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Absorption Cross Sections for Gaseous CINO, and Cl, at 298 K:
Potential Organic Oxidant Source in the Marine Troposphere

J. A. GANSKE, H. N. BERKO, AND B. J. FINLAYSON-PITTS

Department of Chemistry and Biochemistry, California State University, Fullerton

The absorption cross sections for gaseous CINQO, in the 200-370 nm region and for Cl, in the 270400
nm region have been determined at 298 K. The cross sections for Cl, are in excellent agreement with
the literature. At A < 300 nm the absorption cross sections for CINQ, are in good agreement with those
of Illies and Takacs (1976/1977) and Nelson and Johnston (1981) but are higher than those of Martin
and Gareis (1956) from 220 to 240 nm. In the tropospherically important region beyond 290 nm our
results, which have been corrected for impurity Cl, using a combination of mass spectrometry and UV
absorption, fall between those of Martin and Gareis (1956) and Illies and Takacs (1976/1977) and are
in excellent agreement with the values of Nelson and Johnston (1981). Estimates of the photolysis rate
constants and photolytic lifetimes for CINO, for various solar zenith angles at the Earth’s surface are
reported. It is shown that atomic chlorine from CINO, photolysis may be a significant initiator of
organic photooxidation in both moderately polluted and remote marine atmospheres.

INTRODUCTION

The photochemistry of halogen-containing molecules in
the atmosphere is currently a topic of vigorous research
[World Meteorological Organization, 1990; Brune, 1991].
For example, recent laboratory studies have suggested that
CINO, may be formed in both the stratosphere and tropo-
sphere via heterogeneous reactions involving gaseous dini-
trogen pentoxide. Tolbert et al. [1988] and Leu [1988] first
reported the reaction of N,O5 with HCl/ice mixtures to form
CINO,, indicating it could be produced by reactions on polar
stratospheric clouds and hence play a role in the chemistry
of the polar stratosphere. Similarly, the reaction of N,Os
with solid NaCl also produces nitryl chloride [Finlayson-
Pitts et al., 1989]:

(Rl) N205(g) + NaCl(s)—> ClNOZ(g) + NaNO3(S)

In the polluted marine troposphere, CINO, may be formed
from the reaction of NaCl in sea-salt particles with N,Os,
produced by O3-NO, reactions during nighttime hours [Fin-
layson-Pitts and Pitts, 1986; Atkinson et al., 1986]. Mich-
elangeli et al. [1991] have also suggested that this reaction
may occur in the stratosphere after the injection of halide
particles by alkaline volcanoes such as El Chichon.

Photolysis of CINO, at 350 nm produces chlorine atoms
with a quantum yield within experimental error of unity
[Nelson and Johnston, 1981]:

(R2) CINO, + hv — Cl + NO,

While the reaction of Cl with Oy is fast (k2% = 1.2 x 107!
cm? molecule ™! s ~1) [DeMore et al., 1990], atomic chlorine
also reacts rapidly with organics, with rate constants for
reaction with even the simple =C, alkanes approaching
10719 ¢m?3 molecule ~! s~! [DeMore et al., 1990]. Concen-
trations of total nonmethane organics vary from a few parts
per billion (ppb) C or less in remote areas such as Mauna
Loa [Greenberg et al., 1992] up to parts per million (ppm) C
in highly polluted urban areas [McElroy et al., 1986]. Over
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the Atlantic Ocean, off the coast of the United States, typical
concentrations of ~50-100 ppb C have been measured
recently (P. R. Zimmerman, personal communication, 1991).
Thus, in the troposphere, where concentrations of Qs typi-
cally range from 20 to 400 ppb from remote to highly polluted
atmospheres respectively [Finlayson-Pitts and Pitts, 1986],
chlorine atom reactions with organics may compete with that
with O;. In more polluted areas, they may actually predom-
inate. This reaction, for example with alkanes,

(R3) Cl+ RH— R + HCI

generates free radicals and initiates photooxidation in the
atmosphere in much the same manner as the hydroxyl (OH)
free radical [Finlayson-Pitts and Pitts, 1986].

The rate of chlorine atom generation and hence its contri-
bution to the oxidation of organics depends on both the rate
of CINO, formation and on its rate of photolysis, the latter
determined in part by its absorption cross sections at wave-
lengths greater than 290 nm.

The UV absorption cross sections of CINO, have been
reported by Martin and Gareis [1956] from 220 to 325 nm,
lllies and Takacs [1976/1977] from 185 to 400 nm, and Nelson
and Johnston [1981] from 270 to 370 nm. At the longer
wavelengths (A = 290 nm), which are important in tropo-
spheric photochemistry [Finlayson-Pitts and Pitts, 1986],
and particularly at A = 320 nm, there are significant discrep-
ancies in the reported cross sections, resulting in an uncer-
tainty in the tropospheric rate of CINO, photolysis and
hence the rate of chlorine atom generation from this source
of as much as ~30%.

In order to assess the potential rate of chlorine atom
generation from CINO, in the troposphere, we have remea-
sured the UV absorption cross sections of CINO, with
particular attention to the region A = 320 nm. The absorption
cross sections for Cl, have also been measured to correct for
the small amounts of Cl, which are always present in
CINO;; these chlorine cross sections are in excellent agree-
ment with previous studies [Gibson and Bayliss, 1933;
Fergusson et al., 1936; Seery and Britton, 1964; Burkholder
and Bair, 1983]. Finally, we show that initiation of tropo-
spheric organic oxidation by atomic chlorine may be impor-
tant in both remote and polluted marine atmospheres.
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EXPERIMENTAL

Absorbance measurements were made with a Hewlett-
Packard photodiode array uvltraviolet-visible (UV-VIS) spec-
trophotometer (Model HP8452A) with 2 nm spectral band-
width and 0.05 nm wavelength reproducibility. The
absorption cell was a 10.0 cm pathlength pyrex cell with
quartz windows and a Teflon stopcock. Pressures in the
absorbance cell were measured using a capacitance pressure
transducer (Datametrics, Type 570A 0-1000 torr) and elec-
tronic manometer (Datametrics Model 1174). Absorption
cross sections for nitryl chloride were obtained from five
different batches of CINO, using sample pressures ranging
from 0.117 to 97.4 torr. For Cl,, spectra were obtained at
pressures from 4.0 to 80.4 torr. All measurements were
carried out at 298 K.

Nitryl chloride was prepared using the method of Volpe
and Johnston [1956]. Briefly, anhydrous HCl (Union Car-
bide, 99%) was bubbled through a porous glass frit into a
mixture of fuming nitric and fuming sulfuric acid which was
stirred vigorously at 273 K. A calcium chloride drying tube
prevented water from entering the apparatus. Ultrahigh
purity He was passed through the reaction mixture immedi-
ately prior to, as well as after, the addition of HCIl. The nitryl
chloride was trapped at 196 K and then degassed by several
freeze-pump-thaw cycles at 77 K. The crude product typi-
cally contained 92% CINO,, along with the impurities Cl,,
CINO, and NO,. The CINO, was further purified as previ-
ously described [Ganske et al., 1991].

After purification the CINO, used in these experiments
was shown by Fourier transform infrared (FTIR) to contain
less than 0.02% CINO. However, despite repeated distilla-
tions and the use of a number of different batches of CINO,,
Cl, could only be lowered to ~2%, which is still sufficient to
contribute significantly to the absorption spectrum at the
longer wavelengths. To correct for this, the impurity Cl,
present in each CINO, sample in this study was measured
quantitatively using mass spectrometry (Extrel EMBA II
system) immediately before and for some samples, immedi-
ately after the UV absorbance measurements. No increase in
chlorine was noted after UV spectral analysis, indicating
that insignificant thermal and photochemical decomposition
occurred during the measurements. The CINO, absorbances
were corrected for the contribution from the Cl, impurity
using the absorption cross sections for Cl, determined
independently in these studies. The Cl, (Matheson, =99.5%)
was degassed at 77 K before use.

RESULTS AND DiIscussioN

Figure 1 shows typical absorption spectra for both CINO,
and Cl,. Clearly, even a small amount of Cl, can contribute
significantly to the absorption at the longer wavelength end
of the CINO, absorption. Hence both the percent Cl, in the
CINO, and absorption cross sections for Cl, were deter-
mined independently.

Absorption cross sections for Cl,. Figure 2 gives Beer-
Lambert plots of the measured absorbance (base 10) at
various wavelengths as a function of the concentration of Cl,
at 298 K. The plots were linear at all wavelengths, as
expected for an unstructured absorption. The absorption
cross section o (cm? molecule ™!, base ¢), at a given
wavelength is defined by

GANSKE ET AL.: CINO; AnND Cl, ABSORPTION

Absorbance

Wavelength (nm)

Fig. 1. Typical absorption spectra of gaseous CINO, (3.63 torr)

and Cl, (21.8 torr) in a 10-cm cell at 298 K.

2.303 log {Io(A)YI(A)}

o(A) = [Cl] 1 )

where the path length ! = 10.0 cm, [Cl,] is the concentration
in molecules cm ™ and log {I4(A\)/I(A)} is the measured
absorbance, base 10. From the slopes of plots such as Figure
2 the quantity log {I4(A)/I(A)}/[Cl,] was obtained and (1)
then applied to obtain o(A).

Table 1 shows the absorption cross sections for Cl,
determined in this study as well as those reported earlier
[Gibson and Bayless, 1933; Fergusson et al., 1936; Seery
and Britton, 1964; Burkholder and Bair, 1983]. Our values
are in excellent agreement with the previous studies.

Absorption cross sections for CINO,. Broad, unstruc-
tured CINO, absorption bands and a A™** in agreement with
previous studies [Nelson and Johnston, 1981; Martin and
Gareis, 1956; Illies and Takacs, 1976/1977] were observed.
Figure 3, the Beer-Lambert plot for several different wave-
lengths, is linear up to high absorbances with intercepts
within experimental error of the origin. To derive the ab-
sorption cross sections, only the data with absorbance
values in the range 0.05-1.0 were used to ensure that the data
were not biased by small deviations from linearity at the
higher pressures. Because of the wide range of absorption
intensities from 200 to 370 nm, studies were carried out at

Absorbance

{C1,] (10'® molecules cm™)

Fig. 2. Absorbance (base 10) as a function of pressure of gaseous

Cl, at several different wavelengths at 298 K.
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TABLE 1. Absorption Cross Sections for Gaseous Cl, at 298 K
102° &, cm? molecule !, base e*
Gibson and Fergusson Seery and Burkholder
This Bayliss et al. Britton and Bair
A, nm Work [1933]+ [1936]% [1964] [1983]
270 0.86 1.2 0.94 0.88 0.76
280 2.4 3.0 3.0 2.7 2.4
290 6.2 6.9 6.8 6.5 6.3
300 11.8 12.1 12.1 12.0 12.0
310 18.4 18.4 18.9 18.5 18.7
320 23.7 23.6 24.4 23.6 23.9
330 25.8 24.6 26.1 25.6 26.1
340 23.6 22.7 24.4 23.6 23.9
350 18.8 18.4 19.5 19.0 19.5
360 13.1 13.0 13.7 13.2 13.9
370 8.3 8.5 8.2 8.3 8.8
380 4.9 5.4 49 4.9 5.3
390 2.9 3.1 3.0 33 3.0
400 1.9 2.0 1.9 1.9 1.9

*The absorption cross section o = (In 7¢/I)/N1, where N is the concentration in molecules cm —3 and

the path length 1 = 10.0 cm.

tInterpolated from data at different wavelengths; experiments carried out at 291 K.
$Obtained from Figure 2 (log;oe versus wavelength) of Fergusson et al. [1936].

lower pressures of CINO, (0.12—4.6 torr) to determine the
absorption cross sections in the region A < 300 nm and at
higher pressures (to 97.4 torr) for the 300-370 nm region.

At wavelengths at and above 300 nm the ~2% impurity Cl,
contributes more than 1% to the measured absorbances.
Corrections for the Cl, contribution were made in the
following manner. First, the slope (S) of the plot of absor-
bance versus total pressure was obtained at each wave-
length. This slope is given by

S=Ilfecno, + (1 —Hea,) 2

where f'is the fraction of CINO, in the gas (0.98-0.99 in these
studies), (1 — f) is the fraction of Cl,, / = 10.0 cm, and &;
are the absorption coefficients (units of torr ' cm™!, base
10) of CINO; and Cl, respectively. Since £c;, can be ob-
tained from the absorption cross sections for Cl, as dis-
cussed above, and S, and (1 — f) are measured in these
experiments, ecino, can be determined and converted to the
absorption cross section o (cm? molecule !, base ¢) using

Absorbance

15

0.5 1.0

[CINO,] (10'7 molecules cm3)

Fig. 3. Absorbance (base 10) as a function of concentration of
gaseous CINQ, for several wavelengths. The absorbances have not
been corrected for the small amount (2.2%) of Cl, present for which
the largest correction is 19% at 370 nm.

the appropriate conversion factors. The maximum correc-
tion to the total measured absorbance due to the Cl, impurity
was 19% at 370 nm. Figure 4 and Table 2 summarize the
absorption cross section data for CINO, from this and
previous studies.

The uncertainty in our cross sections from 200 to 290 nm,
based on scatter in the absorbance-pressure plots such as
Figures 2 and 3 (which includes different batches of CINO,),
is *5%. From 300 to 370 nm there is an additional error
associated with subtracting the contribution from Cl,. This
increases the uncertainty in the 300-360 nm region to +10%
and at 370 nm, to =20%.

Our absorption cross sections in the 200-300 nm region are
within 5% of the data of Illies and Takacs [1976/1977] and
Nelson and Johnston [1981], but are 8-24% higher than
those of Martin and Gareis [1956] in the 220-240 nm region.
In the 310-370 nm region our results are generally within
~5% of those of Nelson and Johnston [1981], except at 350
nm where our absorption cross section is 12.5% higher. Our
values are significantly larger than those of Martin and
Gareis [1956] from 310 to 325 nm, and lower than those of
Hllies and Takacs [1976/1977] from 310 to 370 nm. The
reasons for these discrepancies are not clear. Nelson and
Johnston [1981] suggest the presence of a 6% Cl, impurity
would be consistent with the higher cross sections in the
Hllies and Takacs [1976/1977] study. The resolution used in
our studies (2 nm) was lower than that used in earlier work.
However, this is not expected to yield significantly different
cross sections for unstructured absorptions such as Cl, and
CINO,, which is confirmed by the excellent agreement
between our cross sections for Cl, and the literature values.

Atmospheric implications. The implications of our ab-
sorption cross section data can be explored by using them to
estimate photolysis rate constants (k,) for CINO, at the
Earth’s surface at various solar zenith angles. For illustra-
tive purposes, the actinic flux recommendations of Pererson
[1976] and Demerjian et al. [1980] can be used to obtain
estimates of k,. Table 3 summarizes these calculations,
taking the quantum yield to be 1.0 as reported by Nelson and
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Fig. 4. Absorption cross sections for gaseous CINO, as a func-
tion of wavelength at 298 K. Solid circles: this study; crosses:
Martin and Gareis [1956]; open squares: lllies and Takacs [1976/
1977]; open circles: Nelson and Johnston [1981].

Johnston [1981] at 350 nm. Also shown are the correspond-
ing lifetimes of CINO, with respect to photolysis (r*N0: =
1/k,,), and the photolysis rate constants calculated using the
higher-absorption cross sections of Illies and Takacs [1976/
1977]. It can be seen that the smaller-absorption cross
sections lead to photolysis rate constants and hence rates of
chlorine atom generation from CINO,, which are ~75% of
those predicted using the data of Illies and Takacs [1976/
1977]. It should be noted that these photolysis rate constants
are likely to be upper limits, and hence the lifetimes lower
limits, to the effective tropospheric values; thus the average
tropospheric temperature is less than 298 K and the absorp-
tion cross sections are expected to fall with decreasing
temperature.

In the troposphere the major initiator of organic oxidation
is the OH radical [Finlayson-Pitts and Pitts, 1986]:

0,

OH + RH— R02 + Hzo
kq

(R4)

However, because chlorine atoms also react rapidly with
organics,
0

Cl+ RH— RO, + HCl1
k3

(R3)

GANSKE ET AL.: CINO, AND Cl, ABSORPTION

TABLE 2. Absorption Cross Sections of Gaseous CINO,
at 298 K

102 o, cm? molecule ~!, base e*

Martin and Illies and Nelson and
This Gareis Takacs Johnston

A, nm Study [1956]+ [1976/1977) [1981]
200 468 455

210 320 339

216 348 356%

220 339 2.6 x 102 342

230 226 1.9 x 102 236

240 133 1.2 x 102 140

250 90.6 90 98.5

260 61.3 66 63.7

270 35.3 36 37.3 37.2
280 22.0 23 23.1 2.3
290 17.3 17 18.0 18.1
300 14.9 14 15.4 15.5
310 12.1 11 13.2 12.5
320 8.87 6.7 10.2 8.70
330 5.84 7.11 5.58
340 3.54 4.81 3.33
350 2.04 3.06 1.78
360 1.15 1.82 1.14
370 0.69 1.07 0.72

*The absorption cross section o = (In Iy/I)/N1, where N is the
concentration in molecules cm ™2 and the path length 1 = 10.0 cm.

TObtained from Figure 3 (logyo € versus wavelength) of Martin and
Gareis [1956].

$Peak value at 215 nm is reported.

they too can initiate photooxidation if produced in sufficient
quantities. Steady state concentrations of OH and Cl can be
estimated from their rate of production by photolysis of
precursors (such as HONO, O3, and HCHO in the case of
OH, and CINO; in the case of Cl), and their rate of removal.
For example, if (R3) with organics were the sole removal
process, the steady state concentration of atomic chlorine

TABLE 3. Calculated Photolysis Rate Constants and Photolytic
Lifetimes for CINO, at the Earth’s Surface at Various Solar
Zenith Angles

104 k, (s71)*
lilies and
Solar Zenith This Takacs 7%
Angle, deg Study [1976/19771F hours
0 3.82 4.87 0.73
10 3.77 4.81 0.74
20 3.62 4.62 0.77
30 3.35 4.29 (.83
40 2.96 3.81 0.94
50 2.44 3.16 1.1
60 1.77 2.32 1.6
70 1.00 1.33 2.8
78 0.44 0.59 6.3
86 0.088 0.12 31

*Calculated from k, = Z¢aJ, where J are the actinic irradiance
values (photons cm~2's 1) from Peterson [1976] and Demerjian et al.
[1980]. Quantum yield assumed to be 1.0 at all wavelengths, based on
measurement of Nelson and Johnston [1981] at 350 nm.

tUsing absorption cross sections out to 370 nm only; including
their values reported out to 400 nm increases &, by 6-12%.

fLifetime of CINO, with respect to photolysis using absorption
cross sections from this study.
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would be given by [Cl]s = k,[CINO,1/k;[RH]. The rate of
reaction of the organic, d[RH]/dz, in (R3) is then given by

d[RH]
—— = k[RHICIl,, = &,[CINO;] (3)

A similar approach applies to the reaction of organics with
OH. Thus a rough semiquantitative assessment of the rela-
tive importance of chlorine atoms and the hydroxyl radical in
organic oxidations can be obtained by comparing the rates of
generation of Cl and OH, respectively.

For comparison, in polluted urban atmospheres, HONO
acts as a significant source of OH at dawn [Finlayson-Pitts
and Pitts, 1986]. Using the recommended absorption cross
sections [DeMore et al., 1990] and actinic irradiance values
at the Earth’s surface [Peterson, 1976; Demerjian et al.,
1980] the rate of generation of OH from 3 ppb HONO at a
solar zenith angle of 86° is approximately 5 x 10°® radicals
cm™3 s,

The rate of chlorine atom generation depends on the
ambient concentration of CINO,, which has not been mea-
sured. However, an estimate of potential concentrations in
polluted marine areas can be obtained from the collision rate
of N,Os with NaCl particles and the reaction probability ¢
for this gas-solid reaction [Finlayson-Pitts and Pitts, 1986].
From gas-kinetic molecular theory the rate of collisions (C)
of the gas at concentration [N,Os] with a surface of area A
is given by

C = [N,OslA(RT 27 M) 4)

where R is the gas constant, T the temperature, and M the
molecular weight of N,Os. The available surface area per
cubic centimeter of air for suspended NaCl particles at a
concentration of 30 particles cm 3 and radius 1um is 4 X
107% cm?. At an N,Os concentration [Atkinson et al., 1986]
of 1 ppb (1 ppb = 2.5 X 10'* molecules cm ~* at 298 K), the
gas-solid collision rate is 6 x 10% collisions em ™3 s~!,

The rate of production of CINO, is then given by ¢C. In
separate experiments [Livingston and Finlayson-Pitts, 1991]
a lower limit to ¢ has been shown to be >2.5 x 1073 for the
reaction of N,Os with dry NaCl at 298 K. The most recent
study of the reaction probability [Hanson and Ravishan-
kara, 1991] for the analogous reaction of N,O5 with HCl/ice
reports ¢ = 0.024 at 200 K, suggesting that the N,Os-NaCl
reaction could be at least an order of magnitude faster than
the lower limit. Taking ¢ = 0.024 for an NaCl surface, the
rate of generation of CINO, is 1.4 x 107 molecules cm 3
s7!, or ~0.6 ppt s~'. In 10 hours of darkness, for example,
overnight, 5 X 10" CINO, cm™, or ~20 ppb could be
formed. This is likely an overestimate, as it assumes con-
stant availability of N,O5 and salt surface, and in addition
assumes the reaction is not limited by diffusion to the surface
which becomes increasingly important at ¢ > 1073
[Schwartz and Freiberg, 1981]. However, it does provide an
order-of-magnitude approach.

At a solar zenith angle of 86°, characteristic of early
morning, the rate of chlorine atom generation, given by
k,[CINO,], is approximately 4 X 10 atoms cm ™3 s,
comparable to that for OH generation from 3 ppb HONO.
Thus, even given the relatively small absorption cross sec-
tions for CINO, in the actinic region, it may well be
responsible for significant amounts of organic photooxida-
tion in polluted marine urban areas.
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In more remote marine areas the photolysis of O,, fol-
lowed by the reaction of electronically excited O('D) with
water, is a major source of OH:

(RS) O3+ Av(A <320 nm)— O('D) + 0,('A)

(R6) o('D) + H,0— 20H

ke =2.2x107'° ¢cm? molecule ™! 57!

O('D) can also be deactivated to the ground state by air
(kn, =2.6 X 107", ko, = 4.0 x 107" cm? molecule ' s™")
[DeMore et al., 1990]. At a relative humidity of 50% at
298 K, approximately 10% of the O(1D) reacts with water,
the rest being deactivated. Using the recommended [De-
More et al., 1990] absorption cross sections and quantum
yields for O3, the rate of OH generation from (R5) and (R6)
at a solar zenith angle of 86° and an O concentration of 40
ppb is ~8 x 103 radicals cm ™3 s ™!

The concentration of N,O; has not been measured in
remote marine areas. It will depend on the concentrations of
NO; and NO, from which it is formed, as well as the
temperature, since the equilibrium constant for the NO,-
NO;-N,Os system is very temperature-sensitive [DeMore et
al., 1990]. Taking a constant N,Os concentration of 1 ppt
(2.5 x 107 molecules cm ~3), which seems reasonable [Fin-
layson-Pitts et al., 1990] based on NO, and O; concentra-
tions, and the same NaCl concentration as above, a CINO,
concentration of 5 x 10% molecules cm =3 (~20 ppt) could be
formed in 10 hours of darkness. At a solar zenith angle of 86°
the rate of chlorine atom generation would then be ~4 x 103
atoms cm ~> s 71, again comparable to the OH generation by
ozone photolysis.

Clearly, these calculations are approximate in nature and
have a number of uncertainties associated with them, in
addition to those discussed above. For example, the effects
of varying amounts of water on the NaCl particle surface on
the CINO, yield is not known so that these estimates are
most relevant to dry particles below the deliquescence point
of NaCl, ~76%. In addition, the sea-salt particles are not
distributed evenly throughout the troposphere but are found
primarily in the tropospheric boundary layer. Hence the
potential for a significant contribution of chlorine atoms to
volatile organic compound oxidation is greatest in the marine
boundary layer impacted by NO, emissions.

However, given the potential importance of chlorine atom
chemistry in marine areas, it is important that a search for
such species as CINO, be undertaken, for example using
infrared spectroscopy, in both polluted and remote areas. In
addition, it is important to simultaneously measure NO3 and
NO, concentrations in these areas so that concentrations of
N,Os5 can be calculated. Furthermore, obtaining the gas-
solid reaction efficiency for the N,Os-NaCl reaction, as well
as for other potential chlorine sources such as the NO,-NaCl
reaction [Schroeder and Urone, 1974; Finlayson-Pitts, 1983]
is important; such studies are currently underway in this
laboratory.

Finally, if chlorine atoms are significant contributors to
organic photooxidation in marine areas, the relative rates of
decay of the organics should reflect the relative rate con-
stants for reaction with Cl, which are different from those for
reaction with OH. It might therefore be productive to follow
the relative rates of loss in a mixture of organics after sunrise
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in marine air masses where fresh injections of the organics
into the air mass are minimal.
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