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ABSTRACT

Ultraviolet absorption cross-sections of three chlorofluoro-
ethanes (CH3-CF2C1 - HCFC 142b, CHQ-CFCl2 - HCFC 141b and CF3-CHCL2
HCFC 123) are measured with uncertainties of 2%. These compounds are
photodissociated in the stratosphere. But, as shown by a one-dimensional
model calculation, a substantial fraction of these molecules is destroyed.
in the troposphere by hydroxyl radicals. As a consequence, the lifetime
and the ozone depletion potential of these 3 chlorofluoroethanes are
significantly lower than those of the widely used chlorofluorocarbons 11

and 12.

RESUME

Les sections efficaces d’absorption de trois chlorofluoroéthanes
(CH3-CF201 - HCFC 142b, CH3-CFC12 - HCFC 141b and CF3CHCI3,- HCFC 123)
ont été mesurées avec une incertitude de 2%. Ces produits sont photo-
dissociés dans la stratosphére. Toutefois, comme le montre le calcul a
1l’aide d’un modéle wunidimensionnel, une fraction importante de ces
produits est détruite dans la troposphére par le radical hydroxyl. De ce
fait, leur temps de vie et leur potentiel d'appauvrissement de la couche

d'ozone sont nettement moins élevés que ceux des chlorofluorocarbones 11
et 12.
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SAMENVATTING

De werkzame absorptiedoorsneden van drie chloorfluorethanen
(CH3 CFZCl - HCFC 142b, CH3 - CFCl2 - HCFC 141 b en CF3 -CHCl2 - HCFC
123) werden gemeten met een onzekerheid van 2%. Deze verbindingen zijn
onderhevig aan fotodissociatie in de stratosfeer. Een belangrijk deel
van deze moleculen wordt echter in de troposfeer vernietigd door
hydroxyl radicalen, zoals door een eendimensionale modelberekening
aangetoond wordt. Bijgevolg is de levensduur en de verarmingspotentieel

van de ozonlaag van deze 3 chloorfluorethanen duidelijk minder hoog dan

die van de chloorfluorkoolstoffen 11 en 12.

ZUSAMMENFASSUNG

Die wirksame Absorptionsquerschnitten von drei Chlorfluorethanen
(CH3 CF201 - HCFC 142 b, CH3 - CFCl2 - HCFC 141 b und CF3 - CHCl2 -
HCFC 123) wurden gemessen mit eine 2% Unsicherheit. Diese Verbindungen
erfahren Photodissoziation in der Stratosphidre. Ein wichtiger Teil
dieser Molekulen wird aber in der Troposphdre zerstért bei Hydroxyl
Radikalen, wie gezeigt durch ein eindimensionales Modell. Folglich ist
die Lebensdauer und das Verarmungspotential der Ozonschicht dieser 3

Chlorfluorethanen deutlich geringer dann die der Chlorfluorkohlen-

stoffen 11 und 12.
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1. INTRODUCTION

0dd chlorine, primarily produced in the stratosphere by the
photodissociation of halocarbons released in the troposphere, plays a key
role in the budget of the stratospheric ozone. The "Montreal Procotol on
substances that deplete the ozone layer" 1limits the production " of
Cl (CFC-11), CF Cl2 (CFC-12), C,F Cl3 (CFC-113),

3 2 2°3

CZFACIZ (CFC-114) and 02F501 (CFC-115) because of their high ozone

depletion potential. New compounds are, at the present time, under study

compounds such as CF

to replace the most commonly - used chlorofluorocarbons. Non-fully
halogenated halocarbons are relatively easily destroyed by OH radicals in
the troposphere and their lifetime is consequently shorter than the fully
halogenated halocarbons which are only dissociated by solar radiation in

the stratosphere.

‘The purpose of this paper is to report measurements of the ultra-
violet absorption cross-sections of three chlorofluoroethanes (CH,-CF,Cl

3 2
- HCFC-142b, CH -CFCl2 - HCFC-141b and CF —CHC].2 - HCFC-123), performed-

3 3
between 170 and 250 nm, at ambient temperature. These data are used to
estimate the 1lifetime of these compounds and their efficiency in

depleting stratospheric ozone.
2. EXPERIMENTAL AND LABORATORY RESULTS

Absorption cross section have been determined in the ultraviolet,
using a classical single beam equipment previously described by Gillotay
and Simon (1988), including a Deuterium lamp, 1 m Mc Pherson 225 mono-
chromator, a 2 m absorption cell and a EMR type 542 P-09-18 solar blind
photomultiplier. The pressure inside the cell ranging from 2 x 10-3 to
103 torr is measured with three capacitance manometers MKS-Baratron. The
three compounds have respectively purities of 99.96% for CFC-142b, 99.72%

fir CFC-142b and 98.4% for CFC-123, as determined by gas phase chromato-
graphy. ‘ '
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Determination of absorption cross-sections is made after more
than fifteen sequential recordings of the incident and the absorbed
radiation fluxes using the Beer-Lambert’s law. Numerical values for
gelected wavelengths between 170 and 250 nm (2 nm intervals) are given in

Table 1. The absorption spectra are illustrated in Figure 1.

In all cases, the: Beer-Lambert’s law was verified for
transmittance ranging from 10 to 85%. In such conditions, and according
to the error budget published by Simon et al. (1988), the absorption
cross-sections given in Table 1 are determined with an accuracy of + 2%.
The three chlorofluoroethanes display continuous absorption in the region

170-250 nm, with absorption cross-sections ranging from 2 x 10-18 to

10-23 cm2 molec.-l. The only previous available values are those of
Hubrich and Stuhl (1980) for HCFC-142b which are of the same order of
magnitude in the 170-190 . nm range and become smaller than our values in

the 190-230 nm region (up to a factor of 50 at 230 nm).
3. POTENTIAL EFFECTS ON THE OZONE LAYER

The potential for a halocarbon molecule to initiate catalytic
destruction of ozone in the stratosphere depends on the number of
chlorine (and bromine) atoms included in the molecule, on its lifetime in
the atmosphere and, more particularly, on its photolysis rate in the
stratosphere and its reactivity mainly with hydroxyl radicals (OH) in the
troposphere. The new measured absorption cross-sections have been used to
calculate the lifetime and the ozone depletion potential (ODP) of the
three chlorofluoroethanes. The values of the rate constants of the
reaction of the compounds with OH radicals were taken from a recent
determination made by Dogimont (1988). Calculations made using the
one-dimensional model of Brasseur and De Rudder (1987) suggest that more
than 90% of these éompounds are destroyed in the troposphere, by reaction
with OH radicals. Consequently, the calculated values of the global
lifetime and the ozone depletion potential are very sensitive to the

-

concentration of OH.
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TABLE 1.- Absorption cross-section [g()X) x 1021 (cm2 molec.'l)] at 2 nm

interval, at room temperature

(nm) CH -CF Cl CH -CFCl CF -CHCL
3 2 3 2 3

HCFC-142b HCFC-141b HCFC-123

170 264 1310 1858

172 212 1361 1889

174 168 1474 1948

176 136 1562 1903

178 100 1631 . 1878

180 84.3 1657 1727

182 66.2 1608 1515

184 47.0 1505 1285

186 35.6 1244 1015

188 28.5 1074 800

190 22.5 863 603

192 18.1 671 455

194 14.8 499 332

196 11.9 364 245

198 9.34 257 175

200 - 7.13 183 122

202 5.45 126 89.0

204 4.12 84.9 61.4

206 3.06 55.5 42.4

208 2.32 36.5 29.5

210 1.83 23.5 20.3

212 1.42 15.4 14.1

214 1.15 9.84 9.57

216 0.995 6.25 6.51

218 0.763 4.10 4.46

220 0.584 2.67 3.16

222 0.443 1.76 2.20

224 0.335 1.15 1.48

226 0.251 0.728 1.12

228 0.185 0.490 0.797

230 0.140 0.333 0.586

232 0.107 0.222 0.443

234 0.0839 0.148 0.336

236 0.0651 0.103 0.250

238 0.0471 0.190

240 0.0345 0.148

242 0.0222 0.109

244 0.0135 0.0782

246 0.0603

248 0.0404
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Figure 1 : Ultraviolet absorption cross-sections of HCFC-123, HCFC-141b
and HCFC-142b with respect to wavelength at 295 K.

06



Table 2 shows that the calculated lifetime of HCFC-123, HCFC-141b
and, to a lesser extent, HCFC-142b are significantly smaller than the
lifetime of CFC-11 (about 70 yrs) and CFC-12 (about 140 yrs).

As a consequence, the ozone depletion potential of the three
compounds relative to that of CFC-11 is of the order of 0.01 for
HCFC-123,‘0.1 for HCFC-141b and 0.05 fbr HCFC-142b. These values are
determined with an uncertainty of a factor of + 2 because of the

difficulty in modelling accurately the tropospheric OH density.

In conclusion, the impact of HCFC-123, 141b and 142b on the ozone
layer is significantly smaller than that of the chlorofluorocarbons
regulated by the Montreal Protocol. The contribution of these spécies to
the greenhouse effect of the atmosphere remains however to be determlned

accurately.
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TABLE 2.- Calculated lifetime of chlorofluoroethanes

Compound Global lifetime
(years)
HCFC-123 2
HCFC-141b 8.5
HCFC-142b 21
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