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Synopsis. Relative quantum yields of the primary
processes in the photolysis of ethylene at 1470 A were deter-
mined. No energized vinyl radical was found. Photolysis
in the presence of nitric oxide suggests that about 209, of
I-butene is produced through the direct addition reaction of
excited ethylene to ground state ethylene, C,H,*- C,H,~>
1-C,H,.

The primary process of the photolysis of ethylene
has been reported to be as follows.1~%

CoHy + v ——— GyH, + H, 1 (1)
— C,H, + 2H b (2)
— G H; + H ?3 (3)

The energized vinyl radical formation was found at

1634 A.5

k,
CH, + v ——— H + GH**— C,H,+ H+ H
ks[M]

l— H + GH* — GH, + H

In this investigation, ethylene was photolyzed at
1470 A in order to examine the existence of the
energized vinyl radical and to determine the relative
quantum yields of the primary processes.

Experimental

Experimental procedures were almost the same as des-
cribed previously.t? The light source of 1470 A was an
electrodeless discharge xenon lamp. The reaction cell was
equipped with a LiF window.

Results and Discussion

The products of photolysis at 1470 A were hydrogen,
acetylene, ethane, n-butane, and l-butene, and were
the same as those at 1634 A. No C, compounds
other than n-butane and 1-butene were observed.

If the energized vinyl radical is formed at this wave-
length, the ratio of l-butene to n-butane should follow
a straight line with a definite slope against ethylene
pressure.’) The ratios plotted as a function of ethyl-
ene pressure in Fig. 1 show no pressure dependence.
Thus, existence of the energized vinyl radical in the
photolysis at 1470 A can be excluded. This is reason-
able for the following reason. If the energized vinyl
radical were formed at 1470 A, the maximum avail-
able energy of the vinyl radical would be 89 kcal mol-1,
and that at 1634 A 70 kcal mol-1. At 1470 A, there-
fore, the energized vinyl radical would decompose
into acetylene and a hydrogen atom before being
stabilized by collision.

Relative quantum yields of the primary processes
were obtained assuming the same secondary processes
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Fig. 1. R(1-CHg)/R(n-CH,,) vs. pressure of ethylene

(Torr).

TasLe 1. RELATIVE QUANTUM YIELDS AT 1470 A
&1 ?s Ps Ref.
459, 549, 1% This work
40 59 1 3)

46 54 — 6)

TaBLE 2. QUANTUM YIELDS AT 1470, 1634, anp 1849 A

Wavelength b, Py P4
1470 A 459, 549, 1%,
1634 47 48 5
1849 53 33 14

as in the photolysis at 1634 A%. The values are
given in Table 1 together with other reported ones.
Both values are seen to agree. The quantum yields
at 1470 A are shown in Table 2 together with those at
1634 and 1849 A9 The relative quantum vyields are
wavelength dependent, viz., ¢, decreases and ¢,
increases with increasing wavelength, but not ¢,.

Relative yields of 1-butene and n-butane to acetyl-
ene were measured at various nitric oxide pressure
with a fixed ethylene pressure (350 Torr) as shown in
Table 2. On addition of nitric oxide, the yield of
1-butene decreased rapidly by about a factor of 5 and
then became constant. On the other hand, the forma-
tion of n-butane was completely suppressed even at
0.469, nitric oxide. 1-Butene and n-butane removed
by nitric oxide are formed through the recombination
reactions of vinyl and ethyl radicals, and two ethyl
radicals, respectively, since nitric oxide scavenges both
ethyl? and vinyl radicals.®) However, about 209, of
1-butene can be formed through a nonradical reaction,
which is probably the direct addition of excited ethyl-
enec to a ground state one:

C,H,* 4 CH, — 1-C,H, (4)

The relative quantum vyield ¢, of this process, can
be roughly estimated as follows.
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TasLe 3. Revative vierps ofF 1-C,Hg anp n-CH,, 10 C,H, v THE PrRESENCE OF NO (C,H,=350 Torr)

(NO/C.H,)% 0 0.46 1.1 1.3 2.7 5.0 9.3
1-C,H, 0.0061 0.0011 0.0013 0.0010 0.0016 0.0013 0.0014
n-CH,, 0.52 0 0 0 0 0 0
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