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Absolute r a t e  c o n s t a n t s  f o r  t he  r e a c t i o n  OH + H2C0 have been measured 

over  the  temperature  range 228-362K using t h e  f l a s h  photolysis-resonance 

f luorescence  technique.  The r e s u l t s  were independent o f  v a r i a t i o n s  i n  [H2CO], 

t o t a l  p r e s su re  [Arj and f l a s h  i n t e n s i t y  ( i . e . ,  i n i t i a l  [OH]). The rate 

cons t an t  was found t o  be i nva r i an t  wi th  temperature i n  t h i s  range,  t h e  bes t  
-11 3 -1 -1 r e p r e s e n t a t i o n  being k, = (1.05 + 0.11) n 'iO cm ~uo lccu le  s where t h o  

e r r o r  is two s tandard dev ia t i ons .  Th i s  r e s u l t  is compared with previous 

abso lu t e  and r e l a t i v e  de te rmina t ions  o f  k l .  The r e a c t i o n  is a l s o  d i scussed  

from a t h e o r e t i c a l  po in t  of  view. 

The r e a c t i o n  o f  t h e  hydroxyl r a d i c a l  with formaldehyde is of  i n t e r e s t  i n  

high temperature combustion s t u d i e s ,  i n  an explanat ion f o r  CO formation i n  

t h e  atmosphere of J u p i t e r  ,2 and i n  methane oxida t ion  i n  t h e  t roposphere and 

s t r a t o s p h e r e  of  t h e  e a r t h . 3  i n  a l l  t he se  i n s t ances ,  H2C0 is a product o f  

hydrocarbon o x i d a t i m .  For t h e  Jovian atmosphere, i t  is proposed t h a t  H2C0 is 

formea pr imar i ly  i n  t h e  r e a c t i o n  0 + CH Loss processes  inc lude  pho to lys i s  2 
3 ' 

ana r e a c t i o n  with H and  OH.^^. I n  t h e  s t r a to sphe re ,  H2C0 is formed as a 

proauct o f  t he  low temperature  ox ida t ion  o f  atmospheric methane. It is 

removed by pho to lys i s  and by r e a c t i o n  with OH, O and Ck.  The r e a c t i o n s  0 + 
h2C0 and Ck + H2C0 a r e  r e l a t i v e l y  minor l o s s  processes  f o r  formaldehyde a t  

most a l t i t u d e s  i n  t h e  s t ra tosphere . '  Rate cons tan t  measurements f o r  t he se  

r e a c t i o n s  have been r e c e n t l y  reported by us a s  well a s  o t h e r  workers. 5,6 

Reaction wi th  OH is a major s i n k  f o r  H2C0 a t  a l l  a l t i t u d e s  i n  t h e  upper 

atmosphere,' but t h e r e  have been no d i r e c t  measurements of t h e  abso lu t e  r a t e  

cons tan t  at t he  low temperatures  p reva i l i ng  t h e r e .  

The mechanism o f  t he  r eac t ion  has  been usua l ly  assumed t o  be H atom 

a b s t r a c t i o n  

OH + H2C0 + H20 + HCO, ( l a )  

although t h e r e  is l i t t l e  o r  no d i r e c t  evidence f o r  t h i s .  Recently, Horowitz 



et a1.7 have proposed t h e  a d d i t i o n a l  r e a c t i o n  channel 

OH + H2C0 + HCOOH + H. ( I b )  

Addit ional  work is requi red  t o  test t h e  v a l i d i t y  o f  t h i s  st lggestion. 

Room temperature measurements o f  t h e  abso lu t e  r a t e  cons t an t  f o r  t he  

react ion 

QH a H2C0 + products  (1  

have been made using the  d i scharge  flow-mass spec t romet r ic  technique (DF-MS) 

wi th  OH i n  and by t h e  f l a s h  p h ~ t o ~ y s i s - r e s o n a n c e  f luorescence  

technique (FP-RF) with H2C0 i n  excess .  Herron and penzborn8 obtained a 
3 -1 -1 - 9 lower l i m i t  k l  > 0.7 x cm molecule s , Morris and Niki g i v e  kl = 

3 -1 -1 ( 1.4 5 0 .  x 0 c molecule s and Atkinson and p i t t s l 0  r e p o r t  k l  = 
3 -1 -1 (0.94 5 0.10) x lo-'' cm molecule s , a l l  at 298 2 2 K. There have been 

t h r e e  r e l a t i v e  r a t e  cons tan t  de te rmina t ions  a t  room temperature.  Morris and 

Nik i ,  l1  using the  DF-MS technique,  measured OH + H2C0 r e l a t i v e  t o  OH + C H 
3 -1 -i 

3 6 
and obtained t h e  r e s u l t  k1 = (1 .5  1. 0.15) x lo-'' cm molecule s . Niki e t  

a1. l2 employed Four ie r  Transform In f r a -  r ed  Spectroscopy (FTIR) with  OH + C H 
-11 3 2-1 as t h e  r e f e r ence  r e a c t i o n  and obtained k - (1.5 + 0.1) IF 13 cm molecule 

- 1 1 - 
s . ~ m i t h ' ~  measured OH 9 H2C0 r e l a t i v e  t o  OH + OH us ing  t h e  DF-MS technique 

-1 -1 and r e p o r t s  k l  = 0.65 x 10-I 92 molecule s . 

There have been on ly  two v a r i a b l e  temperature  s t u d i e s  o f  t h e  r e a c t i o n ,  
10 10 one abso lu t e  and one r e l a t i v e .  l 3  Atkinson and P i t t s  g i v e  k1 = 1.25 x 

3 -1 -1 lo-" exp(-88 2 150/T) cm molecule s f o r  t h e  temperature i n t e r v a l  299 t o  

426 K while ~ m i t h ' s l ~  r e s u l t s  from 268 t o  334 K may be represen ted  by k l  = 6 x 
3 10-I' exp(-635 2 250/T) cm molecule-' s - I .  This  l a t e r  s tudy  is t h e  on ly  one 

below room temperature bu t  its. usefu lness  i t : ,  cons iderab ly  reduced by the  f a c t  

t h a t  t h e  r a t e  parameters of  t he  r s f e r ence  r e a c t i o n  OH + OH a r e  far more 

unce r t a in  than those f o r  OH + H2Cc" i t s e l f .  

An in spec t ion  of  t h e  a v a i l a b l e  r a t e  d a t a  t hus  shows disagreement by a 

f a c t o r  o f  two at  room temperature ,  a f a c t o r  sf f i v e  i n  t h e  Arrhenius 



pre-exponential  f a c t o r  and a f a c t o r  o f  seven i n  t h e  a c t i v a t i o n  energy. A l l  o f  

t he se  are well  beyond any reasonable  e s t ima te s  o f  e r r o r .  Fu r the r ,  as noted 

above, t h e r e  a r e  no r e l i a b l e  r a t e  d a t a  a t  low temperatures.  Because o f  t h e s e  

d i s c r epanc i e s  and t h e  need f o r  low temperature r a t e  d a t a  f o r  atmospheric 

modeling, we have undertaken the  presen t  s tudy.  he r e p o r t  here  a b s o l u t e  rate 

cons t an t  measurements over  t h e  temperature range 228-362 K. 

The present  experiments were performed by t h e  f l a s h  photolysis-resonance 

f luorescence  (PP-MF) technique.  The appara tus  and s p e c i f i c  t echniques  are 

qu i t e  s i m i l a r  t o  those  repor ted  p r e r . i ~ u s l y ; ' ~ " '  however, we have replaced t h e  

react- ion c e l l  and vacuum housing assembly. 

The new c e l l  is a b lack  t e f l o n  coatcd b r a s s  cy l inde r  whose i n t e r n a l  

dimensions a r e  t h r e e  inches  i n  diametey and t h r e e  inches  i n  l eng th .  

Fluoresence is observed c o a x i a l l y  i n  t he  c e n t e r  of  one end wal l  o f  t h e  

cy l inde r .  Honeyco~a b a f f l i n g  occupies  t he  o t h e r  end o f  t h e  c y l i r ~ d e r .  

Resonance and f l a z b  lamp r a d i a t i o n  e n t e r  t he  cel l  a t  r i g h t  ang le s  both t o  each 

o ther  and t o  t h e  d e t e c t i o n  po r t  on t h e  cy l inde r  su r f ace  a t  about one and a 

q u a r t e r  inches  fvom t h e  d e t e c t i o n  end wall .  Op t i ca l l y  f l a t  windows o r  l e n s e s  

(0.75 i nch  apergature) a r e  conpressi9n seabed t o  t h e  ce l l  t k s ~ u g h  e i t h e r  VitOn 

o r  s i l i c o n e  rubber "0" r i n g s .  The c e l l  has en t rance  and e x i t  t u b e s  f o r  

premixed g a s  flows. Also en t rance  and e x i t  tubes  a r e  a t tached  f o r  cooding 

gas .  The c e l l  has  e i g h t  interconnected and equa l ly  spaced one s i x t e e n t h  inch  

channels  through t h e  b ra s s  wal l  t o  provide a continuous path f o r  t h e  cool ing  

gas .  In add i t i on  it has e i g h t  equa l ly  spaced connected channels  t o  

accommmociate an i n s u l a t e d  nicrome heat ing element. Tempe~ature  is measued by 

a chromel-alumel thermocouple which is posi t ioned i n s i d e  t h e  c e l l  near  t h e  

f luorescence  volume but  out. o f  t h e  l i n e  o f  s i g h t  o f  t h e  photomul t ip l ie r  which 

d e t e c t s  t he  r e sonan t ly  s c a t t e r e d  photons. The c e l l  assembly is placed i n s i d e  

a b ra s s  vacuum chamber which has o p t i c a l  access  po r t s  f o r  d e t e c t i o n ,  resonance 

l i g h t ,  and pho to lys i s  l i g h t  admission, Thus, t h i s  newly cons t ruc ted  

equipment, while r e t a i n i n g  all of  t h e  func t ions  o f  t h e  previ,ous des ign ,  has  as 

its p r i n c i p a l  advantage s i g n i f i c a n t l y  lower scattered background l i g h t  

conpared t o  t h e  e a r l i e r  ce l l .  



For the  repor ted  experiments ,  the  source of  OH r a d i c a l s  is f l a s h  

pho to lys i s  o f  water. OH resonance r a d i a t i o n  ( A  ' 306 nm) is produced from a 

water s a tu ra t ed  d i s cha rge  i n  Ar a t  17 t o r r .  This  r a d i a t i o n  is h ighly  

co l l imated  and s l i g h t l y  focused by a l e n s  and co l l ima to r  system before 

e n t e r i n g  the  cel l .  The f l uo ra scen t  photons a r e  c o l l e c t e d  and focused by a 

lens-co l l imator - in te r fe rence  f i l t e r  (Ditric Sp t Jc s ,  Inc. ,  310 m, FWHM = 11 

rim) o p t i c a l  system onto a n  EhR 541 b~ photomul t ip l ie r  tube.  The f l uo re scen t  

photons a r e  recorded i n  r e p e t i t i v e  f l a s h e s  by a mult ichannel  analyzer  

ope ra t i ng  in  t h e  mu l t i s ca l i ng  mode. The photof lash  l i g h t  is a l s o  s p e c t r a l l y  

i s o l a t e d  by a D i t r i c  Opt ics ,  Inc.  i n t e r f e r e n c e  f i l t e r  cen te red  at 157.5 nm 

with a skewed FWHM o f  -13 and +25 nm, t h e  maximum t r ansmi t t ance  be izg  28%. 

This  f i l t e r i n g  technique a l s o  has the  added advantage o f  decreas ing  the  

s c a t t e r e d  l i g h t  due t o  photof lash i n t e r f a r e n e e .  The i n i t i a l  y i e ld  o f  OH from 

t h e  photodecomposition o f  H20 us ing  t h i s  f i l t e r  was 19% of t h a t  obtained using 

a LiF window ( A  > 105 nm). This  f a c t o r  r e f l e c t s  bhe s p e c t r a l l y  i n t eg ra t ed  

e f f e c t s  of  wavelength dependent t ransmiss ion ,  H20 abso rp t ion ,  and photof lash 

i ngens i ty .  ke roughly a s t i n a t e  from a cons ide ra t i on  sf t h e s e  f a c t o r s  ar.d 

y i e l d s  of  H from H20 pho to lys i s ,  t h a t  i n i t i a l  [OH] is about 1 x 10" f o ~  

t h e s e  experiments. 

The experiments,  and p m t i c u l a r l y  t h e  handling of H2C0, were ca r r i ed  out  
6 

i n  a s imi l a r  way a s  descr ibed previously.  We found no unusual behavior with 

H 0-H CO-Ar mix tures  a s  long a s  t h e  f lcw r a t e  of  t h e  premixed t e r n a r y  mixture 2 2 
was s u f f i c i e n t l y  high. The presen t  cel l  i s  l a r g e r  than t h a t  i n  ou r  p ~ e v i o u s  

i n v e s t i g a t i o n s ,  and we es t ima te  that, t h e  con ten t s  of  our new c e l l  a r e  

completely rep len ished  every 2-3 f l a s h e s .  

Experiments were c a r r i e d  ou t  a t  f ou r  temperatures  from 228-362 K wi th  

s u b s t a n t i a l  v a r i a t i o n s  o f  [h2CO] and t o t a l  pressure.  Due t o  t h e  presence of  

t h e  i n t e r f e r e n c e  f i l te r  i n  t h e  photof lash o p t i c a l  path and a p r a c t i c a i  upper 

l i m i t  on f l a s h  i n t e n s i t y ,  t h e  v a r i a t i o n  of f l a s h  i n t e n s i t y  is somewhat l i m i t e d  

compared t o  t h a t  used i n  o the r  s t u d i e s  from t h i s  l abo ra to ry .  Over t h i s  

l i m i t e d  range, however, no f l a s h  i n t e n s i t y  e f f e c t s  were observed. Experiments 

were performed with and without added [H2CO] i n  o rde r  t o  a s s e s s  t h e  

d i f f u s i o n a l  l o s s  c o r r e c t i o n s  f o r  OH. ":he observed psuedo-f i rs t -order  OH 

r a d i c a l  decay p l o t s  were s t r i c t l y  l i n e a r  under both condi tons ,  and t h e  



d i f f u s i o n a l  c o r r e c t i o n s  were t y p i c a l l y  l e s s  t h a n  15% excep t  f o r  some 

exper iments  a t  362 K where t h i s  c o n t r i b u t i o n  was 35%. 

Argon (Matheson, 99.999555) f o r  mixture  p r e p a r a t i o n  and Argon (Goddard 

g r a d e ,  wa te r  pumped) f o r  t h e  resonance lamp were both  used wi thou t  f u r t h e r  

pur i f ,ca t ion.  Deionized water was used a s  r e s e i v e d  i n  t h e  d i s c h a r g e  resonance 

lamp b u t  was bu lb  t o  bulb  d i s t i l l e d ,  t h e  middle f r a c t i o n  be ing  r e t a i n e d ,  f o r  

mixture  p r e p a r a t i o n .  Formaldehyde waa p repwed  f r c ~  p a r a  formaldehyde a s  

d e s c r i b e d  p rev ious1  y. 6a Mass s p e c t r a l  a n a l y s i s  showed M e  sample t o  be 99.7% 

pure w i t h  water  be ing  t h e  o n l y  measurable impur i ty .  

RESULTS 

Under t h e  pseudo- f i r s t -o rder  c o n d i t i o n s  employed i n  t h i s  s t u d y ,  wi th  

[H2CO] >> [OH],  t h e  decay o f  OH r 4 a d i c a l s  is  g i v e n  by 

The observed pseudo- f i r s t -o rder  decay cons tan t  is  r e p r e s e n t e d  by 

where k is t h e  b imolecu la r  r a t e  c o n s t a n t  f o r  r e a c t i o n  ( I ) ,  and kd is t h e  
1 

f i r s t - o r d e r  rate n o n s t a n t  f o r  OH r a d i c a l  d i f f u s i o n  from t h e  r e a z t i o n  volume 

viewed by t h e    no to multiplier . k ~ b s e r v e d  and k a r e  o b t a i n e d  by l i n e a r  l e a s t  d 
s q u a r e s  methods from p l o t s  of t h e  l o g a r i t h m  o f  accumulated c o u n t s  a g a i n s t  

t ime, where accumulated c o u n t s  a r e  p r o p o r t i o n a l  t o  [OH]. Typica l  r e s u l t s  f o r  

t h e  r e a c t i o n  a t  228 K a r e  shown i n  F igure  1. Values o f  k1 were c a l c u l a t e d  

from kob served accord ing  t o  e q u a t i o n  ( 3 ) .  The v a l u e s  ob ta ined  f o r  k1 are 

r e p o r t e d  i n  Table  1 f o r  t h e  v a r i o u s  c o n d i t i o n s  employed I n  t h i s  s t u d y .  A t  

each t empera tu re ,  exper iments  were performed w i t h  v a r i a t i o n s  i n  t o t a l  

p r e s s u r e ,  [H CO], and f l a s h  i n t e n s i t y .  The e r r o r s  a r e  one s t a n d a r d  devia t l ion 2 
v a l u e s  as determined from r e p e a t  determinat . ions  a t  t h e  i n d i c a t e d  exper imenta l  

c o n d i t i o n .  The f l a s h  enel-gias  r e p o r t e d  a r e  t h e  e f f e c t i v e  ELash e n e r g i e s  

entering t h e  c e l l  through t h e  157.5 nm i n t e r f e r e n c e  f i l t e r .  The r e s u l t s  show 

t , ~ a t .  k is i n v w i s n t  wi tn  t e ~ p e r a t u r e  over t h e  range o f  228 < T < 362 K. The 
1 - -1, 



b e s t  r ep re sen t a t i on  f o r  t h i s  temperature range i s  k. = (1.05 f 0.11) x 1 0 ~ "  
I -1 -1 cm3 moloouLe 3 , where t h e  e r r o r  i s  tuAce t h e  s tandard  dev ia t i on  o f  t h e  

mean. 

The e a r l i e r  r e s u l t s  f o r  kl  have been reviewed i n  t h e  In t roduc t ion .  The 
3 -1 -1 presen t  r e s u l t  a t  298 K ,  k1 = (0.99 f 0.11) x crn molecule s , is i n  

e x c e l l e n t  agreement with t h a t  of Atkinson and p i t t s l 0  who r e p o r t  (0.94 f 0.10) 
- I  -1 x 10-I cm3 molecule s . These workers used t h e  same technique a s  t h e  

p re sen t  (FP-RF). 

Resul t s  repor ted  a t  t h i s  temperature from absolu tesv9  and r e l a t i v e  ?1,13 

DF-MS measurements a t  low pressure  suggest  a k l  va lue  *30-50% higher  0 ,3 ,11 

*35% lower1' t han  those obtained by F?-RF. The r e l a t i v e  FTlR r e s u l t  of  Hiki 

et  a l . ,  l 2  which employs an e n t i r e l y  d i f f e r e n t  t y p s  o f  experimental s y s t e r ,  i s  

i n  c l o s e r  agreement with t h e  d i scharge  flow than with t h e  FP-HF r e s u l t s .  

Thus, a disagrezment ,  which may a r i s e  from tmknobm sys temat ic  e r r o m ,  e x i s t s  

f o r  t h i s  r e a c t i o n  a t  298 K. 

The presen t  r e s u l t ,  k - (1.05 f 0.11) x 10-I cm3 moleculem1 s-' f o r  228 1 - 
< - T < 362 K,  extends those  o f  Atkinson and P i t t s l 0  who r e p o r t  (0.94 f 0.10) x 

-1 -1 (0.94 f 0.10) x and (1.05 f 0.11) x 10-I' cm3 molecule s a t  

299, 356, and 426 K ,  r e spec t ive ly .  Although these  au tho r s  prefe r red  t o  

r ep re sen t  t h e i r  d a t a  by t h e  temperature dependent express ion ,  k l  = l , 25  x 
-1 -1 10-I' exp(-88 f 150/T) cm3 molecule s , t h e  i n a i v i d u a i  va lues  d i f f e r  

amongst themselves by less than t h e  e r r o r  a t  any o f  t h e i r  experimental 

temperatures .  Thus, a simple average is an  adequate r ep re sen t a t i on .  Lf t h e  

p re sen t  r e s u l t s  ana those  o f  Atkinson and Pittz," a r e  combined, t h e  r a t e  
-11 3 cons t an t  can be b e s t  represen ted  by k - 1 ( I  f 0 0 YC 1 crn molecule-' 

- a  1 - 
s f o r  228 < T < 426 K. This r e s u l t  is t o  be cont ras ted  t o  the  on ly  o the r  - - 
temperature dependent s tudy ,  t h a t  of' Smit.h,13 which l e a d s  t o  k = 6 x 10 -1 1 

3 -1 -1 
1 

exp(-635 2 2 5 0 / ~ )  cm molecule s . This  disagreement. probably arises, a t  

l e a s t  Ln p a r t ,  from t h e  fact t h a t  k l  was measured r e l a t i v e  t o  t h e  r e a c t i o n  



and t h e  temperatuare  dependence o f  t h i s  r e a c t i o n  is v i r t u a l l y  unknown over  t h e  

temperataure range o f  i n t e r e s t  here ( i . e . ,  200-500 K). Although r ecen t  

reviewsl6 s u u e s t  a n  Arrhenius expression f o r  k c o n s i s t e n t  wi th  t h a t  used by 4 
smith,  l 3  it  must be emphasized t h a t  t h e s e  a r e  a l l  based on a measured va lue  

o f  k,, a t  300 K a rd  en est imated a c t i v a t i o n  energy. The o l d e r  review by Baulch 

st e1.l7 g ives  t h e  most d e t a i l e d  summary o f  t h e  bases  f o r  the  va r ious  

e s t ima te s  inc lud ihg  t h e i r  own. 

It t h e r e f o r e  appears  t h a t  r e a c t i o n  ( 1 )  occurs  with no energy b a r r i e r  anu 

poss ib ly  through two r e a c t i v e  channels ,  

OH a H2C0 + H20 9 HCO ( l a )  

08 + H2C0 + HCOOH + H ,  (1b) 

r e a c t i o n s  ( 1 a )  and ( 1 b) being exothermic by 34 and 22 kcal imole , respzc t i v e l y  . 
Path ( a )  can be considerJed t o  be concerted whereas path ( b )  undoubtedly would 

r e q u i r e  t h e  formation of  an  adduct a s  i n  t he  : luoelectro.~ic  ca se ,  OH + C2H4, 
16b 

forming t h e  r a d i c a l  spec ies ,  HOCH20. An important ques t ion  is whether t h i s  

r a d i c a l  is formed wi th  excess  v i b r a t i o n a l  enekgy ( i .e . , chemical ly  a c t i v a t e d )  

because then the  r e -d i s soc i a t i on  t o  OH + H CO, i n  compet i t ion wi th  2 
d i s s o c i a t i o n  t o  o t h e r  products  and c o l l i s i o r ~ a l  s t ab i l i za ' ; i on ,  becomes a 

p o s s i b i l i t y .  Pressure  dependence i n  k, might then be poss ib le .  The hea t  o f  

formation of  the adduct can be est imated from t h a t  of  C H ~ ( O H ) ~ ~ '  on t h e  

assumption t h a t  t h e  OH bond s t r e n g t h  is @ 105 kcal/mole. Then t h e  u a l c u l a t i o n  

for  t h e  enthalpy change from r e a c t a n t s  t o  adduct y i e l d s  a value o f  @ -22 

kcal/mole. Even though t h i s  e s t ima te  is unce r t a in ,  t h e  adduct ,  i f  i t  is 

formed, could be v i b r a t i o n a l l y  exc i t ed .  If t h e  energy b a r r i e r  from adduct t o  

!GOOH + H (path,( b ) )  i s  lower l y ing  than t h a t  f o r  r e -d i s soc i a t i on  t o  r e a c t a n t s ,  

pvessure dependence might no t  be observable .  It is a l s o  pos s ib l e  t h a t  t h e  

concerted path ( a )  could a r i s e  f rou  such an exc i t ed  adduct a l though the  d i r e c t  

HO--H--C a b s t r a c t i o n  path seems more p l aus ib l e .  C lea r ly  t h e  presen t  r e s u l t s  

g ive  no preference as t o  which r e a c t i o n  channel dominates. 

I n  a n  a t t e m ~ t  t o  understand t h e  present  experimental  r e s u l t s ,  we have 

c a r r i e d  o u t  theore t i c a l  c a l c u l a t i o n s  with abso lu t e  r e a c t  ion r a t e  theory where 



k l  is given by: 

Our approach i n  t h i s  ca se  is n o t  t o  use t h e  BEE0 method i n  o rde r  t o  spec i fy  

con f igu ra t i on  and energy, s i n c e  t he  parameters would have t o  be addusted 

(parameter ized t r i p l e t  r epu l s ion )  i n  order  t o  ga in  t h e  experimental r e s u l t  

t h a t  E = 0. Rather,  we ask what do t h e  experimental r e s u l t s  imply about t h e  

a c t i v a t e d  complex? 

Eq. ( 5 )  has  been evaluated with known p a r t i t i o n  func t ions  and t h e  r e s u l t  

where A,  B, and C a r e  t he  p r i n c i p a l  moments of F s e r t i a  fgr t h e  a c t i v a t e d  
t 

complex and formaldehyde, and qv is tho  v i b r a t i o n a l  p a r t i t i o n  func t ion  f o r  

t h e  ac t i va t ed  complex (no te  t h a t  g vH2C0 and qvOH a r e  both u n i t y  over t h e  

p ~ e s e n t  temperature range) .  S ince  t h e r e  is t h e  above noted r ~ n c e r t a i n t y  about 

r e a c t i o n  pa ths ,  we have considered two models f o r  t h e  a c t i v a t e d  complex, (1 )  

HO--H--CHO where t h e  forming and breaking bonds a r e  c o l i n e a r ,  and (2 )  HO--CH20 

where the forming 5ond r e s u l t s  i n  a t e t r a h e d r a l  s t r u c t u r e .  Momerits o f  i n e r t i a  

were ca l cu l a t ed  f o r  t he se  complexes a s  a !'unction of  t h e  parameter,  r ,  where r 

is t h e  HO--H bond d i s t a n c e  i n  model (1)  and is t h e  HO--C bond d i s t a n c e  i n  

model ( 2 ) .  The r e s u l t s  fcr model ( 1 )  sre t h a t  [ ( A B C ) ~ / ( A B C ) ~ ] ' / ~  has  va lues  

of. i 7 ,  23, j7s and 56 a t  r = 1.5, 2.0, 3.0 and 4.0 8, r e spec t ive ly .  For t h e  

t i g h t e r  model C2), t h e  r e spec t ive  va lues  a r e  8 ,  12, 24, and 40. Thus, f o r  
+ 

e i t h e r  modal with t he  known va lue  f o r  k l  , qV1  can be evaluated f o r  t h e  fou r  

experimental  temperatures  of  t h e  present  s tudy.  In most ART c a l c u l n t i o n s  two 

low ly ing  bending v i b r a t i o n s  i n  t h e  ac t i va t ed  complex make t h e  l a r g e s t  
t 

cont r ibu t ior ;  t o  qv . On the  assumption t h a t  these  a r e  degenera te ,  va lues  can 

be ca l cu l a t ed  f o r  each model s o  t h a t  agreement wi th  experiment is obta ined .  

The c a l c u l a t i o n s  a r e  obviously parametr ic  and the re fo re  cannot be used t o  

i n d i c a t e  a preference fo r  pa ths  ( a )  and (b )  . B r i e f l y ,  t h e  allowed va lue  f o r  



t 

k* t h e  bending v i b r a t i o n  is  very low f o r  t h e  c l o s e  i n t e r a c t i o n  ( r  = 1.58, ub is  

I 55 and 35 cm-' f o r  models ( 1 ) and ( 2 )  , r e spec t ive ly )  and inh:reases t o  h igher  

v a l u e s  fo r  ' longer i n t e r a c t i o n  ( r  = 4.0 8.  U is 115 and 90 c;' for mDilels ( 1 ) b 
r and ( 2 ) ;  r e s p e c t i v e l y ) .  Since it is g e n e r a l l y  t r u e  t h a t  bending fo rce  

c o n s t a n t s  a r e  g r e a t e r  (and u is  l a r g e r )  f o r  t i g h t  complexes, e i t h e r  ti,qht b 
complex ( r  = 1.5 8) would not  be i nd i ca t ed .  l n  f a c t ,  t h e  e x e r c i s e  sugges t s  

t h a t  i n  o rde r  t o  t o l e r a t e  such a l a r g e  temperature independent r a t e  c o n s t a n t ,  

t h e  complex must be q u i t e  l oose  so  t h a t  f f reasonableff  va lues  o f  bending 
i f r equenc ies  are allowed. 

I 

Las t ly ,  r eac t ion  ( ! ) occurs  i n  s e v e r a l  systems o f  environmental 

importance. A s  mentioned i n  t he  In t roduc t ion ,  i t  p lays  a s i g n i f i c a n t  r o l e  i n  

h i g h  temperature combustion systems and low temperature atmospheric phenomena, 

t A r ecen t  revi.ew19 o f  k i n e t i c  d a t a  f o r  methane-air combustion sugges ts  t h a t  k1 
3 -1 -1 = 8 x lo-'' cm molecule s a t  1500 K. The i nc rease  over  t h e  va lue  k1 = 1 

-1 -1 x 10-I' on? molecule s , recommended here  ror  228 - < T - < 426 K ,  is probably 

n o t  unreasonable nor unexpected cons ider ing  the l a r g e  temperature  i n t e r v a l .  

Rate s t u d i e s  over t h e  range 500-1500 K a r c  now ! feas ib le  using high temperature  

fast flow and would br idge  ths gap b e t w e n  t h e  p re sen t ly  

a v a i l a b l e  low and high temperature s t u d i e s .  The impact of t h e  presen t  r e s u l t s  

f o r  low temperature atmospheric modeling is t h a t  t h e  r a t e  o f  H2C0 l o s s  by 

r e a c t i o n  w i t h  OH is now shown t o  be g r e a t e r  than expected from previous 
$' 

i 
h s t u d i e s .  Thus a t  228 K, which corresponds t o  an a l t i t u d e  o f  25 h i n  

s t r a t o s p h e r i c  modeling c a l c u l a t i o n s ,  e ~ : t r a p o l a t i o n  of. t h e  Atkinson and P i t t s  10 

). d a t a  l e a d s  t o  an underest imate  of  k l  by about 20%. A f a r  more s e r i o u s  
f 

d i sc repancy  a r i s e s  from Smithq s13 s tudy  s i n c e  use of  t h e  Arrhenius express ion  
r 
? der ived  from h i s  d a t a  r e s u l t s  i n  a va lue  of k a t  228 K which is a'factor of t h r e e  1 

lower than t h e  presen t  observa t ion  a t  t h a t  temperature.  

i 

t 
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FIGURE CIAPTlON -- 

Figu re  1. Examples o f  react ion-@, and diffusion-., first o rde r  decay p l o t s  

a t  T = 228 K. me l i n e s  a r e  from l i n e a r  l e a s t  squares  a n a l y s i s  o f  t h e  

da ta  po in t s .  Both experiments were c a r r i e d  out  a t  a f l a s h  energy 9f 52 

J, a t o t a l  presvure of 30 t o r r ,  and FH = 60 mtorr .  ' H ~ C O  = 0.94 mtorr  
2 

f o r  t h e  r e a c t i o n  experiment. robserved = 487 + 26 s - I  and kd = 30 + 2 
- 1 

- - 
S .  
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Table 1. Rate d a t a  fo r  the f l a s h  photolysis-resonance f luorescence s tudy o f  the 1 

I reac t ion  OH + h2C0 
1 

i - - - 
r 1 [H-COI H20 1 [ A r l  Flash energya No. of 

(K) (mforr)  (mtorr )  ( t u r r )  
I 

(J) expts .  
klb 

cm3 molecule-' s-I 'I 
! 
! 

228 0.50 4 0 20 24 - 35 5 11.23 -+ 1.56 
0.63 40 20 47 - 52 3 11.30 0.17 
0.54 60 30 52 1 11.60 

- 
1.00 80 40 1 1  - 35 5 11.09 + 0.77 - - 

14 11.22 + 0.98" - 
2 57 0.63 4 0 20 43 - 57 3 10.20 + 1.16 

c 0.76 4 0 20 47,52 2 10-13 1.46 
a 0.94 60 30 39,47 2 10.17 5 0.22 

1.14 6 0 30 43 2 9.48 r 0.48 
80 40 

.. 
1.25 43 1 10.48 

80 40 1.52 11 3 2 11.38 + 0.26 - - 
12 10.28 + - 0.90~ I 

2 98 1.00 4 0 20 43,59 2 9.94 + 0.74 
1.1 j 60 30 43,55 2 9.42 7 0.48 
1.50 6 O 3 0 36 - 55 3 10.28 T 0.93 
1.00 80 40 43,57 2 8.12 0.70 
2.00 80 40 21 - 57 3 10.08 3 0.94 

I 1.69 40 45 43 1 8.74 
- 

i 1.50 120 60 21 - 58 4 5.23 + 1.08 
b 
r 2.25 120 60 31 - 52 4 10.28 7 1. j4 

2.00 160 8 0 21 - 57 4 10.93 T 0.72 - - 
25 9.86 + - 1.13~ 

k 

D 
a 

k 157.5 nm f i l t e r  on f l a s h  lamp 
F. Error  l i m i t  i n  k is one standara devia t ion 
" C 
k-  

1 Mean value of k a t  t h a t  temperature 
1 

i. - ~ 
t B' 
g .  I: I 
: f 
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e a 
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