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Why should we develop explicit organic chemical schemes ?

|
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VOC oxidation produces a large number

of intermediates. These intermediates play
a key role in the HOx and NOx budget and
therefore in the tropospheric O, formation.

Secondary VOC are usually multifunctional
species, i.e. having high water solubility
and/or low vapor pressure. These organic
iIntermediates may

e modify the chemical and physical
properties of aerosol by Secondary
Organic Aerosols production

o Mmodify cloud chemistry (e.g. acid
formation) and microphysics (e.g.
surface tension effect, properties
of aerosol acting as CCN...)

Explicit scheme = reference scheme to
test the relevance of simplified (reduced)
schemes used in 3D models.

Objective tools to explore our ignorance
through comparisons with observations
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How big are explicit chemical schemes ?
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104; e Explicit schemes are too large to be
reasonably written by hand
103; e The quantity of physical and
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Data processing tools are required to:

® Assimilate all the data provided by laboratory studies
® Codify the various estimation methods

® Generate consistent and comprehensive multiphase oxidation schemes on a
systematic basis



The chemical scheme generator

® \What we expect from a generator :
Automatic creation of fully-explicit schemes on the basis of a predefined protocol.

starting point

| CH,CH,CH, | +OH =>CH,CH,CH(0O)+H,0 K,
CH,CH,CH, +OH =>CH,CH(OO)CH,+H,0  k,
CH,CH,CH(OO) +NO => ...

----------- =>
CH,CH(OO)CH, +NO => ...
........... .

........... :>[ CO, + H,0 ] ending point

® The protocol

Define the set of rules that lay out the choice of reaction pathways (and their
associated rate constant).

1- When available, kinetic data taken from laboratory measurements are assigned

2- Otherwise, an estimation of the rate constant, stoichiometric coefficients and
reaction products is performed using structure/activity relationships.



The chemical scheme generator

Generator = Expert system that
- assimilates physical and chemical data from laboratory experiments
- estimates the missing information based on structure/activity relationships

Input Output
e Automatic generator for
VOC oxidation scheme
) Explicit chemical
MaCh|nery . » schemes
Laboratory structure/activity relationships
data

The protocol currently used :

- Conceptually similar to the MCM3 mechanism
- Most SAR implemented were borrowed from SAPRC99, MCM and NCAR MM
- Described in Aumont et al., ACP, 2005



Low diagram of the generator
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New reaction products added to the stack
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The chemical scheme generator

Input

Hydrocarbons

Set of rules for simplification

Lumping protocol

Automatic generator for
VOC oxidation scheme

Machinery :
structure/activity relationships

Output

» Explicit chemical
schemes

Reduced
(simplified)
\ chemical schemes /
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Chemical scheme reduction

(Near near) explicit
scheme
(~70 primary species)

Reference scheme
359 660 species

2 270 159 reactions

Reduced scheme

Starting scheme ~150 species
~500 reactions

Ending scheme

Automatic & systematic reduction/v




Chemical scheme reduction

Level 2a: operator method
(Near near) explicit —p
1 350 species
scheme Sle e orfJeratqr + surrogates
. : ies
(=70 primary species) p | O PHITISTY SREE
Level 1: counter for RO> 530 slplalss
Pre-reduction: reference permutation imited to 3 1 954 reactions
chemical scheme > 345 391 species
359 660 species 1 798 480 reactions
2 270 159 reactions
Level 2b: surrogates Level 3: surrogates
Starting SCheme for primary species for secondary species
> 84 742 species 147 species
439 681 reactions 472 reactions

Ending scheme

Automatic & systematic reduction/v

Accuracy of the each reduction procedure can be
guantified using the explicit scheme as a reference

See Szopa et al., ACP, 2005






Modeling VOC oxidation : where does the carbon go ?

Explicit modeling of octane oxidation _
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Chemical scheme : Octane
1.2x10° species

7.5x106 reactions
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on to HOx, NOx, Ox budget at regional to global scale ?

strong emission sources affect the continental and remote




Modeling VOC oxidation : where d
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ve during cloud events?

yntribution of aqueous processes in:

oval of VOC
ormation
aerosols formation (after cloud evaporation)
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the parent compound that leads to aerosols ?

ontribution of organic condensation to:

copic behavior (CNN activation)
stribution
properties

Number of
functional groups
borne by C8
species




How far should we go in the description of VOC oxidation ?

Number of functional groups borne by C8 species
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How far should we go in the description of VOC oxidation ?

Evolution of
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during octane 5
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How far should we go in the description of VOC oxidation ?
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Multiphase VOC oxidation : Development of a data processing tools to
generate kinetic schemes and thermodynamic equilibrium (LISA/NCAR)

gas

ﬁHC + oxidaQ
ox‘

VOC
Water soluble

ox‘

VOC
semi-volatils

o4
9 CO, + Hzoj

Kinetic module

Gas phase generator

Many questions surround the role of multifunctional
organics in the chemistry of multiphase system

The main difficulties :
description of the sources and sinks of a myriad of

VOC that may partition to condensed phases.

Method :
extension of the self generating approach to

model multiphase system



Multiphase VOC oxidation : Development of a data processing tools to
generate kinetic schemes and thermodynamic equilibrium (LISA/NCAR)
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Multiphase VOC oxidation : Development of a data processing tools to
generate kinetic schemes and thermodynamic equilibrium (LISA/NCAR)
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Multiphase VOC oxidation : Development of a data processing tools to
generate kinetic schemes and thermodynamic equilibrium (LISA/NCAR)
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Explicit modelling of the gas/particle partitioning
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Pvap are estimated for each intermediate using
CO+C02 Myrdal & Yalkowski (97) structure/properties relationship
(see Camredon et al., Atmos. Env., 2006)



Gradual change of organics during 1-octene oxidation
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Evolution of organic functionalities during octene oxidation

Gas phase

Aerosol phase

time (day) time (day)
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Future developments ...
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