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In previous publications we noted that the normal products from the 

photooxidation of various olefins can be intercepted by nucleophilic species 

such as methanol and azide ion. 132 Although we interpreted the azide effect 

in terms of interception of a peroxirane intermediate, we could not rule out 

the possibility of an azide reaction with singlet oxygen or with the triplet 

state of the sensitizer used in the photooxidation. Recently, we constructed 

a pulsed ruby laser photolysis apparatus and used this to measure the life- 

time of singlet molecular oxygen in various solutions. 
3 

We have now used 

this apparatus to reexamine in more detail the role which azide ion plays in 

singlet oxygen reactions. 
4 

The essential observations are as follows. 

The rate constants for the reaction of azide ion with the triplet states 

of the sensitizers methylene blue and pyrene are 5 x 10 M 
5 -lsec-1 

and c 5 x lo2 

M-'see 
-1 respectively, whereas the rate constant for energy transfer to ground 

state oxygen is 3 x 10 M ' -'see-' 5 
-3 * 

Hence , under our typical reaction condi- 

tions (0.3 M N3- and 5 x 10 M oxygen) quenching of triplet state sensitizer 

by molecular oxygen very efficiently competes with azide quenching of trip- 

lets. This confirms our earlier suggestion that azide ion does not inter- 

fere with energy transfer to ground state oxygen when either pyrene or 

methylene blue is used as the sensitizer. 
2 

This need not always be true, 

and we suspect that other dyes (Rose Bengal for example) may be more sus- 

ceptible to reaction with azide ion. 

The other major assumption we were not previously able to test was that 

azide does not react with singlet oxygen. We have now used the laser photo- 

LYsis apparatus to determine the lifetime of singlet oxygen in solution and 

have measured the effect of azide on the lifetime of singlet oxygen and 
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lb. 1 

and these results are presented in Fig. 1. 

I- 
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Fig. 1. (a) Bleaching at 410 nm of 2 x 

(1 cm cell) 

(b) Bleaching at"410 nm of 2 x 

10m5M 1,3-diphenylisobenzofuran 

lO-=M 1,3-diphenylisobenzofuran 
with 5 x 10-4M NaN3 (1 cm cell). [l div. = 5 psec, solvent 
methanol] 

With low concentration of acceptor (1,3-diphenylisobenzofuran) the life- 

time of singlet oxygen is calculated to be about 5 psec in methanol. 

Addition of 5 x 10°4M sodium aside produces a significant decrease in the 

lifetime of singlet oxygen and from the experiment shown in Fig. lb we 

compute that the rate constant for the quenching of singlet oxygen by azide 

ion is 2.2 x 108M-lsec 
-1 . Since aside is usually present in a 5-10 fold 

excess over the acceptor in our photooxidation reactions, and since the 

rate constants for reaction of acceptors with singlet oxygen are usually 

less than 4 x 107M-lsec 
-1 

, the value for tetramethylethylene (TME),3 we 

expect singlet oxygen reactions to be strongly quenched by azide. We have 

used the absolute rate constants for reaction of the various acceptors with 

singlet oxygen to compute the effect which aside ion should have had on the 

rate of photooxidation of the various acceptors and these values are shown 

in Table I along with observed results. 

Although reductions by factors of 150 up to 70,000 were expected on 

the basis of aside ion quenching of singlet oxygen, the observed oxidation 

rates are retarded only by factors of 5-10 by azide. This indicates that 

some fraction of the quenching acts produce a new species which can react 

with the acceptors and form the observed aside hydroperoxides. Thus, our 

initial assumption that aside ion does not react with singlet oxygen is 

shown to be invalid and this eliminates one piece of evidence for peroxirane 

intermediates in the reaction of singlet oxygen with olefins. 192 The inter- 

ception of the normal oxidation products by other nucleophiles, such as 

methanol, 
1 
water and hydroxide ion, and the effects of pH and solvent on 

the oxidation reactions still remain in our view as best interpreted in 

terms of peroxirane intermediates. 6-8 Such a view is also supported by the 

close correlation between the rates of photooxidation and peracid oxidation 

of olefins noted some time ago by Kopecky and Reich. 
8 

In a recent publication Foote' has reached similar conclusions regarding 
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the behavior of azide ion in photooxygenation reactions, but these studies 

involved the use of sensitizers which may undergo photochemical reaction 

with azide ion. 
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