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Homogeneous 'lnd heterogeneous physical and chemical processes 

are shaping our immediate environment at ground level and in the tropo

sphere. All are related with the incomming actinic and thermal solar 

radiation. The tropospheric radiation field is mostly determined by the 

properties of the upper layers of the atmosphere, namely the strato

sphere, the mesosphere and even the thermosphere. The composition of 

these regions is determined by photochemical processes among which some 

play the most important role. Its global change, inevi tably leads to 

changes in our immediate environment. The ozone flltering 300 nm 

radiation is of paramount importance by initiating all reactions with the 

free radic'll OH in the troposphere. "Global change" is thus not only a 

surface or tropospheric question as far as chemistry is concerned. 

INTRODUCTION AND TROPOSPHERIC ASPECTS 

Trace const.i tuants in the tropospheric air determine its 

agressivity towards man, animals, plants and constructions. Some of them 

lead to the formation of aerosols modifying the visibility. Others 

dissol ve in water, changi ng its properties for living organisms as in the 

so called "acid rain" case. 

The chemical elements involved are mainly ni trogen, oxygen, 

carbon, hydrogen and sulfur. The principal naturally emitted atmospheric 
1 

sulfur compounds, H2 S and CH.S CH., react to produce S02 • The proposed 

reaction path for H2S Is 

H2 S + OH ~ HS + H2 0 

HS + O2 + M ~ HS0 2 + M 

HSO 2 + 0 2 ~ SO 2 + HO 2 
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and for S02 is 

S02 + OH + M HSO, + M 

HSO, + O2 ~ SO, + H0 2 

SO, + H2 0 H2S0 4 

In the case of dimethyl sulfide. the OH reaction leads to the formation 

of sulfur dioxide and of methyl sulfonic acid. Acids lower the pH of 

water droplets which determines further photo-sensi tized reactions in the 

liquid phase. 

The OH radical is also of fundamental importance in the 

transformation of hydrocarbons through 

RH + OH ~ R + H2 0 

The alkyl radical can easily form peroxyl radicals 

R + O2 + M ~ R0 2 + M 

In polluted areas the role of nitric oxide becomes here dominant with the 

formation of nitrogen dioxide 

R0 2 + NO + NO. + RO 

and of odd oxygen through photodissociatlon by blue light and sub

sequently of ozone 

N0 2 + hv + NO + 0 

o + O2 + M 0, + M 

Ozone can thus be photochemically formed in the troposphere in absence of 

the direct photodissociation of molecular oxygen 

O2 + hv ~ 0 + 0 (1) 
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this latter reaction being only possible in t he stratosphere. Ni trogen 

dioxide also contributes t o the tropospheric acidification since again 

the hydroxyl radical can lead to nitric acid trough 

N0 2 + OH + M ~ HNO, + M . 

If partly formed in situ, tropospheric ozone is also 

transported from the stratosphere where its main atmospheric production 

takes place. Ozone is the precursor molecule of tropospheric oxidation. 

Its photodlssociation by sunl1ght at wavelengths equal to or shorter than 

310 nm produces atomic oxygen excited 1n the 'D state 

0, + hv ~ O2 + O'D (2) 

which through reaction wi th water vapor and with methane is the source of 

the hydroxyl radical ini tiating all reaction sequences described 

previously 

O'D + H2 0 ~ OH + OH 

O'D + CH. ~ CH
3 

+ OH. 

The quantum yield of reaction (2) assumed to be unity below 303 nm is 
2 shown in figure 1 versus wavelength . Figure 2 shows the extinction cross 

sections of the most optically active atmospheric constiblents for 

actinic radiation: 0, and O2 absorption and air Rayleigh scattering3 . 

The abrupt variation of the O. extinction near 300 nm leads to the cut 

off of solar ultraviolet radiation. Atmospheric transmission plotted 

versus wavelength in figure 3 appears mostly controlled by ozone with 
4 

important effects due to scattering by air and by aerOsols The tropo-

spheric chemistry is thus strongly dependent on the total ozone column 

which in addition protects life on earth. The wavelength response 

displayed on figure 4, of skin and of various biological molecules 

demonstrates the other importance of the 300 nm solar light5 . 
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STRATOSPHERIC ASPECTS 

The week absorptIon of oxygen In the Herzberg continuum and the 

ozone minimum near 200 nm (figure 3) allow the solar radiation to 

penetrate in the stratosphere and reaction (1) to take place followed by 

the ozone formIng reaction 

o + O2 + M ~ 0
3 

+ M (3) 

The ozone abundance is maintained at stationary values, as illustrated in 

figure 5, by loss reactions 

o + O. ~ O2 + 0'2 (4) 

O. + hv ~ O2 + 0 (5 ) 

Due to the photodissociation in the visible the lifetime of an ozone 

molecule In daylight is only three hours below 20 km aIt i tude and 100 

seconds at 50 km and above this altitude, reformation taking place by 

reaction (3). If only reaction (4) is taken Into account as odd oxygen 

destruction step, the computed ozone number densIty is larger than 

observed. Catalytic odd oxygen destruction cycles have been introduced 

involving hydrogen, nitrogen and halogen containing species. They can be 

summarized by 

O. + X ~ O2 + OX (6) 

OX + 0 ~ O2 + X (7 ) 

equivalent to reaction (4) and where X may be OH, NO and C1. 

For standard condit ions at 35 km alt i tude, the reaction cycle 

(6) (7) can destroy some 4 x 10" odd oxygen molecules before the 

breaking reaction 

N0 2 + OH + M + HNO. + M (8 ) 
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intervenes and is ten times more efficient than the Chapman reaction (4). 

The odd nitrogen active species are thus apparently as abundant as 

carbon dioxide from their reactivity point of view. Odd oxygen has thus a 

lifetime of the order of three hours. As shown in figure 6 at the 

alti tudes of its largest abundance ozone losses are mostly due to 

catalytic CYCles7 interacting mutually and thus leading to the complexity 

of a tmospher ic chemic'll models where radi'ltive and dynamical aspects 

including feedbacks have to be accounted for as well as heterogeneous 

aspects which come into play in the rainout of HNO, and HCl in strato

spheric-tropospheric exchanges. For instance, the rate of reaction (3) 

varies by a factor of 2 when the temperature changes from 222 to 240 K. 

The mid- latitude stratospheric air between 12 and 35 km is replaced by 

tropospheric air within 1.5 to 2.5 years. 

The sources of H, N, C1 containing trace species are numerous. 

Odd nitrogen is formed in the thermosphere by EUV solar radiation and 

auroral activity and is there the source of nitric oxide which has been 

considered as predissociated in the Schumann-Runge bands spectral region 

which precludes thermospheric NO to reach the stratosphere. Recent 

satellite observation of NO. during the polar night indicate however a 

poss ibil ity for an odd nitrogen thermospher ic source for the strato

sphere. Middle atmospheric nitric oxide and nitrous oxide vertical 

distributions observed from Spacelab One indicate the presence of 

thermospheric NO down to low mesospheric levels. In addition to the low 

cosmic radiation influence, stratospheric odd nitrogen is due to the 

reaction 

N.O + 0'0 ~ NO + NO (9 ) 

as proposed by Nicolet. N.O in the stratosphere is of biological origin 

and linked to agriculture. 
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An important fraction of the chlorine source gases are now of 

industrial origin with a common great chemical stability. They are 

however and fortunately photodissociated by sunlight in the 200 nm atmo

spheric window, thus in the stratosphere. They would otherwise grow and 

induce large climatic effects by blocking the 10 ~m earth thermal 

radiation window. The photolytic products lead to free chlorine as X in 

reactions (6) and (7). 

The key stratospheric chemical reactions mentionned in this 

paragraph are essential for modelling purposes and for trend evaluation. 

Comprehensi ve chemical models take into account some 200 reactions of 

secondary importance but necessary for a proper representation of 

observat ions. Heterogeneolls react ions wi th stratospher ic aerosols have up 

to recently been considered as negligeable since the collision rate is of 
-4 -1 3 

the order of 10 sec per cm . High accomodat ion coeff ic ients would be 

required for appreciable effects to take place. 

The discovery9 of a growing antarctic spring ozone minimum, the 

"ozone hole". cannot be explained by current chemical processes. The 

simultaneous occurence of this phenomenon with the seasonal appearance of 

mother of pearl stratospheric clouds already photographed in 1908 by Carl 

Stormer has lead to env isage heterogeneous processes at the very low 

(- 90 0 C) antarctic temperatures in that season. Much work remains to be 

done, particularly satellite observation since large stratospheric 

balloons operation is practically not feasible now in Antarctica. 

MESOSPHERIC ASPECTS 

In the low mesosphere and upper stratosphere, namely near the 

stratopause the ozone formation time from molecular oxygen by reactions 

(1) and (3) is about 3 hours. Photochemical equilibrium exists in 

daylight allowing for a check on the chemistry modelling which gives 

smaller amounts of ozone than observed by 50 to 100%. This is presently 

an important pendlng question about atmospheric ozone. It has been 
10 suggested that reaction (2) exhibiting a quantum yield smaller than 

unity, vibrationnally excited ground state O2 would be formed and 
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dissociated by sunlight at wavelengths larger than 242 nm, up to 400 nm. 

An additional source of odd oxygen would thus exist and an other excited 

specie wOllld lead to a key chemical atmospheric process. 

Due to few observations the mesosphere is still poorly known. 

Infrared observations of H2 0 and CO from Spacelab
11 

have shown negative 

correlations between these two species and large latitudinal-seasonal 

variations (by a factor of 100) of CO near 70 km altitude. This is partly 

explained by the dominant role of the reaction 

OH + CO + CO 2 + H (10) 

important at stratospheric levels too. 

Both H
2

0 and CO
2 

are photodissociated in the upper mesosphere 

and low thermosphere by sunlight at the H Lyman alpha wavelength and in 

the Schumann region. The fragments CO, 0, H, OH have first to diffuse 

towards higher density altitudes before recombining, introducing dominant 

vertical transport terms. 

DISCUSSION AND CONCLUSION 

A more comprehensive description of atmospheric chemical 

reaction schemes is out of the scope of this session. In addition the 

ionic chemistry has been omitted. Enough facts have however been 

presented here to make a most important point. The immediate environment 

of man is strongly dependent on chemical reactions not only at ground 

level but also at higher altitudes. Fundamental processes including bio

chemical ones are extremely sensitive to the solar radiation penetrating 

in the atmosphere in the 300 nm range. We can thus orlly reemphasize the 

role of stratospherIc ozone and of the upper atmosphere which can easily 

induce global changes even if only minutes alterations are made in its 

chemical stationary state. 

Belgium has traditionnally much contributed to the development 

of many of the above mentionned aspects. 



- 168 -

REFERENCES 

1. P.J. CRUTZEN and T.E. GRAEDEL, in Sustainable development of the 

biosphere, W.C. Clark and R.E. Musm eds. Cambridge University Press, 

Cambridge (1986). 

2. M. NICOLET, Etude des reactions chimiques de I' ozone dans la strato

sphere, Institut Royal Meteorologique de Belgique (1971). 

3. M. ACKERMAN, Stratospheric pollution related ultraviolet phenomena, 

J. Phys., 39, C4, 221 (1978). 

4. M. ACKERMAN, Solar ultraviolet flux below 50 kilometers, Can. J. 

Chern., 52, 1505 (1974). 

5. H.F. BLUM, Ultraviolet radiation of sunlight and skin cancer, Second 

conference on CIAP,p. 373, U.S. Dept. of Transportation, Washington 

(1973) . 

6. U.S. Standard Atmosphere, 1976. 

7. Atmospheric ozone, WMO Report 16 (1985). 

8. P. BENER, Technical summary report, contract AF 61(052)-54, Davos, 

Switzerland (1960). 

9. J.C. FARMAN, B.G. GARDINER and J.D. SHANKLIN, Large losses of total 

ozone in Antarctica reveal seasonal CIO/NO
x 

interaction, Nature, 

ll2., 207 (1985). 

10. T. SLANGER, Science, in the press. 

11. J. LAURENT et al., Middle atmospheric water vapor observed from the 

Spacelab one grille spectrometer, Planet. Space Sci., 34, 1067 

(1986) • 

12. J. VERCHEVAL et al., CO
2 

and CO vertical distribution in the middle 

atmosphere and lower thermosphere deduced from infrared spectra, 

Annales Geophysicae, ~, A, 2, 161 (1986). 



1.0 
"' OZONE ~ 

\ 
\ 
\ 
\ 
\ 

0 
233 K 

\ 
..... 
0 

\ 
\ LL 

6. 293 K \ 
0 

\ 
\ 

0 

\ 
-1 

0 258 K W 
~ 

0-\ >-
~ 

\ L 0.5 \1 221'· K 
\ ::> 

I-
----- 298 K z 

<t 
::> 
d 

0.1 

270 280 290 300 310 320 330 
WA VELENGTH (nm) 

1 Figure 1.- Production efficiency of atomIc oxygen 1n the excIted D state 

versus wavelength by ozone photodissociation. 
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Figure 2,- Distribution versus wavelengths from 140 to 400 nm of solar 

irradiance at one A.U .• of 0. and 0. extinction cross sections 

and of air Rayleigh scattering cross section. 
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Figure 3.- Atmospheric optical transmission at iln altitude of 1680 m, r'or 

a solar zenith angle of 40° and a total vertical ozone reduced 

th ickness of 0.25 cm. The ozone contr ibution is represented by 

the line marked "ozone". The dot and dash line marked "aero-

sols" representes their contribution for average conditions. 

The transmission computed from the air column and from the 

scattering cross section is represented by the line marked 

"d irect", while an apparent transmiss ion in a two streams 

approximation is marked "direct + diffuse". The curve "sun" 

indicates the transmission of the direct solar radiation which 

can be compared wi th Bener's represented by open 

circles. The curve "sun + sky" shows the effective "trans

mission" taking scattering into account. Here also Bener's datil 

allow the compartson. 
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corneum represents measured transmission of a sample of human 

corneum. Below, absorption spectra of three photoreactive 
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