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Introduction

There is considersble interest in the rates and mechanism of the
reactions of hydroxyl radicals with olefins because of their importance to
the chemistry of the atmosphere and in combustion processes. However, the
reported values of the reaction with propylemne vary by a factor of ~5.

In a preliminary study of this reaction, using the flash photolysis-
resonance sbsorption technique,with OH produced by photolysis of H20

(r» > 160 nm),we found that radicals from the photolysis of propylene were
involved in secondary reactions with OH,thereby affecting the measured
rates., In the present study we have produced CH by photolysis of N,O/Hz/
C3Hg mixtures at A > 200 nm. Under our experimental conditions the OH
concentration was low and the photolysis of C3Hg was reduced considerably
and therefore the influence of secondary reegctions was minimized. We have
also assessed the effect of such secondary reactions by measurement of upper
limits of the concentrations of the radicals present, and numerical simula-—
tion of the reactions involved and have established the magnitude of such
an effect.

Experimental

The apparatus and technigque have been described in detail elsewhere.z’3)
OH radicals were produced by photolysis of NoO/Hp/C3Hg mixtures.2>3) A
filter 8 mm deep of Oz at 600 torr was used to cut radiation below 200 nm.
0(1D) atcms from the photolysis of N,0O react with Hp to give OH which then
reacts with Hp and C?HG. The pressures of N3O, Hy and C3Hg were such that
virtually all the O(’D) atoms reacted with H; but not with NoOC or Cj3Hg.

Hydroxyl radicals were monitored by follmung the time resolved
attenuation of the OH resonance radiation (Q;3 rotational line of the (0,0)
band of the AZZ +>X2n transition) st 308.2 nm produced by a microwave
discharge in a low pressure Ar/H,O mixture, Signal averaging was used to
improve the signal to noise ratioc. The olefin concentrations were such
that the measured pseudo-first order rates were 1 to 5 x 104 s~1,

Gas chromatographic (G.C.) analyses of the reaction mixtures were made
on & squalane modified alumina column with a flame ionization detector.

Results

The optimum experimental conditions were established by G.C.
determination of the amount of C3Hg consumed per flash both by resasction
with OH and by photolysis, for reaction mixtures corresponding to our range.
These were: a single flash of low energy (150 J) per mixture. We also
cbtained from these a.nalyses the approximate amount of OH formed per flash,
i.e. [CH]g » 10721 mol em™?, (which agrees well with that calculated from
the initial absorption of the resonance ra.d.ia.tion))and the approximate amount



120

of radicals [R] formed per flash from the photolysis of C3Hg, i.e.
[(R] = 0.4% of [CaHgl.

The second order rate constant cbtained was kpgye =1.47 + 0.08 x 1013
cem® mol™! s™! where the uncertainty is one standard dev1?tlon. It agrees
well with the higher values of previous determinations.l

As mentioned in the introducticn, possible sources of systematic errors
in the present system are radical-radical reactions involving OH, i.e.,

C3Hg + OH —————> C3HgOH (1)
“C3HgOH + OH ————— Products (2)
C3Hg + hv ————> °R (3)

R+ OH —— Products {u)
Maximum values of these errors in each one of our experiments were estimated
by numerical simulation of the reactions for the following conditions:

(1) The measured values of [OH]yjand [R] were used, i.e. [OH]p = 10711 mol
em™3 and [R] & 0.4% of [C3Hg].

(2) The rate constants ks and kg were taken to be equal to the collisional
rate, ko = ky & 2 % 101% cp3 mo1~l ™1

(3) The calculation was made for OH dec&ys in the range of the actual
observations. The overall systematic error in kCSHG was estimated to be
less than 10%.

These measurements will be extended to other olefins.
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