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Atmosphere
~100 k

Earth radius
6370 km
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Composition:

FORSCHUMNGSZENTRUM

Stratosphere 18% air mass

Troposphere 82% air mass

N, (78%), O, (20%), Ar (1%), H,0 (~1%)
trace gases (< 0.05 %)
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Atmospheric Trace Gas Degradation by

Oxidation

Global Emission Degradation by

Trace Gas (Million Ton per year) OH-radikals

CO 2800 85 %
Methan 530 90 %
Alkane 20 90 %
Isoprene 570 90 %
Terpene 140 50 %
NO, 150 50 %
SO, 300 30 %
(CHy),S 30 90 %

CFCl, 0,3 0%



Trace Gas Oxidation
in the Atmosphere
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Oxidative Chemistry

OH, HO,, NO,, O, XO

- Atmospheric Self-Cleaning : :
Oxidative removal of trace gases % Air Ouallty
(CH,, HCFCs, VOCs, CO, SO,, NO,) +

f Climate

- Chemical Transformation Impact

Formation of secondary pollutants,

gaseous + particulate phase
(05, H,0,, HNO,, H,SO,, OVOCs, SOA)

VOC volatile organic compounds
ovoC oxygenated VOC
SOA secondary organic aerosol




Self Cleaning of the Atmosphere
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Atmospheric
Oxidation

co

CH,
voC |
NO

SO,

Emission

Biogene |
Sources

Energy Production and Usage

secondary
pollutants
(05, HCHO, ...
aerosol)
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Chemical Reactions in the Atmosphere

Earth atmosphere contains
main components (N,, O,, Ar, water vapor, ...)
+ complex mixture of reactive trace substances

(@Y

How do chemical transformations proceed ?

(@

What are the chemical products ?

What are the time scales of chemical transformations ?

(@

(@

What are the lifetimes of atmospheric components ?
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Chemical Reactions in the Atmosphere

Earth atmosphere contains
main components (N,, O,, Ar, Wasserdampf, ...)
+ complex mixture of reactive trace substances

Reactants Products
e.g. CO ) 4 CO,
CH, + 0, CO, + H,0O
NO = < HNO,
SO, somehow H,SO,

_ |-

Intermediates (O, H,0, ...)



Activation of Chemical Reactions ™ e

1 CH,
30,

no chemical reaction
CH,-lifetime - =



Activation of Chemical Reactions

1 CH,
30,

Atmosphere:

1.7 x 106 CH,
021 O,

o

Activation
Explosion
CO, + H,0O
A
\VENY
< %
DVQ
> CO, + H,0
UV-radiation
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fast
oxidation
~10%s

slow
oxidation
~ 8 years



Chemical Reaction Kinetics

/N

Reaction- Reaction rates
mechanisms = f (concentrations)
= f (temperature)
= f (radiation hn)
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Reaction Mechanisms

Elementary reactions
= reactive collisions between molecules
or decomposition of molecules

Example :

T

% / coIIision\ 5
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Reaction

dynamics
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Air volume element
at 1 atm, 25AC

) N2
e ()2
° 03

in total 25 molecules

> mean molecular velocity © 475 m/s

mean free pathlength © 100 nm (10 boxes)

40 ppb O5; - 1 molecule Og in 1 million boxes



Elementary Reactions

are named according to their molecularity

(= number of involved collision partners) :
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uni-molecular: A - Prod.

CH,CO(O,)NO, - CH,CO(O,) + NO,

bi-molecular: A+B - Prod.

03 + N02 = NO3 + 02

ter-molecular: A+B+M - Prod.

OCGP)+0O,+M - O+ M
(M =03 Ny)
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Reaction Mechanisms

Composite complex reactions
proceed on a molecular level via several
elementary reactions (sequential and/or parallel)

Example : Reaction mechanism

0, + hn .0, + QED) | ¢340nm
Quf+ H,0 . OH + OH

Net reaction




Oxidative Chemistry  moowesw
Radical Perspective

RO,
VOC - NO
TN

hn, H,O

O3

NO

NO,



Oxidative Chemistry
Radical Perspective

O,

RO,
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Ozone production

O

NO n. O
VOC T
NO, —
‘ m
hn, H,0 | OH HO, Stabilization by
radical recycling
NO
hn, O,
NO, "[O3




Oxidative Chemistry  moowesw
Radical Perspective

RO, .[ovoc|—[soa
VOC n, 2%
HONO ‘ /\ NO, — [0,

;:i}\ !t HCHO
0, OVOC
/ NO

hn, O,




Oxidative Chemistry
Radical Perspective

O,

VOC

hn, H,O

» OH

NO,

UUUUUUUUUUUU

Damping by
radical termination

NO

RO | RONO
£ Nwe
N
W HO,

HNO,

Stabilization by
radical recycling

0,

ROOH




Oxidative Chemistry
Radical Perspective

APhotodissociation reactions (primary sources)
"power" OH radical chemistry

* Cycling reactions with NO
A stabilize OH
A generate O4 (+ OVOC)

* Termination reactions with NOx
A damp OH oxidation
A reduce ozone production rate
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OH [10° cm™]

NO, Dependence of OH (model prediction)
(" classical theory ")

Cycling f

HO, + NO

OH

\

\

O,-Production Rate

Termination

OH + NO,

\
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O, Production Rate [ppb h-]
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Chemical Coordinates

VOC reactivity (s1) Koy = S Kopaxi [ Xi ]
A

100

10
Anthropogenic
Pollution
Mar
1 O , NOX

100 (Ppb)
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OH/ 10° cm™

Field Observations at Low VOC
Marine clean air Continental air Urban air
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Mexico City 2003
Highly Polluted Air

OH Ex
/ P ko, =107 200 s

o —

HO,

Shirley et al. (2006)



