Laboratory studies on cloud chemistry processes
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" Motivation N

Atmospheric free radicals are important for the description of many atmospheric processes including chemical conversion processes 1n clouds, fog, rain and deliquescent particles. Important
atmospheric radicals within the tropospheric multiphase system are OH, NO,, SO~ and halogen radicals [1]. However, reactions of these radicals as well as photochemical processes in the
aqueous phase are still not fully characterized. Moreover, aqueous phase chemistry can be strongly influenced by atmospheric parameters such as the temperature, the pH and the 1onic
strength. Since these parameters are highly variable within the atmosphere, the possible influence of them on chemical reactions needs to be investigated. In order to describe the very
complex chemistry within clouds different experimental information are necessary. The modeling of multiphase chemical processes requires both purely kinetic data as well as product

studies, spectroscopic studies and phase transfer parameters. However, this information are not yet available for important atmospheric reactions and compounds. Recent results from the IfT
\ chemistry department aqueous phase laboratory will be presented in this contribution.

ﬁxperimental » For the laboratory studies different, slightly modified, Laser Photolysis Long
. . Path Absorption (LP-LPA) setups (Fig. 1) are applied in order to measure and
Computer Oscilloscope Amplifier - T P ( ) ps ( g. ) 2 o
| | characterize rate constants, photochemical processes and product distributions.
Trigger J\ Photodiode » Radical oxidants such as OH, NO,, SO,, Cl and others are generated within the
thermostated reaction cell by excimer laser photolysis of suitable precursor
, compounds (e.g., NaNO,, H,0,, K,S,O, ...).
Solution P (e.g 3, Hy,0,, K;8,0s, ...)
Mirror 1 ﬁ Mirtror 2 » As analytical light sources Hg-Xe lamps, deuterium lamps or different cw-
- : " / Mirror lasers are used.
: = » Dependent on the application different detectors such as photomultipliers,
) photodiodes, diodearray detectors or CCD cameras are used.
Sump > Investigated inl d lubl ics such
Fig. 1: Scheme of the Laser Photolysis Long Path Absorption set-up Investigated reactants are mainly oxygenated water-soluble organics such as
used for the kinetic investigations. alcohols, carbonyls, carboxylic acids and aromatics.
Kinetic studies [1-9 Spectroscopic studies [11-13 Product studies [14, 15
’
Measurement of rate constants as well as chracterization of Spectroscopic properties of oxidizing reactants Characterization of stable reaction products by HPLC/MS
temperature, pH and 1onic strength effects (c.g., the Br atom) after the oxidation of phenols 1n aqueous solution
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Reactivity correlation to estimate kinetic data not yet measured Form?;(l)gn of transient reaction products (peroxy radicals) OH + p-methylphenol
R : » Correlations after the AT : » Formation of p-methylcatechol
work of Evans and : 5 ' ' ' —
| : ST Bt : » Formation of different condensation products (e.g., My,
Polanyi [10] : g ! 214 g/mol)
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radical reactivity ol %% || | Furthermore, spectroscopic measurements are applied to | L
P , , , » Formation of mono- and dinitrophenols
= 5 calculate quantum vyields of 1mportant photochemical , , , ,
» OH=CI>SO, >NO; = 0 o Gop , , » Formation of different (nitrated) condensation products
2 ] processes such as the photolysis of iron-complexes. These
» But, also concentrations, ?z .| : ) . studies will help to characterize the radical production and the| | High molecular weight condensation products from the
. N @ phenols . . . . .
?dwall S(;}irces dalid [ Grpowicedes) || fate of important organics (e.g., oxalic acid) and 1ron at the| | oxidation of aromatics could be significant part of the
1urna pI‘O 11€S Ncc Q) O alcohols . . . . . . . .
be considered. 2l : — éOH /M_lg) = sea-atmosphere interface, in marine particles and clouds. organic mass in atmospheric particles.
Aqueous Phase ChemiStry MeChanism multiphase chemistry mechanism CAPRAM 3.01
. . . RACM-MIM2ext / CAPRAM 3 .01 Total number of processes: 777
‘ » CAPRAM 3.0 (Chemical Aqueous Phase RAdical Mechanism, 1110 processes o Niroaen —
http://projects.tropos.de/capram; [16]) i 59 35 =
» CAPRAM is currently the most detailed aqueous phase radical mechanism. gas phase phase | faqueous phase — p— R
. . . - t - tl‘ﬂIlS er I emistr romine N1orime rganics
> This makes CAPRAM an adequate tool for studies of the tropospheric aerosol | =~ . . 6 o
RACM-MIM 2ext CAPRAM 3.0i =
processing and cloud chemistry processes. (Regional Atmospheric | | (Schwarts, 1986) | | (Chemical Agueous
. . . . Mainz Isoprene Mechanism) Carbonate Equilibria Photolysis
» Laboratory data obtained will be used to further extend and improve the mechanism.  Mechanism2) | | | |
. . . 281 reactions 52 species 7777 reactions 21 89 12
» For more details concerning CAPRAM mechanism see also Poster P12.3. /
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