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Abstract: (1) A new detector of chlorine molecule using a spectroscopic method was
developed. The characteristics of the detector are the following: (i) Cl, molecule can be
detected by monitoring the UV emission at 257 nm following the excitation by the Kr
resonance line (123.6 nm). (ii) Cl, can be detected in air. (i) The most effective condition
for the total pressure of air is 150 Torr. (iv) The linearity of the signal is guaranteed up to
100 ppmv of Cl in air.  (v) The detection limit is about 10 ppbv for 60 s accumulation.  (vi)
The interference from other atmospheric trace gases seems to be negligible. (2) The uptake
coefficients of I, and NO onto aqueous solution were measured by using an impinging flow
reactor and determined to be 2 x 10 and <2 x 10 respectively. The uptake of acetone onto
sulfuric acid was investigated using a wetted-wall flow reactor and was found to be limited by
solubility.  (3) Photodissociation of methyl iodide in the atmospheric window region, 190-210
nm, was investigated by using a time-resolved photoionization mass spectrometer. It was
found that HI molecule as well as CH; and I was produced in the laser photolysis at 193 nm.
The formation yield of HI was determined to be 0.4 +0.1.
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1. Introduction

Ozone destruction in the stratosphere is caused by catalytic cycles in the gas phase
involving HOx, NOx, ClOx, and BrOx radical groups. It has been recognized that the ozone
destruction efficiency is influenced not only by gas phase reactions but also by heterogeneous
reactions. For example, heterogeneous reactions occurring on polar stratospheric clouds
(PSCs) play an important role in polar ozone destruction. The enhancement of ozone
depletion observed after the eruption of Mt. Pinatubo is thought to be a different instance to
demonstrate the impact of heterogeneous processes on stratospheric ozone. However, the
role of heterogeneous reactions in the stratospheric ozone destruction have not yet been well-
understood. To assess the contribution of heterogeneous processes to the stratospheric
ozone depletion, the following investigations are required: (1) the development of a new
sensitive detector of a key species, such as Cl,, (2) the measurements of uptake coefficients and
the clarification of mechanisms of heterogeneous reactions, and (3) the rates and mechanisms
of reactions related to aerosol formation in the stratosphere.

In the present work, the development of a Cl, detector, measurements of uptake
coefficients of I,y NO, and acetone onto aqueous and sulfuric acid solution, and the
determination of the photodissociation yield of CH;1 were carried out.




2. Development of Cl, detector
2.1. Introduction
Chlorine molecule (Cl,) plays an important role in ozone chemistry, particularly in the
formation mechanism of ozone hole in the Antarctic. ClL, is thought to be produced by
heterogeneous reactions on PSCs, such as :
CIONO; + HClI = Cl, + HNO;
HOCI1 + HCI — Cl, + H,O
and released into the gas phase.' Cl is easily photolyzed by ultra-violet (UV) radiation (300-
400 nm) emitting Cl atoms into the atmosphere, However, due to the lack of a direct
detection method of Cl, with a high sensitivity, our understanding on their heterogeneous
reactions is limited; for example, no direct evidence on the production of Cl, in the
stratosphere has not yet been provided. In this study, a new Cl, detector using a fluorescence
method has been developed. This detector is expected to be used in the laboratory
experiments and the field observations after some improvements.
2.2. Detection method 800F
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the emission intensity in VUV region is due to the strong absorption by O, (Schumen-Runge
band). NO efficient fluorescence quenching by O, was observed. In air, it is expected that
the emission of Cl, can be observed at 257 nm where the absorption by O, is negligible. This

indicates that Cl, can be detected in air by monitoring the 257 nm emission following the 123.6
nm excitation.

2.3. Cl, Detector
The Cl, detector consists of a Pyrex cell with a quartz window, a Kr resonance lamp with a
MgF, window, and a solar blind photomultiplier combined with a narrow bandpass filter for the
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Hg line at 253.7 nm.
2.4. Characteristics of the detector

(1) When N, is used as a buffer gas, the signal
intensity is proportional to the total pressure.
However, in air, it decreases over a given range of
the total pressure, due to the absorption of the Kr
resonance line (123.6 nm) by O, (6=3.8 X 10"%cm?).
The total pressure of air to detect Cl, most
effectively was determined to be 150 Torr.

(2) The plot of the count rate of the signal as a
function of the concentration of Cl, is shown in
Fig.2. The measurement was carried out under a
total pressure of air of 150 Torr. A linear
relationship between the count rate and the
concentration was observed. It was found that
the linearity of the signal intensity was guaranteed
up to 100ppmv of Cl, in air.

(3) In order to check the detection limit, we used
the following reactions :
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the chamber. Figure 3 shows the
time profile of emission intensity. The emission intensity was slowly decayed even under the
dark condition, probably due to a wall loss of Cl,. A faster decay was observed when the gas
mixture was photo-irradiated. After 90 minutes of irradiation, the concentration of Cl, was
reduced down to 50ppbv. From the fluctuation of the signal, the detection limit was
estimated to be about 10ppbv (about 10''cm™) for 60s accumulation. The sensitivity of the
detector is now limited by the large background signals which probably originate the scattered
light and the fluorescence from the Pyrex cell. Hence, if the detection limit will improve 1 or
2 orders, these unfavorable signals can be reduced sufficiently.

(4) To check the selectivity of the Cl, detector, the fluorescence intensity near 250 nm was
monitored by introducing other atmospheric trace gases into the detector and irradiating the Kr
resonance line to the gas. It appears that H,O, CO,, CH,;, CO, NO, SO,, and O; and their

photo-fragments have no fluorescence near 250 nm. The fluorescence from the y and f bands
of NO was detected when N,O and NO, were investigated, however such fluorescence from
NO fragment was completely quenched under 150 Torr of air.

The fluorescence of CS and




CF; produced respectively by the photolysis of CS, and CF;Cl/CF;Br was not completely
quenched under this pressure. However, the interference by these compounds is expected to
be quite small because of their low concentration (< 5pptv) in the atmosphere. These
experimental results indicate that the developed detector can detect Cl, selectively.
2.5. Summary

A new and high-sensitive detector of the chlorine molecule using the fluorescence method
has been developed. The characteristics of this detector are the following : (1) The most
effective condition for the total pressure is 150 Torr. (2) The linearity of the signal is
guaranteed up to 100ppmv of Cl, in air. (3) The detection limit is about 10ppbv for 60s
accumulation. (4) The interference from other trace constituents in the atmosphere seems to
be negligible.

3. Uptake process of acetone on sulfuric acid
3.1. Introduction

Acetone is now recognized as one of HOx source in the lower stratosphere and upper
troposphere (LS/UT). Recently, a new heterogeneous reaction, the sulfate-mediated
conversion of acetone to 4-methyl-3-penten-2-one (MPO) and trimethylbenzene (TMB), was
reported.” The authors pointed out that the sulfate particles should be a potential reactive
sink of acetone in LS/UT if reactive uptake occurs. Since the rate of proposed reaction is
thought to be proportional to the square or cubic of the acetone concentration in the solution,
the solubility of acetone in sulfuric acid is important. In this work, the uptake of acetone on
sulfuric acid solution was observed to determine the solubility and to clarify whether the uptake
is reactive or not.
3.2. Experimental

Most of the experiments were carried out using a rotating wetted wall flow reactor. A
cylindrical reactor containing small amount of sulfuric acid (about 1cm®) was rotated inside of a
jacketed cylinder to coat the reactor wall with liquid. Water vapor was added to the carrier
gas (He) to match the partial pressure of water over the solution. This made it possible to
keep the concentration of acid be constant during an experiment. The gaseous species, such
as acetone, MPO, and TMB, were monitored by a photoionization or a chemical ionization
mass spectrometer.
3.3. Results and discussion
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evaporated within the experimental error (<10%). These indicate that the uptake of acetone
into 60 wt% H,SO, at 250K is reversible and reactive loss is negligible. The Henry’s law
solubility of acetone in 60 wt% H,SOj, at 250 K was determined to be 5.6 x 10> M atm™.

Similar reversible absorption-evaporation cycle was observed in 50-80 wt% H,SO, at
230-270K. The possible products of the proposed reaction of acetone in sulfuric acid, MPO,
and TMB were not detected. These findings suggest that the reactive uptake would not be
important under our experimental condition. Since the reaction rate constant in the solution
should have a positive temperature dependence and the temperature in LS/UT region is lower
than that in our experimental conditions, sulfuric acid aerosols in LS/UT region could not
mediate the conversion of acetone to MPO and TMB efficiently.

Since the uptake of acetone on sulfuric acid solution is reversible and its solubility is low,
the heterogeneous loss of acetone would not be significant in LS/UT.

4. Photodissociation of CH;l in the atmospheric widow region
4.1. Introduction

Methyl iodide (CH;l) is the most dominant iodine compound in the atmosphere and is
mainly released from the ocean. Its tropospheric lifetime is short, about 4 days, due to
photolysis forming CH; and 1. In spite of its short lifetime, a part of methyl iodide is
transported into the upper tropospheric and lower stratospheric region.> Methyl iodide has
two absorption bands; one is in the UV region and is broad feature and the other is in the
wavelength region shorter.than 200 nm and is banded structure. 1In the lower stratosphere,
the intensity of the solar light in the vacuum UV atmospheric window region, 190 - 210 nm,
becomes strong. The character of the absorption band in the atmospheric window region is
6s <— n Rydberg transition and is different that in the UV region, the 6* <— n valence transition.
Hence, the photodissociation processes in the atmospheric window region would be different
from that in the UV region. In this work, photodissociation processes were investigated by a
photoionization mass spectrometer.
4.2. Experimental

A photoionization mass spectrometer was used to detect the photodissociation products.
A Kr resonance lines (10.03 and 10.64 eV) were used as a source of photoionization.
Photolysis was carried out by use of a 193 nm ArF excimer laser.
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whether HI is produced directly by

photolysis or indirectly by secondary reactions, the time profiles of HI" signal as well as CH3"
and I' were measured. HI" signal raise rapidly after the photolysis as CH;" and I" signals did.
The raise time of HI+ signal was much shorter than that expected if HI is formed by the




secondary reactions, such as H + CHs;I. Hence, it could be concluded that HI was formed
directly by 193 nm photolysis. The HI formation yield in the 193 nm photolysis was
determined to be 0.4 + 0.1 by using the detection sensitivity of HI, laser fluence, and
absorption cross section of CHzI at 193 nm. This indicates that HI formation channel can
compete to the process forming CH; + 1. HI formed by the photolysis in the atmospheric
window region would be photolysed, reacts with OH and Cl, or plays a role as a condensation
nuclear in the stratosphere.

Other i0odine compounds, such as C;Hs1, CH,lI,, and CH,ICI have a Rydberg absorption
band in the atmospheric window region. The experimental results in this work suggest that
the photolysis of these other iodine compounds in the window region would be different from
that in the UV region and is expected to produce HI, I,, and CII.
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