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ABSTRACT 

LBL-14322 

CROSSED MOLECULAR BEAMS STUDIES OF THE REACTION 
OF o(3P) WITH C2H3Br 

Guozhong Hea, R. J. Buss, R. J. Basemanb, R. Tsec, 
· and Y. T. .Leed · · · 

Materials and Molecular Research Division· 
Lawrence Ber~eley Laboratory 
and Department of Chemistry 

· University of California 
Berkeley, CA•94720 

APRIL 1982 

The reaction of 0(3P) with c2H3Br has been studied in a crossed 

molecular beam experiment with rotatable mass spectrometric detector. 

Three major reaction routes were identified giving products H + 

c2H2Br0, CH2Br + CHO and Br + c2H3o. Relative product yields 

were measured at two collision energies, 7.4 kcal/mole and 12.4 
. . 

kcal/mole. The product translational energy distributions were determined 

for each reaction and are compared to statistical calculations. The 

center of mass angular distributions of the products indicate that the 

hydrogen elimination and the C-C bond cleavage occur from dissociation of 

a complex with a lifetime greater than a rotational period while the Br 

atom elimination is somewhat faster. 

a. Permanent address: Institute of Chemical Physics, Darien, People•s 
Republic of China. 

b. John and Fannie Hertz Foundation Graduate Fellow. 
c. Permanent address: Chemistry Department, University of Hong Kong, 

Hong Kong. 
d. Miller Professorship, 1981-82. 
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INTRODUCTION 

The reactions of oxygen atoms with olefins and halogenated olefins 

have been stud~ed extensively,1 be~ause these reactions are importan~ i~ 
combustion processes and in atmospheric chemistry., Although the rate 

,<_:onstants of many of these reactions have been accurately determined,2 

the reaction mechanisms are not·Vety well understbod. Secondary reactions 
I 

·and proble'ms associated with the i.dentification of vibrationally excited 

radical products have made primary product identification difficult in 

many earli~r experimental investigati6ns. 

Recently, experiments carried out under single- or near single-. 
:":· _;·· .. 

collision conditfons have avoided the complication of secondary reactions,· 

but mass spectrometric identif~c~tion ·~f primary products has not always 
' _::.' .::· . .., ·. t_,' ~ ~ ' • 

given reliable results. In the ionization of vibrationally ex~}ted 
J -: \ ~' 

radical molecules, it is quite common to obtain only fragment ions even at 
;>.~::. b 

lo.w photon and electron energies and to detect no parent ions at 'all due 

to their lack of stability. 

In our recent crossed molecular beams studies of oxygen atoms with 

'1 . 4 5 d severa unsaturated hydrocarbons, benzene, ethylene, an 

acetylene6 it has been demonstrated that the problems associated with 

the fragmentation of ·products in the mass spectrometer cah be overcome if 

the experimental measurements of angular and velocity distributions of 

products are carried out with suffic1ently'high resolution by monitoring 

all the ions' arising from reactively scattered neutrals in a mass 

spectrometer. Because signals measured at ions produced from an identical 

product fuolecule must have the same angular and velocity distributions, by 
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matching the angular an·d velocity disfribution of signal measured at 

various mass'es, a·nd ~sing the k'inematic constraints of energy and momentum 

conservation, the primary reaction'products have been unambiguously 

determined. 

The reaction mechanism of o(3P) +'c2H3Br has been investigated 
' ,' ' ' 7 

previously'by Gutman and his coworkers. They used a crossed molecular 

beam apparatus employing photoionization mass ~pectro~etry at a fixed 

angle to identify the reaction prod~cts. Among the energetically feasible 

channels listed below, they identified three reactive channels, (1), (2), 

and (3): 

CH3 + BrCO ( 1) 

0 + C2H3Br H2C20 + HBr ( 2) 

.... CH2Br + HCO ( 3) 

.. H + C2M2Br0 ( 4) 

Br + c2H30 ( 5) 

and reported a branching ratio of 29%, 51% and 20% respectively. Implicit 

in reaction (1) and (3) is a mechanism involving the migration of H or Br 

atoms followed by C-C bond rupture while reaction (2) requires a three or 

four center elimination of HBr. These mechanisms are not entirely 

convincing, because the simple substitution of a H atom or Br atom by the 

0(3P) atom is exothermic and the exit channel potential energy barriers 

for C-H and C-Br bond ruptures8 are not expected to be higher than those 

of 1,2 hydrogen migration in the triplet intermediate9 and of the 

molecular elimination processes. 10 As was seen in the reaction of 
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- ' ' -~ . 
(4) and .. (5) are likely to compete effectiyely with th~, other poss,fb.le 

,, 

channel~.· in the reactions of oxyg~n atoms \with v.inyl bromide. 

In this paper, we report crossed molecular beams st.ud·ies of the 

r~ac.tion:of O(~P).,and c
2
H3Br. The reaction .mechanism, especially 

' .. ·. ~ 

th~ Competition between the substitutiot:J reactions' replacing H and Br 

.atoms, and the migration of B.r atom o: H atom in the reaction complex prior . 

to c~c bond"rupture, is car~fully examined. 
<-f • • 

. 

.... .. 

·~ . 
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EXPERIMENTAL 

The crossed molecular beam apparatus with a rotatable mass 

spectrometric detector. used in this experiment was the high resolution 

version of the previously described, smaller machine.11 .In addition to 

the greater velocity resolution, the angular range of the ~etector has 

been increased more than 40%. 12 Two beams which are. doubly 

differentially pumped are crossed at 90° in a well~defined interaction. 

-7 region inside a scattering chamber which has a pressure of -1 x 10 

torr. The detector, a triply-differentially pumped electron-impact 

ionization mass spectrometer, is rotated about the interaction region in 

the plane defin~d by the two colliding beams in order to obtain th~ ~-

product angular distribution. The product velocity distributions are 

determined by chopping the beam with a rotating disk and measuring the 

flight time to the detector. 

The seeded, supersonic atomic oxygen beams used in these studies wer_e, 

generated by a high pressure, radio frequency discharge beam source which 
13 has been described elsewhere. The reaction was studied at two 

collision energies. The higher collision energy, 12.4 kcal/mole was 

obtained with a 5% 02 in helium gas mixture discharged at 200 torr and 

with 250 watts of rf power which gave oxygen atoms with a peak velocity of 

2.7 x 105 cm/s and a FWHM velocity spread of 25%. For the lower 

collision energy, 7.4 kcal/mole, 5%02 in neon was discharged at 500 

torr and with 250 watts of rf power giving a peak velocity of 2.0 x 105 

cm/s and a FWHM velocity spread of 20%. The oxygen atom beams have been 

found to contain a small amount of 0{ 10). 13 About 80% of the o2 

molecules are dissociated in the helium-oxygen beam. 
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The vinyl bromiae beam· was generated by expansion of c2H3:Sr gas'·· '; 

from a quartz nozzle at a stagnation pressure of 180 torr maintained by 

immersing the c2H3Br reservoir in an ice bath. The nozzle-was heated· 

. to 390°K in ot~er to preve~t the formatio~ of C~H3 Br cluste~s d~rin~ 
the expansion. The peak·. velocity was measured to be 5.8 x 104 with a 

FWHM ·spread of 30%. Laborat'ory angular distributions of product were 

taken by repeated scans of 300 second ·counts at each angle. The 

c2H3Br bea~ was modulated at 150Hz with a tuning fork chopper, and 

.- th~ signa:] which is proportional to product number density was obtained by 

subtracting· the chopper ... closed count from the chopper-open" count. In· 

addition, i~ Orde~ to eliminate any modulated backgro~nd caused by 

effasion·yf ·C2H3Br molecules from the differentia11y pumped' beam.· 

collimat·ion chamber located between th·e beam source and the main chamber, 

the data were taken with t~e oxygen beam both flagged and unfl~gged at 

each laboratory angle. The finai signal was obtained by subtracting the 

flagged data- from the unfhgged data. Product velocity distribu_tions for· 

some of the mass numbers were measured at various ,angles by the cross 

correlation time' of flight method. Counting times varied depending upon 

the laboratory angle and pr6duct mas~ under ihvestigation ~ith s~veral 

hours often being necessary to obtai.n a good velocity distribution. 
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RESULTS ANO ANALYSIS 

A. Product Identification 

For the 0 + c2H3Br reaction, just as for other reactions of 

oxygen atoms with unsaturated hydrocarbons, the identification of product 

molecules by mass spectroscopy is complicated by the fragmentation of 

primary products in the ionization process. Measurements of product 

angular distr·ibutions were made at m/e = 123, 122, 121, 120, 109, 106, 95 

and 42. These are the mass numbers which give a high enough signal to 

noise ratio to provide meaningful angular distributions in less than 60 

minutes'per angle. The particular relationships between the possible· 

products and daughter fragments in the ionizer are as follows: 

"IIIII~~===========~C2H2 Br0+(121/123} c2H2Brq + 
C2HBrO (120/122} 

c2H30 

c
2
H

2
0 

CH
2

Br 

COBr 

+ 

:::==s~;~;;;:: C2H30 (43) 
C
2
H

2
0+(42} 

---------......;::o.~___,,_CH2 Br + {93/95) 

-----~.......,;;;-----~cosr+(107/109} 

The mass numbers shown in parentheses take both bromine isotopes 79Br, 

81Br into account but not minor hydrogen and carbon isotopes. The 
• angular distribution of products measured at m/e = 120 and collision 

energy, (Ec) = 12.4 kcal/mole is shown in Fig. 1A. Angular 

distributions of m/e = 123, 122, 121 are all superimposable on that of m/e 

= 120 and are strongly peaked at the center of mass (CM} angle, indicating 
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that one of the primary products is c 2 H 2~r0 which on ionizati.on yields 
+ + 

both c2H2Br0 and c2HBrO • It is expected that this product 

wi 11 fragment extensively during the ionizati-on. process to yield many. 

other ions wjth identic~l a~gular distributions~ Angular ~nd velocity 

distributions measured at these mass numbers should cori,tain the unmis

takeab 1 e _contribution from the c2H2Br0 -product. The fragmentation of 

this species was investigated by counting signa} at the CM·angle -for many 
. + . 

of the probable fragments. A large signa·l at mass 29, HCO was observed. 

while none was seen at .mass 109, BrCO+-•. This suggests that the spe_cies

at mass 1?3 is CHBrCHO, not CH2CBr() .• 

Two features of the mass 95 -angular distribution shown in Fi.g~ 1-B 

are easily recognized. The strong signal near the vinyl b~omide beam 

arises from elastically _scattered c2H3Br.which yields CH2Br+ in 

the ionizer, and the peak at the center of mass angle results from 

fragmentation of the c2H2Br0 product. These c·ontributions to the 

total signal are ~hri~n in Fig. 1-B, together with the signal remainihg 

after correction for these sources,' the open circles, which are widely 

distr.ibuted from -25 to 130°. The source of the remaining signal must be 

the primary reaction product CH2Br, becaus.e no _other 'possible products 

can give m/e = 95. While the elastic scattering can be subtracted 

accurately by knowing the angular distribution of c2H3Br, th,e ex_act 

fragmentation pattern of c2H2Br0 is unknown. Consequently, the 

intensity of CH2Br product_aroupd the center of mass )s quite 

uncertain. Further verification that the CH2Br is indeed a primary 

product is seen in Fig.-2 i·n which the velocity spectra for mass 95 and 

·• 

"" , .. 
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mass 120 at the same angle are compared. At m~ss 95 the CH2Br product 

is seen as a separate peak distinctly faster than the larger peak due to 

c2H2Br0 which is identical in shape to that measured at mass 120. 
+ The signal at mass 42 (C 2H2o ) is shown in Fig. 1~c and clearly 

results from a combination of fragmentation of the c2H2Br0 product and 

a third primary product because its distributibn extends broadly over the 

laboratory angular range and fragmentation of the second channel, CH2Br, 

cannot give daughter ions at mass 42. The peak at the center of mass 
. + angle results from fragmentation of the c2H2Br0 to g1ve c2H2o . 

In Fig. 3 the velocity spectra of mass 42 is compared with that o( mas·s 95 

at e = 70° to show that although the angular distributions are similarly 

very broad, the signal at mass 42 has a distinctly faster distribution. 

The identity of the primary product which yields the fast mass 42 signal 

can not be definitively established because both reaction (2) and (5) will 

yield products which ionize to give mass 42. We believe that the source· 

of the mass 42 signal is bromine atom elimination, reaction (5), as will. 

be discussed below. The product c2H3o is known to fragment 

extensively in the ionizer to give c2H2o+ as the major ion. 14 

Proof that ~eaction (5) is occurring would require measurement of the mass 

43 ion but its intensity was below our detection capabilities. 

No direct evidence for CH3 elimination from the collision complex 

to give COBr was found although our sensitivity to mass 109 product is 

reduced by severe elastic scattering of 13c containing c2H3Br and we 

cannot therefore completely rule out the possibility. Taking account of 

this limited detection ability we estimate that if reaction (1) is 
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present, it constitutes less th~n 10%.of the overall reaction. 

the angular distributions of.the product c2H2Br0, CH2Br and 

c2H3o resu 1 t:-ing from ·the 0 +. c
2
H3Br reaction at the ·1 ower 

In Fig. 4 

collision el]ergy (7 .• 4 kcal/moJe) are shown. :(:he qualitative sim.ilarity of 

these data to.thos~~:at· the higher collision energy indicates that no major 

changes, in the reaction mechanism have;.occurred with the change·in 

collision energy. 

B. Relative Yield of Reactive Chapnels 

In the angular distribution of mass 95, corrected for elastic 

scattering, the intensity of sfgnaJ at angle 60°. results wholly from 

reaction (3)~ ·CH2Br pro~uct, while at the, center of mass angle, most of 
; '· . 

the s ~ gna.l. results fr::om fragmentation of c2H2Br0 product formed in 

reaction. (4). The brant:hing ratio for reaction (3) and (4) cannoLbe 

obtained directly from this data because the fragmentation pattern of. the 

products are not known, but a change in the ratio with collision energy is 

easily seen from a change in the relative intensity of signal at the two 

angles. In fact, the r{ltio I95 (60°)!I95 (C.M.) changes from -0.3~ at 

7.4 kcal/mole to .-0.12 at 12.4 kc.al/mole call is ion energy.·· Thus, with 

increased colli~ion energy, the migration channel becomes less importart 

relative to the H atom channel. Applying the same analysis to the ·mass 42 

angular distribution.'_ we find I42 (70o)!I 42 (C.M.) changes from -0.60 at 

the low energy to 0.24 at the higher energy. The behavior of mass ~2 

exactly parallels that of mass 95, both of these decrease by the same 
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amount relative to the mass 120 product and, by extension,_ the ratio of 

mass 95 to mass 42 remains fairly constant with the change in collision 

energy. 

In order to obtain information about the relative cross sections of 

the various channels, t~e ionization cross sections of the polyatomic 

p~oducts are assumed to be roughly proportional to the square roots of the 

polarizabilities. 15 While thi.s is a reasonable assu.mption, the .. 

principal uncertainty in relating the detected intensity relates to th~ . 

actual yield of that product arising,from the unknown fragmentation 

pattern of the products. The fragmentation pattern of the c2H2Br0 

product was investigated by measuring the product intensity at the most 

probable fragments·, at the center of mass angle. The r.esulting 

.: .. t, 

fragmentation pattern was as follows, mass 123, 121 = 0.6%, mass 122, 120 

= 2.6 , mass 95, 93 = 18.2%, mass 94, 92 = 9.1%, mass 42 = 7.9% and mass 

29 = 31%. Fragmentation of the c2H3o species.has already been 

investigated in the 0 + c2H4 reaction and approximately 50% of the 

total ions have mass 42. The CH2Br species was estimated to yield 25%. 

mass 95 jons. After accounting for kinematic effects and products angular 

and velocity distributions on the relative detection efficiency we obtain 

an estimate of the branching ratio shown in Table 1. 

C. The Product Energy and Angular Distribution 

The measured laboratory angular and velocity data were used to obtain 

the product translational energy distribution P(E) and center of mass 

angular distribution T(g) by an iterative procedure which assumed P(E) and 

T(g) to be uncoupled. The data for mass 120 and mass 95 were fit well 
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with an isotropic T(e}, while' the mass 42' product was preferentially 

scattered forward with respect to·th~'tncident oxygen directio~. Th~ 

measured P(E') of the three reactive channels are shown as solid lines· in 

Fig. 5 and Fig. 6. 

The P(E) for the mas·s :120 product iS found :to have a 'mean at about 

50% of the avaflable energy"and the maximu~energy observed is consistenl 

with the estimated· t.H ·of -20 kca 1/mo le. 16 The mass 95 product also 

exh-ibits a large fraction, -SO%, of the available energy in translati'on. .. 

The maximum e'nergy is higher than that observed for the-120 product, in.· 

agreement with greater exothermicfty expected for t_he C-C cleavage, t.H =: 

-30 ktal/mole. 

The mass 42 product is found·to have much less energy in translation 

than the other two· products, approximately 17% .if the exqtherm1city f·or ' 

the· Br at9m suos_titut ion is 48 kca l/mo le. A fso shown in Fig. 5 ·and 6 ate 

statistical phase space·calculations17 of the P(E) 'for the three 

reactions. The talculation assumes that the ·c<;>llfsion cross section is 

governed by longtange forces and that no potential energy barrier exists 

in the exit channel. All vibrational modes are assumed to be active in 

' energy sharing·. These phase space calculations predict far less energy' in 

translation than is observed for th~ H atcim elimihation and for the 

carbon-carbon bond rupture but the agreement between theory and experiment 

is quite good for the mass 42 product. 

By estimating the geometry of the 0-vinyl bromide complex we 

calculate that in the energ~·~ang~ of au~ experiment the rotational period 

should be trot = 2.0 = -1.0 ps, if the average impact parameter is 1.8 
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A. RRKM calculations for the three channels were used to give a rough 

idea of the expected lifetime. The average lifetimes of the collision 

complex which is formed by adding an oxygen atom to the non-halogenated 

carbon atom and which leads to the reaction (4) is esUmated to be 4-6 

psec. The complex formed b' adding an oxygen atom to the halogenated 

carbon atoms and leading to reactions (4) and (5), on the,other hand, is. 

estimated to have an average lifetime of less than 0.1 psec, if the 

migration of Br atom is fast and the rate of decomposition is solely 

determined by the energetics and the properties of the critical 

configuration. ··,, . 
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DISCUSSION 

Some of the features of the ~eaction of o( 3P) with vinyl bromide 

are analogous to those of 0(3P) + c2H4. The energetic relationships 

of reactants, intermediates, and products formed by hydrogen substitution 

are similar, however the presence of the weakJy bound ha 1 ogen atom 

provides additionalfeatures in the reaction mechal')ism which are not found 

in .the reaction with ethylene. An energy level diagram for this reaction 

is sho~n cin Fi~. 7. Previous to this work, the substitution of the H or 

Br atom by the oxygen atom was .not thought to occur in this reaction. · Our 

experimental results, however suggest that two of th~ three'major.reaction 

channels are simple bond ruptures from the reaction intermediate yielding 

H atoms and Br atoms, reactions {4) and ( 5). 

Similar to the reaction 0 + c2H4, the 0{ 3P) approaches 

c2H3Br on a triplet surface which may result·in formation of a triplet 

biradical compl~x. Whereas with ethylene there are two possible low lying 

intermediate states18 ,19 which are nonconvertible by an internal rota-

tion, with vinyl bromide, four analogous complexes may be formed depending 

on the carbon to which the oxygen attaches. Attachment of the oxygen to 

the carbon with twb hydrogens leads to form~tion of an 3A• or an 3A" 

species. The 3A11 corre~ponds to a triplet where the two unpaired elec

trons reside in two atomic p orbitals, one on the oxygen, the other on the 

far carbon, both pointed out of the CCO plane. For the 3A• state the p 

orbital on 0 with a single electron lies in the CCO plane. The 3A• 

should be nonreactive at our collision energy because it correlates to 

the excited state CHBrCHO product •. The 3A" can yield only H atoms 

..-1. 
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unless migration of the hydrogen over a large barrier occurs~ The:~eights 

of the barriers to atomic migrations in general between carbon atoms on 

triplet surfaces are not well known but recent theoretical studies have 

found these barriers for H atom migration to be very high16 ,18 .in 

contrast to the negligible barrier for the same process on a singlet 

surface~ 

Upon addition of the oxygen atom to the bromine-containing carbon, 

again two species may be formed, 3A • and 3A11
• · AtomJc elimination of H 

or Br from the 3A• leads to electronically excited products, probably 

not energetically feasible. The only energetically allowed reaction of 

the 3A• species is migration of the bromine atom followed by C-C bond 

scission. The 3A11 species may undergo either H atom or Br atom 

detachment as well as Br atom migration. The loss of H atom would result. 

in formation ot· CH2CBrO while the observed mass 123 product is 

identified as CHBrCHO as discussed above. In both cases the barrier to H 

atom migration is prohibitive1y large. The highly exothermic (-48 

kcal/mole) Br atom substitution would be expected to be the dominant 

reaction for this species. 

Other possible reactions include the three centered elimination of 

H2 or HBr from any of the species. We observe no H2 elimination but 

our data cannot definitely rule out the HBr channel. The barrier to three 

center elimination of HX from some species is known to be large,10 

however we know of no measurements of the barrier for HX addition to a 

triplet species. 
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The simplest explanation for our experim~ntal results is that' 

reaction occurs with attack on th~ CH2 end of the molecule leading 

thr6ugh the 3A" to H atom elimination while attack on the CHBr end 

yields BY: atoms from the 3A" ~ntermedi'ate or CH2Br after Br migration 

fro~ the 3A• sp~cies. lh~ fact that reactions (1) and {5}, which both 

in~olv~ the attack of o~ygen atom ~n the CHBr end, show different ,· 

lifetime~ of the complex, as seen in the p~esence or absence of forward 

backward symmetry in the angular distributions.; supports the·idea ~fiat 

these twn react~ons do.nqt go through the same reaction inter~ediate. 'our 

resultsf'suggest that higher colli~ion energy is relatively more effective 

f'!r the H atom channel, where attack is on the carbon far away from the 

center of mass. The· centrifugal barrier in the edtrance channe1s wi]l'b~ 

greater for this channel.with nominally larger impact parameters. As· 

such, more of the collision energy will be tied. up as rotational energj. • 

Hlgher ·colfision energies will be more effective in overcoming the barri~r 

and should ~nhanc~ the reaction probability relative to attack at the 

brominated carbon. The other two channels involve attack of the d( 3P) . 

near the center of mass of vinyl bromide-and both ~ill be affected 

similarly by a ·change in E if the exit barri~rs for these two channels 
c '· 

.are not significant compare&tci the excess energy availabl~, and the 
3 I 3 

electronic branching ratio of forming A and A" states does not 

depend strongly on collision energy. Thus no major change in relative 

rates of th·e Br atom loss and Br migration channels with collision energy 

are expected, and none is observed~. 
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The product translational energy distributions for the H atom 

elimination and for the migration channels are broad with a mean energy 

greatly exceeding a statistical average. The Br atom elimination channel 

on the other hand has a P(E') in good agreement with the statistical 

calculation. This difference in behavior can be attributed to the 

presence or absence of a potential barrier in the exit channel rather than 

a reflection of the extent of energy randomization. Experimental studies 

by Parsons et al. 20 and classical trajectory studies by Hase21 have 

shown that in th~ elimination ~f a hydrogen atom from the c2H4F 

radical the P(E') is broadened and increased in a manner similar to what 

we observe here. It is important to note that the reverse of reaction (4) 

is not a typical radical-radical reaction with no barrier but is the 

addition of the H atom to an unsaturated carbon, a process known to have a 

barrier of several .kcal/mole. Likewise the reverse of reaction (3) is the 

addition of CH2Br to CHO on the triplet surface only. In contrast the 

Br atom addition to an unsaturated carbon occurs without activation 

energy, hence reaction (5) has no barrier in the exit channel such that 

the translational energy of products does reflect the ~nergy distribution 

in reaction coordinate. 

The C.M. angular distributions of the product from the H atom channel 

and from the migration channel are isotropic indicating that the reaction 

intermediate lives longer than a rotational period and that there is no 

strong correlation between the entrance and exit channel orbital angular 

momenta. The RRKM calculations of the lifetime for the H atom channel 

indicate that the co~plex sho~ld live several rotational periods before 
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dissociation. Calculation for the C-C bond cleavage inditate:a'much ' 

shorter lifetime, in conflict with our observation of i~otropic pr6duct. 

It is po-ssible that the migration of Br atom to the adjacent carb~n is the 

rate 1 imiting step, however because of uncertainties. in the transition 

state, the RRKM calculated lifetime is not consider~d soffici~ntly 

reliable to justify drawing con~lusions from this discrepancy.· Th.e 
';'"" . ~-.. 

bromine atom .. channel T(e) is not forward backward symmetric, hence·this 

reactions occurs in a time shorte~ than a rotational period. The· 

difference in behavior is rea~onable in view of the much larg~r 

exothermicity of the Br atom ch~nnel which makes the existence of a 

complex on this surface questionable and the agreement of the statist-ical 

calculation of. translational ,energy distribution to that observed.· in the 

experi~ent should not be taken as an evidence of complete energy , 

randomization before decomposition. The model proposed above wou.ld have· .: 

the three.channels be non-competitive, thus there is no conflict between 

the observed relative yields and lifetimes inferred fromthe angular 

distribution. 

CONCLUSION 

The reaction of o(3P}.with c2H3Br is;seen to proceed by three 

major routes, hydrogen ato'm el imina'tion, bromine atom elimi·nation and C-C 

bond cleavage afte~ bromine atom migration. An explanation for this 

behavior is found by considering the individual triplet potential energy 
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surfaces on which reaction can occur. The three reactions are thought to 

be non competitive, except in the formation of three distinct intermediate 

states in the approach of reagents, the course of the reaction·having been 

decided in the entrance channel~ 
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Table 1. Branching Ratio 

'Product ~~ ,, " 
co·nl'sion Energy H + c2i-I2BrO CH2Br + CHO Br + C2H30 

"o"•• (lii 

12.4 ~cal/mole 14 :1: 6% 25 :1: 10% 61 :1: 10% 
"' 
' 

7.4 kcal/mole 6 :1: 5% ,29 :1: 10% 65 :1: 10% 

-. r: 
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FIGURE CAPTIONS 

Fig. 1. Angular distribution of product from the reaction 0 + c2H3Br 

at 12.4 kcal/mole collisibn energy. A. c2H2Br0 product. 

B. CH2Br product showing subtraction of contributions from 

elastic scattering of c2H
3

Br and fragmentation of 

c2H2BrO. C. c2H
3
o product with subtraction of 

contribution from fragmentation of c2H2Br0. 

Fig. 2. Time of flight spectra for mass 95 and mass 120 products, ate = 

45°. 

Fig. 3. Time of flight spectra for mass 42 and mass 95 products, at 8 = 

70°. 

Fig~ 4. Angular distribution of product at 7.4 kcal/mole collision 

energy. A. c2H2Br0 product. B. CH2Br product showing 

subtraction of contributions from elastic scattering of 

c2H3Br and fragmentation of c2H2Br0. C. c2H3o 

product with subtraction of contributions from fragmentation of 

c2H2Br0. 

Fig. 5. Translational energy distribution of the product from the 

reaction 0 + c2H3Br at 12.4 kcal/mole collision energy. A. 

c2H2Br0 product. B~. CH2Br product. C. c2H3o 
product. --- Experimenta 1. • -.-.- Phase space 

calculation. Uncertainty of experimental results are indicated 

by shaded areas. 
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Fig. 6. Translational energy distribution of the produ¢t·from the 

reaction,.O-+-c_2H3Br at 7.4 kcal/mo.le collision energy. A. 

c 2H2 BrO-~rod4cti B. CH2 ~r product. C. C2H30 

product. Experimenta 1 • ~.-.- Phase space 

calculation.' Uncertainty of experimental results are indicated 

by shaded areas. 

Fig • .7. Energy level diagram for the reaction 0 + c2H3Br. ___ -

·;•; 
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