














between one of the first generation products (typical DBE = 3)
and a Criegee intermediate formed in the initial attack of
ozone on limonene. Both Criegee intermediates resulting from
an attack on the endocyclic double bond have an effective
DBE of 3, which corresponds to one remaining CQC double
bond, one carbonyl group, and one carbonyl oxide group.
Fig. 7a shows the formation of a DBE = 5 organic peroxide in
reaction between limononic acid and one of the Criegee
intermediates. This mechanism of oligomerization becomes
operative already at the very early stages of ozonolysis.7 As

evidenced by the data in Figs. 1, 2 and 5, oligomers were found
in samples collected only four minutes into the reaction and
throughout the subsequent reaction, regardless of the
particle size.

Another mechanism that increases DBE by 2 in each
oligomerization step involves formation of hemiacetals
through reactions of alcohols with aldehydes and ketones.
Fig. 7b shows an example involving a reaction between two
common limonene ozonolysis products, limononaldehyde
(DBE = 3) and 7-hydroxy-limononaldehyde (DBE = 3).

Fig. 7 Growth of DBE in different oligomerization reactions. (a) reaction between a Criegee intermediate and an acid or alcohol; (b) hemiacetal
formation from an aldehyde and an alcohol; (c) aldol condensation involving two aldehydes; (d) esterification reaction between a carboxylic acid
and an alcohol. Mechanisms (a) and (b), which increase DBE by 2 per oligomerization step, are more consistent with the trend shown in Fig. 2.
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