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The kinetics of hydroxyl radical reactions with cyclopropane and
cyclobutane
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Ab.rr.ct. A laer flsh phololysis/rcenln€ 0uolMe invcsligation has b€n @rried oul
to study the tin rics ofthc overall Eactions OH + cyclopropane (t) and OH + cyclobutane
(2) in the tmperature ranle 298 -490K and a1 298K, rcsFcriv€ty. Tnc totlowins kineric
parametes have b.en d.Lmined:
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r , (298K)  =  ( r?  51r .5 )10  ' rno l *u rc  ,  cn t rs_  ' .

lQyrdd* R.action ldnctiGt OH radicalsi cycloaltan6.

l� lntroduclion

The reactions of OH radicals play a very important role in combustions and the
chemical processes ofthe atmosphere.It is now generally accepted that laser techniques
provide one of the best ways of studying the kinetics of such elementary reactions.
[For a detailed overview on OH radical reactions and the relevant exp€rimenlal
techniques see the revi€w by Atkinson (1986).1

In this paper we present our lirst results ofa laser llash photolysis reaction kinetics
study on the ovenll reactions ofhydroxyl radicals with cyclopropan€ and cyclobutane:

OH + cyclopropane i products, (l)

OH + cyclobutanerproducts. (2J

For these reactions only very few kinetic data are available in the literaturc.

2. Exp€rimentrl

The experiments were performed by using the laser flash photolysh/resonance
tluorescence technique. A schematic diagram of the experimental setup is shown in
Iigure l- The main parts of the apparatus are (1) the excimer laser (Lambda physik
LPX 100)used as lhephotolytic light sourcr;(2)the heatable roactor; (3) the resonance
fluorescence derectron system. consisring oflheOH lamp and lhe detecting elecrronics:
and (4) the gas handling system. Hydroxyl radicals were produced by th€ l93nm
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Fi![c l. Schmatic drEwing of th. her nash photolvtn/@mie lluottgne apParalu*

phdtolysis of HNOr provided by .he excimer laser pulse The initial oH radical

concentrations were iypically around ( l - 2) x 101 '� molecule/cms Following the laser

llash, the OH concentration profiles were obtaine'r bysignal averagingwith a40MHz

digital storage oscilloscope (Hitachi VC-60412).
The puriay ofthe reactants used in the experiments were as followsl cycloplopane

(99 997") and cyclobutane (99 86%). Argon (Linde, 99 9967J served as bufer gas

3. Resul6 Ind dis.ussion

The reaction of OH radicals with cyclopropane has been studied in the temp€rature

range 298-490K and the cyclobutane reaction investigated at room temp€rature. In

both series ofexp€riments the ov€rall pressure was typically 80 gotorr'

The reactions were carried out under pseudo lirst order conditions with [cyclo_
alkanel >> [OH]. The bimolecular rate coemcients have been obtained by.the usual
first order scheme.

tOHl, : toHloexp(-,(:.p4,
ft:.. = trlcycloalkanel + r(d.

Repres€ntative first order plots a.e shown in ligures 2 and 3.
As a first step we have checked our experimental procedures for systematic erlors

by measuring the rate coellicrents for the OH + ethane and OH + propane r€actions
a1 room lemp€rature, The results are summaris€d in table I and are seen to agre€
satisfactonly with the recommendations of a recent review article (Atkinson 1986)'

therefore we conclude that Do significant systematic errors are expected in the runs
wirh clc loalka:res eirher.

In figure 4 the temperature dep€ndence of the OH + cyclopropane reaction is shown
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in Arrhenius representation. We note here that the present investigation app€ars to
provide the first rate coellicients above room t€mperatur€ for reactiol al). The
erperimenral dak can be well descriH by th€ Arhenius equation:

00

*r =(39106)10-r 'erp{-(22tol)tcalmol-1/RT}molecule rcmss-1
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Tlbh l, Sunnary and conpaiisn ol roon ledFeralure rat€ €cfii_

ci€nrs ot OH radical reactions

l o ' " 1 ( 1 9 8 K ) t m r n o l c c ' s '

OH +c-CrH6

OH +.-C.Hj
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oH +crH!
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Figure a, Afthenins Plot of the OH radi.al ..adion with cvcloprcpgne.

The kinetics of the overall reaction betwe€n OH radicals and cyclobutane has been

investigated at room temperature, and the following rate coellici€nt has t'€€n

determined:

l r ( 2 9 8 K ) : ( 1 7 5 t 1 ' 5 ) l 0  r r m o l e c u l e  r c m r s '

In table 1 we have compared our loom tempcraaure rate coellicients with those

available from the literature. It is seen that the values obtained in the pres€nt

investigations are somewhat larger than lhos€ from the literature bul overall ibe

agreement is still reasonable.
The compilation of the kinetic data presented in table 1 clearly shows that the

reactivity oi the cycloalkan€s in the reactions with OH radicals d€creas€s with

decreasing ring size, moreover, the highly strained cycloalkanes' cyclopropane and
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cycloburdne react significanlly slower lhan do lheir open chain counterparts A lrend

oi the order of reactivity per CH, group at room temperature can be given as follows:

/..-c.,,, > k" ",r," -&-.,',.". > l.-".". > &. ",."

The low r€activity ofcyclopropan€ is caused by the relatively high activation energy

In order to search for quantitative relationships, the logarithm o[ the room

temperature rate coelficients have b€en Plotted against th€ C-H bond dissociation

energies in ligur€ 5 (the rate coefficients ar€ divided by ,' the numb€r of equivalent

c tibona in the molecul€s) For comparison th€ straight line of Jolly et al(1985) is

also shown *hich is based on a larg€ data base ofhydrogen abstraction reactions of

oH radicals taken from the literature. A fairly good corrclation can be seen in the

figure b€tw€€n the mte co€fiicients and the BDES, although the data points of the

cjdoalkanes appear to lie slightly, but systematically, above the straight line'

4. Conclusiotrs

The hydrogen abstraction r€actions of OH radicals with cyclopropane and cyclobutane

are slow piocesses compared wiih other OH + hydrocarbon reactions The prescnt

investigations provide kinetic parameterc for the title r€actions
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