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Barbara J. Finlayson-Pitts 

Department of Chemistry, California State University, Fullerton, Fullerton, California 92634 
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The reaction of hydrogen atoms with ozone is well 
knownl to produce vibrationally excited hydroxyl radi
cals, oHt(X2ni)V~9' and O2: 

(la) 

Recently the yield of oxygen atoms 0(3 p) in this reac
tion was measured2 using resonance fluorescence. In 
these studies2 excess hydrogen atoms ([H]O/[03]02: 4, 
[H]o = 1- 3 X 1012 molecule cm-3)3 were present in order 
to deactivate the vibrationally excited OH (OHt ) , 2,4 thus 
minimizing the possible contribution of its secondary 
reactions to the Oep) yield. Additional tests for such 
processes were carried out by adding known quenchers 
of OH t

, 4-8 which did not alter the Oe p) yield. Yie Ids 
of ground state OH (OHo) were also measured by reso
nance fluorescence and found to be lower than expected 
if only Reaction (1a) followed by deactivation of the OHt 

to the ground state occurs. Finally, indirect evidence 
for H02 was obtained by observing an increase in the 
OHo yield upon addition of NO. 

These results were most consistent with the existence 
of a second primary process, (lb), 

(lb) 

which is spin-allowed and sufficiently exothermic 
(- 21. 6 kcal/mole) to produce H02 in either the (2A") 
ground state or in the (2A') first electronically excited 
state. The 0(3p ) yields were consistent with - 20%-30% 
of the reaction proceeding via (lb), i. e., the branching 
ratio a = kla/(kla + !?lb) "" 0.2-0.3. Direct measurement 
of the H02 yields was deSired, however, to support this 
interpretation. We report here the results of laser 
magnetic resonance (LMR) studies of the yields of H02 
from the H + 0 3 reaction at room temperature. These 
suggest that in contrast to the earlier resonance fluores
cence studies, Reaction (lb) accounts for an upper limit 
of 3% of the net reaction. 

Experiments were carried out using a fast-flow dis
charge system with LMR detection, described in detail 
elsewhere. 9 The one-inch diameter flow tube was coated 
with boric acid to deactivate4,8.IO the OHt produced in 
(la) as well as to minimize heterogeneous recombina
tion of the ground state radicals and atoms. H02 (2A ,,) 
and OHo were directly detectedll by LMR using the 
11B.6 {lm line from a water vapor discharge laser. 
The ratio [H02]/[oHl was obtained from the ratio of 
the peak-to-peak amplitudes of the first derivative 
spectra9 assuming that the relative sensitivity for OH 
and HOz is 600: 1 as measured earlier. 12 

Hydrogen atoms were produced by passing a very 
dilute H2/He mixture over a hot tungsten wire and 
further diluting the mixture with He. 0 3 in He was ob
tained by trapping 0 3 from an 0 3/02 mixture on silica 
gel, pumping off the O2 and eluting with He; the 0 3 con
centration in the mixture was determined by the absor
bance at 253. 7 nm using an absorption cross section of 
1. 15 x 10-17 cm2. 13 The CO was purified by passing over 
quartz wool at a temperature of - BOO °C and the NO was 
purifiedl4 by passing through silica gel at - 77 °C. Ex
cept as otherwise noted, the total pressure in the flow 
tube was 1. 7 ± 0.1 Torr. 

Three sets of experiments were carried out. In the 
first LMR was used to search for HOz (ZA") at an initial 
hydrogen atom concentration of 2 x 1011 and with initial 
ozone concentrations of (0.9-8.7) x 1012 . Excess 0 3 

was used to minimize the removal of H02 by its rapid 
reactionl5 •16 with H. Secondary production of H02 by 
the reaction of OHt with 0 3 is expected to be small 
since OHt should be rapidly deactivated at the boric 
acid coated walls4,8,10; in any case, this would lead to 
an overestimate of the contribution of (lb). The ratio 
[H02]/[OH] observed in these experiments at a reac
tion time T- 6 ms, was:s 0.02. Several runs were also 
carried out in excess H([Hlo=1.4x1012 , [03]o=2x1011

) 

with T-6 and T-30 ms, which gave [HOz]/[OH]<0.06 
and < 0.02 respectively. Thus as 0.02 for the produc
tion of ground state H02. 

In the second set of experiments, carried out at a 
total pressure of 2.6 Torr, large concentrations (3.2 
x 1016) of CO were added to the syslem ([H]o"" 3 x 1010 , 
and [03]0 = 2. 8-18 X 1012) in order to convert OH back 
into H via Reaction (2): 

OH +CO -C02 +H (2) 

CO2 (1. 3 x 1016) was also present in the experiments to 
quench the OHt. The sequence of Reactions (la), (lb), 
and (2) where the OH reacting in (2) may be vibrationally 
excited, regenerates (1- a) hydrogen atoms in each 
cycle. 

Because all H reacting in (la) is being regenerated, 
any observed decay of H should be due to Reaction (Ib), 
the three-body reaction with CO or recombination at 
the walls. While the concentration of hydrogen atoms 
could not be followed directly, the steady state OHo con
centration is proportional to that of H. Thus the OHo 
decay was followed as a function of [03]0 to obtain the 
rate of decay of H under these conditions. The observed 
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first order rates of decay of OHo at initial ozone con
centrations of 0.28, 0.94, and 1. 82 x 1013 were 13.7, 
18.1, and 25.1 S-1 respectively. Thus the observed 
rate of decay varied linearly with [03]0 as expected, 
giving k1b ,,; 7. 5 X 10-13 

3 from the slope and an intercept 
of 11. 4 S-I. Taking kl = kla + k1b = 2. 4 X 10-11 , 4 Q!"; o. 03. 
The significant intercept represents an increase in the 
loss of H in the presence of CO, which may be due to 
an increased wall loss. 

In this analysis possible secondary reactions of H02 

to regenerate H [(e. g., H02 + CO - CO2 +OH followed by 
Reaction (2)] have been assumed to be negligible. This 
is supported by the fact that ground state HOz reacts 
very slowly with CO (k < 10-19). 17 The corresponding 
rate constant for the reaction of electronically excited 
H02 (2A') which may be produced in (1b) is however, 
unknown. 

In the third experiment with [H]o = 1. 9 X 101Z
, [oslo - 8 

X 1011 and T- 6 ms, NO was added at a concentration of 
9 x 1013 to convert any HOz present into OHo, which was 
monitored. The OHo signal decreased by - 20% regard
less of whether or not CO2 (1. 2 x 1016

) was present as a 
quencher of OHt. Oxides of nitrogen are known to in
crease the wall loss of OH in this system and this may 
be at least partially responsible for the decrease, which, 
however, is surprisingly large considering the short 
reac tion time. 

Thus, the results of these experiments indicate that 
Q!"; O. 03 for the production of HOz (ZA"). While HOz 
(ZA') would not have been detected at the same magnetic 
field strengths as the ground state, production of HOz 
(2A') is compatible with the results of the CO experi
ments only if it reacts rapidly with CO, ultimately re
generating H. The decrease in OH upon the addition of 
NO, however, suggests that unless unknown complicat
ing secondary reactions are occurring, the yield of HOz 
in either electronic state is small. 

The results of the present work are consistent with 
the results of recent studies 18 by Washida et al. in which 
a search for the production of Oz (a 1 ~c) in the H + 0 3 

system was carried out. None was observed, from 
which they conclude that O2 (a l~c) is not produced in the 
primary process and that the production of HOz via (tb) 
must account for < 6% of the net reaction since H + HOz 
is known to produce small amounts of O2 (a 1~,y9 and/or 
O2 eL.:;). zo 

In summary, using conventional kinetic techniques, 
high yields of oxygen atoms, Oep) were observed2 in the 
H +03 system and their kinetic behavior appeared to be 

most consistent with the second reaction channel (lb). 
However, it appears from the present work that (lb) ac
counts for,,; 3% of the overall reaction of H with 0 3• 

The results of recent studies5 show that the Oep) yields 
fall by a factor of approximately two in a boric acid
coated tube, as compared to a halocarbon wax coated 
tube. In addition, very small yields of Oep) are ob
served in excess 0 3 • Thus, an as yet unknown very fast 
secondary reaction producing o(3p) must be occurring. 
Studies are currently under way to elucidate this 
process. 

The authors are grateful to the Chemical Manufactur
ers Association Technical Panel on Fluorocarbon Re
search and to the National Science Foundation (Grant 
No. CHE 76-23577) for support of this work. 
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