CHEMICAL COMMUNICATIONS, 1967

769

The Role of Hydroperoxides as Chain-branching Agents in the
Cool-flame Oxidation of n-Heptane

By A. R. BurGgess* and R. G. W, LAUGHLIN
(Department of Chemical Engineeving, University College London, Torrington Place, London, W .C.1)

IN recent studies of the oxidation of n-heptane in
the gas phase, some interesting results have been
obtained about the chain-branching intermediate
responsible for cool-flame formation. There has
been much controversy about the most likely
species causing cool flames in the gaseous oxidation
of hydrocarbons, the two most likely candidates
being aldehydes and organic hydroperoxides.—2?
In the present work, measurement of the con-
centration of hydroperoxides during reactions in
which cool flames occur, as well as the addition of
2-heptyl hydroperoxide to the system, suggest that
the chain-branching intermediates in the cool-
flame oxidation of n-heptane are hydroperoxides.

The apparatus used was a conventional static
type, with a cylindrical acid-washed Pyrex reaction
vessel. The reaction was followed using a sensi-
tive pressure transducer and an ultraviolet recorder.
Sampling was achieved rapidly using a glass
electromagnetic valve4  Analysis of organic
hydroperoxides was carried out using a modified
form of the iodometric method of Clover and
Houghton,® capable of distinguishing between
hydrogen peroxide and organic hydroperoxides.

At 242°, with initial reactant pressures of 50 torr
oxygen and 50 torr n-heptane, one cool flame occurs
after an induction period of 45 sec. The concen-
tration of organic hydroperoxides in the reaction
vessel was measured over a range of reaction times
from 0—90sec. (see Figure 1). The partial
pressure of the organic hydroperoxides (calculated
as the monohydroperoxide, ROOH) builds up to a
maximum of 3-4 torr immediately before the
cool flame, during the passage of which they are
completely destroyed.

2-Heptyl hydroperoxide was prepared by the
method of Williams and Mosher,® and was intro-
duced into the reaction mixture of n-heptane and
oxygen at 242°. The total initial pressure was
maintained at 100 torr by reducing the n-heptane
and oxygen concentrations equally to compensate
for the added hydroperoxide. The immediate
effect of adding small quantities of hydroperoxide
to the system was to reduce the induction period
before the cool-flame (see Figure 2) without
altering the pressure rise (AP) during the cool-
flame. However, as shown in Figure 3, beyond a
critical concentration of approximately 3-2 torr of
2-heptyl hydroperoxide, the pressure rise during

the cool-flame increases. If more than 4-5 torr was
added, the cool-flame induced ignition (i.e., two-
stage ignition) because the conditions used were
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FiGure 1. Formation of ovganic hydroperoxides in the
cool-flame oxidation of m-heptane at 242°.

Initial pressure = 50 torr n-heptane 4+ 50 torr oxygen
— ——shows the total pressure vs. time curve during
the reaction.

T (sec)

0 | ] | | |
0 I 2 3 4 5 6

Pressure of added hydroperoxide (torr)

FiGURrRE 2. The effect of added 2-heptyl hydvopervoxide
on the induction period (r) before the cool flame. T,
= 242°; po = 100 torr.

quite close to the ignition limit for n-heptane
oxidation.
These results, particularly the good agreement
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Fi1GURE 3. The effect of added 2-heptyl hydvoperoxide
on the pressure vise duving the cool flame. T, = 242°;
po = 100 torr.
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between the critical concentrations of the hydro-
peroxides in the two separate experiments, suggest
very strongly that heptyl hydroperoxides are the
degenerate chain-branching intermediates respons-
ible for cool-flame formation in n-heptane oxida-
tion. Initial oxygen attack on n-heptane forms
the 2-,3-, and 4-heptyl hydroperoxides, but, since
their decomposition rates will probably be very
similar, the results of the addition of 2-heptyl
hydroperoxide to the reaction mixture is good
evidence of the role played by all three heptyl
hydroperoxides in cool-flame formation.

The authors wish to thank Mr. R. D. G. Lane
for preparing the 2-heptyl hydroperoxide.
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