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Ultraviolet absorption cross-section of six 

alternative hydrochlorofluorocarbons (HCFC-21, HCFC-22, 

HCFC-123, HdF~-124, HCFC-141b and HCFC-142b) and of one 

alternative hydrobromofluorocarbon (Halon-22bl) have been 

measured between 170 and 260 nm for temperature ranging 

from 210 to 295 K .  These data are compared with other 

available determinations performed at room temperature. 

and their temperature dependence is discussed. 

Photodissociation coefficients are estimated and their 

temperature dependence is discussed. Impact of the photo- 

dissociation on the total atmospheric destruction of 

these compounds is illustrated. 

source, a 1 m Mc Pherson 225 monochromator, 200 cn and 20 

cm thermostatad absorption cells (one of them being used 

as reference channel), EWR type 542 P-09-18 solar blind 

photomultipliers, and a data acquisition system. The 

bandwidth is 0.1 nm and the wavelength repeatability f 

0.01 nm. The pressure inside the cell ranging from 2 x 1 0 ~ ~  

to lxlo3 Torr, is measured by means of three capacitance 

M K S  Baratron manometers 170-315 with a 1, 10, and lo00 

Torr full scale range. A regular calibration of these 

manometers allows a precision better than f 0.1 2. Low 

temperatures are determined with absolute uncertainties 

of around f 1K and a temperature stability of around f 

0.3 K is usually observed. 

The purity of the seven compounds is better than 99.5 % 

as determined by gas phase chromatography. 

I. INTRODUCTION. 

111. RESULTS. 

Since the 'Montreal Protocole on substances that 

deplete the ozone layer', alternative CFCs are actively 

pursued to replace classical CFCs and Halons in many of 

their applications. 

Among them, partially hydrogenated halocarbons are rela- 

tively vulnerable to OH radical attack at tropospheric 

altitude which will remove a great part of them before 

reaching the stratosphere where the remaining HCFC mole- 

cules will be photolysed or will react with OH or o('D) 

radicals. 

Determination of lifetime and ozone depletion 

potential of these molecules require an accurate 

knowledge of the W absorption cross-sections as a 

function of wavelength and temperature. 

The purpose of this paper is to compare available abso- 

rption cross-section data of HCFCs, to discuss their 

temperature dependence and to show the importance of the 

photolysis in the remove of these alternative compounds 

in the troposphere and the stratosphere. New investiga- 

tions of cross-sections of Halon-22bl will also be 

presented. 

11. EXPERIMENTAL. 

Ultra-fiolet absorption cross-sections and their 

temperature-dependence were determined by means of a 

double beam experimental clevice previously described 

(Gillotay et al., 1988) which includes a 40W-deuterium 

lamp or a FEL lOOOW tungsten filament lamp as light 

Numerical values of absorption cross-sections for 

wavenumber intervals of 500 cn-' have already been 

reported for the six HCFCs (Simon et al., 1988, Gillotay 

and Simon, 199la. 1991b) and are given in table I For 

Halon-22bl. 

In all cases, Beer-Laabert8s law was verified for 

absorption ranging from lo to 85 2. In such conditions, 

and according to the error budget previously published, 

(Simon et al., 1988), the absorption cross-sections 

reported here are determined with an accuracy of 2 2 2 at 

room temperature and of f 3 to f 4 % at the lowest 

temperature. 

Halon-22bl display a continuous absorption spectra 

with a maximum around 2OOna and a temperature dependence 

already observed in the case of other Halon, increase of 

the absorption cross-sections with the temperature for 

the smaller wavelengths and near the maximum and decrease 

of these cross-sections for the longer wavelengths. 

The relative absorption cross-sections at room tem- 

perature of HCFC-123, HCFC-124, HCFC-14lb and HCFC-142b 

are illustrated in Figures 1-4 (Ref = WU0.1990) and show 

large discrepancies up to 60 2 for IiCFC-123, forthe low 

values of absorption. In addition, some reported 

temperature dependence are not coherent with the usual 

exponential decrease of cross-section values at low 

temperature. These two issue raise question on the 

experimental uncertainties when measuring low optical 

thickness values 



IV. DISCUSSION. V. REFERENCE. 

photodissociation coefficients of the molecules have 

been calculated, neglecting the effects of multiple 

scattering, for given altitude (z), zenith angle (,k) and 

wavelengths intervals according to the relation : 

2 
+ n(air) ascatt1 seckdz 

where 

z is the altitude, 

a are the absorption cross-sections, 

q (z) and q (s) are the solar irradiance at altitude z or 
h h 

extraterrestrial (z = m) 

n is the number of particles per volume unit. 

calculations are made for solar zenith angle of 0' and 

60' (sec = 1 and 2). taking into account.the values of 

o (Oi) and a (03) from WHO and Kockarts (1976), ascat. 
from Nicolet (1984) and the values of q(m) from WHO 

(1986) and by taking into account the actual values of 

cross-sections corresponding to the temperature 

conditions at each altitude. 

The loss rates calculated with the WHO rate 

constants and the photodissociation coefficients 

corresponding to the temperature conditions at each 

altitude are represented as a function of altitude in 

Figures 5-11. These figures show clearly the importance 

of photolysis relative to the reaction with 011 and o('D) 

radicals. At tropospheric altitude, reaction with OH and 

o('D) are in all the cases the main removal mechanisms. 

Photolysis becomes the main process in the stratosphere 

for HCFC-123, HCFC-l4lb and Halon-22b1, but remains of 

lower or equal importance for all the other compounds. 
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Figure 1 Figure 2 

Figures 1-4 Relative absorption cross-sections 

A : Gillotay and Simon, 1991a, 1931b. 

0 : Molina and Molina, 1989. 
* : Allied-Signal Corporation, 1989. 
+ : Hubrish ans Stuhl, 1900. 
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Figures 1-4 Relative absorption cross-sections 

A : Gillotay and Simon, 1991a, 1991b. 

@ : Molina and Molina, 1989. 
* : Allied-Signal Corporation, 1989. 
+ : Hubrish ans Stuhl, 1900. 

Table I CHF2Sr - Halon 22bl 
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Figures 5-11 : Loss rates versus altitude 
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