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There are two basic experimental difficulties in the 
reaction of oxygen atoms with unsaturated hydrocarbons which 
prevented the elucidation of detailed reaction mechanism 
unambiguously. The first problem lies in the difficulty in the 
detection and identification of primary polyatomic radical 
products which are often highly energetic and do not give parent 
ions in the mass spectrometric detection, The second problem is 
associated with khe fast secondary reactions initiated by primary 
products which makes it difficult to deduce primary products from 
the analysis of final products in the bulk experiments. 

In our recent investigation of a series of reactions 
involving oxygen atoms with various unsaturated hydrocarbons 
including those containing halogen atoms, using the crossed 
molecular beams method, we have been able to overcome both these 
two problems and have determined the reaction mechanism 
unambiguously. Carrying out experiments under single collisions 

--- 

and observing primary products directly, the complication due to 
secondary reaction is avoided. By measuring the angular and 
velocity distributions of products at all the mass numbers which 
can Le detected by the mass spectrometer, and from a comparison 
of these distributions, applying the requirement of energy and 
momentum conservation, primary products-have been identified 
positively. For example,' in the reaction 0 + C2H4, although 
major signals are ected attm/e - 15 and 29, they are found to 
be the daughter '-'CHZCHO as' shown in Fig. 1, rather than 
from CH3 and HCO ieved" in many previous. works, CHzCHO 
is identified as the only major direct product under collision 
free conditions. 
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Table 1. Primary Products of Reactions Between Oxygen Atoms 
with Unsaturated Hydrocarbons. 

H + C2HO 
CO + CH2 [H migration] 

O W  + ~ 2 ~ 2  ,-- 

H + C2H3O + C2H4 

H + C2H2BrO 
+ C2H3Br Br + C2H30 

CH2Br + CHO [Br migration] 

/ C1 + + C2HC12 C2H2C1 + 1,l C2H2C12 

(CH2C1 + CC10) [Cl migration] 

1 c1 + C2H2C1 + l,2 C2H2C12 H + C2HC12 

(CHC12 + CHO) [Cl migration] 

H + CgH5O 

~ 6 ~ 6 0  [Intersystem crossing] 

H + C g H q C H 3 0  

CH3 + C6H50 

+ C6H6 ___ 
+ CgHgCH3 / 

’ Some of the experimental findings, especially, the reaction 
mechanism of O ( 3 P )  
experimental and theoretical  calculation^.^ In 
the quantum mechanical calculation of O( P) + C2H4 inter- 
action carried out by Dupuis et ale4 it was, indeed, shown that 
the barrier from H atom migration is much higher than the barrier 
of the replacement of a H atom by an oxygen atom. 
reaction of O( P) + C3H6, the formation of H + C3H50 
and CH3 + C2H30 observed by Hunziker et al.3 is also in 
agreement with our molecular beam investigations. 

+ C2H4 have been substantiated by other 
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