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FOREWORD -

The paper entitled "Temperature. dependeénce of ultraviolet
absorption cross-sections of chlorofluoﬁoethahes" 'is submitted for

publication in "Annales Geophysicae".

AVANT-PROPOS

Ltarticle intituld4 “"Temperature dependence of ultraviolet
absorption cross-sections of chlorofluoroethanes" - est soumis pour

publication dans la revue "Annales Geophysicae".

VOORWOORD

. Het artikel "Temperature dependence of ultraviolet absorbtion
cross-sections of‘chlorofluoroethanesﬁ is .voorgelegd ter publikatie in

"Annales Geophysicae".

VORWORT

‘Der Artikel "Temperature dependence of ultraviolet absorption
cross-sections of chlorofluoroethanes” ist.zur Verdffentlichung vorgelegt

in "Annales Geophysicae". .



TEMPERATURE DEPENDENCE OF ULTRAVIOLET ABSORPTION
CROSS-SECTIONS OF CHLOROFLUORO-ETHANES

P.C. SIMON, D. GILLOTAY, N. VANLAETHEH-HEUREE,and J. WISEMBERG

ABSTRACT

New absorption cross-sections of three haloethanes (C2F

C2FuC12 (CF2C1-CF2C1), and C2F3Cl3 (CF2

250 nm for temperatures ranging from 225 to 295 K, are presented with

5Cl,
Cl—CFClZ) measured between 172 and

uncertainties between 2 and Y4 %. They are compared with previous
measurements available at room temperature and at "~ only one low -

temperature, namely 208 K.

¥

The largest temperature effects which take place near the

absorption threshold, can amount up to 50 %  for C.F.Cl_ and 70% for

2373
, C2FMC12 ; temperature effect, if any, was too small to be detected in the
case of C_.F_Cl. Extrapolated values. fqr témperatuﬁes of aeronomical

25 .
interest are presented as well as parametrical formulae which give

absorption cross-section values for given wavelength and temperature

useful in stratospheric modelling calcglations.~

Photodissociation coefficients  are presented and their

temperature dependence is discussed.



RESUME

Des nouvelles valeurs de sections efficaces d'absorption de

i £ . . - o -
trois haloéthanes (cstcl, CeFungA(QFQCl'szgl) et C2F3Cl3 (CF,C1 ch;z)
mesurdes entre 172 et 250 nm pour des .températures comprises entre 225 et
295 K, sont présentées avec une incertitude comprise entre 2 et 4%. Elles
sont comparées avec des déterminations antérieures réalisées a tempéra-

ture ambiante et & une basse température, 208 K.

L'effet de température le plus important, qui a lieu prés du
seuil d'absorption, peut7atpeindre 50%{pour Q2F3Cl3 gt 70% pour C2FuC12;
1'effet de température, s'il existe, est trop.- faible pour étre.mis en
évidence dans le cas de CZF5C1t ' | '

Les valeurs extrapolées aux températures d'intérét aédronomique
" sont présentées de méme que des équatiohs paramétriqUes permettant de
calculer des valeurs de sections efficaces d'absorption pour des inter-
valles de longueur d'onde et de température donnés. Les coefficients de
photodissociation sont donnés et 1eur dépendance 2n température est

discutée.
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SAMENVATTING

Nieuwe Awerkzame . absorptiedoorsheden van drie halo&thanen
(02F501 2 uCl (CF Cl - CF Cl), en CZF3C13 (CF Cl - CFCl ) gemetnn
tussen 172 en 250 nm voor temperaturen schommelend tussen 225 en 295 K,
worden voorgesteld met onzekerheden tussen 2 en U%. Ze worden vergeleken
met vorige metingen die‘bij kamertémberatuUr bereikt worden en slechts

bij één lage temperétudr, namelijk 208 K.

De belangr13kst° tcmperatuurgnvolgan die optreden bij de
absorptledrempel kunnen 50% bereiken voor C2F3Cl3 en 70% voor C2FMC1
'temperatuurgevolg, als dit bestaat, was te onbedu1dend om opgespoord te

worden bij C FSCl

Ge&xtrapoleerde waarden voor temperaturen van asronomisch
belang worden voorgesteld, alsook pabametrisqhe formules die toelaten
waarden te berekenen van werkzame absorptiedoorsneden' voor gegeven
golflengten en temperaturen. De fotodissociatiecoéfficiénten worden

gegeven en hun temperatuurafhankelijkheid'wordt besproken.
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. ZUSAMMENFASSUNG

Neue Absorptionsdurchquerschnitten von drei - Haloethanen
(C2F5Cl, CZF”CIZ-SCF2C1 - C?ZQL), und‘C2F3Cl3 (Ccm; - CFC12)-gemeSSen
zwischen 172 und 250 nm flr Temperaturen wechselnd zwischen 225 und
295 K, werden vorgestellt “mit  Unsicherheiten zwischen 2 und U%.
Vergleichungen werden gemacht mit vorhergehenden -Méssungen erreicht bei

Zimmertemperatur und nur bei einer geringen Temperatur, ndmlich 208 K.

Die wichtigste Temperaturfblgen die auftreten bei der
Absorptionschwelle kdnnen 50% erreichen fiir C2F3C13 und 70% fur C2FuC12;
‘Temperaturfolge, wenn sie besteht, 'war zu unbedeutend um ermittelt zu

yegden,p?}lszSCl.

‘Extrapolierte . Werten fur : Témperaturen von  aéronomischem
Interesse werden vorgestéilﬂ; wie auch parametrische Vergleichungen die
zulassen Werten zu berechnen von Absorptionsdurchquerschnitten fiir
. gegeben. Wellenldnge und Temperaturen. Die thodissoziationskoeffizienten

werden gegebén und die Temperaturabhangigkeit wird besprochen.
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INTRODUCTION

Amongst the numefous'halocarbons of industrial origin released

to the atmosphere and considered as potentially harmful for stratospheric

ozone, halomethanes like CClu, .CHC13, CH2C12, CH3C1, CFClg, CFZClZ’
CF3Cl; CHFC12,_CHF2C1,... and haloethanes like CH3CCl3 (Vanlaethem et
al., 1979) or CZFSCl (CFC-HS),'CZFupl2 (CFéC}CFZCl, CFCj11N) and C2F3Cl3
(CFC1L.CF.Cl, CFC-113) are currently recognized as the halocarbons likely

272 _
to have the most significant impacts on stratospheric ozone in the

foreseeable future.

The most important chlorofluoroethanes seem to be CFC-113,-
CFC-114 and CFC-115. Indeed, Singh 'et al. (1979) concluded that the
residence time of these later halocarbons is at least several deéades,
and that photolysis in the strathphere would'be the major sink. This was
confirmed by the calculations of Wuebbles (1983), and by recent measure-
ments of concentration‘profilesf(Borcherslet'al. 1987, Fabian et al.

1981, Penkett et al. 1981).

‘ ‘The reljability of such predictions is strongly depéndedt on
the photodissociation pattern adopted for these haloethanes. Until now,
three sets of measurements of absorption cross-sections are available at
room temperature (Robbiné 1976; Chou et al. 1978 and Hubrich and Stuhl
1980). For the two first determinations, the proposed values disagree for
CFC-115 by about 50% over the 186 - 204 nm wavelength range. Moreover,
the measurements of Hubrich and.Stuhl (1980), in the case of CFC-114,
disagree by at least 30%‘with the values proposed. by Robbins (1976) and
Chou et al. (1978).

The absorption cross-sections were also measqred for the three
compounds at only one low temperature, namely 208 K, by Hubrich and Stuhl

(1980).

The purpose of this paper is to report a new investigation of

the ultraviolet absorption spectrum of CFC-113, CFC-114 and CFC-115 over
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the wavelength range 172-230 nm, and for temperature between 295 and 225
K. Temperature dependence of the absorption cross-sections of CFC-113 and
CFC-114 is clearly shown. Photodissociation coefficients are calculated

and their temperature dependence is discussed.
Parametrical equations are also given to derive absorption
cross-section values for wavelength and temperature ranges used in

stratospheric modelling calculations.~

EXPERIMENTAL

The three chlorofluoroethanes were obtained after distillation
under vacuum from commercially available- analytical grade products
manufactured by Kali Chemie and evaporated from the gas-handling system

in pyrex to the absorption cell.

The absorption measurements-havé been performed by mean of a
thermostatic stainless absorption cell with a 2 m optical path. It can be
evacuated down to’ 10-7 torr .by an ion pump  which prevents any
contamination. Low temperature régulationAdown to 220 K was obtained by
pumping cooled methyleyclohexane through double jacket around the
absorption cell. Thermal equilibrium was usually obtained after 3 or 4
hours wifh a maximum temperature gradient between both ends of the cell
of 2 K at 220 K. The pressure was monitored by capacitance manometers MKS
Baratron directly connected to the absorption cell. Three different heads
covered pressures ranging from 10—u to 1000 torr with a precision better
than 0.1 %. The pressure decrease was followed during each refrigeration
process. The actual gas temperéture'was determined by considering both
the conditions prevailing at the three points of measurement in the cell

and the value deduced from the pressure decrease, according to the

perfect gas law.

An EMR 542 P.09.18 solar blind photomultiplier  was used a
detector of the incident and tranSmitted fluxes, a deuterium source and a

1 m model 225 Mc Pherson monochromator providing the monochromatic

incident radiation.
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A more complete description of the experimenﬁal device has been
given previously by Wisemberg and Vanlaethem (1978) and by Gillotay and
Simon (1988).

Determination of the absorption cross-sections is made after at
least ten consistent sequential recordings of the incident and absorbed
fluxes measured for identical temperature conditions, using the

Beer-Lambert's law :

I(x) = I, (1) exp (-o(x) n d) (1
where : IO(A) and I{(A) are respectively the incident and transmitted
fluxes,

n is the number of molecules per volume unit,
d is the optical path, and

g()) is the absorption cross-section

In all cases, the validity of Beer-Lambert's law was confirmed
over the pressure ranges used for absorption measurements and specified

in table 4.

At ambient temperature, the quoted accuracy is of the order of-

2 %, but at lower temperatures, the RMS uncertainties increased from

| +

3% to * 4y ¢ for the absorption cross-sections values lower than

| +

X 10~21 cm2 molec-1.

n

RESULTS

The absorption spectra are shown in Fig. 1 and 2. Numerical
yalues of the corresponding absorption cross-sections for selected
wavelengths between 174 and 250 nm (namely 2 nm intervals) and wave-
number intervals of 500 cm_1, currently used for aeronomy modelling
(Brasseur and Simon, 1981) are respectively given in tables la-3a and

1b-3b.

a) Ambient temperature (295 K).

Chlorofluoroethanes display continuous absorption in the

. . -18
172-230 nm region, with absorption cross-sections ranging from- 10 to

07



10_22 cm2 molec._1. The progressive substitution of F atoms of the basic

hexafluoroethane by Cl atoms leads to increased absorption and extends

the absorption region towards longer wavelengths.

Cross-section measurements have been extended to longer wave-
lengths than those currently available (namely to 3.6x10_22 cm2 molec-1

for CFC 113 and 2x10 22 om® molec | for CFC 115).

The new results are presented in Fig. 1. with the available
cross-section values published by Robbins (1976) and Chou et al. (1978)
and Hubrich (1980) for comparison purposes . The discrepancies between
the previous cross-section values are clearly illustrated, showing, in
-the‘case of CzFSCl, differences up to 50% between the measurements of
Robbins (1976) and Chou et al. (1978) over the wavelength range 186-
204 nm, the values of Hubrich and Stuhl (1980) being 10% higher than’
those of Robbins. The cross-section valges repQrted here confirm those
reported by Robbins (1976). For C2F3C13 we cdnfirm-the values reported by
Chou et al. (1978) and Hubrich and Stuh; (1980). In the case of CZFuClz,
the new measurements resolve the remaining inconsistencies between Chou
et al. (19785 and Robbins (1976) at, for instance, 195 -and 212 nm. The
values proposed by Hubrich and Stuhl (1980) are in average 30% higher
than all other available data. Interpqlated values of new absorption

. cross—-section measurements at 2 nm intervals are,listed in tables 1-3.

It can be 'séen from Fig. 2., that absorption cross-sections

décrease with temperature by a factor which depends on both the wave=
'lenéth and the chemical composition of the compound. This effect is most
significant at low temperatures, in the vicinity of low absorptions, and
in the case of C2FuC12. ft progressively disappears inmthe region of high
absorptions. Temperature effects, if any, were too small to be detected
in our expebimenta;:qpnditionspin theJcasg.pf 02F5C1. ’

For all 'cdmﬁ6unds;_'the‘;analysis“ of lﬁhev‘relationship of
absorption cross?sections versus temperature for a givenAwavélength shows

an exponential decrease in the considered wavelength and - temperature

" ranges. (Fig. 3.) Because the temperature range 225-295 K is
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adequately covered by accurate measurements performed at four different
temperatures around 225, 255, 270 and 295 K, extrapolation down to 210 K

can be accurately made as well as interpolation at selected temperatures.

Numerical values deduced from a least square fit- through the
four temperatures measured are presented in tables 1-3 for four defined
temperatures (270, 250, 230, 210 K) which cover the usual stratospheric

temperature conditions.

A similar study has already been made at only one low tempera-
ture (208 K) in a 10 cm optical path cell, by Hubrich and Stuhl (1980).
They qualitatively find similar temperature effects than those presented
" here. They are in fairly good agreement for C2F3Cl2 expected at 195 nm,
as cen be seen en figure 4. In the case of C2FMC12’ the effect measured
by Hubrich and Stuhl (1980) is lower than these reported here. Moreover,
they find a sligh temperature effect C2F5Cl which is not observed in our
experimental conditions. Discrepancies can be explained by a critical
analysis of the experimental conditions reported by Hubrich and Stuhl
(1980) which reveals quoted accuracy up to + 50% in the wavelength range

where temperature effects are the most important.

In addition, in our experimental conditions, absorption cross-
section measurements for which trasmitted fluxes are higheﬁ than 90% or
lower than 10% have been rejected in order to maintain the quoted

accuracy over the whole wavelength range.

' Because of the exponential dependence of the absorption cross-
sections (g) with temperature (T) at each wavelength (A), the following

empirical function between those parameters can be defined :
log,, o(}) = A(A)+ B(A) x T (2)

where the coefficients A(A) and B(X) were determined by a polynomial
fitting‘of the available experimental data with respect of temperature

and wavelength by mean of a least squares algorithm developed by The Math
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Works Inc. (PC - MATLAB), according to the following polynomial
expression : '

log,, o(A,T) = Ay *+ AA +...+ Anx“ + (T-273) x (By *+ ByA *...+ ann) (3)

The computed values of the Ai an Bi coefficients are given in table 5.

The calculated values of absorption cross-sections deduced from

expression (3) are in agreement with all the experimental data within 4%.

DISCUSSION

As discussed by Sandorfy (1976), the continous absorption of
chlorofluoroethanes in the 200 nm fegion corresponds to the less
_energetic band of their electronic spectrum. It is due to the existence
of a (C-Cl)* « Cl transitioh involving excitation to a repulsive
electronic state (C-Cl1 antibonding). Substitution of hydrogen on the
basic hydrocarbon entity by Cl atoms leads to an increased absorption and
a red shift of the average wavelength absorption range, while F atoms
play the opposite role and stabilize the molecule. Unfortunately, the
complexity of the spectrum features, especially in the case of poly-
chloro-compounds, makes a theoretical analysis of temperature dependence

of their absorption cross-sections very difficult.

Relative values a(T)/0(295) versus wavelength relationships,

for a given temperature, are shown on Fig.l.

It is currently accepted, that the first photodissociation step
for all halocarbons in the wavelength and pressures ranges of strato-
spheric interest is the release of one Cl1 atom with an unit quantum

yield, according to the general scheme

RCl1 + hv » RC1 + Cl %)
X x-1

with atmospheric O

The rapid reaction of RClx releases another Cl atom

-1 2

leaving RClx which in turn can be subject to photolysis. The ultimate

-2 '
fate of such radicals in stratospheric conditions ought to be considered
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in detail in order to define the average production of Cl10 radicals due

to the photodissociation of each halocarben.
. Photodissociation coefficients J, neglecting effects of
multiple scattering, have been computed for a given altitude (z), zenith

angle (¥%) and wavelength interval according to the relations:

(z) < | | - (5)

J(z) = o, q,

‘TA(Z)
q,(z) =g, (=) e " (6)
TA(Z) = )2 [n(02) 0*(02) + n(03) OA(O3) + n(air)oscatt.] sec x dz (7)
where o‘are the,absorption cross-sections

qx(z) andx‘qx(w) are the solar irradiances at altitude z or
extraterrestrial (z=«)

n is the number of particles per volume unit.

for solar zenith angles x of 0° and 60° (sec X = 1 and 2), taking the
values of 0,(0,), 0,(0;) from WMO (1985) and Kockarts (1976), Osoatt from
Nicolet - (198&) and the values of qx(m) from WMO (1985) and. taking into
account the actual values of cross-sections which correspond to the
temperature conditions prevailing at a defined altitude (Table 7, Fig. 5
and 6). A eomparisen of either temperature dependent or independent
. photodissociation coefficients for different stratospheric altitudes (15
to 50 km) is presented iﬁ Fig.7. Qhere relative photodissociation
coefficients J(T)/J(295) vere&s‘ altitude relationships are given for

studied compounds.

Obviously, the effect is'maximum at low eltitudes'ahd gradually
idecreases, follow1ng the temperature gradient in the stratosphere. Due to
the sign1f1oant 1ncrease of ozone optlcal depth in the stratosphere at
wavelength “beyond 220 nm, the value of 'the overall photodissociation

coefficients between 20 and 35 km is mainly influenced by the 200-210 nm

15
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interval contribution. In such conditions, a significant reduction of
overall photodissOciation-coefficiente is only to be expected in the case
'of] compounds whose absorption cross-sections are stfongly temperature
dependent in this wavelength interval. Accordingly, importanﬁ reductkon
factOr are obsebvéd'for‘CéFuCl2 up te 40. ¥ and for C2F3Cl3 up to 30 %,
as shown on fig. 7. :

The introduction  of lower 'photodissociation coefficients in
atmospheric models should significantly increase atmospheric residence
‘times in mean altitudes of photolysis. Therefore, the stratospheric
chlorine budget will be affected by new photedissociation rate
coefficients taking into aocouﬁt,the temperature dependence of chloro-

fluoroethane absorptionzcross-eections.

In cohclusion, this work presente a complete set of
experimental data 'dn the temperature dependence of | absofption
cross-sections of chlorofluoroethanes. Fairly simple relationehips. to
compute the absorption cross-sections values with respect to temperatgre
and wavelength ére proposed. The- photodissociation coefficients are
calculated and the importance of the‘tempeneture dependence of abeorptipn

cross-section on their values is clearly demonstrated.
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TABLE 1.a. Absorption - cross-sections (a(X) x 10 (cm2 molec;_1)) of

C2F3Cl3, at 2 nm interval at selected temperatures (295K,
270 K, 250 K, 230 K, 210 K) ' '

~A(nm) 295k 270K 250K 230K~ 210K

184 1180 1180 1180 1180 1180 ‘
186 1040 1040 1040 1040 1040 (
188 835 835 835 835 835 |
190 645 645 645 645 645
192 488 498 - 488 - 1488 188
194 360 360 360 360 360
196 260 - 260 259 250 243
198 183 183 - 174 166 159
200 125 19 13 107 101
202 86.0 79.6 TU.4 69.7 65.4
- 204  58.0 52.5 48. 4 w7 40.9
206 10.0 35.6 32.2 29.6 26.6
208 26.5-  22.8  20.7 18.9 16.8
. 2t0. 18.0 15.5 13.9 12.6° 11.2
212 11.5 9.89 8.74 7.93 6.96
214 7.60 16.50 5.78 5.13 .52
216 5.05 4.29 3.79 3.36 2.98
218 3.18 2.69 2.38 . 2.10 1.84
220 '2.20 1.86 1.63 1.43 1.25
522 1.5 1.23 . 1.07 0.930 0.810
224 0.950 0.800  0.697 0.610.  0.530
226 0.630  0.529 0.461 0.396  0.341
228 0.410 0.344 0.299 0.255 0.220
230 0 0.226 0.196 0.168  0.144

.270.
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TABLE 1.b. Absorption cross-sections (o(r) x 1021 (cm2 molec.-1)) of

C2F3Cl3' over thé spectral intervals used in atméspheric
modelling calculations (wavénumber interval : 500 cm—1) , at

selected: temperatures (295 K, 270 K, 250 K, 230 K, 210 K)

Ne A (nm) 295K 270K 250Kk 230K 210K

52 185.2-186.9 1040 1040 1040 ~ 1040 © 1040

53  186.9-188.7 860 . 860 860 - 860 . - 860

54 188.7-190.5 700 - 700 © 700 700 700

55  190.5-192.3 547 547 547 547 547

56 192.3-194.2 415 415 415 415 415

57  194.2-196.1 310~ 310 310 307 299

58 196.1-198.0 225 225 218 209 202 -

59  198.0-200.0 - 158 154 146 138 132

60  200.0-202.0 108 101.5  95.0 89.6 8y.2
61 202.0-204.1 73.0 67.0  62.0  57.3 53.3
62 204.1-206.2 48,0 43.0 39.1 36.0 31.7

63 206.2-208.3 31.8  27.8 25.1  23.0 20.7

64  208.3-210.5 19.8 - 17.1 15.3 14.0 12.4
65 210.5-212.8 12.5 10.7 9.56 8.62 7.56

66 212.8-215.0 7.70 6.58  5.85 5.31 ¥.58
67  215.0-217.4 . - 14.80 4.08 3.60 - 3.19 2.83

68  217.4-219.8. 2.95 2.49  2.20 1.92 ° 1.70

69 219.8-222.2 1.80 1.50 1.31 1,15 1.00

70  222.2-224.7 1.08 0.900 0.788 0.690 0.600

71 224.7-227.3 0.630  0.529  0.461  0.396  0.341

0360 0.302° .0.262  0.229.  0.192°

72 227.3-229.9
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21 (cm2 molec._l)) of

TABLE 2.a. Absorption -cross-sections (g(A) x. 10
2 472

C.F,Cl, at 2 nm interval at selected temperatures (295AK,
- 270 K, 250 K, 230 K, 210 K) | ‘

A(nm) 295k 270K 250K -~ 230K . 210K
172 . 690 690 690 690 . 690
174 550 550 550 550 550
176 430 430 430 430 430
178 340 340 350 340 340
- 180 262 262 262 262 262
182 198 198 198 190 198
184 150 " 150 150 150 150
186 110 110 110 - 110 110
188 . 78.0 78.0 78.0 - 78.0 . 717.2
190 53.5  53.5 53.5 51.9 50.3
192 37.0 37.0 35.7 34,0 32.8
194 25.6 24.8 23.7 22.4 21.3
196 17.5 16.4 15.5 1.7 3.9
198 12.0 - 10.9  10.2 9.45 8.80
200 8.00  7.12 6.55 6.03  5.50
202 5.40. - U.67 y.21 3,81 3.43
204 3.70 3.12 2.80 2.46 2.18
206  2.15 2.02 1.76 154 1.35
208 1.60 . 1,32V' 1.13 0.970. 0.840
210 1.04 . 0.837 0.715 0.605 ~ 0.510
212 0.680 0.548 0. 455 0.380  0.315
214 0.440 - 0.343  0.287  0.237  0.196
216 0.290 0.223 ~0.182°  0.148 0.120
218 0.190 0.144 0.115  0.0930  0.0740
0

2200 0.122 - 0.0920  0.0720  0.0570  0.0450 -
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" TABLE 2.b. Absorption cross-sections (o(A) x 10 en? moleca-])). of

CZFMC12 over the spectral intervals used in atmospheric
modelling calculations (wavenumber interval : 500 cm-1), at

selected temperatures (295 K, 270 K, 250 K, 230 K, 210 K)

Ne . A(nm) 295K 270K 250K 230K 210K
By 172.8-173.9 . 610 610 . 610 610 610
45 173.9-175.4 518 518 518 518 518
W6 175.4-177.0 k21 121 w21 2 2
47 177.0-178.6 347 347 347 347 LY
48  178.6-180.2 281 281 281 281 281
49 180.2-181.8 228 228 228 228 228
50 181.8-183.5 182 182 182 182 182
51  183.5-185.2 143 143 143 143 143
52 185.2-186.9 110 110 110 110 110
53  186.9-188.7 ' 80.0 80.0 80.0 80.0 80.0
54  188.7-190.5 58.2 58.2 58.2 57.0 55.3
55 190.5-192.3 42.1 42.1 41.3 39.4 - 37.9
56  192.3-194.2 30.0 29.4 28.2 26.9. 25.7
57  194.2-196.1 20.5 19.6 18.6 17.5 16.5
58  196.1-198.0 14.5 13.4 12.6 1.7 ~10.9
59  198.0-200.0 19.80 8.82 8.13 7.50 6.97
60 200.0-202.2 - 6.60 5.77 5.28 4.78 4.03
61  202.0-204.1 4.08 3.49 3.12 2.77 2.49
62  204.1-206.2 2.95 2.46 2.30 1.90 1.68
63 206.2-208.3 1.90 - 1.56 1.35 1.16 1.01
64  208.3-210.5 1.19 0.963 0.821 0.690 - 0.595
65 210.5-212.8 0.740 0.588  0.492 0.411 0.348
66 212.8-215.0 0.450  0.351 0.290 -~ 0.238  0.198
67 215.0-217.4 0.278 0.214  0.174  0.142 0.114
0.0990  0.0790  0.0630

68 217.4-219.8 . 0.165  0.124
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TABLE 3.a. Absorption cross-sections (o(x) x 10

C_ZF

5

Cl at 2 nm interval.

(nm) 295 K -
172 56.5 .
174 40.5
176 28.5
178 20.5
180 14.5
182 10.5
184 7.50
186 5.35
188 3.85
190 - 2.70
192 1.90
194 1.30
196 0.900
198 0.630
200 0.440
202 0.310 ~
204 0.210

.26
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TABLE 3.b. Absorption cross-sections (o(i) x 102} cm2 molec._1)) of

C,F_.C1 over the spectral' intervals used in stratospheric

: midZIling' calculations (wavenumber interval : 500 cm-i).
Ne - a(mm) - 295K
4y 172.4-173.9 _ 47.0
45 173.9-175.4 36.2
46 175.4=177.0 27.5
47 177.0-178.6 20.5
48 178.6~180.2 ‘ 16.0
49 180.2-181.8 12.5
50 181.8-183.5 © o 9.40
51 183.5-185.2' 8.20
52 185.2-186.9 5.35
53 - ©186.9-188.7 4.00
54 188.7-190.5 . 4,95
55 190.5-192.3 2.15
56 192,3-194.,2 1,50
57 194.2-196.1 1.06
58 ~196.1-198.0 0.750 .
59 : '198.0-200.0 10.520
60 © 200.0-202.0 0.360
61 © 202.0-204.1 '0.250
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" TABLE 4. Experimental conditions for the measurement of ébsdrption cross-

sections at low temperatures.

- Temperature - Max. workjng. Wavelength range
range (K). pressure showing temperature
' (torrs) dependence (nm)
c ' . 295-22 : 2.8 -
2F3Cl3 95 5 o 196 230
C,F)yCl : 295-225 . : 35 : 188-220
C2F5Cl : 295-225 : 308 : /=7

* : at the lowest working temperature.
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TABLE 5. Parameters Aqand Bj for polynomial function (see formula (3) in

the text).
c
oF3Cls
Ay = -1087.9. By = . 12.493
A, = 20,004 B, = - 2.3937 107"
Ay = = 1.3920 107! B, = 1.7142 1073
. -y _
Ay= 4282810 By = - 5.4393 10 6
A = - u.9381.107 B, -  6.4548 107
T range : 210 - 300 K
A range : 182 - 230 nm
C,FyCl,
Ay = ~160.50 - . By = .- 1.5296
A, = 2.4807 B, =  3.5248 1072
A, = - 1.5202 1072 B, = - 2.9951 107"
Ay = 3.8412 1070 By = 1.1129 1078
Ay = - 3.4373 1078 By, = - 1.5259 1072
T range': 210 - 300 K
"% range : 172 - 220 nm
C,FCl
Ay = 5.8281 : B, = 0
A, = - 2.9900 10t B,= O
Ay = 1.3525 1073 B,= O
Ay = - 2.6851 107° By - 0

T range : 210 ~ 300 K
A range : 172 - 204 nm
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TABLE 6. Temperature model

Altitude (km) _ ) Temperature (K)

15 " ‘ 217
20 ‘ 217

’ 25 : : 222
30 ' 227
35 » 237
40 - 251

45 | 265 .
50 . 271

30



TABLE 7. Photodissociation coefficients versus altitude

CoF5C1,
"Z(km) sec x = 1 sec x = 2
JshH asThH ssTh - a™h
a e a rel
0(295K) o = f(T) ‘ a(295K) 0 = f(T)
15 8.793 100 6.m7 10710 732 - 2.216 10712 1,557 1072 702
20 1.137 1078 g.211 107?721 2.088 107'0  r.wsy 10710 712
25  7.33510°0 5707 1078 778 s5.201 1070 3.921 1079 .75M
30 2.897 1077 2.385 1077  .823  5.552 107 4420 1078 796
35  7.730 1077 6.730 1077 .871  2.932 1077  2.483 107!  .847
40 y.u82 1070 1.352 108 913 8.686 1077 7.783 1077 .896
u5 2.120 0% 2.006 10°%  Lous  1.557 10 y.us8 1077 936
50 2.565 1070 2.461 1070 959 2.127 1078 2.028 1070 1953
C,FyCl,
Z (ki) sec g = 1 osc y = 2
Js™H asThH g Jsh ashH g
a rel - a . rel
0(295K) g = f£(T) a{295K) g = £(T)
15 5.300 107" 3.080 107! 581 1.3u7 10713 surz 107!t 629
20 6.845 1070 .98 1070 613 1.258 107! 7.515 1072 597
25 w2107 3.008 1077 672 3.133107'0 2,023 10710 Leu6
30 1.815 1070 1.319 1070 721 3.388 1070 2.357 1072 .696
35 5.010 10°°  3.966 10°°  .792  1.836 107 1.399 1078 762
40 9.950 107  8.533 1070  .857 5.601 107 u.664 1070 .833
45 1.504 10~ 1.372 1077 .913  1.036 10" 9.287 107° .896
50 1.980 1077 1.856 1077 .937 1.492 1077  1.380 107"  .925
C,F 5Ll
Z{(km) sec x = 1 sec x % 2
Jsh J(s™h Jooy Js) S 3™ el
0(295)% - ¢ = £(T) ; 0(295K)® o = £(T)
15 2.720 1073 7.504 10717
20 1.337 107! 1.109 10713
25 1.376 10710 7.398 10712
30 6.603 1010 1.097.10710
35 1.964 1072 6.675 10710
40 4.081 1072 2.153 1077
45 6.414 1072 45.118 1077
50 £ 8.766 1077 6.317 1077

a Temperature independant cross-section.

Jrcl : relative values J(T)/J(295K)
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