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Absaract

!he kinotics .l th rcacrnn,s "a l,ydnx] 'adr.rk will ' cy,lopnFp rnd tftl,,rtr'lr'tr I'rs
brcn jnvNriF8tcd nr rhc lctrrpof.rw. nn$ of 2!,3 492 K wir h hsr I hsn r'l 'or.'l 'sits ' r-Drrr
lluores.oncc echniqo. th. ttrnpchluR, d$.ndfm. (n tlx, n,t. connanG is aiwlr ttr ll
( l  l ? . 015 )  x  l 0 r i  1 i ' �  . i i { - ( r } 37  a  t t ? )  kca l  mn l  ' / ?? l  l n ,  ' x , t . . t r t , , ,  . '  , " , t  r ,
( l _ ' 06  i  0571 :  r 0  ' " 1 ' l c xd  (22a  1  ?3 )  k rn r  n ,o r  ' / a r j dn 'm" ' { . r u ro , s , n t r d ' " ' , r , r , ' x

oll + c,.bpnrpnn. . pntrl(crs(l)nndoll + r'rd uhn. ,tnnlL'fls(2J,'.s|l,cli\,.tr t(r'rrir
dala olii!8blo for 0ll + tyclolllonc rf.ctn,hs *{rc annlyzpd in lrrnrs ot slnr{trr. ,I x1r \ irr
corolotnDs invullin( kn,dic trnd cn.rseti. Fr.nrLc.s

Introduction

l lydr , , reD nt ,nD t r l )s l r r . l i , r ,s  l tun,  l r r ( l l !x  !ns l , t  l ) r ( l r i ' rJ  f i r ln , , ls  r , l , t r
an import^anl rolc in almosph.ric chehistry and in combusti,n 'l Iis is thc
reason thaL a hrge number of rate coDstrnls hrvc becn drtcrmin(d li, tl!
rcac l  i^ns of  r l l l  'adn.a ls  ind r lkrnrs-  b i , rh hy r i  h l  is .  rn, l  hv d i r r . r  ,  \ t r  r i
m , n i a l l e c h n i q u . s r s . r r n l l l l , S , r n i , , l r l r ' - J x l r l , : r v , . h . , r ,  . f t l : , . , , 1 , J .
cnce values in relative ralc studi.s (e.s., d.l. lbr rearl.ions OII + (l,ll, trn(l
Oll + n-C6H,r). shile othcN contrihut.{ t,) thc expl(tration of slrrrluR
r. lc l iv i ly  orr .htnns l2  .11.

ln  coDsl , - rs l  t , )  t l [  Ol l  I  r lk l rc  nnclnn,s, ,n, ly  l i$  r )n v i , { is  r r ( r  l ! i l
suremcnts were nrade lbr OII + cyck,alkdnc. Il€'side lhc roon) lonttx!.ltuh
di rcct  k inel ic  s ld ies of  OI I  + cJc l , ) r lkdhe reacl ions l5  91,  r , lc  const lDis
as a tunct ion . f  Lebrpe.r t tu t  *erc obta inod b_v l ) roeg.  and l \ r lh  l l l ) l  L ,nn
laser flash photolysis/lascr iDduccd lluorcscetrcc rDorsurdr!nls hr OII +
cyclopentane and OII + cyclohe*ane. lft,wever, only roonr tcnrpcr.tur rrlc
c.nstants arc availablc for OII + clcl('r,rl[ne l5.lll, oll + cycl,'ln,l.n.
l l2 l ,  aDd o l l  + l r is l ) f f  (yc l , ,n lk . t rcs l5 , l : l l

In this articlc we rc|Drt , 

 

rbsolut( r.tc conslants li)r rc|cli,r)s

( r )

\ 2 )

OH + cyclopropane - pmducts

OII + cycl{,buhnc + producls

range of 298 492 K.
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Experimental

KiD.l,ic mcosurcmenls were carried out bv using the l{lso llssh photolvsis/

rcsonance fluorcscence technique. Some details ofthe technique were g'ven

in ref. tlal. The basic parts of the apparatus were: (i)A sas handliss svstem

which provided a steady flow ol a gas mixiure through the reactor with a

flow r;te hish enoush to replace completelv the reactor filling b€iween two

flashes andiii) A reaction celt which was made of stainless steel and had a

black anodized interior' Reactor was the.nosiaied bv usins 4 heating car-

l.ridses and t€mperature measuremenis were nad€ wilh a retractable

Cromel-Alumel thermocouple; (iii)A Lanbda Phvsik LPX 105 excim€r laser

with argon fluoride gas filling was used as the 193 nm light source in the

phololytic generation of the hydroxy radicals from nitric acid and (iv) The

detecrion sysuem, where OH radicals were monitored bv .esoDance fluores-

ccn.c pcrp;Ddicular to l,he phoLolysis line. Excitatiotr liliht was obtsircd t'v

miuowave discharge in water vapor diluted with Ar' lDduced fluorescence
was focused through a 310 nm interference filter onto a photonultiplie'

tube (EMt, 9?81 B); (v) Muli.iplie. signal was fed into a digilal storase oscil-

loscopc (HITACHI, VC-604I (Z) nodel) and finallv, the disilialized informa-

tion was processedbya mi$ocomputer' The IOH]decav profile was obtained

by averasing 256 sisnals.
'l'hc gns hixlurc which entercd lhe r.actor conlained HNO] vupor' varv-

ing concentrations of the cycloalkane and Ar bufter gas enough io make up

lhe overall Dressure to 80-85 to.r. Tvpical initial hvdroxv radical concenlra'

lion was tOHi, = 1 x 10" cm 3 and pseudo firsi orde' conditions were rul'

filled in all expelinents, i.e, [oH]' < [cvcloalkane] Quantibrive data we'e

extracted from the tOHl decay profile after about l/3 of [oH]" was con-

suned. ln this resion, fi.st orde. kinetics was strictlv obeved

Nitric acid sas was,prepared fmm concentrated HNO3 (637, puritv, Carlo

Erba) with concentrated HISOa in 1:2 ratioi purificalion wa6 made bv bulb'

to-bulb distillation ;n vacuum. Cyclopropane (> 99%' J T Bakcr Chem Co )
was purified by preparative GC to yield a sample of >99997. c-CrHd wirh

0.01% propylene impurity. Cyclobutane was svnthesized from r'4'dibro_

nrch(inc wilh Li amal$m as dcscribed in thc literaturell5l After GC pu_

r i l ic^ l . idr ,  lhc c-C1l I {  conLcnt  was >9996%Ar (999967. ,  L indo)  and C, l ld
(99.977., Matheson) were used withoul turth€r purification'

Results

The €xperimeDtal technique used in rhis work has been tested bv deler-

miniDg thc room temPerature rate cotrsiant of reaction

rJr  Ol l  ,  c l lane -  producl -s

for which retiable kinetic daia can be found in the literature l he average of

six deterninations Eave kx = \274:t 0-40) x l0-rr cmr molecule ' s-' in

sood asrcement with 2.68 x r0 " cm3 moiecule ' s r. lhe value which is the

recommendation fo.,3 given in Atkinson's recent r€view lli
Bv monilorins the OH resonance tluorescence as a function of reaclion

tinc, pseu<lo ririi order rate consranb n (=fr![c-C]H6l) and ii(=r,tc-crH"l)
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'f^BL.I. tlinolecular rlle cohstsnls toi rcoctionsofOH with cvcloprct'ne rnd cvclobutanC

r , / l o  " c n r n o l e c u l € ' s '

'()uotd c.rors.rc 2rvolucs.

Ar rcnius rcDrcsenrations of Lhe rate pa.antclers a.e prescnled in Fig_

ure 3. Although Lhe tenperalure dePendences ofthe rate constants are rea_

sonablv well d"scribed bv the simple Arrhenius equation (broken lin"s)'

ho"c ' " r .  sorne "urvarure is  obvious in  the log i  vs l /T p lots  Theretore we
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Filure 3. Arrhenius reprewnralio. otlin.licdata for 'e&lion (l) o andr'dDn(2) '

Tnc errcr bnF .cprc$nl 12d crro6 _ _ -, Arrheni$ cquln'n i -. cq (4)'

? 6

1. !

5
2.0 i-1.1

l./,3.01.8
0,

1.8



chose to dcsoibe our expcrimentrl resutLs by rho cxpFssi,rr

\4) h -  I l ' t , '  .xp( rr ln7 )
q  i r h  r h e  c x p , , h , 1  
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. n r . , F f . , t  

L l , l

l l : Iuo l is ,  
sueeurrcd arsu by I  h .  r . , { r r r .  , , r  t )n , .q, ,   hr l  , l  u t rv  I  l ) l , i r  r r r , .  , ,
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cycrnppnrano 3nd r ,  

 

I  , . ) ( toh(y in, ,  r , { .whi i :h ,1r  r r ,  ( r r t ,  a
varues ( rose to 1.5 has bFcn forrnd 1, ,  b , .  (onsis t^nt  wr th r  hei r  . ;1" . r  r , rx . , r r . , lo a r a .  N o n t ' n e a r t e i s L s q u . r o s  t i t s ^ t  r h .  B a n d  H  p J r i r n . t . f s  i n , " l , r , t , ,  , .
cxpei i  menta l .  resul ts  aave the fo lk ,wing rarc consr .DL.r t ) rossrr rs  1 in. r ,m o l e c u l e  ' s  r u n i r s ) :

(5)  L '  = ( l . l?  10.15)  x  l0  L ' i  1 . r ' ,  expl  [0u? 18?) kcr l  nnr l  , /n?.1

(6)  [?  = (5.06 t  0 .5?)  x  10 '16 '1 "  exp[- (22u !  78)  kc ]  tnot  BTI
whee the qr 'Dt(d $nrs arc 2,  vr lucs.  Uqu. t i (us { r } .nd ( l i )  $ . r , !sr ( t  ro { ,1,toin lhc solid litres indicutqt in I..iartr, l.

Discussion

. . - lhc 
tuon tqnp$aru.( ,ht .  const .nts .Drt  rnr  pahhrr . rs  Lr . r t  (1)  l i ) lr ) l I n r ( l r d r { s ' t l r y , l , , t ' r I , , r ' r , r I r i  i t , , l n r t r r , , r , , | ] l , ,  x , r $ r t h t t n , n . t , , i r , ,

a c r o h s  s  h  h u h c r  ( y r l , ,  l k : , r x . s , , r , . \ u r n m j r r i / . r t  i n . l : r L , t r .   

 

r ) .  

 

n n i r ,

wnrr)  . re , r r  I  hr .  rer  I  u ls  , , f  cv( t , ,pr , ,p : rn, .  r ) .31,  l .  

 

l  und 0. r i l  l r iJ  . , I iJ  , , t  , . r
crobulane 12.01121(al l  in  l0  , , ,ob jnrotecule 's  ,  uni rsJ.

A two orders of masnjrudc inceas. in roactiviry can be ohscNd witl, int r D s r n A r i n x s i z . . ' l h . s l , 1 . i t i , . r . i , . r i v r t i . \ , , f t h ; r . t I  
, 1 , , , , r , *  t , , * . , , t  , ; i l

'  x p r , i v r l  x L  / i , . / r N "  , , t  f i n {  (  | | . . ( r u u r a J .  r , , . i , ,  r , ,  , , , , , ,
m o r c - L u r p  s  r r n r t s : 0 . J 7 r L r . 2 J r f o r , . . r .  . . 4 4 r J U r t , t r . C , t l . . t r , r ) r t U i ) , , r
. . a r H , . , ,  l t . U t t 3 5 ) t o r . t .  r . u n d t t i g t t i t . 5 r f u r , - C - H , , . f , _ , . , f , , . , , , , , " .
@re oFro?   . t  wr lh ih thc br i . t r rs  : rR,  , \ r r f rm, .nt i t  inJ nsr I  . r , , , j  l t r iJv i r u p c . n r r ' + t i $ t y I t , . r r r i v i t v , , f i (  . x F i , p i n t h c s r r , r n , . . l , . r , . t , r r , n , , , x .
aDo cycrur ,ut . rx  nx, t ia l r t , .s  is . , r j r  r , ,  L .  fun\ iJ i . r r t , ty  " ,u, t t - .  r t , . , , ,  i , ,  r t , . .
1 , - l l : : i - - , ' , ; , , * , : : . . , : " , : . r , n r . d f l n r , , r , , r h u n J \ . t . t ) , . n r r . , 1  i n , i n r i  r , . , i I i .r rcnunr ' , i i  L i r . \p t r ' r r  tv  i ' ,  At  k  i [s , , , ,  s , . - r i , , , , , t  nn,  t rn. r  Ind l l r i t  LJ.  i  |  :  |  |  .  , .  t  ,  r  .  |  |  ,  |  ,''rins hclo.s, howcvd, sisnificrtrr deviarid, of d," ""ri,""i,," li_. ii,li

. l^!:r ll Kift,ticdd. fir ofi +..ktoltk^r,f

, .  ,12eN K) / r0  i !  r r / to  "

o l l  +  I t ,  I

te l

'PnmnFl.rs.r.Fiv.n 
a.cordrh.e *irh..'Qtror,d rrors trn,2,r v,tuA

(4 )  us i n ( r  =  l 5  q r l $
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measured rate constants is slill apparent f.om the examination of the re-
sulls siven obdve. Differencos belween mcastrred rste constanls and vtrlucs
prcdiclcd from lhc slruciure-rcactivily rclationship hld becn obscrved also
for reactions of OH radicals with cyclic etheB 0?1.

In Figlre 4, experimental and esiinated bimolecular rale constanls are
plotted vs. lhe numbe. of CHrsroups (i.e., lhe rins size). Thc sl.ikins t4'
l.urc of lhis plol is the large differencc between the experimenlal ral. .on-
stants for rcactioosofthe smaller cycloalkancs with Ott and the reactivities
of ihe correspondins open chain alkancs. Since the plot of alkane reaclivi-
tics is shown only for comparilon, the cxperimenlal resulls a.e indicared in
lhe fisure by a fitred line given by the dashed line.

The increase in reactivity from c-CaH6 to c-C6H,, is caused mainly by lhe
' 

chanse of the enerseticparamete.H f.om aboui I kcal nol-r co asmall nega-
tive value. In spite ofthis, no good correlation is found iflog(Ih,/No. ofCHr
groupsr  or  H is  p lot ted against  the r ing s l ra in en" .gy.

A linea. correlation was found to exist for several classes oforsanic coin-
pounds between the losarithm of the rate conshnt p€r C- H bond snd the
corresponding bond dissociation energy [5]. The corr€lation is based on the
assumption that. the differences in reactivity refleci dilf€rences in activa-
tion energies. Since we find that in case ofOH + cycloalkan€ reactions the
B constant per C-H bond depends on rins size, here we prerer to establish
a correlalion belween the H parameiers for hydrogen alom abslrsclion from
cycloalkan€s by OH and the appropriale C-H bond dissociation enersies.

15

0 ;

No. of tH2 Gfoups

fjglre 4. Bimolecula..at€ comlanls lor OH + cycl@lkane reerions * d tunction of
lhe nuFbe. ofCH, s.oups in ine roact nt. Solid poinrsr erp€rinenral vdlre.; slid lin€:
esriDaiions obloined vitb AtkiMon'B heihod [r5]; lnd.lasbed line: *tindlioM corr€-
spoMins Lo lls CIir rcdclirjlt in opcn chain llkon$[1?].
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