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Chemically activated 1-buten-1-yl radicals were generated by the addition of ethyl radicals produced by
the photolysis of diethyl ketone to acetylene at 75 and 123°. The unimolecular rate constant for the isomer-
ization of the excited 1-buten-1-yl to 1-buten-4-yl radicals through 1,4-hydrogen atom migration was mea-
sured. In addition, it was found that the 1-buten-4-yl formed can isomerize to methylallyl radicals via
1,2-H atom shift. The average rate constants for isomerization were found to be 1.00 X 10° and 1.05 X 10°
sec™! for 1-buten-1-yl and 8.47 X 107 and 6.20 X 107 sec™! for 1-buten-4-yl radicals at 75 and 123°, respec-
tively. The best agreement between the rate constants as calculated by the RRKM theory and the experi-
mental results was found when the threshold energies, E;, were chosen as 17.1 and 33.0 kcal/mol for 1,4-
and 1,2-H atom shifts, respectively. It is shown that these values satisfy the expression, Eg = E,;, + E,
where Ejp, is the activation energy for a bimolecular H atom abstraction and Ej is the ring strain energy.

Introduction

Isomerization of vibrationally excited radicals via intra-
molecular hydrogen atom migration forms an important
class of the reactions of alkyl-® and alkenyl radicalsl®-14
both in thermal®-? and chemical activation systems.1-5:10-14
Especially 1,4- and 1,5-hydrogen atom migrations which
occur via five- and six-membered cyclic transition states
have been well studied, the activation energies of which
have been found to be in the range 15-211-46.7.10.13 gnd
8-11 kcal/mol, 382 respectively. Study of the isomerization
of nonyl-2 to nonyl-3 radical through 1,6-H atom shift has
given the value of 16.0 kcal/mol as the threshold energy.?
Recently, 1,2- and 1,3-H atom shifts have been substantiat-
ed in chemical activation systems and they have high
threshold energies, 30-34.5 keal/mol.>13:14

In the caleulation of the RRKM specific reaction rate,
two factors are required; one is the vibrational frequency
assignments of the radical and H-atom transfer activated
complex, and the other is the critical energy for isomeriza-
tion. The former can be obtained by using the formulation
developed by Rabinovitch and coworkers,315 For the latter
we proposed in a previous paper!* that the critical energy
can be approximately estimated by the expression, E; =
E,, + E,, where E is the critical energy, E,, the activation
energy for a bimolecular H atom abstraction, and E; the
ring strain energy.

In previous work,® the rate constant for a 1,2-H atom
shift was measured by the relative yields of the decomposi-
tion products. The object of this work is to substantiate
1,2-H atom shift by measuring the relative yields of stabi-
lized isomers and to ascertain the above expression in the
case of isomerization of vibrationally excited 1-buten-1-yl
and 1-buten-4-yl radicals.

Experimental Section

The experimental details were the same as described
previously.!* 1-Buten-1-yl radicals were generated by the
vapor phase photolysis of diethyl ketone in the presence of
acetylene. A quartz reactor of 206 cm® was used. The cell
was illuminated with the output from a 500-W high-pres-
sure mercury lamp with a Matsuda UV-27 filter interposed
to cut off radiation of wavelength shorter than 2500 A.
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Analyses were carried out by gas chromatography using a
2.25-m phenylisocyanate-Porasil C (Waters Associates
Inc.,) and a 2.25-m Porapak Q columns. Reaction products
were identified by the retention time of authentic sub-
stances and also by means of Shimadzu Mode! LKB-9000
gas chromatograph-mass spectrometer.

Results

Reaction of Excited I-Buten-1-yl Radicals. The prod-
ucts measured were ethane, ethylene, n-butane, 1-butene,
1,3-butadiene, 3-methyl-1-pentene, cis- and trans-3-hex-
ene (and/or cis- and trans-2-hexene), cis- and trans-1,3-
hexadiene, and benzene. Despite efforts to detect further
products, none could be found (i.e., no substantial chroma-
tographic peaks eluted after benzene). The peaks were well
resolved except cis and trans isomers and 3-hexene over-
lapped completely with 2-hexene. The rate of formation of
each product is given in Tables I and II.

The addition of ethyl radicals to acetylene at 75 and 123°
produces a 1-buten-1-yl radicals with about 33 kcal/mol in
average (see Discussion section). The excited radical can ei-
ther react or be stabilized by collisional energy transfer.
The presence of 1-hexene and 3-methyl-1-pentene seems to
be an evidence for the existence of 1-buten-4-yl and meth-
ylallyl radicals, respectively.

Stabilized 1-buten-1-yl radicals abstract a H atom from
diethyl ketone to yield 1-butene. Combination of 1-buten-
1-yl with ethyl radicals produces 3-hexene. Cross dispro-
portionation products may be 1-butyne and ethane. How-
ever, the amount of 1-butyne was too small to be measured.
Subsequent addition of 1-buten-1-yl to acetylene results in
1,3-hexadiene and benzene which appear in the steps of
typical free-radical-initiated polymerization of acetylene.1®
Methylallyl radicals may react with ethyl radicals to pro-
duce 2-hexene, 2-butene, and 1,2-butadiene in addition to
3-methyl-1-pentene. However, 2-hexene could not be re-
solved and cross disproportionation products were also too
small to be measured in the present conditions.

A reaction scheme which can explain the products distri-
bution shown in Tables I and II and their dependence on
pressure is given as

CQHsCOCQHE, + hy — 202H5 + CO (1)
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CoHs + CoHs — n-C4Hyg 2)

— CoHg + CoH, (3)

CeH; + RH — CoHg + R (4)
CoH; + CoHy — CH3CH,CH=CH* (5)

CH3;CHy,CH=CH* —> CH,CH,CH=CH  (6)

ke .
—> CHyCH,.CH=CHy* (7)

CH3CH,CH=CH + RH - 1-C4Hz + R (8)
CH3CH,CH=CH + C;H; — 3-C¢H» (9)
— 1-C4Hg + CoHy (10)
—1-C4Hg + CoHg  (11)
CH3CH,CH=CH + CyH; — CsHo* (1,3-hexadien-1-yl)

(12)

CeHg* —> CeHo (13)

CeHg + RH - 1,3-C6H10 + R (14)

CegHg + CoHy — CgHi1* (1,3,5-0octatrien-1-yl)  (15)
CsHjy* —> CsHy (16)

—— CgHg + CoH; (17)

CgHy1 + n-CsHy — polymer (18)

CH,CH,CH=CHy* —> CH,CH,CH=CH,  (19)

ko

CH.CH;CH=CHj + CoH; — 1-CgH;2 (21)
had 1-C4H8 -+ C2H4 (22)
— 1,3-C4H¢ + CoHg  (23)

CHyCH==CH==CHy* —» CHsCH==CH-~CH, (24)
CHyCH==CH=CH, + C;H;s — C;H;CH(CH3)CH=CHj

(25)

— 1-C4Hg + C;Hy (26)

—~13-C{He+ CsHg (20

— 2-CgH 12 (28)

— 2-C4Hg + CoHy (29)

—1,2-C4Hg + CoHg (30)

where RH and R represent the (C3Hs)2CO molecule and
the CoH;COC,H, radical, respectively.

Kinetic Treatments. In order to obtain rate constants
for isomerization, it is required to estimate the portion of
stabilized 1-buten-1-yl radicals which are consumed in po-
lymerization reactions and the rate of formation of 2-hex-
ene produced by the cross combination reaction of isomer-
ized methylally with ethyl radicals.

For reactions 1-30, steady-state treatments are applied,
which lead to the following equation
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RY2(n-C4H;0)[CoHo)/Rg(1-C4Hg) =
{(w + ka)/wl(ka2/k5){(R12/ks)[CoHg]/[DEK] +
14 (kg + k1ot k11)/ks[CoHo]/[DEK]}

where Rg(1-C4Hg) is the rate of 1-butene formation via re-
action 8, DEK diethyl ketone, and « the effective stabiliza-
tion rate constant.

Since R(3-CeH1o) < 0.05R(1-C4Hg) in every run (3-hex-
ene formation see the next section), the above equation is
rewritten as

R12(n-C4H10)[CoH3)/R5(1-C4Hg) =
{(w + ka)/wl(kaV/2/R5){(k12/ks) [CoHo) /[DEK] + 1} (A)

Although 1-butene is formed by reactions 8, 10, 22, and
26, the fraction formed by reactions 10 and 26 can be ne-
glected because formation of 3-hexene and 3-methyl-1-pen-
tene was very small as compared with other products.

The rate constant ratios of kea/ka; and kos/ko; were esti-
mated to be 0.06 and 0.08, respectively, in accord with the
known disproportionation to combination ratios of n-alkyl
and ethyl radicals.!” Thus

R8(1-04H8) = R(I-C4Hg) - 006R(1—06H12)

On the condition that the ratio of (& + k,)/w is constant
(i.e., total pressure are kept approximately constant), plots
of Rl/z(n-C4H10)[CQHQ]/{R(1-04H8) - 0.06R(1-06H12)} V8.
[acetylene]/[diethy] ketone] from the data in Table I (runs
14-20) and Table II (runs 34-42) gave values of kia/kg as
0.311 and 0.382 at 75 and 123°, respectively. Then the por-
tions of 1-buten-1-yl radicals consumed in polymerization
are calculated by the following equation:

Ris(polymerization)/{R (1-C4Hg) —
0.06R(1-CgHy2)} = (k1s/ks)[C2Ho]/[DEK]  (B)

The value of kaog/kos can be obtained from the equation

R(Q-CgHm -+ 3-C6H12)/R(3MP1) =
(ko/kol/2kg)RY2(n-C4H o) Ra(1-C4Hg)/R (SMP1)[DEK] +
kos/kas {C)

where 3MP1 is 3-methyl-1-pentene. Figure 1 shows the
plots of eq C by using the experimental data from Tables I
and II. A least-squares treatment gave a slope of 3.91 X
1073, and kog/kes = 1.67 at 75°; and a slope of 3.05 X 1073,
and kog/kas = 1.55 at 123°. In the case of reactions of mu-
tual interaction of radicals, the activation energies are con-
sidered to be small.’® Then the value of kog/kss should
show temperature independence. Accordingly the mean
value 1.61 was used in the following calculations.

Isomerization of Chemically Activated 1-Buten-I-yl
Radicals. In a chemically activated system the average rate
constant k, for a unimolecular reaction is given by k, =
w(I/S),’® where w is the specific collision frequency of the
excited radical, I is the total rate of formation of the isom-
erized products, and S is the total rate of formation of the
stabilized products. In the present case I and S are given
by

I = R(1-buten-4-yl products) + R (methylallyl products)
S = R(1-buten-1-yl products)

Concerning methylallyl products, the ratios of dispropor-
tionation to combination were estimated to be (ko5 + kog +
k27)/k25 = (k23 + kzg + kgo)/kzg = 1.18 assuming that the
ratios are equal to that of allyl and ethyl radicals.?? Then J
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R(2-CgHy, + 3-Cgly,) /RGIPD)

0 2 4 6
Rg(1-Cehg)R /2 (n-Cyhy ) /R(GGHPL) LDEK] x 10°

Figure 1. Experimental plot of eq C: O, 75°; O, 123°.

is rewritten as below by using the obtained value kog/kos =
1.61

I = R(1-CgH1s) + Roo(1-C4Hg) + R(1,3-C.Hg) +
1.08R(1-CgH;2) + R(1,3-C4Hg) + 3.08R(3MP1)

x0600n the other hand S was calculated by using eq B

S = Rg(1-C4Hg) + R(3-CgH;o) + Ris(polymerization) =
{1+ (k12/ke)[CoHs|/[DEKHR(1-C4Hg) —
0.06R (1-CgH12)} +
R(2-CeHys + 3-CgHyo) — 1.61R(3MP1)

A plot of I/S vs. 1/w from the data in Table I is shown in
Figure 2. The calculation of collision rates is given in Ap-
pendix. The values 1.00 X 109 and 1.05 X 10° sec™! were ob-
tained as k, at 75 and 123°, respectively.

Isomerization of Chemically Activated I1-Buten-4-yl
Radicals. The rate constant for isomerization of chemically
activated 1-buten-4-yl radicals k.’ is given by

Ry =w(l'/S) =
wR (methylallyl products)/R (1-buten-4-yl products)

As mentioned in the previous sections, the rates of forma-

tion of methylallyl and 1-buten-4-yl products are

R (methylallyl products) = 1.18R(3MP1) +
1.18R(2-CgH1s) = 3.08R(3MP1)

R(1-buten-4-yl products) = 1.14R(1-CgH13)

A plot of I’/S’ vs. 1/w (Figure 3) and a least-squares treat-
ment gave values of k,' = 3.47 X 107 and 6.20 X 107 sec™! at
75 and 123°, respectively.

Discussion

If isomerized methylallyl radicals can be formed by di-
rect isomerization of chemically activated 1-buten-1-yl rad-
icals, the possible course is formation through a four-mem-
bered cyclic transition state

In this case, we can see easily that the ratio, I’/S = R(meth-
ylallyl products)/R (1-buten-1-yi products), should be in di-
rect proportion to w™1, i.e.

I'/S=kiw (D)

11

1/

0 1 2 3
VW x 10° (SED)
Figure 2. Plots of I/Svs. 1/w at 75°,

Vwx 10° SED
Figure 3. Plots of /’/8"vs. 1/w: O, 75°; O, 123°.

On the other hand, when the proposed reaction scheme
in which isomerized 1-buten-4-yl radicals are assumed to
isomerize successively to the methylallyl radicals is correct,
a plot of I’/S vs. w1 should give a parabolic curve. That is,
using the relations ky = w(I/S), k)’ = w(I’/S’), and I = I’ +
S’, one can obtain

I'/S = kaky'/w(w + ky)

where k.’ is negligibly small as compared with « (see Re-
sults section). Thus we can write

I'/S = koky'/w? (E)
or
I/SV2 = (kak )2/ ¥)

Figure 4 shows plots of I’/S vs. w™! and of (I'/§)V/2 vs.
w~! at 75° (similar curves are also obtained at 123° runs).
From this figure it is clear that the data are well described
by eq E and F, but not by eq D. The slope of the straight
line in Figure 4 gives values of k.k,” = 3.40 X 106 and 5.09
X 108 gec~2 at 75 and 123°, respectively, which agree with
those obtained separately in the Results section, i.e., 3.47 X
1016 and 6.51 X 1016 gec™2,

In addition, the critical energy for the isomerization of
1-buten-1-yl to methylallyl radicals via 1,3-H atom shift is
estimated to be in the range 34-37 kcal/mol both by using
eq G (see the following discussion section) and by analogy
with the critical energy for the isomerization of chemically
activated propenyl to allyl radicals,'* Eo(4pp) = 34.5 kecal/

The Journal of Physical Chemistry, Vol. 80, No. 1, 1976
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Figure 4. Plots of /’/S and (I'78)12 vs. 1/w at 75° A, /S vs. 1/w;
O, (I'78)172 vs. 1/w.

ENERGY ———>
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REACTION COORDINATE

Flgure 5. Schematic potential energy diagram.

TABLE III: Comparison of Calculated and
Experimental Results

Temp, , k,(obsd), E,, k,(caled),
°C kcal/mol sec™ kecal/mol sec™!

1,4-H Atom Shift

75 33.1 1.00 x 10° 17.1 0.99 x 10°

123 33.5 1.05 X 10° 17.1 1.06 x 10°
1,2-H Atom Shift

75 43.3 3.47 x 107 33.0 3.64 x 107

123 43.7 6.20 x 107 33.0 4.68 x 107

mol, which undergoes a similar 1,3-H atom shift. The 1-
buten-1-yl radicals isomerize to 1-buten-4-yl via 1,4-H
atom shift by reaction 7 with a low critical energy, 17.1
kecal/mol (see the following RRKM calculation section).
Thus the ratio of the rate constant for the 1,3-H atom shift
isomerization of the 1-buten-1-yl radicals to that of reac-
tion 7 results in smaller than 10~1°, This implies that the
formation of methylallyl radicals by 1,3-H atom shift of 1-
buten-1-yl is negligible under the present conditions.
Therefore, it is concluded that the methylallyl radicals

The Journal of Physical Chemistry, Vol. 80, No. 1, 1976
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TABLE IV: Parameters Used in Collision Calculations?

Sf)ecies g, A e/k, K
C,H, 411 212
C,H,COC,H, 5.91 413
CH,CH,CH=CH 5.20 319
CH,CH,CH==CH, 5.20 319

@ Reference 27, parameters for radicals are assumed to be
equal to those for 1-butene.

are formed by the succeeding isomerization of the 1-buten-
4-yl radicals. The only energetically possible process is the
isomerization through a three-membered cyclic activated
complex

H

CHCH,CH=CH* — / \ —
CH,—~CHCH==CH,

CH,CH===CH==:CH,*

In order to obtain estimates of isomerization critical
energies of 1,4- and 1,2-H atom shifts, RRKM calculations
were carried out.!® Calculational procedures were described
in detail previously when data for the addition of methyl
radicals to acetylene were reported.!* Figure 5 is a schemat-
ic potential energy diagram starting with CoHs + CoHs and
leading to the observed products. Energy parameters for
isomerization are given in the Appendix. Details of fre-
quency assignments of the radicals, association complex,
and isomerization complexes are also given in the Appen-
dix.

The best agreement between the theoretical and experi-
mental rate constants was obtained when the threshold
energies were chosen as 17.1 and 33.0 kcal/mol for 1,4- and
1,2-H atom shifts, respectively. The calculated average rate
constants k4 are shown in Table III.

The nonzero intercept in Figure 2 has about a 25% in-
creasing effect on the value of k,, and in Figure 3 about a
40% decreasing effect on k,’ as compared with those ob-
tained on the assumption that the straight lines in the fig-
ures would have a zero intercept. However, the uncertainty
caused by the nonzero intercept does not cause an uncer-
tainty in the critical energies greater than 0.5 kcal/mol.

The critical energy for 1,4-H atom shift, Eq = 17.1 keal/
mol, agrees well with the values reported in exothermic re-
actions.2-410.1113 Qtahilized isomers of 1,2-H atom shift
have not been found hitherto. The only evidence for 1,2-H
atom shift is the work of Tardy® in which the decomposi-
tion products in H + 1-pentene system were analyzed, and
the value of approximately Eo(3ss) = 33 % 1 kcal/mol has
been proposed as its critical energy, which agrees with that
obtained in the present work Ey(3sp) = 33.0 kcal/mol.

Abnormally low critical energies have been found when
the so-called homoallylic rearrangement is included in the
cyclic transition states.!2-13 The above agreement in 1,2-H
atom shift suggests that the activation complex for the
isomerization of 1-buten-4-yl to methylallyl radicals has
very little or no stabilization by allylic conjugation, though
the isomerized methylallyl radicals are stabilized. The
same matter was observed in the isomerization of chemical-
ly activated propenyl to allyl radicals.

Estimation of critical energies Eo for isomerization of
alkyl and alkenyl radicals is given by

Ey = E,, + E, — @, if any (for endothermic reaction)
(@)
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TABLE V: Enthalpies of Formation and Bond Energy at 0 K (kcal/mol)

AHF (C,H,) 28.86¢
AHP(C,H,) 54.33b
AHE (1-C,H,) 4.96¢
AHE (H) 51.624
AH¢ (CH,CH,CH=CH) 59.8
AH¢ (CH,CH,CH=CH,) 49.5
AH¢ (CH,CH=CH=+CH,) 34.8

a Reference 19. b Reference 11.

D¢ (vinylic C-H) 106.5
D° (primary C—H) 96.2
D° (secondary C—-H) 92.8
D° (secondary allylic C-H) 81.5

TABLE VI: Frequency Changes for Radical — Activated Complex®

(A) Association Complex

Cc-C Skeletal bend C=C stretch
stretch for C==C---C — C==:=(C stretch
826 ~ 0 469 - 234 1649 - 1811

Frequencies Torsion for
Libration lowering forming C==C
102 - 51 1445 - 722 995 - 1200
1333 — 666
301 - 150

(B)1,4- and 1,2-H atom Shifts Complexes

Frequencies deleted from
radical assignments

Mode C—C—C=C
CcC tors 102
CH, tors 237
C=C twist 995
C=CC bend 469
CcCC bend 301
CC str 1046
=CC str 826
C=C str 1649
CH str 2972
CH, rock 967
CH bend

Replaced ring
deformation modes

C—C—C=C C—C—C==C?b
1623
237 937 (2)
1116
386
662
1046 1100 (3)
C—C—C=C
850 (2)
2982 1100
1333

4 Frequencies are in units of em~', » Taken from C. W. Bekett, N. K. Freeman, and K. S. Pitzer, J. Am. Chem. Soc., 70,

4227 (1948).

where E,p, and E; are already stated and @ is the “thermal
effect”?! which is the difference between the zero-point
energies of the initial and final states (& is negative when
the reaction is endothermic). Although accurate critical
energies for isomerization of radicals have not been ob-
tained in endothermic reactions, 1,5-H atom shifts of the
6ps type show somewhat higher critical energies than those
expected.® This seems to correspond to the thermal effect.

In the present case, we can adopt for a 1,4-H atom shift
E.p = 9.1 keal/mol2? and E; = 8.5 kcal/mol, the strain ener-
gy for cyclopentene;?® and for 1,2-H atom shift E,;, = 7.6
kecal/mol?* and E; = 28.7 kecal/mol, the strain energy for cy-
clopropane,?® where the values of E, are corrected to 0 K.

The difference between the experimental and calculated
critical energies by means of eq G is approximately £10%
through three-, four-,1314 five-, 24101113 gix_ 9 and seven-
membered? ring activated complexes. The errors do not
have large effects on the value of k, when the activation
energies of the activated complexes (E* in Figure 5) are
large (five-, six-, and seven-membered ring), but when they
are small, k, is affected considerably. In the present case,
when the calculated Eq = 36.3 kcal/mol and the same cal-
culational procedures are adopted, the rate constant for the
1,2-H atom shift becomes approximately 10% of that when
Eo = 33.0 kcal/mol.

There is an allowance of more than +1 kcal/mol in
choosing the values E,;,2% and E,.23.26 Therefore it seems
natural that there are approximatley +10% errors between
the calculated and experimental critical energies. Never-
theless eq G is considered convenient in order to estimate

the activation energies for isomerization of alkyl and alk-
enyl radicals via ring complexes.

Appendix

Calculation of Collision Rates. Collision rates were cal-
culated by the standard kinetic relationship

w = {(sa + s6)/22{(Ma + Mp)/M My} /2(8xkT)Y/2Ny,

where s is the effective collision diameter, M the molecular
weight, and Ny the concentration of B molecules, The s
values were derived from the Lennard-Jones parameters ¢
and ¢/k.

Sab? = 0ap2[QB2(T*)]
where
T* = Tle/k)ale/k)] 12

and the collision integrals Q22 (T*) were obtained from
standard tables.?” The values used are given in Table IV.

Thermochemical Parameters. Heats of formation of rad-
icals are obtained from the appropriate bond dissociation
energies and the 0 K heat of formation of 1-butene (Table
V). C-H bond dissociation energies used are 96.2 and 92.8
kcal/mol for primary and secondary bonds, respectively,28
106.5 kcal/mol for the vinylic bond,?? and 81.5 kcal/mol for
the secondary allylic C-H bond.?® The activation energy for
the addition of ethyl radicals to acetylene Ec,u, has been
found to be 7.0 kcal/mol.?°

Frequency Assignments. The frequency assignments for
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1-buten-1-yl and 1-buten-4-yl radicals were taken from 1-
butene,?! in which the torsional mode about the central
C-C bond was lowered to 102 ¢cm~! as pointed out by Pear-
son and Rabinovitch,'® and the following three frequencies
were removed: CH stretch, 3011 ecm™1, and two HCH
bends, 1443 and 913 cm ™1, for 1-buten-1-yl; 2972, 1045, and
1470 ecm™! for 1-buten-4-yl radicals.

For the calculation of k,, the association complex was
specified as

CH;3CHy- -CH=:CH
and the isomerization complexes as

CH,

\
N

S

CH, H and H
\ I" I/ “

HC==CH CH,—CHCH==CH,

and modifications of their frequency assignments were
made according to those by Rabinovitch and coworkers.3:15
The modified frequencies are given in Table VI, These
frequencies give log A(sec™!) = 12.11 and log A(sec™!) =
12.68 for 1,4- and 1,2-H atom shifts, respectively.
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Direct Identification of Reactive Routes and Measurement of Rate Constants
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The room temperature reactions between oxygen atoms and monofluoro-, difluoro (1,1 and 1,2)-, trifluoro-,
and tetrafluoroethylene have been studied in crossed jets to directly identify their reactive routes. Free
radical and stable products were detected using photoionization mass spectrometry and were assigned to
reactive routes. The routes identified were of three types: :0 + WXC=CYZ — WXC: + CYZO, :0 +
WXC=CYZ — WXYC. + .CZO (or Z- + CO), :0 + WXC=CYZ — WX + C,YZO, where W, X, Y, and Z
are either H or F atoms. Individual O + fluoroethylene reactions were found to proceed by either one, two,
or three of these distinctly different kinds of routes. The results of this study are interpreted using an ex-
panded version of a mechanism proposed by Cvetanovié for O + olefin reactions. Overall rate constants for
several of these reactions were also measured at 300 K and are reported.

Introduction

The reactions of oxygen atoms with unsaturated organic
molecules proceed via the formation of extremely energy
rich adducts which are capable of decomposing or undergo-
ing rapid internal rearrangements.! These reactions have
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long been recognized as important steps in thermal and
photochemical combustion mechanisms and are now re-
ceiving new attention as potential chemical lasers.? Al-
though today there is considerable information on the over-
all rate constants for many of these reactions, knowledge of
the products they produce is still quite sparse.>* We are



