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Ozone was photolyzed at 2537 A and 25°C in the presence of H20,  both 

in the absence and presence of excess 02. The presence of 02 did not completely 
quench the chain decomposition of 03, thus establishing the chain propagating 
steps as 

HO + Oa --+ HO2 + 02 (1) 

HO2 + Oa --+ HO + 202 (2) 

From the data of Lissi and Heicklen the rate constant ratio klk2/kl l  was found 
to be 8.1 × 10 -2° cm 3 s -1, where reaction (11) is 

HO + HO2 ~ H20  -}- 02 (11) 

With the most recent values of k2 = 1.1 x 10 -15 cm 3 s -1 and kll  = 2.0 x 10 -1° 
cm 3 s - I ,  kl is computed to be 1.5 x 10 - la  cm 3 s -1. This value is a lower limit 
since wall termination steps were omitted in the analysis, and including them would 
raise the value of kl. When the result from the Lissi and Heicklen data is com- 

pared with two other recent measurements for kl, the three determinations are 
consistent with kl = (5 -4- 3) x 10 -14 cm a s -1. 

Introduction 

For a long time it has been known1, z that the photodecomposition of 03 
with radiation between 2100 and 2800 A~ in the presence of H20 leads to a long 
chain decomposition of 03. Norrish and his coworkers 3-5 suggested that the chain 
decomposition could proceed via the reactions 

HO+ O3-+HO2 + 02 

H O z + O s ~ H O + 2 0 2  

(1) 

(2) 

For a time it was believed that this sequence was an important mechanism for 
08 destruction in the stratosphere. 
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De More 6 raised objections to reactions (1) and (2), based on a comparison 
with Kaufman 's  resultsL De More proposed that the chain steps were 

HO t + O8 -+ H + 202 (3) 

H - k O a ~ H O  t + 02 (4) 

where HO ~ is vibrationally excited HO. Support  for this hypothesis was obtained 
f rom the liquid phase photolysis of  Oa at --186°C. In that system, the addition 
of Oz suppressed the chain indicating that 02 scavenged the H atoms and that 
HO2 did not react with O8, at least at low temperatures in the liquid phase. The 
failure of  the Norrish mechanism appeared to confirm the flash-photolysis 
results of  Langley and McGrath  s who reported that low lying levels of  HO (v = 
0, 1) did not react with 08, i.e. k l  < 10 -16 cm 3 s -1. Furthermore, Potter et a l )  

found that HO t (v = 9) reacted readily with Oa, thus substantiating reaction (3). 
The reaction scheme of De More was adopted by Lissi and Heicklen 10 in their 
studies of  the photolysis of  wet ozone, even though this scheme required that 
HzO be extremely inefficient in quenching HO t.  Also, the Norrish mechanism 
has been discarded in recent aeronomical models of  the stratosphere 11. 

Recently, however, evidence has appeared which indicates that reaction (1) 
may be important.  Coltharp et al. 12 have now measured the reactivity of  HO t 
with 03 for each vibrational level between 2 and 9, and find rate coefficients varying 
from 2 × 10 -12 cm 3 s -1 for v = 2 to 8 × 10 -12 cm 3 s -1 for v = 9. Extrapolation 

of their data suggests that for v ~-- 0, the rate coefficient will be orders of  magnitude 
greater than 10 -16 cm 3 s -1. Kaufman and Anderson 13 have preliminary results 
indicating that kl  = (5.5 4- 1.5) × 10 -14 cm 3 s -1. De More 14 has made a very 
recent study and reports that kl  = 8 × 10 -14 cm 3 s -1. Also, we have recently 
found 15 that kz = 3.3 × 10 -14 exp ( - -2000 /RT)  cm 3 s -1. 

It appears that the report of  Langley and McGrath  may be incorrect. I f  so, 
the conclusion of De More 6 may also be in error, and the Norrish mechanism may 
be operative. In this communication, we report experiments which in fact do 
show that the Norrish, and not the De More, mechanism is operative. 

The two mechanisms for the HzO-catalyzed chain photodecomposit ion of 
O8 can be tested by considering the mechanism 

O8 + hv --+ O2(1A) -k O(1D) (5) 

O2(1A) -k O8 --~ 202 -k O(aP) (6) 

O(ID) -[- 03 --+ 02 -k 02* (7a) 

-+ 202 (7b) 

O(3P) -k 03 ~ 202 (8) 

02* -~- 08 ~ 202 + O(3P) (9) 

O(1D) -k H 2 0  ~ 2HO (10a) 
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In the Norrish mechanism the chain steps are 

HO + O8 -+ HOe + 02 

HO2 + O8 -+ HO -~ 202 

and the terminating steps are 

HO2 + HO --+ H20 + 02 

2HO2 -+ H202 -t- 02 

2HO --+ H20  + O(3p) 

(1) 
(2) 

(11) 

(12) 
(13) 

In the De More mechanism, as developed by Lissi and Heicklen 1°, the steps are 

O(1D) + H20  ~ HO - /  HO e (10b) 

HO ~ + O8 --~ H + 202 (3) 

H -t- O8 -+ HO ~ + 02 (4) 

2HO --+ H20  + O(aP) (13) 

HO ~ + HO --+ H20  + O(aP) (14) 

HO ~ + H20 ~HO + H20  (15) 

The Norrish mechanism leads to the rate law 

2k2 [081 (fl/Ia) 1/2 
--q~{Os} = 3 + (3k73 + kvb) (1--fl)/k7 q- 

(k12 -~- kl lk2/kl)  1/2 

where/3 - klo[H20]/(k7[031 + klo[H20]). 

(I) 

In the above expression, termination by reaction (13) has been neglected, 
since all the experiments have been done under conditions in which it would be 
unimportant. The De More mechanism leads to the rate law 

--qb{Os} = 3 + fl + (3k73 + k7b) (1--fl)/k7 -t- 2(klob/klok14)ks[08] 
(klsfl/Ia) 1/2 (II) 

In this expression, reaction (15) has been neglected, because for the conditions 
under which experiments have been performed it was not important. Since, when 
the water chain is applicable, --q~{Os} is large (i.e. > 6), and since/3 < 1, the two 
rate equations are essentially indistinguishable. 

However, if excess 02 is added to the system, the following reactions also 
ocur. 

O(aP) + 02  + M ~ Oa + M (16) 

H +  02 ~ M - + H O 2  + M (17) 

O(1D) -¢- 02 ~ O(aP) + 02 (18) 
The rate laws from the two mechanisms are then changed in very different ways. 
The Norrish mechanism gives 

--q){03} = 1 -~ (kT[O3]--k18[O2])/(kT[Oa] + klo[H20] + kls[O2]) + 

2lc 2 [ 0 8  ](fl' / I,,) 1/2 
+ (III) 

(k12 @ k n k 2 / k l )  1/2 
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where fl' =- klo[H20]/(kT[Oa] + kl0[H20] + k18[O2]). 
Since k7a/k7 = 0.751°, the addition of  excess 02 will reduce --¢{Oa} only 

slightly if the Norrish mechanism is applicable. 
However, if the De More mechanism is applicable, then the rate expression 

on the presence of  02 becomes 

(k7 [O3 ] -- kl8 [O 2 ]) 
-~b{oa} = 1 + + 

(k7[O8] + klo[H20] + k18[O2]) 

klobfl' (2k4 [03 ] + kit  [O 2 ] [M ]) 
+ (iv) 

kl0 k17 [O2 ] [M ] 

Lissi and Heicklen 1° found (klob/klo) (k3/14) = 3 × 10 -4. From the results of 
Coltharp et al. 12, we now know that k3 > 2 × 10 -12 cm 3 s -1. Also the upper 

limit for k14 is 2 × 10 -1° cmz s -1. Thus, klob/klo < 0.03. Also, k4 ---- 2.6 × 10 -11 
cm 3 s -1 (ref. 16). The coefficient k17 • 1.6 × 10 -32 cm ~ s -1 with Ar as a chaper- 
one 17, but the rate is between 18 and 25 times larger with H20  as a chaperone is. 

Consequently --~b{Oz} should fall to < 2.5 for experiments with [02]/[03] > 30 
and H20 pressures in excess of 15 Torr. 

Experiments were performed in which Oz was photolyzed at 2537 A in the 
presence of H20  vapor both in the absence and presence of excess 02. The experi- 
mental procedure has been described in detail previouslyl0A 5. For these experi- 

ments, the quartz reaction cell was 2 cm long to permit the use of sufficiently high 
08 pressures and yet have uniform light absorption in the reaction cell. 

The results are in Table 1 for a cell conditioned by several experiments (the 
initial experiments gave slightly higher quantum yields). In the absence of 02, 
the H20-catalyzed chain decomposition is apparent and --¢{Oa} as high as 10 
were reached. With excess O2 added, --~{Oa} dropped slightly to ,-~ 7, thus 
establishing that the Norrish, and not the De More, mechanism is operative. 

T A B L E  1 

H20-INITIATED PHOTOOECOMPOSITION OF 03  AT 2537 ~ AND 24 °C 

[O~] la -~b{03} 
(mTorr) (mTorr/min) 

[H20] = 17.5 + 1.5 Torr, [02] = 0 
460 0.45 10.0 
510 0.45 10.0 
560 0.40 8.7 
560 0.40 10.0 

[H20] = 17.5 4- 0.5 Torr, [02] = 17 i 1 Torr 
460 0.45 6.3 
630 0.58 7.3 
730 0.68 9.0 
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Three  previous  studies gave extensive results on the H20-ca t a lyzed  chain  

pho todecompos i t i on  o f  08. Forbes  and  Heid t  2 s tudied the react ion at  very high 

[08] and found  a rate  law tha t  went  as Ia 0"37 with incident  rad ia t ion  at  2100 

and  as Ia T M  with incident  r ad i a t i on  at  2537 and  2800 A.  The fai lure o f  the ra te  

law to go as Ia 1/2 is p r o b a b l y  due to the high O3 pressures which led to non-uni -  

fo rm light absorp t ion  in the react ion vessel. The studies o f  Nor r i sh  and  W a y n e  5 

showed even less o f  a dependence  on Ia than  those  of  Forbes  and Heidt .  I t  is not  

clear  why this should be. 

The mos t  recent  results are those o f  Lissi and  Heicklen 10, and  the cha in-par t  

o f  the decompos i t ion  could  be fitted to a dependence  on [03] and  Ial/2 as expected.  

They in terpre ted  their  da t a  accord ing  to the De  More  mechanism.  In terms o f  the 

Nor r i sh  mechanism,  the in tercept  of  their  l og - l og  p lo t  (their  Fig. 8) o f  5.2 × 10 -1° 

cm3/2 s -1/2 cor responds  to 2k2/(k12 + k2k l i / k l )  i/2. The value of  k2/k121/2 has 

been found  to be 14,15 6.4 × 10-10cm3/2s-1/2 a t 2 5 ° C . T h u s  k l k 2 / k l l  -~ 8.1 x 10 -20 

cm 3 s -1. The  mos t  recent  values o f  k215 and  k l l  19 are, respectively, 1.1 × 10 -15 

and  2.0 × 10 -1° cm 3 s -1. Thus  k l  = 1.5 x 10 -14 cm~ s -1. Our  l imited da ta  give 

--~b{O8} somewhat  lower  than  those  o f  Lissi and  Heicklen for  cor responding  

condi t ions ,  and  lead to a value for  the rate  cons tan t  o f  ~ 3 × 10 -15 cm 3 s -1. 

The values for  k l  found  f rom the H20-ca t a lyzed  decompos i t ion  o f  03 are 

very sensit ive to the chain  length,  which in tu rn  is sensitive to  the te rmina t ion  steps. 

In  the analysis,  wall  t e rmina t ion  was neglected,  t hough  it should  occur  to some 

extent.  In  the Lissi and  Heicklen exper iments ,  wall  t e rmina t ion  can be es t imated 

to be abou t  2 0 ~  o f  the t e rmina t ion ;  thus k l  rises to between 2 and  3 × 10 -14 

cm 3 s -1. In  the exper iments  pe r fo rmed  here, the react ion cell was much  smal ler  

than  the one used by Lissi and  Heicklen  and  wall t e rmina t ion  could  have accounted  

for  N 509/00 o f  the te rmina t ion .  I f  so, k l  wou ld  be 4 t imes larger  than  the es t imate  
o f  N 3 × 10 -15 cm 3 s -1 or  N 1.2 × 10 -14 cm a s -1. 

The  o ther  recent  values r epor ted  for  k l  are (5.5 4- 1.5) × 10 -14 cm 3 s -1 

found  by  K a u f m a n  and  A n d e r s o n  13 and  8 × 10 -14 cm 3 s -1 found  by  D e  More  14. 

Al l  o f  the results  are  conco rdan t  with a value o f  k l  ---- (5 4- 3) × 10 -14 cm 3 s -1. 

We  wish to t h a n k  Professor  Marce l  Nico le t  for  useful discussions and 

encouragement .  This work  was suppor t ed  by the A t m o s p h e r i c  Sciences Section 

o f  the N a t i o n a l  Science F o u n d a t i o n  th rough  G r a n t  No.  GA-12385 and the Na-  

t ional  Aeronau t i c s  and  Space Admin i s t r a t i on  th rough  G r a n t  No.  NGL-009-003 

for  which we are  grateful .  
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