View metadata, citation and similar papers at core.ac.uk brought to you by .{ CORE

provided by NASA Technical Reports Server



https://core.ac.uk/display/42881249?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

R

TECH LIBRARY KAFB, NM

LU

00bly2y
1. REPORT NO. 2. GOVERNMENT ACCESSION NO. 3. RECIPIENT’S CATALOG NO. '
NASA CR-2756
TITLE AND SUBSTITLE §. REPORT DATE
¢ October 1976
Products of the Reaction of Chlorine Atoms and Ozone 6. PERFORMING ORGANIZATION CODE
7. Autnom(s) J, H. Hall, Jr., C. W. Merideth, S. Bhatia, 8. PERFORMING ORGANIZATION REPORT #
W. A, Guillory*, and J. N, Gayles - M-186
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. WORK UNIT NO.

Department of Chemistry TN GRERKEE PR §3M0%:001 ST

Morehouse College IPT . anaad 1
Atlanta, Georgia 30314 13. TYPE OF REPORV & PERIOD COVERED
12. SPONSORING AGENCY NAME AND ADDRESS
. . C
National Aeronautics and Space Administration onfractor
Washington, D. C. 20546 14. SPONSORING AGENCY CODE

15. SUPPLEMENTARY.NOTES Prepared under the technical monitorship of Dr. J. B. Stephens,
Aerospace Environment Division, Space Sciences Laboratory, MSFC; and Drs. James King and
William DeMore, Physics Section, Jet Propulsion Laboratory.

* Present Address: Dept, of Chemistry, Universgity of Utah, Salt Lake City, Ufah

16. ABSTRACT

Preliminary matrix-isolation infrared spectroscopic studies of the gas-phase reaction
of chlorine atoms and ozone are reported. The major product of the reaction is found to be
the symmetric OC10 radical, while very little of the asymmetric C100 radical is produced.
It is also found that the presence of O, enhances the OC1O production and that C100 is the
primary product in the reaction of Cl atoms and pure O,. The radical ClO is also observed
for the first time in a gas-phase reaction of Cl and O3. A mechanism for these observa-
tiohs is proposed.

17. KEY WORDS 18. DISTRIBUTION STATEMENT
Environmental effects
Chlorine-ozone system Category 45
19. SECURITY CLASSIF, (of this report) 20. SECURITY CLASSIF, (of this page) 21, NO, OF PAGES | 22. PRICE
ki
Unclassified Unclassified 13 ¢ 3 95

For sale by the National Technical Information Service, Springfield, Virginia 22161



AUTHORS' ACKNOWLEDGMENTS

The support and assistance of Mr. Marion Kent, Marshall Space Flight
Center, and Mr. Jurgen Pohly, Office of University Affairs-NASA, are grate-
fully acknowledged. Support of this work by NASA grant NGL-11-008-001 is
gratefully acknowledged. The support of the Camille and Henry Dreyfus
Foundation is gratefully acknowledged by Joseph N. Gayles. The support of
grant number JPIL.-953841 is gratefully acknowledged by Charles W. Merideth.



TABLE OF CONTENTS

I. INTRODUCTION , . . . . . v v v v e e v e e e e e v e e e

. PROCEDURE . . . .. . . . ¢ i i vt it vt e v e e e

II1. RESULTS

Iv. SUMMARY . . . . it et ittt e e o e e e e e e

REFERENCES

iii



LIST OF ILLUSTRATIONS

Figure Title Page
1, The IR spectrum of the reaction of Cl atoms and ozone . . 2
2. The IR spectrum of the reaction of Cl atoms and

OXYECN . . v v v et et e e e e e e e e e e e e e e e e e 3
3. The IR spectrum of the reaction of Cl atoms and

an O3/0y mixture (1:10) . . . . . . . . . .. . . . .. .. 4
4, The IR spectrum of the reaction of Cl atoms and

an O3/0y mixture (1:20) ., . . . . . ... ... .. .... 5
5. The IR spectrum of the reaction of Cl atoms and

an O3/0, mixture (1:60) ., . . . .. ... ... ...... 6

iv



I. INTRODUCTION

Recently there has been much interest in the effect of catalytic cycles
in stratospheric ozone chemistry [1-4]. The chlorine oxide (Cley) cycle

has been investigated to some extent, usually by postulating reaction
mechanisms based upon reactions that these oxides are known to undergo and
kinetics rate data (e.g., see Reference 4). However, while various
mechanisms have been proposed, there is no firm experimental evidence that
any of the proposed reaction intermediates are actually formed in the gas phase
reaction of chlorine atoms and ozone. In our matrix isolation experiments, we
are able to "trap' transient species on an argon matrix at 10°K and identify
these species from their infrared spectra.

II. PROCEDURE

Our procedure was to pre-make ozone by discharging pure O, (Linde
99.99 percent) at low pressure with a Tesla coil. The O3 was then trapped in
liquid nitrogen. The ozone was then pumped on for 0.5 hr to remove any
oxygen. Our experiments included the reaction of Cl atoms with pure Oz, the
reaction of Cl atoms with pure O,, and the reaction of Cl atoms with O3/0,
mixtures of ratios 1:10, 1:20, and 1:60. Chlorine atoms were produced by
microwave discharge of a 50: 1 mixture of Ar and Cl, (Linde 99. 99 percent).
The Cl atoms and the O3/0, mixtures were allowed to react (in the gas phase)
in a kinetic cell of our design before deposition on a Csl cold window.

1. RESULTS

The results of our experiments are as follows. In Figure 1 we give the
infrared spectrum of the reaction of Cl atoms and pure O;. The absorption at
1100 em™! is due to symmetrical OC10 [5]. There is no evidence for the
production of C100; however, the absorption at 850 em~lis assigned to the
C10 radical [6]. The absorptions at 1300 cm™!, 1245 em™!, and 800 em™! to

740 em™~! are tentatively assigned to higher chlorine oxides (CIOX) and are

presently under investigation. In Figure 2 we give the infrared spectrum of
chlorine atoms and pure Oy;. There is an absorption at 1100 em™! due to OCI0O,
and the strong absorption at 1441 cm~! indicates the presence of Cl00{5].

Several experiments were performed at different O3/O, concentrations
(1:10, 1:20, 1:60, Figs. 3, 4, and 5, respectively). All experiments,
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Figure 1. The IR spectrum of the reaction of Cl atoms and ozone.
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Figure 2. The IR spectrum of the reaction of Cl atoms and oxygen.
The ozone absorptions observed at 1050 and 700 cm ™! are due to
the reaction of excited argon and oxygen. We observed produc-

tion of O3 when argon was discharged and then allowed to react
with pure Oy atoms. The mechanism appears to be
Ar* 4+ Oy > Ar + 20, and 20 + 20, —> 20;3.

{
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Figure 3. The IR spectrum of the reaction of Cl atoms and an O3/Oy mixture (1:10).
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o Figure 4. The IR spectrum of the reaction of Cl atoms and an O3/0, mixture (1:20).
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Figure 5. The IR spectrum of the reaction of Cl atoms and an O3/0y mixture (1:60).




naturally, employed the same ozone concentrations, with successively increas-
ing oxygen concentrations. Figure 3 represents the O3/0, experiment of ratio
1:10. We see that the OC1O (100 and 940 cm™?) [ 5] production is greatly
enhanced when compared to that from the reaction of Cl1 and pure O3. The
radical C10 (850 cm™!) [6]is also present,. together with Cle species. Note

that no C100 (1442 ecm™) [5] is produced. The OCI1O production increases in
the 03/0,, 1:20 experiment (Fig. 4), and the OC10 absorption for the 1:60
experiment (Fig. 5) is essentially the same for the 1:20 experiment.

That OCI1O is produced via a ClO intermediate, we propose

ci + 0 ~—~ <ClO + 0,

Cl + 203 — OoCl0 + 20, (net)
and that chlorine atoms react with Oy and a third body to produce C100
Cl + O, + M - Cl100 + M

However, the reaction mechanism involving the production enhancement of
OC10 when O, is present is not as evident. The mechanism may involve an
asymmetrical C103 (OOCI1O) intermediate, formed by the reaction of C10 and
O,

M O+ CloO + O - O0oClo  + M
which can, in turn, react with O3 to give OC10
0O0Ci0 + O; - OoCio + O,

The net reaction is the same as for reaction scheme (I): CI + 203 > OC10 + 20,.

Interestingly, Zahniser, Kaufman, and Anderson (ZKA) [7] propose
that asymmetrical ClO3 and not symmetrical C103 may be a product of the
Cl + O3 reaction. The proposed mechanism is



cl + 0, + M = ClOO + M

CloO + O3 = OCIOO + O,

Our results lead us to postulate asymmetrical ClO; in order to explain the
oxygen enhancement of the OC1O production. Also,-if the ZKA scheme were
correct, it is plausible to assume that unless the second reaction were
extremely fast, relative to the first, we should see some C1OO at all times in
our experiments, but we do not.

IVv. SUMMARY

The notable observations are: (1) the reaction of Cl atoms and Oy
produces primarily OClO, (2) the reaction of Cl atoms and O, produces
primarily CI0O, (8) oxygen enhances the production of OC1O in the Cl + Os
reactions, and (4) the radical, ClO, is an intermediate in these gas phase
reactions.

Attempts are now under way to identify and characterize the OOC10
radical as well as the ClOX species which absorb in the regions 1300 cm ™! to

1245 em ™! and 800 em ™! to 740 em™ L
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