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Abstract. A new model for the formation of sec- 1 Introduction
ondary organic aerosol (SOA) from isoprene was developed.

This model uses surrogate molecular species (hydroxyatmospheric fine particles are known to have effects on
hydroperoxides, tetrols, methylglyceric acid, organic ni- health, atmospheric visibility, materials and climate. Among
trates) to represent SOA formation. The development of thishose particles, particulate organic matter (POM) represents
model used available experimental data on yields and molecy |arge fraction of the particulate mass, typically between 20
ular composition of SOA from isoprene and methacrolein ox-and 60% (Kanakidou et al., 2005; Yu et al., 2007; Zhang
idation. This model reproduces the amount of particles meagt g]., 2007a). Those particles are either primary (directly
sured in smog chambers under both low-Néid high-NQ  emitted as particles) or secondary (particles formed by chem-
conditions. Under low-N¢ conditions, the model repro- jca| reactions in the atmosphere). In the latter case, sec-
duces the transitional formation of hydroxy'hydroperoxidesOndary Organic aeroso|s (SOA) are formed by the gas_to_
particles, which are photolyzed and lead to SOA mass departicle partitioning of the oxidation products of volatile or-
crease after reaching a maximum. Under higheNfOn-  ganic compounds (VOCs). VOCs are emitted by both an-
ditions, particles are assumed to be formed mostly fromthropogenic and biogenic sources. However, SOA forma-
the photo-oxidation of a PAN-type molecule derived from tjon is poorly understood due to the numerous and com-
methacrolein (MPAN). This model successfully reproducesplex chemical phenomena involved (successive VOC oxida-
the complex NQ-dependence of isoprene oxidation and sug-tion steps, NQ chemistry, compounds partitioning between
gests a possible yield increase under some high-Bih-  several phases, SOA degradation, interactions between com-
ditions. Experimental data correspond to dry conditionspounds in the particle, oligomerization).

(RH<10%). However, particles formed from isoprene are  The complexity of SOA formation makes chemical mod-
expected to be highly hydrophilic, and isoprene oxidation g|ing of particulate matter (PM) difficult. To model SOA for-
products would likely partition between an agqueous phaseamation, most air quality models use simple parameterizations
and the gas phase at high humidity in the atmosphere. Thgased on yields estimated from smog chamber measurements
model was extended to take into account the hydrophilicconducted under specific conditions, which can be different
properties of SOA, which are relevant under atmosphericfrom atmospheric conditions (for example, oxidation under
conditions, and investigate the effect of particulate liquid wa- gry conditions). Those parameterizations rarely represent the
ter on SOA formation. An important increase in SOA masseffects of the NQ level or oligomerization, whereas those
was estimated for humid conditions due to the hydrophilic gffects have been shown to greatly affect the level of SOA
properties. Experiments under high relative humidity Condi'predicted (e.g. Ng et al., 2007a,b; Pun and Seigneur, 2007).
tions should be conducted to confirm the results of this study;Therefore, it is necessary to develop a parameterization that
which have implications for SOA modeling. gathers all those phenomena.

Isoprene (2-methylbutadiene) is the biogenic VOC, which
has the largest emission rate of all the non-methane VOCs,
estimated at 600 Tgyt (Guenther et al., 2006). Until re-
cently, isoprene was believed not to be a major SOA precur-

Correspondence tdf. Couvidat sor, despite its large emission flux, due in part to the high
BY (couvidaf@cerea.enpc.fr) volatility of its first generation oxidation products such as

Published by Copernicus Publications on behalf of the European Geosciences Union.




894 F. Couvidat and C. Seigneur: Modeling SOA formation from isoprene

methacrolein and methyl vinyl ketone (Pandis et al., 1991).tween 300 and 400 nm with a maximum at 354 nm (Kroll
Furthermore, some smog chamber studies initially showedet al., 2006). Under those conditions, nitrate radical §NO
that no significant aerosol growth was observed from iso-and ozone (@) photolysis hardly occurs (Carter et al., 2005)
prene photooxidation under high-NQonditions (Pandis and their photolysis rates are almost negligible. The rate
et al., 1991). However, during field studies in Amazonia, given by Kroll et al. (2006) was used for,B, photolysis,
compounds like tetrols with the same carbon skeleton as isowhich leads to hydroxy radical (HO) formation in the cham-
prene were identified (Claeys et al., 2004; Edney et al., 2005)ber. As the evolution of isoprene concentrations as a function
suggesting that isoprene could in fact contribute to SOA for-of time was in good agreement with the isoprene degradation
mation. SOA formation was then confirmed by several cham-observed by Kroll et al. (2006), we consider that the HO con-
ber studies and has been intensively investigated (Kroll et al.centrations are correctly simulated by the gas-phase mech-
2006; Surratt et al., 2006; Ng et al., 2008; Carlton et al., 2009;anism and the impact of HO concentrations was not stud-
Jang et al., 2002). ied. The photolysis rate for NOphotolysis was chosen so
Therefore, it is important to take isoprene-SOA into ac- that the maximum ozone concentration matches the results
count in air quality modeling. Chamber experiments led tofrom Kroll et al. (2006). @, NO3 and HONO photolysis
the identification of species composing isoprene SOA likerates were then calculated using the photolysis rates relative
tetrols and methylglyceric acid (Surratt et al., 2006; Kleindi- to NO, given by Carter et al. (2005).
enst et al., 2009). As those products are rather small organic As those experiments were done under dry conditions
molecules (number of carbon atom$) and with numerous (RH < 10%), partitioning between the gas phase and an or-
functional groups, they are expected to be highly hydrophilic.ganic liquid phase was assumed. The partitioning was calcu-
Then, those compounds would likely partition between anlated using the model of Pankow (1994a,b), which defines the
aqueous phase and the gas phase at high humidity in the agbsorption equilibrium constanky, ;) according to Raoult’s
mosphere. It has been shown that taking into account théaw as:
hydrophilic properties of isoprene SOA increases greatly the F;.om 760R T
amount of SOA formed (Pun, 2008), whereas the parame-Kom»i T A Ma MW 100 o P 1)
terization of Zhang et al. (2007b) used currently in most air Le on FEL
quality models does not take those effects into account. ~ Where 4; is the gas-phase concentration of compound
The objective of this work is to develop a new model for (NgNT3), Fiom is the concentration of the compoundn
the formation of SOA from isoprene, which takes into ac- the absorbing organic phase (ng# M is the absorbing
count NG, chemistry, the hydrophilic properties of molecu- Organic mass concentration (ug#, R is the ideal gas con-
lar species and oligomerization. First, a model is developedtant (8.206x 10->m2atmmol*K~1), T is the tempera-
based on results from experiments conducted under dry corfure (), MWon is the mean molecular weight of the ab-
ditions. Next, the model is extended to humid conditions bySorbing organic phase (gmdy), ¢; is the activity coeffi-

taking into account gas-aqueous phase partitioning. cient of compound in the organic phase, angf ; is the
saturation vapor pressure of the absorbed compound (torr).

The thermodynamic model UNIFAC (UNlIversal Functional

2 Model development group Activity Coefficient) was used to calculate activity co-
efficients (Fredenslund et al., 1975). The missing UNIFAC
2.1 Method parameters (for the functional groups nitrate and hydroper-

oxide) were taken from Comernolle et al. (2009). An iter-

To develop the model for SOA formation from isoprene oxi- ative method was used to calculate activity coefficients and
dation, the experimental results of Kroll et al. (2006) and Sur-the partitioning.
ratt et al. (2006) were used. Those experiments were done in The effect of temperature was taken into account accord-
the Caltech experimental chamber under both lowgh@d  ing to the Clausius-Clapeyron equation using enthalpies of
high-NOy conditions. A complete description of the facility vaporization. Kleindienst et al. (2009) measured the effective
is given by Cocker Il et al. (2001). The gas-phase chemistryenthalpies of vaporization of SOA formed from isoprene ox-
was simulated with RACM2 (Goliff and Stockwell, 2008), idation for both low-NQ and high-NQ conditions. Those
which includes a mechanism for isoprene oxidation. Thisvalues were used in this study: a value of 38.4kJthol
mechanism has been shown to perform well for oxidant for-for compounds formed under low-NQGonditions (tetrols,
mation (Kim et al., 2009). The mechanism was modified to hydroxy-hydroperoxides) and a value of 43.2 kJofor
take into account the formation of the surrogate species t¢ompounds formed under high-NGconditions (methyl-
represent SOA formation as described below. The ROS2 alglyceric acid, organic nitrates). The use of experimental ef-
gorithm (Verwer et al., 1999) was used to solve the chemicafective enthalpies of vaporization instead of theoretically es-
kinetic equations. timated values for specific SOA compounds is appropriate
The experiments of Kroll et al. (2006) and Surratt et al. because SOA surrogates may represent a lumping of several
(2006) used blacklights, which emit in the ultraviolet be- individual compounds.
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Stoechiometric coefficients of condensable products, sat- s
uration vapor pressure (for low-NQconditions), effective
partitiong constant (for high-NQOconditions) of the differ- .
ent surrogate species were selected to reproduce the resul
of experiments. The reactions added to RACM2 for SOA
formation from isoprene are listed in Table 1. The first six re-
actions dominate under low-N@onditions whereas the last
two reactions dominate under high-N®©@onditions. Prop-
ertes of surrogate species (molecular structure, saturation va
por pressures, molar mass and enthalpies of vaporization) arc |
listed in Table 2.

The model development for SOA formation via oxidation
of isoprene by N@and HO is presented next. Although SOA
formation occurs via oxidation of isoprene by (Kamens
et al., 1982; Kleindienst et al., 2007; Nguyen et al., 2010), % 20 10 a0 50 T00
this pathway was not taken into account here because of in- Mass of SOA formed (ag/ir)
sufficient quantitative and mechanism information to develop
a model at this point.

20

Yield (%)

Fig. 1. SOA vyield data and yield curve for isoprene-pl@action

2.2 Oxidation of isoprene by NG using one surrogate compound.

The results of Ng et al. (2008) were used to model oxidationto form much G-hydroxy-trinitrate (G-dihydroxy-dinitrate

oélsHo;?\Irege by N@. In (tjhelr study, af@hhydroxy-trlngra:]e is more likely). Reaction R2 could then overestimate SOA
(CsHaN3010) compound (structure of the compound Shown ¢, y44i0n from ISON oxidation. However, this reaction

in Table %) \;v;s founld tgok())?g predom_inant in The ‘typical ex- could be used to deduce whether or not oxidation of isoprene
periment” of Ng et al. ( ) (experiment relevant to atmo- by NOs can lead to a significant quantity of SOA. In this

spheric conditions). Therefore, it was used as a surrogatgtudy’ this reaction was used to make sure thag N@ks not

compound for SOA fprmanon for oxidation by NO . contribute significantly to SOA formation in environmental
Isoprene reacts with N©to form the surrogate ISON in

chambers.
RACM2 (which groups all compounds formed from the oxi-
dation of isoprene with Ng) by this reaction: 2.3 Oxidation of isoprene by HO: formation of
ISO+NO3 = ISON (R1) methyl-tetrols and hydroxy-hydroperoxides

under low-NOy conditions
(with a kinetic constant k£ = 6.61 x
10 B moleculelcm®s™1). However, there is no oxi- Methyl-tetrols and hydroxy-hydroperoxides are expected
dation of this compound by N§Jn RACM2. The following ~ to be the two main compounds formed from the photo-
reaction was added to RACM2 to take into account theoxidation of isoprene under low-NCronditions. Whereas

formation of G-hydroxy-trinitrate: tetrols have been explicitly identified in chamber experi-
ments (Kleindienst et al., 2009), the structure of hydroxy-
ISON+NO3z = ... = anos CsHgN3O10 (R2) hydroperoxides is still unknown and has not been conclu-

where anos is the stoichiometric coefficient of sively identified (Kroll et al., 2006). Nevertheless, it is ex-
the Gs-hydroxy-trinitrate. A kinetic constant of Pected to be a key-component for SOA formation (Kroll
7.0 x 10-%moleculelcmis—! was taken from Rollins €tal., 2006; Surratt et al., 2006) and Surratt et al. (2006) con-
et al. (2009). firmed that peroxides constitute a large fraction of SOA un-

The method of Odum et al. (1996) with aerosol yields wasder low-NG condition_s. Un(_jer the con_ditiops of K_roII etal.
used by Ng et al. (2008) with two surrogate compounds to{2006), the R@ (organic radical) chemistry is dominated by
estimate SOA formation parameters. Here, the same methoBC2 + HOz reactions. Hydroxy-hydroperoxides are expected
was used but with only one surrogate compound becausk be formed by those reactions. In RACM2, the formation

one surrogate compound is sufficient to reproduce the result§f the radical (noted ISOP) from the oxidation of isoprene
of Ng et al. (2008) as shown in Fig. 1. A stoichiometric by HO can I_ead to the formation of flrst-gengratlon hydroxy-
coefficientanos of 0.074 was estimated with a saturation hydroperoxides (noted ISHP) by the following chemical re-

vapor pressure of 1.12 107 torr. actions:

It should be noted that the formation o§l@gN3010 may ISO+HO = ISOP (R3)
be a minor pathway for SOA formation in the atmosphere
because there is probably not enoughNi©the atmosphere  ISOP+HO; = ISHP (R4)
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Table 1. Reactions and products added to RACM2.

Reactions kinetic rate parameters (molecdlents—1)
ISHP +HO= ... + 0.28 BIiPER +0.030 BiDER 310711

2 1SOP= 2 MACR + HCHO + HQ, + 0.16 DIOL 2.0x 10712

ISOP + MO, = ... + 0.16 DIOL 3.40¢ 10 4 exp(221/T)

ISOP+ACQ = ... + 0.16 DIOL 8.40< 10~ exp(221/T)

DIOL +HO = 0.16 BIMT + HO* 1.30x 10710

ISON +NQO3 = 0.074 GHgN3019 6.61x 10713

MPAN +HO = ... + 0.063 BiMGA + 0.046 BINGA 3.26 1011

* Oxidant HO is added as both reactant and product in order not to modify HO prediction by RACM2.

Table 2. Properties of the selected SOA surrogate species.

Surrogate Saturation vapor Molar Mass A Hyap Formula
species pressure (torr) (gmd)  (kImol 1
) HO, OH
BIMT 1.12x 10-% at 294K 136 38.4 ﬂ
HO OH
HO, OOH
BiIPER? 2.61x 1076 at 298 K 168 384 K
HOO OH
BiDER 4.1x 1077 at 298 K 136° 38.4 unspecified
O,NO
_ 6 ONO»,
CsHgN3O19  1.12x 1075 at 294K 271 38.4 L
ONO,
o}
BIMGA 1.40x 1075 at 298 K€ 120 43.2 HO%OH
HO
o
BINGA 1.39x 1075 at 298 K 165 43.2 HOJ\}/\OH
ONO,

& Can undergo degradation due to photolytic reactiégsgadatiorr 2-0x 1074571y,

b value obtained by using tetrols as BIiDER structure. Results may change with an other structure (change mainly due to different molar mass, see text).
¢ Can undergo oligomerization. Calculated partitioning constant with this saturation vapor pressure has to be changed to take into account oligomerizatioKyyih-EG42.

However, the surrogate compound ISHP is too volatiletively the stoichiometric coefficients of BIiPER and BiDER.
to form SOA (the group contribution method SIMPOL.1 Because of lack of data, molar mass and molecular structure
(Pankow and Asher, 2008) gives a saturation vapor pressuref BIDER were assumed to be those of tetrols but the satura-
0f 6.09 x 10~ torr). Only one of the isoprene double bonds tion vapor pressure was chosen to be different from the tetrol
has been oxidized to form ISHP. If hydroxy-hydroperoxides saturation vapor pressure in order to fit the experimental data
SOA are formed, it can be assumed that ISHP is a key inter{the sensitivity of the model to this assumption is investigated
mediate in their formation. So, it was assumed that hydroxy-below). A rate constant of 3.8 10~ molecule 1 cm®s1
hydroperoxides are formed from the oxidation of the ISHP was chosen for reaction R5 (kinetics supposed similar to the
double bond by HO and a subsequent,R®IO, reaction: kinetics of the MACR + HO reaction in RACM2 Goliff and

ISHP4+HO=> ... = ...+« BIPER+ 8 BIDER rs)  Stockwell, 2008).

where BIiPER is a dihydroxy-dihydroperoxide, which may
undergo photolysis, BiDER is another product with struc-
ture unknown, which is not photolyzed,and g are respec-
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After reaching a maximum, the SOA mass was observed 30
to decrease rapidly in the experiments of Kroll et al. (2006)
under low-NQ conditions. The decrease stopped immedi-
ately when the lights were turned off. It indicates that the
loss is due to photolytic activity and not to wall losses. To
our knowledge, rapid loss of SOA has not been observed in
the photo-oxidation of another compound.

The mechanism for SOA loss has not been completly elu-
cidated. The loss of SOA could be due to either gas-phase
reactions (consumption of the partitioning compounds may
drive equilibrium away from the particle phase) or particle-
phase reactions (Kroll et al., 2006). For example, SOA loss
could be due to gas-phase reaction with HO or photolysis.
Kroll et al. (2006) assumed that the compounds accountable ;
for the rapid SOA loss may be organic hydroperoxides as this % 20 a0 60 80 100
loss is only seen under low-NQGonditions. The pathway AacRdiopme R
by which this SOA loss occurs should be clarified (particle-

phase reaction, gas-phase reaction, photolysis) by further ex:jg > soA growth versus isoprene reacted. Dots correspond to

perimental studies. measurements from Kroll et al. (2006). Lines correspond to results
Because of the uncertainties of the SOA loss mechanismirom the model forT = 298 K.

modeling the loss by a global BiPER degradation kinetics

(degradation into both particulate and gas phases) was cho-

sen: group contribution method SIMPOL.1 gives similar satura-
. tion vapor pressures for tetrols and-Bydroxy-trinitrate.

BiPER= Unknown Products (R6)  accordingly, the saturation vapor pressure of tetrols was

Tetrols are assumed to be formed from the oxidation of di-taken identical to that of £&hydroxy-trinitrate. A value for

ols which can be formed from RG RO, reactions. Under ¥ of 0.16 was used (assuming that the second oxidation has
|0W'NOX Conditions' RQ+ R()Z reactions become predom_ the same y|e|d as the oxidation of the first double bond).
inant when concentrations of isoprene become high but can In the atmosphere, concentrations of ISOP are not typ-
contribute slightly to SOA formation in Kroll et al. (2006). ically sufficient for reaction R7 to be dominant. Inside
RACM?2 does not take into account the diol formation from environmental chambers, reactions R8 and R9 probably
isoprene. However, Ruppert and Becker (2000) give a yielddo not produce high quantity of DIOL due to the low
for diol formation between 7.1% and 9.3%. A yield of 8.0% concentrations of radicals MCand ACQ;. However, those
was assumed here. Based on data of Ruppert and Beckéadicals are likely to be in higher concentrations in the
(2000), a rate constant for the oxidation of diols by HO atmosphere and BiMT could be formed by this pathway.

of 13.0x 10 molecule cm3s—1 was chosen. Under the The stoichiometric coefficientg and 8, the degradation
conditions of Ruppert and Becker (2000), diols (noted hererate of BIiPER (R6) and the saturation vapor pressures of

DIOL) can be expected to be formed from an ISOP +ISOPBIPER and BiDER were selected to minimize the error
reaction, as follows: between modeled and experimental results by a least square

method for both maximal and final mass of SOA. A mean
21S0P= 2 MACR+HCHO-+HO,+0.16 DIOL (R7)  temperature of 25C was assumed. However, to be able

The ISOP +ISOP reaction has been taken frayadpl etal. 0 solve the system, one of the parameters has to be set.
(2000) and DIOL formation was added to this reaction (theAccording to Kroll et al. (2006), the SOA loss is about
yield was multiplied by two because two radicals from iso- 0-006-0.018 m.ml- A mean value of 0.012 mirt was then
prene react in this reaction). ISOP can also be oxidized byi@ken for reaction R6. Optimization gives the values of the
radicals MQ and ACQ;. The following reactions have been parameters presented in Table 3. Results of the comparison

—— Maximal mass
—— Final mass

25

)

3

= N]
% o
T T

Mass of SOA formed (pg/m
=
o

added to RACM2: between modeled and measured SOA formation are shown
in Table 4 and Fig. 2. Figure 3a shows the results of a
ISOP+MO2=>...+0.16 DIOL (R8)  simulation for 63.6 ppb of isoprene.
The model reproduces well the results from Kroll et al.
ISOP+ACO3 =5 ...+0.16 DIOL (RO) proguces w y

(2006) but there are still uncertainties, in particular in the
DIOL +HO = y BiMT +HO (R10) mechanism for SOA degradation and in the values for the
yield and the saturation vapor pressure of methyl-tetrols.
where BiMT is the surrogate compound for tetrols anis Under the conditions of Kroll et al. (2006), tetrols only rep-
the corresponding stoichiometric coefficient of BIMT. The resent a small part of SOA (simulation for the oxidation of

www.atmos-chem-phys.net/11/893/2011/ Atmos. Chem. Phys., 11, 893-909, 2011
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(a) Initial concentration of isoprene: 63.6 ppb
20 T T T

—— Total SOA

— BiMT
— BIiPER
— BIiDER

10 |

mass (ng/m®)

! 6 8

Reaction time (Hours)

(b) Initial concentration of isoprene: 500 ppb

L
2

—— Total SOA
— BiMT

— BIiPER
— BIiDER

mass (pg/m®)

5 30

Reaction time (Hours)

10

Fig. 3. Evolution of the calculated mass of SOA formed from iso-
prene photooxidation as a function of timeZat 298 K (a) for an
initial isoprene concentration of 63.6 pf) for an initial isoprene
concentration of 500 ppb.

63.6 ppb of isoprene gives 8% of tetrols). But tetrols would
represent a larger fraction of SOA with a larger quantity of
oxidized isoprene because the ISOP +1SOP reaction woul
then be competitive with the ISOP + HQeaction. This is
confirmed by a simulation done with 500 ppb where tetrols
represent about 40% of SOA formed (Fig. 3b).

2.4 Oxidation of isoprene by HO: formation of
methyl-glyceric acid under high-NOy conditions

Under high-NQ conditions, Surratt et al. (2006) showed that
methyl-glyceric acid (MGA) and its nitrate derivative can

oligomerize and form substantial amount of SOA. Recent

studies showed that MGA is formed from the oxidation of

Atmos. Chem. Phys., 11, 893-909, 2011
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Table 3. Values of the optimized parameters used for lowsNO
conditions at 298 K.

Parameter Value
o 0.28
B 0.030
BiPER degradation 210451
BiPER saturation vapor pressure %8075 torr
BIiDER saturation vapor pressure 4107 torr

MPAN (PAN-type molecule derived from the oxidation of
methacrolein) (Surratt et al., 2010; Chan et al., 2010) and
that MGA strongly depends on the initial [N{NO] ratio
(because MPAN formation is favored under high Nsondi-
tions).

To model SOA formation under high-N@onditions, we
assumed that SOA formation comes mainly from MGA and
its nitrate derivative formation via MPAN oxidation. Cur-
rently, there is not enough information to distinguish MGA
formation from its nitrate derivative formation in the model.
However, experiments by Surratt et al. (2006) show that the
two molecules are formed in equivalent quantities when iso-
prene is oxidized under high-NConditions. We assumed
that MPAN oxidation leads to the same overall mass (par-
ticle + gas) of MGA and its nitrate derivative. It means that
there is 1.375 (molecular weight ratio of the two compounds)
times as much MGA as nitrate:
MPAN+HO = ...4+1.375)1 BIMGA + A BiNGA (R11)
where BIMGA represents MGA, BiINGA represents its ni-
trate derivative and. is the stoichiometric coefficient for
BINGA. However, when methacrolein is directly oxidized,

a higher quantity of nitrate derivative is formed. This fact
could be due to faster MPAN formation when methacrolein
is directly oxidized: more NQ is available to react with
MPAN, which leads to higher nitrate derivative concentra-
tions. When isoprene is oxidized, methacrolein is formed
first and MPAN formation occurs latter in the oxidation pro-
ess. Then, there is more time for N@ be consumed to
orm HNO;s. As the nitrate derivative has a higher molecu-
lar weight than MGA and a priori a similar saturation vapor
pressure, the hypothesis made could lead to underestimation
of the SOA mass in environmental chamber under some con-
ditions.

Oligomerization can impact strongly the formation of
SOA (e.g. Gao et al., 2004; Jang et al., 2005; Liggio et al.,
2005). It is then important to take it into account. To take
into account oligomerization, a simple parameterization was
developed:

Aoligomer (2)

K oligo =
Amonomer

www.atmos-chem-phys.net/11/893/2011/
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Table 4. Comparison of measurgend modelebl SOA formation (A M) for NOx-free conditions: maximun Mg and finalA Mo.

Initial MeasuredAMy CalculatedAMy MeasuredAMy CalculatedA Mo
isoprene (ppb)  (max) (ugm?)  (max) (ugnT3)  (final) (ugnT3)  (final) (ug nT3)
90.0 27.0£0.5 26.9 9.3:04 8.6
46.1 13.5+0.6 115 3.8:05 34
23.0 2.3:£05 28 0.6:0.3 0.5
12.2 0.7+0.1 0.07 0.3:0.1 0.02
63.6 17.8£0.5 18.0 5.6:t0.5 5.6
29.4 6.2:0.8 51 2205 1.3
47.8 11.1+0.5 12.2 3.6:04 3.7
41.6 8.4+0.4 9.8 2405 2.9

@ Measured values taken from Kroll et al. (2006).
b with T = 298K.

Table 5. Comparison of measured and modé&l&DA formation (A M) for high-NO, conditions.

Initial reagent  Initial NO  Initial NQ MeasuredAMy CalculatedA Mg

(ppb) (ppb) (Ppb) (Hgm®) (g3
46.7 242 24 6.21.0 6.0
43.5 496 30 2912 33
Kroll et al. (2006) 42.7 98 31 6F1.3 5.9
(isoprene) 49.1 51 27 561.3 7.0
42.7 337 68 461.0 47
42.0 708 37 1211 15
500 827 34 74 90
Surratt et al. (2006) 500 759 112 73 93
(isoprene) 500 805 87 104 92
500 825 80 111 91
500 891 74 95 90
Surratt et al. (2006) 500 791 60 181 136
(methacrolein) 500 898 30 197 121

* With 7 = 298K and RH =5%.

where Kojigo represents the ratio of the oligomer mass 64.2. Results are presented in Table 5. Figure 4 shows the
(Aoligomer) to the monomer massfnonome). With this sim- results of a simulation for 42.7 ppb of isoprene, 98 ppb of
ple parameterization, an effective partitioning coefficient canNO and 31 ppb of N@. The slight difference between the
be calculated as follows: BiMGA and BiNGA concentrations is due to the slightly dif-

ferent activity coefficients of the two compounds.
Keff,om,i = Kom,i(1+KoIigo) (3)
The model successfully reproduces the results of Kroll

where Kom; is the absorption equilibrium constant of the et al. (2006) within the uncertainties of the experiments
monomer. It was calculated by using the saturation vapotexcept for one experiment, (the lowest quantity of N@e
pressures obtained with the SIMPOL.1 method for MGA andmodel gives a result (7.0 ugt) close to the upper value,
its nitrate derivative. The same paramek®yigo was applied 6.9 ug nr3). This slight overestimation could be attributed
for both BIMGA and BiNGA. to a calculated quantity of radical HQ@oo important or the

The parameters and Kqjigo Were selected to minimize fact that some reactions (the radical formed from ISHP + HO
the error between the model and the results from Kroll et al.could react with NO and forms less SOA) are missing in the
(2006) and Surratt et al. (2006) by a least-square method. Ayas-phase mechanism. For high isoprene experiments, the
mean temperature of 298K and a relative humidity of 5% model gives relative errors from 5 to 20%, but the model
were assumed. Optimization givés= 0.046 andKgligo = is less sensitive to NQconditions than observed in the
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Fig. 4. Evolution of the calculated mass of SOA formed from the Fig. 5. Evolution of calculated SOA mass with N@or 45 ppb of
photooxidation of isoprene as a function of time for initial concen- Oxidized isoprene and different initial [NQ[NO] ratios.

trations of 42.7 ppb of isoprene, 98 ppb of NO and 31 ppb 06NO

at 298 K.

beginning of oxidation. To observe high concentration of
SOA, MPAN formation must be favored after 1h and so, a
high [NO,])/[NO] ratio after 1 h must be observed. For an
initial [NO2]/[NO] ratio of 0.1, the ratio after 1 h is: 53 for
100 ppb, 52 for 200 ppb, 31 for 300 ppb and 7 for 400 ppb.
The decrease of SOA for a N@oncentration greater than
200 ppb is due to the drop of NQ@uring oxidation.

For higher [NQ]/[NO] ratios, it seems that the SOA yield

is higher under high-N© conditions than under low-NO
conditions. For an initial [N@|/[NO] ratio of 5, the quan-

experiments. This lack of sensitivity of the model may be
due to the fact that the BIMGA/BINGA ratio in the model
does not vary with N@ conditions. It may also explain
the underestimation of SOA formed when methacrolein is
directly oxidized (which leads to a lower BIMGA/BINGA
ratio Surratt et al., 2006).

3 Influence of parameters tity of SOA formed appears insensitive to the NQuan-
tity. However, in reality, a stronger sensitivity may be ob-

3.1 Influence of NG level and NO,/NO ratio served if the BIMGA/BINGA ratio were sensitive to NO
concentrations.

Based on the experiments of Kroll et al. (2006), the SOA For a [NG)/[NO] ratio of 1, the final SOA yield (when
yield seems to be maximal for an oxidation of 300 ppb of there is ho more SOA growth or loss) was calculated as a
NOy and seems to decrease for higher concentrations. Th&nction of initial isoprene concentration for several initial
recent study of Chan et al. (2010) shows that under high-concentrations of NQ(Fig. 6). For the no-N@ simulation,
NOy conditions, the SOA vyield strongly depends on the the yield increases and stabilizes at about 3.75%. In this case,
[NO2J/[NO] ratio due to MPAN chemistry (MPAN forma- a typical SOA vyield curve is obtained. For high-NG&imu-
tion is favored under high N©conditions). lations, the evolution of the yield is more complex because
To study the impact of the NQlevel, the amount of of the MPAN chemistry. Yields can vary from 5 to 7% if
SOA formed was calculated as a function of initial NO more than 100 ppb of isoprene is oxidized. For 300 ppb of
concentrations (Fig. 5) for different [NP[NO] initial ra- NOy, the yield decreases slightly between 300 and 400 ppb
tios (the ratio may change with time). According to the of oxidized isoprene and increases for higher concentrations
model results, the amount of SOA decreases strongly onlyf isoprene.
for low [NO2]J/[NO] ratio (Fig. 5 for [NO,J/[NO]=0.1) and It is difficult to deduce a general pattern for isoprene SOA
is below the amount of SOA formed in no-N@onditions  formation in presence of N(because of the complex effects
(3.5 ug n13) for very high concentrations of NGmore than  of the gas-phase chemistry. Depending onyN®©ncentra-
500 ppb of NQ for 45 ppb of oxidized isoprene and an initial tions and the [N@])/[NQ] ratio, the yield can be lower or as
[NO2J/[NO] ratio of 0.1). The inhibition of SOA formation much as twice higher than the no-NGOA vyield. How-
for low [NO2)/[NO] ratios is due to the MPAN chemistry. ever, for atmospheric conditions (N@nd isoprene concen-
Figure 4 shows that SOA begin to form nearly 1 h after thetrations generally inferior to 100 ppb), the yield should be
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7 . . ‘ . ; For BIDER, the molar yield is lower (0.018 instead of
0.030 but the mass yield is the same) and the saturation va-
por pressure is lower (2:610~/ torr instead of 4.1 10~/

torr). Therefore, BiDER volatility may be underestimated in
the model.

4 Extension of the model to humid conditions

Yield (%)

3f The model described above applies to dry conditions. How-
ever, it is important to implement in an air quality model an

2r : SOA model that covers the full range of atmospheric condi-
— HohNGs tions including high humidity conditions. Consequently, a

— NOx = 100 ppb o . .

1 — NOx =300 ppb | parameterization for SOA formation must take into account
— NOx =500 ppb humid conditions. Moreover, the SOA compounds produced

05 o i o o e =0 from isoprene photooxidation may be highly hydrophilic
intig! isoprene;coneentration (ppb) due to their structural composition, i.e., short compounds

(number of carbons<5) with several functional groups.
Under humid conditions, in presence of both an aqueous
phase and an organic liquid phase, isoprene SOA surrogates
may partition mostly between the aqueous phase and the gas
phase rather than the organic phase and the gas phase.
higher under high-N@conditions than under low-NQcon- Several methods have begn used to account for the influ-
ditions, when SOA formation occurs in an organic phase.  €Nce of water on SOA formation. On one hand, one can treat
the atmospheric particles as internal mixtures (all particles
3.2 Influence of temperature of a same size have the same chemical composition) and
solve he thermodynamics with possible phase separation
Figure 7 shows the effect of temperature on the amount ofe.g., mostly organic and aqueous phases) as performed by
SOA formed for different [NQJ/[NO] ratios. In all cases, a Pun (2008) and Zuend et al. (2010). On the other hand, one
decrease of the temperature by°’#Dleads to an increase of can treat the atmospheric particles as external mixtures with
SOA mass by about 2 ugm. This result can be explained aqueous (mostly inorganic) particles being distinct from
by an increase in SOA volatility when the temperature in- hydrophobic (mostly organic) particles as performed by Pun
creases. The temperature affects SOA partitioning more thaet al. (2002, 2006). The latter approach is used here.
the kinetics of the reactions leading to the formation of SOA.  For the extension to humid conditions, a parameterization
However, the activation energy was not used for all the reacfor the partitioning between the gas phase and the aqueous
tions due to a lack of data and the chemical kinetics could bgphase was added to the model described above. It was

Fig. 6. Evolution of calculated yield with isoprene concentration
for different NG concentrations with a [N&)/[NO] ratio of 1.

in reality more sensitive to temperature. assumed that all surrogate SOA compounds can partition
_ between the gas phase and any liquid phase (aqueous phase
3.3 Influence of the BIDER molecular structure and organic phase). Surratt et al. (2010) showed that under

_ _ ) ) low-NOy conditions, an epoxidiol intermediate should be
To |nves.t|gate the impact Of, the BIDER molecular struc- formed from reaction R5 with a high yield (about 75%). This
ture (which could be very different from the structure of o yidio| can lead to methyl-tetrol and other components
tetrols) on the results of the model optimization, we S“b'formation in the presence of an acid aerosol. However,
stitute its structure by that of another compound. We used;,o study of aqueous-phase reactions (Ervens et al., 2008:

the peroxy-hemiacetal that could be formed by the particle\, amer et al., 2009) was considered outside the scope of
phase reaction (Kroll and Seinfeld, 2008) of a trihydroxy- this work and was not modeled here.

hydroperoxide with glyoxal. This compound has a molar

mass of 224 g mof* (instead of 136 g mot* for tetrols). Us-

ing this compound, the optimization gives the same yield for4 1  parameterization of the partitioning between an

BiPER (0.28) but a slightly different saturation vapor pres- aqueous phase and the gas phase

sure (2.2x 10~ torr instead of 2.6< 10~ torr). Results ob-

tained for BIPER are not very sensitive then to the choiceTo extend the model to humid conditions, the partitioning

of the BIDER structure. The results obtained by assumingbetween the gas phase and the aqueous phase is calculated

that BIDER has the structure of tetrols should give a goodwith a modified Henry's law (Pun et al., 2002):

estimation of BiPER yield and saturation vapor pressure. A v

H = ’—gl (4)
"7 M; LWC p;
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Fig. 7. Evolution of SOA with NQ for 45 ppb of oxidized iso-
prene at different temperatures fofa) [NO2]/[NO] ratio of 0.1,
(b) [NO2)/[NQ] ratio of 1, (c) [NO2])/[NQ] ratio of 5.
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with H; the Henry’s law constant of compouh@M atn 1),

pi the partial pressure of compounih the gas phase (atm),
LWC the liquid water contentI{yaierm™2 of air), M; the
molar mass of compoundand¢; the activity coefficient of
compound in the aqueous phase defined by reference to the
infinite dilution. ¢; can be computed by using the UNIFAC
model:

Vi
L 5
i S ©)
wherey; is the activity coefficient of the compouridn the
aqueous phase computed with UNIFAC afftl is the activ-
ity coefficient of compound at infinite dilution computed
with UNIFAC.

Different methods can be used to determine the Henry's
law constant. Functional group methods give very
high values for the Henry's law constant of BIMT
(2.7x 10**Matm™! and 1.66x 10*Matm=! with the
methods of Meylan and Howard (2000) and Suzuki et al.
(1992) respectively). On the contrary, the HENRYWIN
bond contribution method of Meylan and Howard (2000,
1991) predicts a lower value for BiMT: 2.4610° M atm™1.
However, according to the data available in Raventos-
Duran et al. (2010), the HENRYWIN bond contribution
method seems to underestimate the Henry’s law constant
for compounds with several hydroxy groups (for exam-
ple, for propane-1,3-diol, this method predicts a Henry's
law constant of 6.3k 10°Matm 1 whereas the experi-
mental value is 1.& 1® Matm™1). SPARC online (Hi-
lal et al., 2008) seems then to provide the best estimation
for Henry’s constants (3.38 10°Matm~? for BiMT and
5.25x 10° M atm~? for BIMGA). However, SPARC online
does not provide algorithms to calculate the Henry’s law con-
stants of the other compounds.

We chose to calculate the other Henry’s law constants by
reference to either BIMT or BIMGA using the following
equation:

o0 p0o
_vh

H = H 6)
i yioo P[O J

where j is the compound of reference (BIMT or BIMGA)
andi is the compound for which the Henry’s law constant
is wanted. The Henry’'s law constants for BIiPER, BiDER
and GHgN3O1p were calculated by reference to BIiMT.
The Henry's law constant for BINGA was calculated by
reference to BIMGA. The saturation vapor pressures used in
the model for dry conditions were used for the calculation.
The calculated values at 298 K are presented in Table 6.

4.2 Influence of an aqueous phase on SOA formation

The partitioning of the surrogate compounds under atmo-
spheric conditions was calculated for four different cases.
In the first case, SOA partition between the gas phase and
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formed in the first case is due to low affinity of the sur-
rogate compounds formed under those conditions (mainly
BiPER and BIiDER) with POA. In the second and third case,
the same amount of SOA is formed (because all SOA com-
pounds seem to partition only in the aqueous phase). Fig-

Table 6. Calculated Henry’s law constants for SOA
surrogate species.

Surrogate species H; at 298K (Matm 1)

BiMT 3.30x 1010 ure 8 shows the evolution of SOA formed for the second
CsHgN3010 4.75% 10° and third cases. A substantial amount of isoprene is formed
BIMGA 5.25x 108 (1.6 ug 12 at the end of the oxidation and a maximum at
BINGA 3.73x 10 6.7 ug nT3). The amount of SOA formed is even greater than
BiPER 8.09x 107 in the case where SOA would condense on an ideal organic
BIDER 8.91x 1010 phase, which gives much greater concentrations than the non-

ideal organic phase case. This result shows the importance
of taking into account the non-ideality of particles for SOA
partitioning. Furthermore, SOA formed from isoprene pho-
tooxidation under low-N¢ conditions are not likely to con-
dense on POA (due to non-ideality of the organic phase), it
would more likely condense efficiently on an aqueous phase.
It should be noted that, whereas surrogates do not condense
on POA, they condense almost entirely on the aqueous phase
(only 1% of BiPER remains in the gas phase).
Under high-NQ conditions ([NO]=[NQ] =50 ppb), all
the components formed are not highly hydrophilic. Figure 9
shows the quantity of SOA formed for the different cases
under high-NQ conditions. There is still a lower quantity
of SOA (0.16 pg m3) formed when SOA condense on POA
than when they condense on an aqueous phase (0.59f)gm
. But, contrary to the low-N@Qconditions, the third case shows
0 2 L B 8 10 that a non-negligible part of the surrogates condense on the
organic phase. The fourth case (ideal organic phase) strongly
increases the mass of SOA. The difference between loyw-NO
Fig. 8. Effect of an aqueous phase on SOA formation under ng-NO and high-NQ conditions is due to lower Henry’s law con-
conditions for 10 ppb of initial isoprene concentration for different stants of the surrogate species, which dominate under high-
cases. Case 1: Condensation on 5{1grof POA. Case 2: Con- NOy conditions. Whereas, the measured SOA yield was
densation on 50 ugﬁ?’ of liquid water. Case 3: Condensation on hjigher for dry conditions under high-N@onditions (but for
5ugnT 3 of POA and on 50 ugm® of liquid water. Case 4: Con-  concentrations of N@less than 300 ppb) than under low-
densation on 5 g of an ideal organic phase. NOy conditions, it is possible that in the atmosphere under
high-NQ, conditions, less SOA could be formed due to lower
water solubility of the corresponding SOA. The increase in
an organic phase constituted by primary organic aerosol$0OA mass under humid conditions is commensurate with the
(POA). A mean value of 5ugn? for POA concentra-  results obtained by Pun (2008) who estimates, using a differ-
tions was chosen as follows: 40% of C23H47COOH, ent approach, an increase by a factor of five of SOA mass by
5% of C8H17CH=CHC7H14COOH, 15% of 4-(2-propio)- taking into account the hydrophilic properties of SOA from
syringone, 12% of C29H60 and 28% of 2-carboxybenzoicisoprene.
acidic (EPRI, 1999). In the second case, SOA partition be- To explain the absorption of surrogates in the organic
tween the gas phase and an aqueous phase. A value ghase in high-N@but not in low-NQ, the distribution of the
50 g nm 2 of liquid water was used in the second case. Thesoa (formed from the oxidation of 10 ppb of isoprene with
aqueous aerosol was supposed to be too acid for BIMGA ango ppb of NO and NG) between the organic and aqueous
BINGA to dissociate. In the third case, SOA can condensephases for differenYwated Morganicratios is shown in Fig. 10.
on 5ugnT3 of POA and on 50 ug m® of liquid water. In  BjMT, BiPER and BIiDER (compounds formed under low-
the fourth case, surrogates can condense on an organic phag®, conditions) are only present in the aqueous phase and
assumed to be ideal (activity coefficients equal to 1). do not condense significantly in the organic phase. BIMGA
Under no-NQ conditions ([NO]=[NQ]=0.0), no substan-  (formed under high-N¢) does not condense on the aqueous
tial amount of SOA is formed in the first case (maximum of as efficiently as the surrogates formed under lowzNON-
SOA formed is 0.027 pg n’?) whereas a significant amount ditions. However, for arMyated Morganic ratio of 1.60% of
is formed in the second case. The low amount of SOAparticulate BIMGA is in the aqueous phase and around 95%

— Case 1
— Case 2 and 3
6 — Case 4

SOA mass (;1g/m3 )
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Fig. 9. Effect of an aqueous phase on SOA formation under higl-Kahditions ([ISO] =10 ppb, [NO]=[Ng] =50 ppb). Case 1: Con-
densation on 5 pug P of POA. Case 2: Condensation on 50 pgtof liquid water. Case 3: Condensation on 5 pghof POA and on
50 ug n13 of liquid water. Case 4: Condensation on 5 p§3m)f an ideal organic phase.
— for a ratio of 10. When, thé/yated Morganic ratio is supe-
rior to 1 in the atmosphere, BIMGA should partition prefer-
/ ably between the aqueous phase and the gas phase. BINGA
and G-hydroxy-trinitrate seem to be hydrophobic because
even for anMyated Morganicratio of 10, they condense prefer-
ably on the organic phase. The condensation of SOA on

o
0

5 00| — BT . ; naens:

E A — BIDER the organic phase under high-N@onditions is then due to
< = S:{’,.EF; the hydrophobic properties of BINGA (only a small quan-
5 04L| — BINGA tity of Cs-hydroxy-trinitrate is formed under the conditions
c — trinitrate .

S considered here).

£

The AER/EPRI/Caltech model (AEC) (Pun et al., 2002,
2003, 2006) is a model for SOA formation that takes into
account the hydrophilic and hydrophobic properties of sur-
rogates. It distinguishes compounds into two types: hy-
*fo= 10! 10° 10 10? drophilic compounds (which are absorbed only in an aqueous

Mt Mo particle) and hydrophobic compounds (which are absorbed
only in an organic particle). In AEC, a compound cannot
Fig. 10. Distribution of the absorbed surrogates between the aque€ondense on both phases simultaneously; we investigate here
ous phase and the organic phase fordiﬁeMWﬁter/Morganicratios the Uncertainty associated with this formulation. According
if oligomerization only happens in the organic phase. to the distribution of the surrogates, BiMT, BiPER, BiDER
and BiIMGA may be considered hydrophilic compounds and
BINGA and GHgN3O;0 hydrophobic compounds. Under

0.2
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‘ prene, 50 ppb of NO, 50 ppb of NQ5 pg n3 of POA and
= g‘r’gaﬁzaém 50 pug n 3 of liquid water) was simulated to investigate the
il — Aqueous SOA || sensitivity of the system to additional absorption due to acid
dissociation and oligomerization.

To investigate the effect of potential oligomerization in the
aqueous phase and pH, an effective Henry’s law constant for

BiMGA and BiNGA was used:

12

o
©

o
o

Heff,i = Hi(1+ Koligo) (7)

SOA mass (;:g/m“ )

o
IS

where Kojigo is the same constant as the one in Eq. 3 (it
supposes that additional absorption due to dissociation and
0.2} 1 oligomerization occurs with the same extent in both phases).
Figure 12a shows the evolution of the SOA mass. Addi-
0.0; 5 - . : - tional absorption of BIMGA and BiNGA greatly increases
Reaction time (Hours) the amount of SOA formed (1.7 pgthagainst 0.68 ug e
without additional absorption). Moreover, there is almost no
condensation on POA: all the condensation occurs on the
Fig. 11.  Simulated SOA concentration in aqueous and or- 3queous phase. Figure 13a shows the distribution of the
gaerl)c _pllq\laées_fgé 1(Z)ppb of |s_,oprenl:e tind hlghXthD)ndltlonsh surrogates between the two condensed phases for different
((j[rop%m exgt]ei_)t fof IgiI\)lGZZSZ?\?g?bl\?solo-e SHrogEies wE Y Muate/ Morganic rqtios. For aw""?‘te.'/ Morganicratio of 1, al-
most all the particulate BIMGA is in the aqueous phase and
nearly 80% of the particulate BINGA is in the aqueous phase.

. : Contrary to the case where there is no additional absorp-
low-NOy conditions, as the compounds formed are h|ghlytion in the aqueous phase (see Fig. 10), BINGA can then

hydrophilic and condense almost entirely on aqueous parti; : . . i Lo
cles, the hypothesis of AEC does not change the results si be considered hydrophilic when its additional absorption is

%ecounted for
nificantly. Figure 11 shows the evolution of SOA formed . o . . o
with time for the high-NQ case, assuming that surrogates To investigate the possible absence of oligomerization in

- . . the organic phasekoiigo =0 was used. Figure 12b shows
are only hydrophilic or only hydrophobic. The difference the evolution of the SOA mass without oligomerization in

between the case where all compounds can partition among organic phase. The final SOA mass is reduced by 16%

all thg phases (see Fig. 9) and t.h.e case with the .hypothesis c({).57 ug 3 without oligomerization against 0.68 pgt
AEC is greater for high-NQconditions because BIMGA and with oligomerization). There is no significant absorption

BINGA (major components formed under high-hCondi- of the surrogates on the organic phase. Figure 13b shows

tions) are neither totally hydrophilic nor hydrophobic. In this T
case, the mass of SOA is underestimated by the AEC hypotht_he distribution of the surrogates between the two phases.

; . . . As in the previous case, BiINGA partitions more efficiently
esis by 11%: 0.61 pgn¥ (Fig. 11) with the AEC hypothesis
against 0.68 g (Fig. 9) without the AEC hypothesis. between the agueous phase and the gas phase and can be

considered hydrophilic when its oligomerization in the
organic phase is not accounted for.

Whether BiINGA condenses on POA or an aqueous phase
depends on potential additional absorption in the agqueous
phase by potential oligomerization and dissociation and on
SOA surrogates have been separated between hydrophobie extent of oligomerization in the organic phase. Most
and hydrophilic compounds, however, calculated partition- ¢ ihe components can be classified as hydrophilic (BiMT,
ing can change whether oligomerization is taken into aC-BiPER, BIDER and BIMGA) but BINGA can be consid-
count in the computation or not. We assumed that esterifig oy either as hydrophobic or hydrophilic, depending on

cation does not occur in the aqueous phase, although Altierjiqomerization in the organic phase or additional absorption
et al. (2008) observed formation of oligoesters in an aqueous;, the aqueous phase.

phase. Additional absorption of acidic SOA species (BIMGA

and BiINGA) occurs by dissociation in an aqueous phase.

For a pH superior to pKa (pKa=4 estimated for BIMGA 4.4 Sensitivity of the model to Henry’s law constants

with SPARC online), BIMGA and BiNGA would, therefore,

dissociate and would be more efficiently absorbed. On theOne of the main uncertainties of the model is the values of

other hand, oligomerization in the organic phase could beHenry's law constants. The constants used here were esti-
less important in the atmosphere due to less concentrateghated using the saturation vapor pressure and the activity
monomers. The amount of SOA formed (for 10 ppb of iso- coefficient at infinite dilution; however, as discussed above,

4.3 Influence of oligomerization and particle pH
on partitioning
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Fig. 12. Evolution with time of the mass of SOA forme¢h) with Fig. 13. Distribution of the absorbed surrogates between the aque-

additional absorption in the aqueous phase (acid dissociation andus phase and the organic phase for diffefeater/ Morganic a-
oligomerization) andb) with no additional absorption in the aque- tios: (a) with additional absorption in the aqueous phase (acid disso-
ous phase and no oligomerization in the organic phase. ciation and oligomerization) an) with no additional absorption

in the aqueous phase and no oligomerization in the organic phase.

other methods may lead to quite different results. For that
reason, a sensitivity study was conducted to evaluate the imSOA formed does not change significantly for a small de-
pact of those uncertainties on liquid-gas partitioning. crease of the Henry’s law constants or for an important in-
Under low-NQ, conditions, the partitioning is not very crease of the Henry's law constant. Of course, the impact
sensitive to the values. If Henry's law constants are di-of Henry’s law constant values is more important for lower
vided by 2, 1.76 ugm® of SOA are formed instead of quantity of liquid water, but even at 5 pgthof liquid wa-
1.83ugm3 (for 50 ugnm3 of liquid water and 10 ppb of ter, Henry's law constant values have a small impact on SOA
initial isoprene). If the Henry’s law constants are divided formation: 1.46 ugm? of SOA for Henry’s law constants
by 10, 0.92 ugm? is formed (i.e. half of SOA previously divided by two, and 1.86 ugn? for Henry’s law constants
formed). On the contrary, when Henry’s law constants aremultiplied by ten instead of 1.73 ugm. If the structure of
multiplied by 10, the quantity of SOA does not change sig- the peroxy-hemiacetal that could be formed by the particle
nificantly (1.86 ug m? instead of 1.83 pg m¥) because most  phase reaction (Kroll and Seinfeld, 2008) of a trihydroxy-
of the SOA species are already present in the condenselydroperoxide with glyoxal, the Henry’s law constant of
phase. So, for BiMT, BIPER and BIiDER, the amount of BiDER should be higher (less volatile and more affinity with
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water) by about a factor 4. But, as the formation of SOA is the compounds tend to condense on liquid water. To what
not very sensitive to Henry's law constants, the impact of theextent does the oligomerization occur in the atmosphere for
uncertainty of the BiDER structure should be limited. BiIMGA and BINGA. Are the estimated Henry’s law con-
Under high-NQ conditions, the partitioning is more sen- stants and saturation vapor pressures reliable enough for ex-
sitive. However, it was shown previously that using effec- trapolation to atmospheric conditions? For example, Barley
tive Henry’s law constants taking into account additional ab-and McFiggans (2010) showed that results of models of SOA
sorption due to oligomerization and dissociation greatly in-formation are very sensitive to saturation vapor pressures.
fluences the patrtitioning of the surrogates. The main uncer- It should be noted that the main uncertainties of the model
tainty for BIMGA and BiNGA partitioning is then the extent concern the high-NQregime. However, isoprene is emitted
of the additional absorption rather than the actual Henry'sby biogenic sources in remote areas where concentrations of
law constants for BIMGA and BiINGA. NOy are low. Most of SOA should, therefore, be formed un-
For GHgN30O;0 formed by oxidation of isoprene by NO  der low-NQ conditions and the impact of the uncertainties
radicals, as the component seems hydrophobic, the value aif the high-NQ regime should be limited.
its Henry's law constant does not impact its partitioning no-
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