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The i n t e n s i t y  an2  t h e  ra te  of incrcazc  of l i g h t  ernl t tec  by t h e  m 
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OH+ 'E+ -+ 'n. (0.0) t r a n s i t i o n  were s t u u i r d  during the induct ion  pe r iod  

behind shock waves i n  2$ €I2 - 2!$ z!r mixture.  

ranged from about llOOo t o  l 'JOOo K ,  a:ic: t h e  i n i t i a l  p re s su re  vas 10 Torr .  

A s t anda rd  lamp TJZS used t o  calibrate the o p t i c a l  system, 60 t h a t  photo- 

m u l t i p l i e r  signals coulJ be trnnsfomwc! t o  0:" concent rk t ion .  

Inouction-zone temperatures  

The results 

are i n t e r p r e t e d  i n  terms of 1.~:,iica;.-rei.ombFnation reac-bions. It i s  foun?. 

t h a t  O f  is formed i n  the r e a c t i o n  E + % -t F'z 

quenche&, i n  t h e s e  experimentc,  only by .cizter. The e x c i t d t i o n  process  is an 

i n e f f i c i e n t  r e a c t i o n ,  wi th  811 c-reragc r a t e  cons tzn t  of 2 d 0'- l i tc?/molei-sec.  

HkO + OT?, Lnd is effec%k-iy 1 
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1 m w i d e .  This  s l i t  WEFS 1-oczted a t  t h e  3ai-e ex ia l  posLtion as thin-t ' i ln:  

gage p m b e r  4. Light  emi t ted  throu&h t h e  s l i i  was ob3er.ved by ]rems of  E 

g r a t i n g  rr.onochromtor wi th  i t s  en t rance  sll ' t  set a t  1-I.W, wiEth tnt: 1 ocatcc;, 

2 0  cn; away fran. t k e  window. Tkis  arrzngement gave very  good. t i m e  r e s o l u t i o n .  

The monochromator viewed r a d i a t i o n  from a v e e e  of gas  t h a t  had an  axial t h i ck -  

nws averaging  about i . 3  mm; and s ince  t h e  shock speeds >:ere 1.3 m./u;ec or 

g r e a t e r ,  t h e  t ime r e s o l u t i o n  vas bet ter  thzn i Vsec. The InonocPirornator 

passed l i g h t  in a 33 A reg ion  of t h e  ( 0 , O )  band, cen te red  8% 3080 A .  Yhe 

l i g h t  was Getected by a type  1E8 p h o t a l l u l t i p l i e r .  : ' ibve  ? i s  a t y p i c a l  

r e z o r d  of t h e  dual-beam osc i l loscope  iiisplcy, o'ctaineC zrith r e l a t i v e l y  l o i i  

g a i n  on t h e  photomul t ip l ie r  chmr,el .  It shows, on t h e  upper bean, t h e  a r r i v a l  

of the shock a t  th-tn-filn;! Sage n-;nber A (222 at the s b s c r ~ z t ; , ~  s ~ t )  , zn; the 

subsequent arrive1 a t  gage number r; and on t h e  lower Learn, t h e  photoruit;:L'er 

s i g m l  . 

0 0 

* 

The o p t i c a l  system and photomul t ip l ie r  i re re  c a l i b r a t e 2  by nteacs of' a 

* s t amia rd  incandescent  lam7 -<ri_th knokn s e c t r r t l  rad-iaryce. It w x i  3'"unil t i A t  . 
'7 

a s i g n e l  of 1 r n l l l i v o l t  corresponce2 t o  p~ .S:CO-A 4 mo.:esjLiter of e l e c t r o n ~ z ~ . ~ ~ y  

e x c i t e d  hydroxyl r a d i c a l s .  This  number was n r r ived  t-.t :,:ithout ?ny c-orrect l  on 

for se l f - abso rp t ion ,  and assunes a constctnt t r a n s i t i o n  p r o b a b l l i t y  GI' 1 .Sj:.clO- ?? 
0 

r o t s t i c n a l  1Lnes co:1kij.neC I n  t h e  vbsemea 35 A re?;!.on of p e r  secondG f o r  

the (0,O) band. 

RESULTS 

a i l  

Datz on in -ens  t y  of e m i t t c j  Light versus  t i n e  :rere reet from os7l;la- 

grams such as r i g w e  2.  Zero t-he is the Lnstant t h a t  an e lecen t  01' y ,s  

passes through t h e  shock f r o n t ,  and t h i s  i i ~ t s  f i x e d  by t h e  t h e  of' shock 

* 
Net iona l  Bureau of Stancar& 1mip n m b e r  U - 8 i .  
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o the r  t enpe ra tu res .  It is seen that t h e  p l o t s  are l i n e a r  except  f o r  a brLef 

i n i t i a t i o n  per iod ,  and t h a t  a l l  three l i n e s  have t h e  sane slope. Therefore ,  * 

where t h e  concent ra t ions  wi th  subsc r ip t  ze ro  are t h e  va lues  obtaLneG by 

e x t r a p o l a t i o n  t o  ze ro  t ime.  The f a c t  tha t  a sin;;le tin;e cons tan t  7 su3'l'ices 

t o  describe t h e  grovth  of all t h e e  f r e e - r a d i c a l  concent rz t ions  g r e n t i y  

s i m p l i f i e s  t h e  p r e s c t i o n  of OHx concentr- t ion.  Table I1 l i s t s  t1,e pseu2.o- 

i n i t i a l  concent ra t ions  and t h e  t i m e  cons tan ts  ob ta ined  i'rorn c e l c u l e t i o n s  

us ing  two d i f f e r e n t  sets of rate cons tan ts  Irom t a b l e  I .  

Froduct-ion of OH' by l h d i c a l  Recombination 
t. 

~n orfier to e x c i t e  g r o m d - s t z t e  OH t o  t h e  2 2  (v = 0 )  state,  ~ 3 . 3  ~:cnl/'moie 

are requ i r ed .  Therefore ,  t h e  chemllrmimscent  pro2uct ion OF Ol-f e m  m l y  be 

accomplished by a f e w  e n e r g e t i c  re . tc t lons  r,-kich involve  e i t h e r  the t r a n c i e r  

of h e a t  of recombination t o  OH a c t i n g  as u thii-cl bocy, o r  the (;ire& proLuct:on 

of O$ i n  a h i g h l y  exothermic r eac t ion .  T1.e p o s s i b i l i t i e s  i n  the ,'Lrst 

ca tegory  are: 

H + H + OH .+ H2 + OH* 

0 + 0 + OH + O2 .t 0 9  

and 

0 + H2' + OH -> €$O + OH* 

I n  t h e  second ca tegory  s re :  

0 + H + M - . O I I *  + M  
e 

( \'I It ) 

and 

€3 + o2 -t- H2 -+ €$o + OH* (VITI) 



%.* 

one. 

r a d i c a l  co!icentrations . 

. 

'. 
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t h e  one r e spons ib l e  for e x c l t s t i o n .  

8 -~ Discussion ox' the T a c t  t h J L  t ile o ts r , r ved  ,OI-l'~ 3 'ire less t h m  -t!.e Ix::J;?er- 

b 
i i m i t  n l v L e s  predicted on t h e  basis 3,' ~C-~C'L:OR VIII ?.<1._1_1 be de.Le:.reL t o  

t . 
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The uppermost curve of f i v e  C shoi.:s t h e  exponent ia l  ti1Y.e cons t an t s  

t h a t  r e s u l t  i f  only  r e a c t i o n  I1 i s  I i c p o r t x t .  Schot t  an6  Kinsey- 1 po in t e5  

out  thzt it rlrould be r a t e -con t ro l l i ng  i:’ [x, ]/io, 3 2 1, a n 2  that 

t h e n  be equa l  t o  2k2[02]. Obviously, t h e  f a c t  that [14,]/[0,] < 1 i n  t h e  

>/-r :<o!ilii I 
Y 

presen t  experirients has a very  1 arce effea-t on t h e  chain-brmchLnn qrocec:: 

Quenching of OTf’ * 

- i  

, . 
The discrepancy j n  f i g u r e  E Letveen t h e  observed 10X! an? the valws 

p r e d i c t e d  on t h e  b a s i s  of r e a c t i c n  Y I I I  can be e-xpiained by z e n e r z l i z e d  

qudnching ( r e a c t i o n  1x1. If it is assuned, tlnt ky correspon6.s t o  t h e  

c o l l i s i o n  nunber, say, ‘YLO1’ liter/rr?oLe-sec, t hen  t h e  te-m kCi ] I n  * 
the denominator of equat ion  (5) :i~I11 be xuch larger than1 L / T .  

term 

Ikrcuver ,  t h e  

exp(-k [M]t) will be n e g l i g i b l e  zompreC t o  exp(t /T)  a t  311 t i n e a  q 

g r e a t e r  

LO$] = 

when x r i t t e n  i n  t h e  2orm appropr i a t e  :or r e a c t i o n  VIII. S d v i n ;  ec;;:at ;on ( ’:) 

for 

and [ H I O  from t a b l e  11( b) yields 

t o  a ve ry  e f f i c i e n t  t!ree-boCy reac t ion .  

K a h n 4  resched  e x a c t l y  t h e  za?e conclusion when he use6 h i s  l i z h t - l n t e r l s i t y  

measurements t o  deduce 

ke, and i n s e r t i w  experimental  czta irax f’ igure 5 ana  valiies 01’ ;-/T 

k8 0. &>S&O l i ter2/u:ole2-sez,  correspond;n 
v 

It is  l a t e r e s t i n g  t o  Zote t h a t  

ke, a_’t,er settin2 t h e  ra te  cons tan t  f o r  t h e  ydenchiny 

r e a c t i o n  equal t o  the bLnary c o l l i s l o n  n m b e r .  
3 

If t h e  p i c t u r e  of  t h e  e x c i t a t i o n  ar ,C rjuenchrng of O!? t h a t  I s  ernbod‘,ed 

i n  equat ion  (7) i s  c o r r e c t ,  t hen  ne i the r  

the temperature. Values of kg ca lcuktec l  from equat ion  (7) by u.sin.: ex- 

k8 nor kq s1ioul.d Cepend n m h  cn 

perimental. data s h o d 2  be nea r ly  constant  over t h e  whole range of  ternperatwcs 



tenperstwe range. 

quenching by KL0 i s  t l m t  t h e  l i z h t  intensity-time t m c e s  c;;o t l r o a , h  x i  

i n f l e c t i o n  po in t  q u i t e  e a r l y .  hecent i n t e r f e r m e t F i c  Lens l t y  :;w.su-c,Aeiit; 

by Whlte14 on lov-pressure  Hz-02 Cetonations have con_"ir,!leCi t!ir-t t!;e:.e i.; rtL' 

app rec i ab le  h e a t  release f o r  tjxes comparable to t h e  in&c t ion  t ines  oL' 

Scho t t  arid Kinsey,l who ic 'ent i l ' led t h e  end oi t2;e ;nd:,ction perlo; :-Lth the  

s t t a i m e n t  of 1011: = 10-g m o i e s / l i t e r .  111 t h e  p re sen t  exper;!>:ents r z t ,  s ' L ; ~ ,  

l J O O o  K, t h e  c a l c u l a t i o n s  0:' t a b l e  II(b) show t h a t  t h i s  concent ra t ion  :k I 

r e a c t e d  ai'ter about 70 iisec. Ijut near 1. OOo K, the  light-intensity cu-;es 

go t h r o q h  a n  i n f l e c t i o n  a t  a r o m d  tisec. Ii' thLs chmge i? t m  r a t e  o? 

Tncrease of i O P  ',:ere nerely,  due t o  t h e  c s s p p e a r a n c e  02 Tree x i i c a l s  ::I 

t h e  heat-releasing recombination part of t h e  r e a c t i o n ,  ii sholICl?J occur  c l o s e r  

c 

t o  7 0  LLsec. 73-e s-&e thin;; i s  :'ouni 2-t a l l  tenperatures; excegt ,jerhaps t h e  



0 

I n t e i r a t i n g  betireen lixits of' 0 Line t ,  

ij 
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ant? 

It i s  seen t h a t  equat ion  (11) pernits t h e  t i m e  a t  vh;ch t h e  Ii i5lectio.i  \' 

po in t  occurs t o  be c a l c u l a t e d  i;',thout recourse  t o  any e x p e r h e n t a '  b t a .  

This has been done, usiw the &ts from t a t i e  I I ( b )  a:ic', assmi<rL; 

collision number. The r e s u l t s  ?re p;otted i n  figure 7. Fqer: ,mntal  in- 

f l e c t i o n  t ines  byre estimate: r2irect iy  from the pho tomul t ip l i e r  r e c o r i s  tnc! 

mul tLpl ie2  by t h e  Lensi ty  r a t i o  across t h e  shock t o  convert  Zror! iaborcttory 

kl0 t s  t:e 

i 

t o  gas t ine .  

used t o  o b t a i n  i n t e n s i t y - t h e  d a t a ,  ani: a l s o  those  from 2. lzrye niL?bei* 01' 

The data points pLotte2 In  figure 7 i nc luee  those  i r c m  t h e  ruis 

runs m d e  t o  measure induc t ion  times; i n  t h e  l a t te r ,  the osci l lusco??e .;a:r. 

. 



it shocid be c..n i n e l f i c i e n t  proccss .  
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Figure 2 - Typical Oscilloscope Record 







. .  

. + l . I  I i l l 1  I I I I  



moles 

I . .  



, 


