component 2 to 1.13/4=0.28. The latter is still
larger than the observed value, even though dissociation
for component 2 would be very slow.

The effect of molecular deformation in the intermedi-
ate excited states on the asymmetry parameter has not been
investigated. An electron is excited from the 2a, orbital for
the formation of component 2. According to Walsh’s rule
for an XH, molecule,* this orbital is correlated to the a,
orbital of CH, and removal of an electron from this orbital
will increase the CH bond length and reduce the HCH
bond angle. In other words, ethylene is expected to deform
in the intermediate excited state for the formation of com-
ponent 2.

If the dissociation of component 2 is rapid, the HCH
angle will decrease at the time of dissociation, and the
dissociation direction of H* will be moved in a way to
increase 1, that is, to decrease 8. The wave number of the
HCH scissors vibration is ~ 1400 cm™!, and thus its zero
point vibrational energy is ~0.043 eV. If the dissociating
hydrogen atom carries this energy as the translational en-
ergy to a direction perpendicular to the C—H bond, ¢ will
increase from 30° to 38.5° and 8 will decrease from 1.13 to
0.75. This is still much larger than the observed value of
0.15.

If the dissociation of component 2 is very slow, there is
enough time for the intermediate excited state to rearrange
itself at the new equilibrium position. We do not know the
molecular structure at the intermediate excited state except
that the HCH angle would be smaller than it is in the
ground state. If the angle would be 100°, 8 would be re-
duced to 0.69 from 1.13. If the dissociation is very slow, B8
should be divided by 4 due to the molecular rotation and it
would become 0.17, which agrees approximately with the
observed value.

The above discussion includes several assumptions,
and further spectroscopic evidence is needed to obtain a
conclusive picture of anisotropic dissociation of the ethyl-
ene molecule.
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