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Introduction and Motivation Mechanism construction
Organic compounds are a ubiquitous constituent of the troposphere. With either biogenic or anthropogenic sources, »Development of a new chemical scheme for the C3 chemistry in the aqueous phase in Multiphase fhen;:stry Mechanism
they have a major influence on the atmospheric multiphase system and thus have become a main research topic addition to the existing multiphase mechanism MCMv3.1/CAPRAM 3.0m [1, 2] with MCMV?’I'M/ LA S
within the last decades. 145 new species and 225 new reactions. = Initial species of the new scheme are MCM /9 Processes
Modelling can provide a useful tool to explore the tropospheric multiphase chemistry. While in the gas phase several species taken up from the gas phase. So far, only alcohols, carbonyls, and organic | i |
detailed oxidation schemes exist (e.g. MCMv3.1 [1]), in the aqueous phase those chemical mechanism are very lim- acids are considered including unsaturated compounds.
ited. The aim of the current study was to provide a more detailed and near-explicit oxidation scheme for the C3 : : : Cps Phase e Aqueous Fhase
e . . Y pTo . pHc »Experimental data in the aqueous phase are based on an up-to-date database with 474 Chemistry Transfer Chemistry
chem15t1;y 1n. the currently most comprehens‘We aqueous phase .chen‘nstry mechanism CAPRAM 3.0m [2]. The reactions of OH and 125 reactions of NO; with VOCs, respectively. MEMYAT L CAPRAMA.Dext
mechanism is based on experimental data if available and estimations such as structure-activity relationships (Master Chemical GROHME [4] | |(Cremical Aqueous Phase
11 : Mechanism + Schwartz, RAdical Mechanism

(SARSs). The new chemical scheme comprises of 11381 reactions with 4664 species in the gas phase, 1002 reactions > Prediction method§ for stable species have been evalgated (see belpw) and the SAR 9f ) Selwarts, 1966 )
with 525 species in the aqueous phase and 92 species undergoing phase transfer as depicted in Fig. 1. Monod an.d 'Doussm [4] was chosen fOT. the méchamsm constru.ctmn whenever possi- 81 Rention: . 1005 Renctions
For the mechanism construction a thoughtful literature review of available experimental data and estimation methods ble. Remaining rate constants were predicted with the SAR of Minakata et al. [5].
was done. First Test simulations have been carried out with the air parcel model SPACCIM [3] for a meteorological » The fate of radicals was estimated with constant rate constants and branching ratios. Fig. 1. Schematic representation of the multiphase mechanism.

scenario with non-permanent clouds under remote conditions.

Evaluation of prediction methods Model results and discussion
» An evaluation of different prediction methods has been per- @) 147¢" , , , , , . , . »The advancement of the C3 chemistry in CAPRAM influ- 1x10™" FE== amms S=om o e B U S0 NEE
formed including correlations of gas and aqueous phase rate o 10° L Y([4]) = (0.97£0.09)x + (1.6+3.7)-10° . ] ences the concentration profiles of many organics in the i —gggrenXt \ :
2 — - 8 .
nstants, the homol r1 f different compoun s =080, 88 eril . ] as and aqueous phase (compare Fig.s 5 - 10). ‘ [
c;) stants, the 01 0 c?gous se es1 9 d ez compound — 8x10° L V(5] = (0.99£0.17)x + (4.047.5)-10° % ] g q p ( p g ) 102l ]
classes, Evans-Polanyi-type correlations, and structure-ac- e e L R2=0.70, s = 1.5-10° | >E.g. malonic acid production is enhanced (Fig.s 8, 9). % J
» : : , «10° 4 | . .
tivity relationships (SARs). E ot o | While most precursors are reduced in the gas phase, the € _
»Gas - aqueous phase correlations comprise large uncerties w 10T “ ] direct precursor 3-oxo-propanic acid is enhanced (Fig. 10). ¢ 43§ |
O . g o 1x10 "¢ | 3
' ' ' S 5x10 + | - : : : S : ;
while homologous series of compound classes work only 1n E X108 y X/ _ >C2 chemistry is also influenced as shown for glyoxylic © |
some specitic cases. > 4x10° 1 X 5 X ] acid (Fig. 6) and sum of all oxalate forms (Fig. 5) % ' | !
> Evans-Polanyi-t lations [6 der only Hab- & ma0’L =% / ' . S 1x10™ :
vans-Polanyi-type correlations [6] consider only H-ab- += 3x10°7 x« 7 % ] > The addition can lead to totally new regimes as in the case 8 E E
1 1 - 1 - S5 9 — ¥ . . : . . i
stractl.on react10n§ of .the we.akest sonled IB-aom, wiiieh e o X101+ i 8 . of 3-oxo lacitc acid, which 1s partially owed to the fact of : \ \ \
— L X - . . N o
sults 1n unc?erestlma.tlon (Fig. 3a,b). BDES are .needed for & o'l S X 3;)(56_])() 2(;).47_1&1).?1)8(;(1.811.1) 109 - the addition of the hydrated form CH(OH),CH(OH)COOH s N O P PN PN R O R
the correlations, which have to be estimated with a group 0 . | Eo .,S_ T | DA (Fig. 6). 0 12 24 36 48 60 72 84 96 108
. : . , , , |
additivity method, yet several increments are missing. 0.0 e Aml e e Al > Aqueous phase OH concentrations are lowered with the in- model time / hours cloud period
»SARs seem to be the most accurate prediction tool, howev- Measured Values /M s~ : Sy
- s 3 / troduction of new organic (Fig. 4). Fig. 4. Modelled OH, ) concentrations for the whole modelling period
er, for more complex molecules with more than one func . ; . .
o b q ( Fig. 3). T ) | | | | of 108h with and without extension of the C3 chemistry.
tional group the accuray decreases (compare Fig. 3). Two 1x10°4 | ' ' =
different SARs have been tested, the one of Monod and o [ Y([4]) = (1.40£0.24)-x + (4.36.1)-10° ] c,,
D T B 2L 4 f Minakata et al. [5 Fio D 10 T R2=072 s=1.1-10° § 010 """ 0.5 T T T T 0 %
ousSin an € onec o 1nakxKata ct al. , SCC I'1Z.~2. == I Y ' y i 1
[4] 5] 5 » 8x10 4 Y(5]) = (1-1610.26)-;< + (8.946.6)-10° - 0.09+ — C30ext | - e — C30ext - aqueous phase \ 1 o
»The SAR of Monod and Doussin has a little higher accura- < 710’4 R(E]()).-GZ(’)SS ;+10-21';)9X  (1.085.2)10° . ' 0.08+ ——C30m | ] 9 044 — C30m-aqueous phase 14 %
cy, however with 22 descriptors for 72 compounds overfit-  ~ 10’ éz s 0 = — C30ext - gas phase L
. . PR . . wn -+ Py . o 07 - - ) .
ting 1s likely. Also, the method describes only H-abstraction @ S| 'c s % - C30m - gas phase ; E
reactions of OH with aliphatic alkanes, alcohols, acids and ;c @ J = 1° =
. - g ol Q ] =
bases, and carbonyls comming soon [pers. comm.]. 5 = UHtE 2 S
. L 2 0.04- - S 0.2+ 12 &
»The Method of Minakata et al. has a lower accuracy, yet ® © ® =
. ' . - = = — | ‘ ]
with 434 species a large database hase been used to describe  © § 0.0 _‘c:_ \4 §
the H-abstraction by OH of almost all atmospherically rel- O 0.02 7 i o 0.1+ | \/ﬂ 11 8
\ o)
evant saturated and unsaturated compounds as well as ben- ! 0.01 - 5 § AJ /\ V H }/ Noq{ @
zenes, furans, pyridines, imidazoles, and triazines. 0 1x10° 2x10° 3x10° 4x10° 5x10° 0.00 P e e 3 00 ‘.)TIWLIJIIII Of‘)
S
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5 mono- and dianion (including oxalate bound in iron com- glyoxylic acid and glyoxylate for the whole modelling period of
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_ Fig. 3. Comparison of predicted vs. measured Data for the two SARs of Mi- 5 m\ C /§ /\ -
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b) - type correlations [6] (green) for monoalcohols (a), polyols excluding 24 36 48 60 /2 84 96 108 0 12 24 36 48 60 72 84 96 108
) _ sugars (b), and polyfunctional compounds (c). Error bars indicate model time / hours cloud period model time / hours cloud period
2 - ) ) range of measurements.
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ng 1l Fig. 7. Modelled aqueous phase concentrations of various C3 compounds for the whole modelling period of 108h with and without extension of the C3 chem-
S : I 1stry. Different states in hydration or dissociation are summed up in one model species.
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Fig. 2. Comparison of the accuracy of the two different SARs of Mi- 3 _ . o;:::\cig(:g;o _ 2 ]
nakata et al. [5] and Monod et al. [4, 7]. Boxes represent 25% Gé lgherorganes) ™ L= =L "lower arganes N s Q 0.0
and 75% percentile, the line in the boxes is the median, Squares © - — — _ 0 12 24 36 48 60 792 84 96 108 . 0 12 24 36 4I8 6'0 72 8I4 96 108
are the mean value, whiskers are 5% and 95% percentile, crosses Fig. 8. Schematic of the influence of the new C3 oxidation scheme to the : . : :
are 1% and 99% percentile, minus signs are minimum and maxi- concentration profile of malonic acid. model time / hours cloud period model time / hours cloud period
mum. For a) the method of Monod and Doussin [4] was applied Fi Modell h trati f th f
except for carbonyl compounds, where the older method of ig. 9. maolgflice(alw?c?ufr?eﬁzngteaSneqoi(()){lcaer?drilila?r?isono for teh:uvlilo(l)e —— CHOCH,CHO (C30ext) — CHOCH_CHO (C30m)
Monod et al. [7] was used. b) shows the method of Minakata et el lbo el oif 108 o il st Creson o (i —— CHOCH_COOH (C30ext) CHOCH,COOH (C30m)
al. [5]. C3 chemistry. CH,OHCH,COOH (C30ext) CH,OHCH,COOH (C30m)
Fig. 10. Modelled gas phase concentrations of various gas phase species for
the whole modelling period of 108h with and without extension of the
Summary C3 chemistry.

Organic compounds influence tropospheric multiphase chemical processes. While larger compounds can significantly contribute to
those processes they are currently not well described in oxidation schemes of atmospheric models. The current study introduced a new
near-explicit chemical aqueous phase oxidation scheme for C3 compounds to the multiphase mechanism MCMv3.1/CAPRAM 3.0m.
First results for a remote case show the importance to include higher organics in aqueous phase mechanisms. The update of the . _

CAPRAM 3.0m lead to new insights of the formation of several C3 compounds such as lactic acid, pyruvic acid, or malonic acid. The E% ?ﬁ‘;‘iﬁrzsarﬁl{etﬁleﬁgﬁ é(():lpoi(gt’rigsl ﬁnlvgglt( 40), 5415 - 542, % g&ﬁ:ﬁ? aé,%.?fé&%%???ﬁf&%fy(z };rgcohr?s(,)llstjv(\flgz),rlifzfgn-df)i?‘;};dney/TomntO’ d edition.
oxidation of C3 compounds also influenced lower weight compounds, e.g. glyoxylic acid. [3] Wolke R. et al. (2005). Atmos Env 39(23-24), 4375 - 4388. [7]Monod, A. et al. (2005). Atmos Env 39(40), 7667 - 7688

The evaluation of prediction methods for aqueous phase rate constants found SARs to be the most precise and an easy-to-use method. I onod, 2. and D R S

With this knowledge it is now possible to create automated mechanisms and explore the tropospheric multiphase chemistry with even

more advanced chemistry mechanisms. Further studies will aim to introduce branched OH and NOj; attacks to organic compounds to Acknowledgements Y V

the 6XiStiIlg CAPRAM mechanism and advance the C4 ChemiStrY° This work is financed by the DFG (project number ATMOCHEM BO 1714/3-1. Lei b n iz
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