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ABS3_RACT

Ultraviolet absorption cross-section of phosgene

(cc120), trichloroacetylchloride (CC13-CCLO) and tri-

chloroacetaldehyde (CCI3-CNO) have been measured between

170 and 320 nm for temperature ranging from 210 to 295 K

with a classical double beam equipment.

These data are compared with other available

determinations performed at room temperature. Photo-

dissociation coefficients ere estimated and their

temperature dependence Is discussed. Impact of the photo-

dissociation on the total atmospheric destruction of

these compounds is illustrated.

I. IttrRODOCTIOU.

Chemical degradation of alternative hydrochloro-

fluorocarbons in troposphere produces a series of

carbonyl compounds llke phosgene, halo-aldehydes or

halo-kotones, which could themselves be removed in three

ways : (I) Photodlssociatlon by solar UV radiations to

produce potential odd chlorine precursors,

(2) Reaction with H20 end

(3) Reaction with OH.

In order to determine the lifetimes for the photo-

lysis processes, an accurate knowledge of the UV absor-

ption cross-sectlons is required as e function of

wavelength and temperature.

II. EXPERIMENTAL.

Ultraviolet absorption cross sections of phosgene

(CC120), trlchloroacetylchlorlde (CC13-CC10) and trl-

chloroacetaldehyde (CCl3-CHO) have been measured between

170 and 320 ns for temperature ranging from 210 to 295 K

with a classical double beam equipment.(Gillotay et el.,

1989). The purity of the three compounds is botter than

99.5 % as determined by qas phase chromatography.

III. RESULTS.

Numerical values of absorption cross-sections for

wavenumber Intervals of 500 cm -1 are given In tables

l-Ill. The absorption spectra are illustrated in Figures

I-3 for selected temperatures namely 295, 250 and 210 K

and compared with other available data at 295 K.

In all cases, Beer-Lambert'a law was verified for

absorption ranqtnq from 10 to 85 t. In such conditions,

and according to the error budget previously published,

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

reported here ere determined with an accuracy of ± 2 t

at room temperature and of ± 3 to f 4 t at the lowest

temperature.

Carbonyl compounds display a continuous absorption

In the 170-335 nm range. The presence of two Baxlma and

the temperature dependence observed near the maxima and

for the longest wavelengths, seems to Indicate that there

are two continue, one corresponding to the absorption of

the C-C1 bond, with a maximum eromld 170 rm and the other

centred respectively at 240 nm for phosgene,around 260 nm

for trichloroacetylchlorlde and at 290 nm for trichloro-

acetaldehyde, corresponding to the absorption of the C-O

bond.

Absorption cross-sectlons values change with tempe-

rature by a factor, which depends on both the wavelength

and the chemical composition of the compound. For each

wavelength, an exponential dependence of the absorption

cross-sectlon versus temperature Is clearly established,

with a decreaa_ of absorption crole-sectlons in the

region of low absorptions (up to 80 t at 305 nm and 210 K

in the caso of CC120 ) and a small Increase near the

maximum of absorption (up to 5 t). This effect Is the

most important at the lowest temperature.

Descrepanclme observed between the different set of

available data at room temperature have to be discussed

in more details In terms of experimental conditions.

IV. DISCUSSION.

Photodissoclatlon coefficients of the molecules have

been calculated, neglecting the effects of multiple

scattering, for given altitude (z), zmnlth angle (_) and

wavelengths intervals accordln 9 to the relation :

J(Z) - szqA(z ) ; qA(z) = qA(-- ) e-'A (z)

_A (Z) - i[n(02) o_(02) + n(Oj) hA(03)

z

+ n(air) Oscatt] sec_dz
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where

z is the altitude.

e are the absorption cross-sections,

q (z) and q (m) are the solar irradlance at altitude $ or

extraterrestrial (z - m)

n is the nu_er of particles per volume unit.

Calculations arm made for molar zenith angle of O" and

60" (sac - I and 2), taking Into account the values of

o (02) and s (03) from tmo end Kockarts (1976), Oscat t

from Hloolat (1984) and the values of q(=} from WHO

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

cross-sections corresponding to the temperature

conditions at each altitude.

These photodlsaociation coefficients are illustrated

in FlcDaras 4-6 and comparnd with thole calculated with

values of absorption cross-sections aeasurnd at room

temperature.

Stratospheric photodtssociatlon coefficients (for altitude

ranging from 15 to 50 k_) calculated the temperature

dependent absorption cross-sections, are smaller than

those calculated with the coos temperature values In the

20-35 ki region, due to the decrease in the absorption

cross-sections in the 200 ne region and the influence of

the wavelengths longer than 2SOns in the low

stratosphere.

Tropospheric photodisaociation coefficients for phosgene

are very low (between 10 -9 and 10 -11 sac -1) and are

reduced down to 20 t of their ross temperature values,

using the temperature dependent cross-sections. For the

two other compounds, tropospt_sric p_otodiseoclatlon coef-

ficients era relatively high (sbetvven Io -7 sad 10 -4

sac -1 ) and show a small temperature dependance.

Photolys[s is, for these two m01eculea, a non negligible

aechanlss for their tropospheric removal.
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In conclusion, this work presents s nw set of experi-

mental data on the absorption cross-sections of carbonyl

cosponds in atmospheric tmsperaturs condlton and high-

lights a non negligible temperature dependence of their

photolysls.

V. RSPERID_CB •

CHOU, C.C., G. CRECENTIHI, H. VERA-RUIZ, M.S. SMITH, and

F.S. ROWLAND, 1977, Stratospharlc photochsalatry of

CFIO . CC1FO and CCI20, 273rd American Chemical Society

Meeting, New Orleans.

GILLOTA¥ D., A. JEMOUVIER, B. COQUART, M.P. MERIEMNE, and

P.C. SINOM, 1898, UItrevlolet absorption croas-sectlons

of Broecform In the temperature range 295-240 K.,

Planet. Space Sol., 37, 1127-1140.

KOCKARTS G., 1976, Absorption and photndiasnciation in

the Schumann-Rungs bands of _olecular oxygen in

terrestrial atmosphere., Planet. Space Sol., 24, 589-604

HlCOL_ N., 1984, On the molecular scattering in the

terrestrial atmosphere : an empirical formula for

calculation in the howosphere., Planet. Space Sol., 32,

1467-1468.

R_TTIMGAM G., end R.A. COX, Spectre and photochemistry of

degradation products of hydrnchlorofluorncarhons and

hydrofluorocmrbons, 1991, report to SPA-ArEAS, IHC.

SIHOM P.C., D. GILLOT&¥, N. VANLAETHE_-NEURZE, and J.

WIS_SBERG, 1988, Ultraviolet m_eorptlon cross-sections

of chloro and chlorofluoromethanes at stratospheric

temperatures., J* Atmos. Chem., 7, 107-1)45.

WHO, Atmospheric ozone 1985, HNO global ozone resqsrch

and monitoring project, RepOrt 14, 1986.

ZABEL, F. at el., 1992, Private communication.

426



oooooobooooooooooooo_m_mmu_'_ ..... _ ..... "'*'_* ''" **'*

n

....... , ............. , ...,

A

M
M

@

oo ........... '*'°'** °*" *,.°

n

,,,°,,o,,°°,

_ _NO_N_NNNNNN_ _O

,o,,,°,°**,*

.... ********************************************** , *,0*

• ............................................... __
NNNN__

427



_. I@, v

,.-I
i::I

I@li/
160

fell
'T

i
8

!°"
Z

iO n

lO-n

i

S
IO H

i 10.n

I 1@ m

160

_-": : ""...::.,

IO0 200 220 240 26O 2,DO 3O0 3_0

WAVELENGTH (nm)

TRICHLOROAC1ETYLCHLOITJ DE

• " "_.'x\

180 _ 220 240 260 280 300 _29 340

WAVI_F_IGTH (urn}

TRICIg..OROACErALDEHYD8

o : Rmtipm and Cox, 1991

180 200 220 240 260 280 3GO 310 340

WAVEI.N_.NGTll (era)

4C

3_

W

2

I¢

4_

33

2C

II

.5_

45

,K

35

l°
15

IG

PHOSGENE

-,,

.." ../_ .... -- : J wiih rl_K

"" .... J../"4"i_i! :" ..........................................

_ll 101 104i i01 104 1O I 10_l

PHOTODISSOCIATION COEF'IFI_ENT (s-l)

TR I CTI LO ROACET,_DEH YDE

..

ImcX - 2

/,.%! .c<.,

lip l0 I

PHOTODISSOCIATION COEFFICIENT (s- I1

TRICt ILOROACL:TYLQ ILORIDE

,ccX - 2

: J vii ,r -lfr}

J vvilh,r 29_1K S/"'Y'"/

/....,."/""" c-- : i wiih 4-.I('Z_

--- : J liith r29_K

104 10i I04

PHOTODISSOCIATIOI, I COEFFICIFI'¢T (s-l)

l01

Plqures 1-3 : Ultraviolet absorption cross-sectfons

at 295 K, 250 K and 210 K.

Figures 4-6 : Photodissoclatlon coetficlente

as a function ot altitude.
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