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Production of C,(d°’Il,) by Controlled Electron Impact
on Acetylene, Ethylene, and Ethane
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The emission spectra produced by controlled electron impact on C,H,, C,H,, and C,H; have been analyzed
to gain insight into the production mechanisms of Cy(d®[I,) from the three molecules. There are four thresholds

on the excitation function of Cy(d®Il,) from C,H,.

Its vibrational temperatures are 22000 K for C,H,, 30000 K

for C,H, and 56000 K for C;H, at an electron energy of 100 eV. Doubly-excited states are involved in the dissocia-

tive excitation of C,H,.

The observation of the diatomic C, radicals can be
traced back to the nineteenth century. The intense
emission bands of C, are prominent in all kinds of
flames and electrical discharges of carbon compounds.
Laser photolysis combined with laser-induced fluores-
cence detection is an efficient method to produce and to
monitor this radical, and has been applied for studying
elementary processes of C,.1 The mechanism of C,
production in the infrared multiphoton dissociation has
been investigated under collisionless conditions.?3 This
radical has been produced by excimer laser photolysis;*:%
the vibrational and the rotational temperatures of
C,(d®Il;) from acrylonitrile have been determined to be
7150 and 4960 K, respectively.®

The molecular excitation process by electrons is
somewhat different from that by photons; excitation into
a triplet state and into a doubly-excited state is more
feasible for the former. The C,y(d®Il,) radical has been
observed by controlled electron impact on acetylene,®?
ethylene,® and benzene;® however, no detailed discus-
sion on their production mechanism has been carried

out.

uIn the present paper, the emission spectra of C,H,,
C,H,, and C,H; produced by controlled electron
impact have been measured under higher resolution
than those in the previous papers, and the vibrational
distributions and excitation functions of Cy(d®ll;) have
been analyzed to elucidate its production mechanisms.

Experimental

The details of the apparatus have been described.1%:1) In
brief, the sample gas jet (10~ Torr, 1 Torra~133.322 Pa) was
made to collide with an electron beam and the photoemission
was measured with a Spex 1269 monochromator. The
photons were detected with an HTV R585 photomultiplier and
were counted with an NF PC545A photoncounter. The
wavelength response was corrected with an Ushio JC-24-150
halogen lamp.!? All the spectra were measured in a region
where the intensity was proportional to both the electron-beam
current and to the gas pressure. The sample gases were used
as supplied (C,H,, Fuji Gas Ind.; C,H,, Seitetsu Chemicals;
C,H,, Takachiho Chemicals); bulb-to-bulb distillation did not
induce any change on the spectrum.
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Fig. 1. Emission spectra of acetylene (a), ethylene (b),
and ethane (c) by controlled electron impact.
Electron energy 100 eV; electron-beam current 100 pA
(a, b), 1000 wA (c); gas pressure 3x 10~* Torr; optical
resolution 3.2 A.

Results and Discussion

Spectra. The emission spectra of acetylene,
ethylene, and ethane by controlled electron impact
show the Balmer lines of the excited hydrogen atom
and bands of the CH radical (the A-X and B-X
transition) and of the C, radical (the Swan system:
the d-a transition),!® as are shown in Fig. 1. The
detailed spectra of the Swan system of C, from acetylene
are shown in Fig. 2. The weak intensity of this system,
especially for ethane, makes a quantitative analysis
difficult. The band shape was independent of pressure
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Fig.2. The detailed spectra of the Swan system of
acetylene at 100 eV (a), 50 eV (b), 30 eV (c), and 20
eV (d).
Electron-beam current 200—400 pA ; optical resolution
0.8 A.

(6—50) X 10=% Torr. The Swan bands are slightly
polarized (1—29%,) for electron energies from the
threshold to 100 eV: this finding indicates that direct
dissociation processes are involved in the dissociative
excitation of the three molecules.

The excitation function of C,(d3ll;) from acetylene
is shown in Fig. 2. There are four thresholds; their
values are 11.2+4+0.8, 14.541.1, 16.94-0.8, and 24.0+1.0
eV. Those of ethylene and probably of ethane also
have four thresholds.’* These findings indicate that
there are four major processes for the formation of C,
from acetylene and ethylene, and probably also from
ethane. The existence of two or more processes for
dissociative excitation is usual for electron impact
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Fig. 3. The excitation function of Cy(d®l,) from
acetylene at 4680 A.
Electron-beam current 2 wA; electron energy resolution
0.6 eV; gas pressure 3 x 10— Torr.

dissociations.!®

Vibrational Population. The Vibrational distribu-
tion of the fragments produced in a collision process
has much to do with the kinematics. The intensity of
each vibrational band of the Av=-+1 transition of
Cy(d®lly) has been obtained from its peak intensity,
following the method of Danylewych and Nicholls.1®)
The vibrational population thus obtained are shown in
Fig. 3 for the three molecules excited by an electron
beams of 100 eV. The values are relative to that v'=0,
which is set to 1.0. The error bars shown are due to
random experimental fluctuations.  The observed
distribution represents the nascent one, since the
pressure is so low that the collisional deactivation can
be ignored over the lifetime of the emitting level (~119
ns?).

The vibrational population of C, decreased as o’
increased. If the excess energy of the primarily excited
species are distributed randomly over various freedoms of
motions, the vibrational population may be a Poisson
distribution. This is not the case, as is shown in Fig. 4.
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Fig. 4. Vibrational populations of C,(d®Il;) from C,H, (a), C;H, (b), and C,H, (c)

at an excitation energy of 100 eV.

The error bars represent random scatterings.

A poisson distribution is shown for

the case of C,H,, where 4 is determined as a parameter for the least-square fitting

with the observed values.
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TaBLE 1. VIBRATIONAL TEMPERATURE (T, ) oF C,
AT VARIOUS ELECTRON ENERGIES (E,))
C.H, C.H, C,H,
——— —
EyleV T,wK  EguleV Ty /K EgleV Ty /K
100 22000 100 30000 100 56000
50 26000 50 32000
16 25000 30 46000
13 30000 21 36000

Estimated errors: C,H, and C,H, at 100—50 e¢V; +10%,
the others; +20%,.
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Fig. 5. Energy diagram of acetylene.
The ionization potentials, the observed threshold ener-
gies and the calculated dissociation limits are shown.
The width of the threshold energy represents its uncer-
tainty.

The vibrational distributions of C, are rather similar
to a Boltzmann distribution. Semi-logarithmic plots
of the vibrational populations give the vibrational
temperatures of Cy(d®lly), as are shown in Table 1.
The vibrational temperatures tend to increase for a
larger parent molecule. This finding seems to be
inconsistent with a statistical prediction,'” which has
been successfully applied to multiphoton dissociation
of benzene.!® This means either that the three molecules
are too simple to be treated statistically or that there
are some predominant processes.

Assignments for Acetylene. The core-ion model of
molecular dissociation may be extended to the low-
Rydberg fragments.’® If this is also the case for the
production of C,, dissociative ionization to produce C,*
should be correlated with dissociative excitation. The
electron configuration of acetylene is KK(20,)%(20,)%-
(304)%(1m,)%.  The energy diagram for dissociation is
shown in Fig. 5.

The first component of C,, which has the threshold
at 11.2 €V, is assigned to be produced from dissociative
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excitation through Rydberg states converging to the
(17,)~?! ionized state, which lies in this region.’® The
final state should be C,(d®l,)-{Hy(X) from energy
considerations. The excess energy of this process is
about 2.6 eV and is almost equal to the vibrational
energy of C, excited at 13 eV (30000 K=2.6 eV); thus,
the excess energy mostly goes into the vibrational
freedom of C, in this process.

There are auto-ionizing levels?® near the second
threshold (14.5 eV), Rydberg states converging to the
(20,)7* and (30,)~! ionized states!® near the third
threshold (16.9 eV), and Rydberg states converging to
the (20,)! ionized state!® near the fourth threshold
(24.0eV). The (30,)"1 state dissociates into C,H* and
then into C,+ quickly.? The (20,) orbital is strongly
bonding for the C-H bonds and the (2¢,)-! state is
expected to dissociate into C,*. Thus, these states
are expected to be important for the formation of
C,(d®Il,) in the respective energy regions.

Assignments of C, production mechanism may be
carried out similarly for ethylene and ethane; however,
insufficient information on their highly-excited states
and larger experimental fluctuations made any detailed
discussion difficult.

Concluding  Remarks. An electron is a very
efficient source for molecular excitation in the 10—1000
eV range, and an electron source is much easily operated
than a synchrotron orbital radiation facility. Further-
more, the electron has a distinct advantage; it is able
to excite optically forbidden processes, which are often
important in the dissociation dynamics.'® The vibra-
tional distributions of Cy(d3[l,) produced by IR multi-
photon dissociation of C,H;CN concentrate in the lower
vibrational level,¥> whereas those produced by UV
multiphoton dissociation of C,H;CN have a vibrational
temperature of 7150 K.» These results disclose differ-
ences in the excitation mechanisms. Recent demands
for the dynamics and kinetics of C, from combustion
engineering, atmospheric and environmental sciences
warrant further investigation on this subject.
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