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Abstract. Calculations of the absorptive partitioning of sec- cal composition of aerosol particles. A representation of the
ondary organic aerosol components were carried out usingnass transfer, or at least of the equilibrium partitioning be-
a number of methods to estimate vapour pressure and nonween the phases, is necessary for predicting their loading
ideality. The sensitivity of predicted condensed componentand composition. Even a basic identification of organic com-
masses, volatility, O:C ratio, molar mass and functionality pounds in particulate matter is incomplete and a full compo-
distribution to the choice of estimation methods was inves-nent mass balance has never been achiddatiquist et al,
tigated in mixtures of around 2700 compounds generate®009 Hamilton et al, 2008. To attempt prediction of con-
by a near explicit mechanism of atmospheric VOC degra-densable gas phase components, it is possible to make use of
dation. The sensitivities in terms of all metrics were com- mechanistic models that track the oxidation of atmospheric
parable to those previously reported (using 10000 semivolatile organic compounds (VOCs) all the way through to
randomly generated compounds). In addition, the changearbon dioxide and water. Such a mechanism is the Master
in predicted aerosol properties and composition with chang-Chemical Mechanism (MCM) describing the degradation of
ing VOC emission scenario was investigated showing key deabout 100 VOCsJenkin et al. 1997, 2003 Saunders et al.
pendencies on relative anthropogenic and biogenic contribu2003 Bloss et al. 2005.
.tions.. Fipally, the contribution of non-ideality to the chang-. In Part 1 of this seriesMcFiggans et a.2010 the sen-
ing distribution of condensed components was explored insjtiity of key SOA properties (condensed SOA mass, O:C
terms of the shift in effective volatility by virtue of com- rati5 “molar mass, volatility and functionality distributions)
ponent activity coefﬁmepts, clearly demonstrating both eN-to the choice of vapour pressurg®) and non-ideality )
hancement and reduction of component masses associatgfagiction methods used in the partitioning calculations was
with negative and positive deviations from ideality. systematically investigated. The role of SOA complexity
in this sensitivity study was also studied by using multiple
mixtures of 2, 10, 100, 1000 or 10 000 randomly generated
1 Introduction molecules. The results showed that the condensed SOA mass
was highly sensitive to the vapour pressure model and much
Gas to partic|e mass transfer of semi-volatile Components!ess sensitive to the activity coefficient model and the number
and the production of secondary Organic material (SOA),Of components used to represent the model. In Part 2 of this

is an important factor in determining the evolving chemi- series Topping et al.201]) the methods developed in Part 1
were applied to determine the sensitivity of key SOA par-
ticle properties (density, hygroscopicity, and cloud conden-

Correspondence td5. McFiggans sation nuclei activation potential) to the models usedy®r
BY (9.mcfiggans@manchester.ac.uk) andy; and the chemical complexity of the SOA. The results
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showed that, providing only water evaporated when drying,2.1 Model scenarios and conditions
predicted hygroscopic growth factors were relatively insen-
sitive to the choice ofp® model but more sensitive to the MCM simulations representing a wide range of emission
inclusion of non-ideality. If the semi-volatile components scenarios from UK industrial/urban (high anthropogenic and
were assumed to equilibrate on drying the aerosol particlelow biogenic inputs) through to rural background conditions
the sensitivity massively increased and resulted in calculatedhigher biogenic and low anthropogenic inputs) were con-
hygroscopic growth factors more typical of those measuredducted. Emissions representing average UK National Atmo-
for common inorganic salts than for atmospheric organic ma-spheric Emissions Inventory (NAEI) totals for the year 2001
terial. In the present paper similar calculations to those de{3740 ktonnes CO, 1130 ktonnes £Q680 ktonnes NQ
veloped in Part 1 are done, but instead of using randomlyand 1510 ktonnes speciated VOCs with 1330 ktonnes being
generated compounds the calculations were applied to 274@nthropogenic (AVOCs)) were continuously emitted into the
atmospherically relevant molecules obtained from the outpubox throughout the base case model run. The snapshots were
of the MCM. The sensitivity of the same key SOA proper- taken at 18:00h on the 13th day after the beginning of the
ties to p® model and non-ideality were assessed for com-simulation.
parison with the results of Part 1 but with components and The detailed anthropogenic emissions used in the box
concentrations provided by simulations of oxidative degra-model was based on the NAEI emissions inventory which
dation of VOCs. No comparisons to the results in Toppingidentifies 650 individual specie§spodwin et al. 2007). In
et al. (2011) are made (such comparisons may be a topic foorder to allow coupling with the MCM scheme, the spe-
further work). In addition the present paper also exploresciation was represented by 124 species (made up of alka-
the predicted properties of SOA formed over a wide range ofnes, alkenes/dienes, alkynes, carbonyls, alcohols/glycols,
emission scenarios (by varying inputs of anthropogenic andethers/glycol ethers, acids, esters, aromatics and chlorocar-
biogenic VOCs and Ng), and the distribution and range of bons — seéttp://mcm.leeds.ac.uk/MCMér a complete list)
activity coefficients to be found in condensed aerosol. which accounted for 70 % of NAEI emissions by mass. The
outstanding £500) species, each of which makes a small
contribution to the remaining 30 % were emitted as surro-
2 Methodology gates assigned on the basis of chemical class and reactivity.
For example, all longer chain n-alkanes greater or equal to

In McFiggans et al201Q sensitivities were calculatgd UsINg =g \were generally used to represent alkane isomers of same
molecular structures based upon randomly combined UNI-

- carbon number. Cyclohexane was used to represent all cy-
FAC groups Fredenslund et 311975 subdivided (where . cloalkanes and duodecane was used to represent all alkanes

appropriate) to provide the groups required for the phys"greater than or equal to C10. This latter lumping assump-

c_al property estimation methods. Atmospheric concentrg-tion means that intermediate volatility organic compounds
tions were calculated from the number of carbon atoms in

. iVOCs) emitted in the particulate phase prior to evaporation
a structure after scaling so that the base case model ga\;e ) P P P P

3 . . on dilution, which have been postulated to make a signifi-
1050 g = SOA upder standard cond|t|9ns. These mpu_ts cant contribution to SOA by recondensation after gas phase
(p”, vi (when required), total concentrations of all organic

species, temperature and relative humidity) were used in th gxidation Robinson et al(2007) and subsequent studies),

N - %Iong with all gaseous component€12 are missing from
partitioning model (see Egs. (1-3)McFiggans et a) 2010 the mechanism. While this omission may not be a problem

to determine the condensed mass and composition, frorT1‘]or ozone production, it is acknowledged that it may have a

B e aSubstantal Ipact upon SOA ormaton and my be a srce
P P b of error in the current study. Similarly biogenic emissions

by the MCM closed shell oxidation products along with their are represented by isoprene, and alpha and beta pinene. It

atmospheric concentrations (changing with scenario). is recognised that this does not take into account the emis-

co\r/nap(;)ur: dgr‘?srsnﬁf’;fgrﬁfv%”cdggegggﬁgnmbon}LidIfﬂacl;)M sions of other more reactive monoterpenes such as limonene
pou 9 : y or sesquiterpenes such gscaryophyllene along with other

were predicted using a number of methods. Single time—BVOCS that may be important in UK emissions
slices of compound concentrations were extracted from pre- The diumnal profiles are based on the worldeﬁkin et al

dictions under a range of emission scenarios (described be- . . X -
: ; o 2000 where single representative profiles describing sea-
low). Using these as input to the partitioning approach de- e . 2
. . 0 sonal, day-of-week and hour-of-day variations in emissions
scribed byBarley et al.(2009 with each of thep” tech- ; Lo
niques described iMcFiggans et al(2010 (andy; calcu were assigned to each of over 180 source categories in the
q 99 Vi NAEI. The model framework is that of a simple box model

oy S 1 e e Y2 i ol variation i teperaurs an boundaryaer

lated, along with the distributions of O:C ratio, molar masslhe'ghtf _There IS (_)bv_lously no phot(_)ly5|s at night but t_here IS

and fimctional groups ' deposition of_major inorganic species and other species such
' as 3. Long lived species were vented based on a boundary
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Igyer avefa,ge !lfet[me of 3 days. This gave a fa|.rly (_:0n5tamTabIe 1. Conditions for the partitioning calculations used with each
diurnal profile in simulated ozone and degradation interme-gcanario (all combinations used giving 32 cases).

diates after 9 model days; and conditions at 18:00 h repre-
sent the late afternoon peak in photochemistry. Similar sen-

Temperature (K) Relative Humidity  Involatile core

sitivities might be reasonably expected from alternative time % ug 3

slices, but this is outside the scope of the present work and

could form the subject of further analyses. Further emis- ~ 273.15 10 0.5
283.15 30 3.0

sion scenarios were simulated by independently multiplying
the AVOCs, biogenic VOCs (BVOCs) and N@omponent

of the base case emissions by scaling factors of 0.01, 0.1,
10, 100 and 1000 to give 216 emission scenarios covering a
range of 6 orders of magnitude in the emitted concentrations.
To study the trends in predicted aerosol properties and com- ) )
position with emission levels (see Sedtl below), the full ~ continue to use the same nomenclature in this work. The
range of scenarios was used. For the studies on the send?0iling point (7p) estimation methods oannoolal et al.
tivity of SOA properties to thg:® andy; models used (see (2004; Stein and Browr{1994), andJoback and Rei(lL987)
Sect.3.2below) partitioning calculations were limited to the Will henceforth be referred to as the N, SB and JR methods
27 scenarios in which the scaling factors were restricted tg€spectively. Thex® equations used in this work are those
0.1, 1.0 and 10 to ensure that the more atmospherically rel9f Nannoolal et al(2008 and of Myrdal and Yalkowsky
evant scenarios were used. For those calculations using €997 referred to as the N/VP and MY methods respec-
single scenario, the 1.0/1.0/1.0 NGF/AVOC-SF/BVOC- tively. Hence there are six different methods for estimating
SF scenario was selected, as it was taken to best represeff considered in this work (as McFiggans et al.2010and
average UK emissions, and will be referred to as the stanToPping et al. 2011 of which the N-N/VP method is used
dard scenario when used in the examples below. as the base case. The other combinations compared to the

The limitations of such an average UK emissions scenarid?@S€ case when investigating the sensitivity of SOA proper-

. 0 . .
should be recognised. The complexity of the chemical sys!i€S top” estimation method are SB-N/VP, JR-N/VP, N-MY,

tem lends itself to box model simulations with inherent struc—SB"V(')Y* and JR-MY (see Tablg). For more details about
tural assumptions and simplifications in their input condi- the p” estimation methods sdécFiggans et al(201Q and
tions. One of the assumptions introduced in the current studyBa'ley and McFiggant2010. Parameters for atmospheri-
is uniformity of pollutant concentration across each simula-Cally important functional groups (e.g. hydroperoxide, per-
tion by virtue of the UK averaged emissions, representing®*yacid, nitrate and PAN) that are not covered by the orig-

the UK boundary layer atmosphere as one well mixed box,nal methods were either obtained from the literature (e.g.
Consequently, whilst a wide range of emission scenarios ar&ompernolle et al201Q Camredon and Aumon2006); or
used in order to investigate a broad range of chemical spack'€ unknown groups were further divided into smaller groups
relative to the base case scenario of 2001 UK emission totaldhat were recognised by the estimation method.
no single scenario can be claimed to be completely represen- Activity coefficients were calculated using original UNI-
tative of any real single location. FAC (Fredenslund et gl1975 with group parameters ob-
For each emission scenario the partitioning calculationt@ined fromHansen et al(1993, and using the updated
was conducted at a number of temperature, RH and involatii@arameters (for OH and COOH subgroups)Reing et al.
core mass values requiring in total 32 sets of calculations fof2003). More complex groups not covered by UNIFAC were
each emission scenario using around 2700 compounds (sé@nverted into recognised subsidiary groups with the priority
Table1). The temperature and RH values were selected td?€ing to account for all the heavy atoms (e.g. nitrate = nitro
cover the range of typical conditions found in a temperateP!us ether; carbonate = ester plus ether).
maritime climate such as that of the UK. The core is assumed A significant proportion (22 %) of the non-ideal calcula-
to interact ideally with all components and is assigned a modions suffered from problems with convergence. These were
lar mass of 320 gmote', representing low volatility oxy- ~found to be concentrated at the highest and lowest RH val-
genated background material, based on the analysis of watétes. For the purpose of this study, all non-ideal calculations

soluble organic compounds (WSOC) reportecRBemtsma ~ Which presented convergence problems were excluded. For
et al.(2006). the standard scenario 7 of the 32 cases failed to converge cor-

rectly. There is no indication that these non-converging cases
2.2 The estimation of physical properties using group are systematically biased towards either positive or negative
contribution methods deviations from ideality.
For convenience, when calculating the properties of
The selection of vapour pressupe} estimation methods has large numbers of component molecules using the rela-
already been described BcFiggans et al(2010 and we tively complex estimation methods, their fragmentation into

293.15 70
303.15 80
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Table 2. Combinations of 6°) and ¢;) predictive techniques used within absorptive partitioning calculations.

p%“VP” method p%Th” method ;) method reference notes
Nannoolal Nannoolal ideayf =1) N-N/VP “base case”
Nannoolal Stein and Brown idegk(=1) SB-N/VP
Nannoolal Joback ideaj(=1) JR-N/VP
Myrdal and Yalkowsky  Nannoolal ideay(=1) N-MY
Myrdal and Yalkowsky Stein and Brown idea)(=1) SB-MY
Myrdal and Yalkowsky Joback ideak(=1) JR-MY
Nannoolal Nannoolal non-ideay(#1) N-N/VP act
contributing groups was automated. The automated parsin@oa = ZCiéi 3)

and fragmentation methods are described in more detail (with i
some examples) in the Supplement. Whilst they can in prin- vap . cond: . .
ciple be used with the output of any model, the fragmenta—WhereC" =C; " +C;°"is the total loading of component

. _ 3
tion methods used here have been tailored to the output ofMme!n .

the MCM. As described byMcFiggans et al(2010 the “base case
model” for the sensitivity studies is defined as the N-N/VP
2.3 The gas/liquid partitioning model method with liquid phase ideality; but now using the 2742

MCM compounds (2727 in the special case described be-
The mole based partitioning model has been described in ddew).
tail elsewhere (e.g. Sect. 2.1Barley and McFiggan01Q
Barley et al, 2009, and yields identical results to the con- 2.4 Special case: hydrolysis of acid anhydrides
ventional mass based modelfdnkow(1994).

The partitioning constank , ;, in units of m® pmol? is In these simulat_ions, itis gssumed that condensati_on to form
given by Eq. 1) aerosol occurs in the moist lower troposphere. Given suffi-
cient time, it might be expected that the complex function-

ceond RT f ality available to react in the condensed phase would lead

Kpi= C,YapCOA = 10y, P? (1) to different composition than that predicted assuming attain-

ment of unreactive equilibrium. Owing to the high water
whereC;*”is the vapour phase molar concentration of com-vapour mixing ratio and the predicted and measured concen-
ponenti, pmolnt3, € s the condensed phase molar tration of water in ambient aerosol, it is probable that some

! ! i . . . -

concentration of componeitt pmol 3, Coa is the total water will lead to hydration of certain hydrophilic molecules
molar concentration of condensed material, umo?np? is and relatively rapid hydrplysis of acid anhydrides. Acids are
the saturated vapour pressure of compomgatm, R is the ~ MOre polar than anhydrides and are expected to have lower
ideal gas constant = 8.205710-5 m®atmmor 1K1, T is vapour pressures. For example, the conversion of maleic an-
the temperature, Kf is the fraction of the condensed ma- h_ydr_ide and methy_l maleic gnhydride to the corresponding
terial that may be considered absorptive, usually considerediacids reduce their respective vapour pressures by a factor
unity for most absorptive partitioning calculations apds ~ ©f about 30000. Acknowledging that it is only one of many
the activity coefficient for componertin the liquid phase.  Potential classes of condensed reaction in the complex am-

Defining a partitioning coefficiens; for compoundi given bient aerosol matrix, all anhydrides were allowed to hydrol-
its K ,; value: yse to the appropriate acid(s) and the vapour pressure of the

acids was used to partition these species into the condensed
-1 phase: note that this assumption is equivalent to an assump-
§i= <1+K'—COA> () tion of instantaneous hydrolysis. In all, 47 acid anhydrides
P were identified and their hydrolysis led to the loss of 15
where the total molar concentration of condensed materialcompounds from the original list of MCM compounds (from
Coa, is given by the sum of the products of the individual 2742 down to 2727). It should be noted that dicarboxylic
total component concentrations in both phases and their pagcids are a well established, if minor, component of SOA
titioning coefficient: (Bilde et al, 2003 Hallquist et al, 2009, but with the ex-
ception of pinic and norpinic acid are absent from the output
of the MCM. The MCM does predict significant concentra-
tions of cyclic anhydrides, especially for anthropogenically
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dominated scenarios, and their hydrolysis to the correspond- Avg. N:C Ratio Avg. Molar Mass
3

ing dicarboxylic acids both increases SOA amounts and pro-
vides a higher proportion of carboxylic acid groups in the % °
predicted SOA. !
For the estimation of vapour pressures of dicarboxylic ¢ °
a0

Log (10) VOC-SF

acids, a correction for the Nannoolg} was included (see -1
Supplement for derivation) to correct a systematic error for -2, 5 P 2 - >
this class of compounds.

Avg. O:C Ratio Log (10) SOA mass
3

3
2
1

0

AT = —9.2169C +84.11 (4)

whereC is the number of carbon atoms in the diacid. This
correction is about +50 K for a C4 diacid, +20K for a C7 and
becomes negative for a C10 molecule (itd® K for Pinic

acid). It should not be used outside the range C3—-C12. 2, 0 P -2, 0 > -4

Log (10) NOx-SF Log (10) NOx-SF

0

Log (10) VOC-SF

-1

o o o o o K
U o g o ©

I
)

-1

Fig. 1. Surface plots of key properties for those scenarios with
AVOC-SF = BVOC-SF; the logy VOC-SF being plotted on the y

. axis and logg NOx-SF along the x axis in all 4 subplots; all at con-
3.1 Dependence of the properties of the condensed ditions T — 29315 K, % RH=70 and 3.0 ugm? involatile core:

material on emission scenario po by N-N/VP,y; = 1. SOA mass is in pg e,

3 Results and discussion

Figuresl, S1 and S2 (see Supplement) show predicted partic-

ulate properties across a range of emissions. S3 and S4 pro- The three plots for the amount of SOA mass formed show
vide information on the distribution of some key functional similar trends with rising VOC and N)quggesting a min-
groups to help in interpretation. Plots S1 and S2 are analimal dependence on the AVOC-SF:BVOC-SF ratio. Due to
ogous to the conventional isopleths used to illustrate the dethe different levels of anthropogenic and biogenic inputs (see
pendence of ozone production on VOC and,N@/hen plot-  Sect.2.1), and assuming that the NAEI inventory accurately
ting ozone isopleths, it is important that the “specific reactiv- reflects the AVOC:BVOC ratio of emissions; this suggests
ity” of the VOC mixture is constant with increasing VOC. that biogenic emissions are some 8-9 times more effective
It is not clear that an analogous “specific particulate form-in producing SOA than anthropogenic emissions. The other
ing capacity” of a mixture exists that should be maintainedpiots reflect more directly the changing chemical composi-
constantin the current plots. Figukshows the variability in  tion of the SOA and hence show the effect of individual com-
the properties when simultaneouslyincreasing the AVOC-SFpoundS (OI’ groups of Chemica”y related Compounds) that
and BVOC-SF at equal rates. Figure S1 in the Supplemeninay dominate the SOA composition for a small number of
shows variability in the properties for the 36 scenarios with scenarios. The effects of these specific compounds will be
the lowest biogenic scaling factor (0.01); S2 shows them foradded to the overall trends across the range of scenarios and
the 36 scenarios with the lowest anthropogenic input (alsayill be different for plots in S1 and S2 (particularly for the
0.01). The properties are logarithm of the condensed masf:C ratio and molar mass plots due to the relatively small
(ug n3); average O:C ratio; average molar mass (gmble  range of values). The combined plot (Figwhere AVOC-
and average N:C ratio. All averages were calculated forsp = BVOC-SF) should make the overall trends clearer by
the same atmospherically relevant standard condition Withil"averaging out some of the specific Compound effects.
a scenariol = 29315K, %RH=70 and 3.0ug m? in- For the SOA mass plots the main differences between S1
volatile core using the N-N/VP vapour pressure method,,q 52 are the different ratios at which the N€DIppression
and assuming liquid phase ideality. The s_tan_dard scenari%f SOA formation becomes important and that theNOp-
(1.0/1.0/1.0 NQ-SF/AVOC-SF/BVOC-SF), first introduced  ression seems to be more effective in the case where the
in section2.1is found at (0,0) in Figl. This scenariois run  a\/0cC-SF varies (S1) than when BVOC-SF changes (S2).
with 6219 ppt NQ, 28 828 ppt ozone and 31 302 ppt VOC, of 1he gyppression of SOA formation by increasing ,Neas
which 18231 ppt are due to methane. Predicted SOA Masgeen well documented (see, for examistell and Seinfeld
(for the standard condition) is 0.0547 ugramn average 2008 and reflects whether the alkylperoxy radicals go on to
O:C ratio is 0.9683, average N:C ratio 0.2112 and averaggyrm hydroperoxides or nitrates. In this work we find that
molar mass 219.56. SOA mass decreases with increasing,Nor constant in-
puts (constant AVOC-SF or BVOC-SF) except at high VOC
and relatively low NQ levels where there is increasing SOA
formation up to a peak. This is observed for AVOC-SF of
1 or greater (S1. BVOC-SF = 0.01) and BVOC-SF of 100
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or greater (S2: AVOC-SF = 0.01). For S1 the peak occursdistinctive ridge feature (and maximum in N:C ratio) seen in
at a AVOC-SF: NQ-SF ratio of 10:1, and for S2 the peak S1. PAN groups make a small contribution to the N:C ratio
is at BVOC-SF: NQ-SF ratio of about 100:1. The line of for anthropogenic SOA (Fig. S3). Figulleis an average of
this peak roughly corresponds to the loss of hydroperoxidethe plots in Figs. S1 and S2 so the ridge and maximum in
groups from the SOA (see Fig. S3 and S4 top left hand plot).N:C ratio are visible in this figure as well.

If these ratios (10:1 and 100:1) are converted back to the in- The molar mass plots in Figs. S1 and S2 show the expected
puts then the anthropogenic peak is at an AVOC;N@tio broad trends: regions with large amounts of SOA give the
of about 8:1 and the biogenic peak is at a BVOC;{N@tio lowest molar mass (as more volatile, lower molar mass ma-
of about 11:1. Hence the AVOC:N@Qatio for this work isin  terial is included in the condensation process) and conversely
good agreement with the ratio of 10:1 reported for the degrathe regions with the smallest amounts of SOA tend to have
dation of 1-octeneGamredon et al.2007), though rather the highest molar masses. This is most clearly seen in S2; in
higher than the ratios (1.5:1 to 4:1) reported for the oxidationS1 (the low BVOC case) the effects of specific compounds
of a mixture of 4 anthropogenic VOCSiyanco et al, 2011). are added to the overall trends. For example the pale blue re-
The BVOC:NQ ratio of 11:1 is in good agreement with the gion at log(NQ-SF) =0, log(AVOC-SF)=-2 to 0 is due to
10—20 ppbC ppbt NOy for g-pinene found byPandis et al.  the large contribution to SOA of an alkene substituted with a
(1997), and consistent with the high yields reportedixym- nitro, aldehyde and acid group (molar mass = 159) in contrast
men et al (2006 for isoprene:N@ ratios of 10.5:1to 7:1 al-  to the red region immediately to the left which is dominated
though other authors report maximum yields at BVOC;NO by the peroxybridged cyclohexenes mentioned above (molar
ratios closer to 1:1 for both isopreni¢rfll et al.,, 2006 Chan ~ mass =up to 290). The substituted alkene also makes a strong
et al, 2010 anda-pinene Capouet et al.2008. However  contribution to the maximum seen in the N:C plot mentioned
it has been noted that the different oxidant conditions usedbove.

in these studies may affect the fate of the R@dical and In the O:C ratio plots in Figs. S1 and S2 regions of high

impact upon the BVOC:NQratio for maximum SOA for- SOA mass (low NgYhigh VOC) show reduced O:C ratio due

mation Hoyle et al, 2011). to the extra condensing material being more volatile, this be-
The amount of SOA formed with increasing VOC/N- ing associated with fewer oxygenated functional groups. The

tio at constant NQ-SF (=0.1) was investigated. In Fig. S1 a pattern in the rest of the plot is not very clear (particularly in
factor of 10 increase in AVOC-SF causes a roughly similarFig. S1) and this is due to the effect of specific compounds.
increase in SOA formed. For the case where the biogenidn Fig. S1 the pronounced ridge and maximum in O:C ratio
input is increased (Fig. S2) the amount of SOA formed ini- occurs in the same region to the similar feature in the N:C
tially increases much faster (up to 100 times for a 10 fold ratio plot and will be due to the high O:C ratios of the perox-
increase in BVOC-SF) but then tails off until at the highest ybridged cyclohexenes (O:C ratio =1.7-2.0) and substituted
levels changing the BVOC-SF from 100 to 1000 only leadsalkene (O:C ratio =1.0) which dominate the SOA composi-
to double the mass of SOA formed. These results are simition in this region. In Fig. S2 there is a weak ridge structure
lar to those reported b€apouet et al(2008 but a detailed  with a maximum at very low VOC/very low NQ This is as-
mechanistic investigation is outside the scope of the currensociated with SOA being dominated by C5 diols with ketone
paper, but should form the focus of a more comprehensiveand hydroperoxide groups (O:C ratio=1.0-1.2). At higher
study. NOy ratios polyfunctional nitrates with O:C ratios of about
For the N:C ratio it would be expected that at high VOC, 0.7-0.9 become important contributors to SOA. Figliie
low NOy, where a lot of SOA is formed then the N:C ratio an average of the plots in Figs. S1 and S2 so the ridge and
would be very low and this is seen in both Figs. S1 and S2maximum in O:C ratio are visible in this figure as well. Sig-
On moving towards high NOthe amount of SOA drops and nificant differences are also seen in the highN@v VOC
the N:C ratio increases but the shape of this change is deregion. For the low AVOC case (Fig. S2) the SOA composi-
termined by the distribution of nitro and nitrate groups (seetion in this region is dominated by three compounds: a poly-
Figs. S3 and S4). For the low AVOC case (Figs. S2, S4)functional nitrate with an O:C ratio of 0.875; a cyclobutane
nitro groups are limited to a small region at very low NO derivative with a carboxylic acid and PAN group (O:C ratio
and very low BVOC but nitrates make a significant contri- = 0.875 — note increase in PAN at high N@® Fig. S4); and
bution across a wide range of N®alues giving the plateau a cyclobutane derivative bearing carboxylic acid and nitrate
feature seen in Fig. S2 with no maximum. In Fig. S1 ni- groups (O:C ratio = 0.625). At low VOC and between a,NO
trates are more restricted to high N@alues (Fig. S3) and SF value of 10 and 1000 the composition does not change
the N:C ratio at lower NQ are dominated by nitro groups. much resulting in the large area in this plot with O:C ratio of
These nitro groups are associated with a limited number ofabout 0.7-0.8. The behaviour of the plot for low BVOC case
compound types (for example, a series of multifunctional-is more complex and a detailed description of the limiting
ized peroxybridged cyclohexene compounds with very lowbehaviour in this region is outside the scope of this work.
predicted vapour pressures) which dominate anthropogenic
SOA composition across a range of scenarios and give the
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3.2 Sensitivity of SOA properties to estimated vapour

pressures and activity coefficients 8 f
25 |
3.2.1 Sensitivity of SOA mass § ol } %
|
S 15
Figure2 shows the sensitivity of condensed SOA mass to the § B ‘ %
methods used to estimate vapour pressure and the treatmel§ '[ ; !

of solution ideality across all conditions for 27 model sce-
narios (all combinations of scaling factors 0.1, 1.0 and 10).
The base case uses th& method N-N/VP with ally; set to
unity (ideal case). In the first five boxes of Fjthe liquid
phase is assumed to be ideal but gfemethod is changed
and the factor by which the condensed mass changes is plot  -'3[

E=

[T}
),4

Log (SOA Mass/Ba:

|
ted. In the sixth box the® method is N-N/VP, liquid phase -2t é
ideality is still assumed but all the acid anhydrides are hy- SB—N/VP JR_N/VP N—MY SB—‘MY JR_‘MY H)‘/d. N—N/\‘/P act
drolysed . In the seventh box the vapour pressure used is Model

still N-N/VP but they; of all components are calculated by

UNIFAC. Comparison of the first six bars with the final bar Fig. 2. Box-whisker plots showing the sensitivities of the predicted
demonstrates that the condensed mass can change by severa* Mass, compared to the base case, across all cases for 27 sce-
orders of magnitude for some cases with a change®ias- narios using the partitioning model wiia) five vapour pressure

. . : . ; ... estimation methods (plots 1-5, 2742 compoungss 1); (b) plot 6
timation method but the effect of including non-ideality is shows the effect of hydrolysis of acid anhydrides (2727 MCM com-

much less significant (very few cases show a mass Ies; th{:}%unds’po by N-N/VP, ; = 1); (c) plot 7 shows the sensitivity to
a tenth of the_ base case). Thes_e results con_flrm_ the signifaon-igeality (2742 compounds? by N-N/VP, y; by UNIFAC).
icant conclusions drawn from Figs. 3 and 4NftFiggans
etal.(2010 and are similarly in contrast with the finding that
non-ideality is a greater contributor to the variability in par- and McFiggang2010: the SB and N methods fd#, esti-
ticle hygroscopicity as shown blopping et al(2011). The mation give similar results while the JR method significantly
box-whisker plot for N-N/VP act in Fig2 shows that the in-  overestimatedl,. Hence in Fig.2 the SB-N/VP method
clusion of non-ideality can both increase and decrease SOAhows the smallest interquartile range (size of the box in
mass compared to the ideal base case. The results presenté®@ box-whisker plot) of any of the vapour pressure meth-
in Compernolle et al(2009 show that the effect on yield of ods while the two Joback methods (JR-N/VP and JR-MY)
including non-ideality in the partitioning calculation can re- show a significant bias towards increased mass. Similar re-
sultin increased SOA mass under dry conditions but with thesults have been reported Malorso et al.(2011) where the
inclusion of water, and particularly at high % RH, the amount JR-MY method consistently predicted more SOA than the
of SOA is reduced compared with the ideal calculations (seeN-N/VP method although the differences were much smaller
their Fig. 3). A plot of the ratio of SOA Mass(Non-ldeal) to than those shown in Fi@. The difference in sensitivity can
SOA Mass(ldeal) (inversely related to the average effectivebe explained by the larger SOA mass reportedvajorso
activity coefficient) against % RH for the scenarios used inet al. (2011). The vapour pressure values predicted by the
Fig. 2 is shown in Fig. S5 in the Supplement. The lack of a various models tend to converge as compounds become more
consistent trend with % RH shows that neither the directionvolatile; so with increased SOA mass, more volatile compo-
nor magnitude of non-ideality can be predicted based only oments become included in the SOA and the sensitivity to the
how moist the atmosphere is. The dataset shown in Fig. S5 isapour pressure model is reduced.
incomplete due to those cases (concentrated among the 10 % Also, the methods using the MY vapour pressure method
and 80 % RH data) where the non-ideal calculation failed togenerate less SOA mass than the corresponding methods us-
converge (see Se@.2). Given this caveat the following ten- ing the N/VP method (in some cases by some orders of mag-
tative conclusions can be drawn from Fig. S5. At each tem-nitude) and this has been explained by the MY vapour pres-
perature you are roughly equally likely to get more mass tharnsure equation underestimating the slope of the vapour pres-
less mass along with increasing scatter with rising % RH atsure curveBarley and McFiggan2010. Compernolle et al.
all temperatures other than 273 K. The scatter at higher % RH2010 also noted the large differences in estimated vapour
increases with increasing temperature; and there seems to pgessures when using the MY and the N/VP vapour pressure
little core mass dependence (i.e. little dependence on the totalquations, finding that the N-MY method under predicted
condensed mass; given that total condensed mass increasg®ir experimental SOA amounts while the N-N/VP method
with core mass). gave much better results.

The plots are also consistent with the conclusions about Some statistics for the scatter depicted in this figure are
the vapour pressure estimation methods reporteBairiey summarised in Tabld and confirm that the non-ideal model
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shows less deviation from the base case th?” al,bf’rmod-. Table 3. Some statistics for the variation in factor difference in
els except SB-N/VP. Note that the hydrolysis of anhydridesgoa mass with £9) and §;) models compared to the base case —
can substantially increase the amount of SOA mass (severake Fig2.

cases show an increase of between 10 and 100 times) and

this is associated with a combination of high levels of NO

and AVOC combined with low levels of BVOC, so it may be  Model Median Mean Std. Devo] RSD =o/Mean
expected that some of the measured dicarboxylic acids in the SB-N/VP 109 119 031 0.26
ambient atmosphere under moist polluted conditions may be jr_NnvP 17.78 39.87 82.46 207
attributable to the hydrolysis of anhydrides. N-MY 0.11 0.13 0.08 0.63
SB-MY 0.16 0.19 0.13 0.69
3.2.2 SOA composition JR-MY 6.45 14.89 31.80 2.14
Hyd 2.04 3.68 5.74 1.56

Here we briefly assess the impact of the predictive technique N-N/VP act 097 097 0.62 063

on the SOA composition; specifically the order of compound
contribution to SOA. The chemical composition of the SOA

is very sensitive to the vapour pressure model used and the in
clusion of non-ideality. In Fig3 this is shown by the change 180f
in position of the top 200 compounds with respect to the or- 4!l
der using the base case method at 293K and 70% RH for
the standard scenario. The methodology is taken fvam

N
o

=
orso et al(2011) where the authors describe SOA formation 2 120 ° ﬂ'yd
using a much more detailed oxidation mechanism than theg 100 o S
MCM (GECKO-A seeAumont et al, 2005 Camredon et g|. < N-MY
2007 but degrading only one VOGx(pinene) and demon- g & TS

strate the change in SOA composition with vapour pressure$ 4| &
model using similar figures. Figui® confirms that all the

models, except the special case involving hydrolysis of acid
anhydrides, cause a substantial reordering of the compounds 20
For a compound to appear in Figjit must be in the top 200

compounds for both the base case and the model used to te!
the sensitivity of SOA. The number of compounds that sat-
isfy this requirement provide a metric for the degree of re-

O
*
ot

40

100 150 200
Order using N-N/VP (Base Case)

deri fth ds (hiah val inimal deri _Fig. 3. Scatter plots showing the changes in the order of the top
ordering of the compounds (high value minimal reor erng >0 compounds contributing to predicted SOA mass, compared to

low Valge more reord?””g)- Hence for F§the degree of the base case (x-axis). SOA compositions used were from the stan-
reordering increases in the order:- Hyd 189, SB-N/VP 180,4arq (1.0/1.0/1.0) scenario; with = 29315K, % RH = 70 and

N-MY 168, SB-MY 164, and JR-MY 160, JR-N/VP 147 and 3.0 ugnt3 involatile core. Ni= N-N/VP act.
N-N/VP act 126. The change in the JR-N/VP parameter with
SOA mass was also investigated and was found to vary be-
tween 146 at the lowest SOA mass up to 164 at the highcompounds (maleic acid and methylmaleic acid) which con-
est masses, suggesting that at higher SOA masses theretitbute 77.8 mole % to the SOA; the next 8 components con-
less reordering of compounds with a change in vapour prestribute 10.9%. Hence the predicted SOA composition is
sure model. This may explain why the degree of scatter seedominated by a small number of compounds with a long tail
in Fig. 3 (SOA mass =0.0547 ug™ by N-N/VP) is much  of compounds that make a vanishingly small contribution to
greater than that seen in Fig. 7\élorso et al(2011) (SOA the aerosol.
mass> 60 ug nr3). It is not surprising that hydrolysis of anhydrides does not
Figure S6 in the Supplement shows similar results forgreatly change the compound ordering as the majority of
both a low temperature/high % RH case, and a high temperecompounds have the same vapour pressure as they have in
ature/low % RH case using the standard scenario confirmthe base case calculation. The top two compounds in the
ing that the results seen in Fig.are typical. The contribu- hydrolysed SOA do not appear in Fig.because the corre-
tion of the top 200 compounds to the SOAS99mole%  sponding anhydrides are too volatile to be in the top 200 com-
for all the models considered. The distribution of the SOA pounds for the base case SOA. The hydrolysis of anhydrides
species is very uneven so the top 2 compounds typically conehanges the vapour pressure of some 32 compounds (out of
tribute 20—45 % and the top 10 compounds some 50-75%2727) and substantially increases the SOA mass which does
The model including the hydrolysis of acid anhydrides is affect the relative contributions of the other components but
exceptional in that the predicted SOA is dominated by twothe effect is small compared with the effects upon the order
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due to changing the® or y; models. Potentially of great- N-N/VP SB-NVP JR-NIVP N-N/VP-act
. . . . 200 200 200 200
est interest is that the largest re-ordering of the most impor- -
. . . . e 0.054674 0.067533 1.3512 0.023949
tant contributing compounds results from the inclusion of o H 100 H 1 100 H
non-ideality. Given the relatively low variation in mass at-  § | il n ﬁﬂ , n o
tributable to the inclusion of non-ideality, it is evident that &
. . .. Q
the reordering must be the result of simultaneous positive é 0% 08 10 05
and negative deviations from ideality in the multicomponent 0 0 0 0
. . . . <5 -3-1012 <5 -3-1012 <5 -3-1012 <5 -3-1012
mixture. This was confirmed by an analysis of how the rep- Log C* Log C* Log C* Log C*
resentation of specific functional groups inthe SOA changed |~ nwv  sewv  JR-My o Hydolysed
v_wth the |_ncIu_5|on of non-ideality. For the standard cqndl- B oot61as 0025587 050461 020445
tions (which includes 70 % RH), the change from an ideal 7 1% 100 H 100 100 H
to a non-ideal calculation resulted in carboxylic acids on av- § , s | 2 el 10 M
erage moving up by 99 places, monoalcohols by 136 places 3
and bis-phenols by 214 places. In contrast nitrates moved s 02 02 10 B
down by 202 places, mononitro compounds by 74 placesanc o

0 0 0
. . <5-3-1012 <5-3-1012 <5-3-1012 <5 -3-1012
PANSs by 308 places. This reordering clearly reflects the ef- Log C* Log C* Log C* Log C*

fects of negative deviations from ideality for the first set of

functionalities in aqueous solution; and positive deviationsFig. 4. Predicted binned component volatility for 2742 MCM
from ideality for the second set of functional groups. Fig- compounds (except panel 8: 2727 compounds) with concen-
ure S6 in the Supp|ement ShOWS tha‘[ the reordering Of ComIT&thl’]S taken from the §tandard scenario (10/10/10X-NO
pounds due to the inclusion of non-ideality is further exag-SF/AVOE:?:_SF/BV_OC'SF) withT = 29315K, %RH = 70 and_
gerated under cooler, moister conditions and only Slightly3'0 pg minvolatile core. The abscissa is the base 10 logarithm
less important under ’Warm dry conditions. For SOA mix of the saturation concentration of the components in the respec-

f d di hiah % RH th .. tive volatility bin, while the y-axis gives the cumulative molecular
tures formed at medium or high % the water-organic in- ;o centration (in molecules cTﬁ) for each bin: please note scale

teractions will be more important than the organic-organic change half way up the y-axis in each panel. The green bars cor-

interactions. The more extensive reordering of compoundsespond to the particulate and the yellow to the vapour phase. The
under cooler, moister conditions, is consistent with the move-total condensed SOA mass (in pg#) is indicated on each panel.

ment of the SOA component activity coefficients away from

unity. From studies on the vapour-liquid equilibria of binary

mixtures (including systems containing water) it is generally The components are binned according to tigirvalue
observed that solute deviations from ideality (whether negawhere this parameter is the inverse &f,; as defined by
tive or positive) tend to get larger, both at lower temperaturesEq. (1) inMcFiggans et al(2010. As found in this earlier
(Gmehling 2009, and at higher dilutionsGmehling et al. paper, the volatility distributions show substantial sensitivity

2002. to the vapour pressure model used with components moving
between the log; bins. The tendency for the JR method to
3.2.3 \Volatility distributions overestimatdy, leading to reduced vapour pressures, causes

the bunching of compounds into the lower volatility bins
Figure4 shows the volatility distribution of the 2742 MCM  (logC; < —2). If the hydrolysed case is compared to the
compounds using the standard scenario (1.0/1.0/1.0 fgr NO base case then it is clear that the hydrolysis process reduces
SF/AVOC-SF/BVOC-SF) at atmospherically relevant condi- the concentration in bin lag" = +2 and possibly some fur-
tions (I' = 29315K, % RH= 70, core=3.0ugnt3). This ther bins of even higher volatility, while significantly in-
case was selected simply for illustration, representing simu<creasing the amount of material in bin [Bg= —2. This
lations under average UK emission conditions with temper-is due to the hydrolysis of some highly abundant cyclic an-
ature and RH selected to represent conditions in the lowehydrides to give much less volatile dicarboxylic acids which
Troposphere, while ensuring that the appropriate non-ideathen appear in the lag = —2 bin. The effect of the inclu-
calculations converged correctly. It should be noted that unsion of non-ideality in the partitioning calculation changes
der these conditions, the amount of SOA predicted (abouthe volatility distribution much less than the tW by JR p°
0.055 pg nm2 for the base case) is substantially below both methods, but by more than some of the other methods (note
the 10 pg m® condensed mass loading used as the referencthat logC; values for the non-ideal case do not include the
case inMcFiggans et al(2010; and the amount of SOA typ- activity coefficients and represent the saturation concentra-
ically found in the lower Troposphere. For example reportedtions of the components under ideal conditions). In general
SOA amounts found during the TORCH campaign rangedthese figures show that the assignment of compounds to a
from 0.92 to 5.91 ug m® (Johnson et al2006; while Heald  volatility bin is extremely sensitive to thg® andy; mod-
et al.(2005 reported average organic carbon aerosol concenels used. Hence the least volatile compounds (a series of
trations of 4 pg m? during the ACE-Asia study. multifunctionalised peroxybridged cyclohexenes mentioned
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10 10

in Sect.3.1) as determined by the N-N/VP method are in bin
C < =5 using this method, as they are for the SB-N/VP, hy- tog (pred. abund.)

drolysed, and non-ideal models. For the N-MY model they  yoser s-n/ve (base case)
appear in the log; = —3 bin and for the SB-MY model they >
are in the log’F = —4 bin. Given this sensitivity to the© .
model the idea that lumping species together by assignin(;
molecules to volatility bins on the basis of vapour pressure; ..

Log10 (Pred. abund.)

Model JR-N/VP 8

2

o R N G W O
o

o v E N G W O,

o +
and being able to make meaningful predictions of their prop-° ’ 4
erties seems highly optimistic. 0. 0 ‘ 3
200 400 0 200 400 2
3.2.4 O:C ratio and molar mass distributions Molar mass, amu Molar Mass, amu

1 1

0 0

The two panels in Figs show the concentration of the con-
densed compounds binned according to their molar mass and _ _ )
O:C ratio for two vapour pressure models (N-N/VP (baseF'g- 5. Predicted binned organic component condensed moles plot-

case) and JR-N/VP) corresponding to the first and third panzed as a function of molar mass and O:C ratio for the 2742 MCM

els on the top row of Fig4 for the “standard” 1.0/1.0/1.0 compounds with concentrations taken from the standard scenario

L . " . (1.0/1.0/1.0 NQ-SF/AVOC-SF/BVOC-SF) withT = 29315K,
emission scenario under the same conditions as&ighe % RH = 70 and 3.0 ug m3involatile core. The colour axis is the

colour axis is the base 10 logarithm of the cumulative con-pase 10 logarithm of the cumulative concentration of the condensed
centration in the respective bin, with the bin size being de-components (in molecules cr) in the respective bin. The bins are
fined as 0.25 units of O:C ratio by 20 amu. As expected,defined by a subdivision of the O:C scale into bin width of 0.25, and
more condensed material is predicted when the JR estimahe MW scale into bin widths of 20 gmoté. The left hand panel
tion method is used fdfy,. For both plots the most abundant shows the distribution for the predicted composition generated us-
condensed molecules have a molar mass in the range 159 the N-N/VP (base case) model while the right hand panel shows
220 and an O:C ratio of 0.5 to 1.0. Figueshows the ratio & Similar plot for the JR-N/VP mode}/(= 1 for both panels).
of the binned condensed phase loading using the two vapour
pressure methods. If the extra condensing mass had the same
properties (in this case molar mass and O:C ratio) as the ma- Figure7 shows the difference and variability in the aver-
terial predicted to condense using the base case ther6 Fig. age O:C ratio and molar masses of the predicted condensed
would be a uniform colour (constant factor across all bins). SOA with different models across 27 scenarios (all combina-
The fact that it is not uniform shows that changing the vapourtions of scaling factors 0.1, 1.0 and 10). The black asterisk
pressure method creates a bias in the other properties of thiand associated black box-whisker plot) shows the median
SOA: in this case the molar mass and O:C ratio averaged oveD:C ratio and molar mass for the base case; the black trian-
all the SOA move to lower values. gle shows these parameters for the non-ideal case; and the
Comparing the position of the concentration peaks inblack circle shows these parameters for the case with hydrol-
Figs. 5 and 6 (despite the broadness of the features) it isysis. The remaining coloured symbols are associated with
clear that the peak in Fid is at a substantially lower mo- the box-whisker plots and show the variation of these param-
lar mass than the peaks in Fiy. This clearly demonstrates eters with vapour pressure method. The differences in the
that the extra material condensing when using the JR-N/VHnedian values between the base case and the hydrolysed case
p° model has, on average, a lower molar mass than the maesult from the maleic acid derivatives in the hydrolysed case
terial condensing using the N-N/VP model. Although it is as these have lower molar mass and higher O:C ratio than
difficult to see in these figures, close examination of Big. the average of the condensed components. It is clear from
shows that the main peak is at an O:C ratio of about 0.45he box-whisker plots that the spread in O:C ratio and molar
while the peaks in Fig. 5a, b are mainly at O:Crati6.0rhe  mass values is much smaller for the two methods thaffyse
additional material predicted to condense when using the JRby JR. The increase in condensed mass associated with this
N/VP model has a slightly lower O:C ratio consistent with boiling point method also leads to a lower median O:C ratio
less functionalized molecules contributing to the condensednd molar mass-consistent with higher volatility components
material. This confirms (as statedMcFiggans et a).2010 with a lower O:C ratio and lower molar mass becoming in-
that the choice of estimation methods used in absorptive pareluded in the SOA mass.
titioning calculations will substantially impact upon the se-  Thjs plot can be compared to Fig. 10§cFiggans et al.
lection of semivolatile components and hence the propertie$2010. In Fig. 7 the median values of both O:C ratio and
(such as O:C ratio and average molar mass) of the organignolar mass are clearly lower for the methods using the JR
fraction of the condensed phase. Ty, estimation methods. In Fig. 10 of the earlier paper the
corresponding difference is less clear although the JR-N/VP
does come out with the lowest O:C ratio. In Fighe median
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Fig. 6. The plot showing the factor difference in predicted binned

organic condensed moles using the vapour pressure models shovmg_ 7. The distribution of the average O:C ratios and molar masses

"3/\'/19 d5 dTgebZ lel\f'/\llspthe tt;]ase 10 Ilogarlthm of tthetf actofr(tJhR- of the predicted condensed SOA across all cases for 27 scenarios
vided by - ) in the cumulative concentration of the with the box-and-whiskers showing the median, interquartile and

cgndensed components (i_n molecules &with negative values 95 % ranges for each combination of estimation techniques (
given a value of zero on this scale. assumed in all cases); the coloured squares (and the black asterisk)
show the median values for the corresponding box-whisker plots.
The other black symbols refer to variants of the base casp((ddy
values are at higher O:C ratio (0.76 compared to 0.39 forN-N/VP method):- black circle- hydrolysed case (2727 compounds,
the base case), and lower molar mass (214 vs. 270) than the = 1): black triangle- non-ideal casg; (by UNIFAC).
equivalent values in the earlier paper. The calculated O:C
ratio of 0.76 for the base case is substantially higher thanthe @~ —m™m™W W H—W—W—FW—F—W—m———————————————
O:C ratio reported in recent studies of atmospheric aerosol 2_5%
|
|
|
|
|
|
|

in heavily urbanised areas: generally below 0.5 in London
(Allan et al, 2010, and 0.36 in the New York are&(n et al,
201Y); but similar to the value of up to 0.8 for aged aerosol
measured in the outflow from Mexico citppéCarlo et al.
2008.

For molar mass the median values of 214 (or 155 for the
hydrolysed case) seen in Figwill be substantially below an
average value measured for an atmospheric sample due to the
formation of oligomers Reinhardt et aJ.2007 Reemtsma
et al, 2006 which are not considered in our model.

Alcohols

Hydroperoxides

Ketones

— = = = = —

Avg. number of functional group per molecule

DG

. . or -
3.2.5 Average functionality ol
g y N-N/VP SB-N/VP JR-N/VP N-MY SB-MY JR-MY Hyd. Non Ideal

Vapour Pressure Model

The most abundant functional groups in the predicted SOA
were alcohols, hydroperoxides and ketones. In a recent pulFig. 8. Box-whisker plots showing the sensitivities of the average
lication (Valorso et al, 2011 the authors found the same number of the three most abundant functional groups (alcohols, hy-
three functional groups dominating predicted SOA composi-droperoxides and ketones) per molecule, across all cases for 27 sce-
tion for a low NQ, scenario; although hydroperoxides were nar.ios gsing the partitioning model wiia) five vapour pressure
more prevalent than alcohols. Figshows the sensitivity ;ﬁgvn\:satt'ﬁg é?fitgo(ﬂsh%?;fyisgfi;ﬁ gﬁwy%?;?‘:f( 217)2(7b|)v|%c"\; 6com
T s e a1 1) (0 it 7 hows sy

: \ o hon-ideality (2742 compoundg? by N-N/VP, y; by UNIFAC).
sure values, the inclusion of non-ideality, and the effect of
hydrolysing the acid anhydrides. In general the distribution
of the number of functional groups is relatively insensitive to SOA with an average of more than 2.5 alcohols per molecule.
the vapour pressure method used. This is particularly true foit is noticeable that the JR-N/VP and JR-MY methods (that
the hydroperoxides and ketones; less true for alcohols. Fopredict much more SOA mass — see FAgdo not show these
alcohols the striking feature is that some cases give predictedxtreme levels of alcohol participation suggesting that the
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Fig. 9. Surface plots of logy(y;) for the non-ideal calculation (2742 compoung® by N-N/VP,y; by UNIFAC) using the standard scenario
(1.0/1.0/1.0 NQ-SF/AVOC-SF/BVOC-SF) under conditiofs=29315K; % RH = 0, 30 or 70; and 0.5 ugn? involatile core. The two
meshes show the minimum and maximum activity coefficients as a function of O:C ratio agddy The contour plot on the base of the
figure shows the median value for each bin.

high alcohol levels may be associated with very low SOA 3.2.6 Variation in component non-ideality
mass. At very low SOA mass the polyalcohols are important

contributors to SOA mass giving high O:C ratios and high av- Figure illustrates the variation in component non-ideality,

erage molar mass. When more mass 1S condens_ed the polya*ldr all the MCM components, for the standard scenario at
cohols become less important as components with lower mo-293 15K and a range of RH values. This is represented b

lar mass and O:C ratio are included in the condensed mate-~""">"" — = ge o Lo b y
i o . . ] . the variation in the logarithm of the predicted component ac-
rial. This is consistent with the lower O:C ratios and lower

. . tivity coefficients with O:C ratio and saturation concentra-
median molar mass seen for th& methods using}, by JR . : . . R
in Fig. 7. tion. It is clear that there is a wide variation in component

For the case including hydrolysis of anhydrides the aV_act|V|ty coefficient, particularly at high % RH, ranging over

. ! .. several orders of magnitude (from 0.001-0.01 for some com-
erage composition of SOA across 27 scenarios was signif: . . *
) . , ) . . ponents in the bin log* = —4, up to 18 for components
icantly different to the base case with carboxylic acids dis-: N i g -
. ; .~ in logC’ = +4). The lowest activity coefficients are asso-

placing ketones to become the third most abundant functional . i S
ciated with the lowest volatility bins so these compounds

group. This change is almost certainly due to the preponderzincluding the multifunctionalized cyclohexenes mentioned

ance of maleic acid derivatives in the anthropogenically dom-in Sect.3.1) may dominate SOA composition at low SOA

inated scenarios after hydrolysis. This increase in carboxylic : = L
. i o mass. In contrast the highest activity coefficients are asso-
acid groups leads to a substantial reduction in the number.

of alcohols, hydroperoxides and ketones for the hydrolyse .|ated with h'.gh volatility bins meaning that they are un-
. . ikely to contribute to SOA. These results demonstrate that
case (see FigB). Note that the non-ideal case shows a very

L A : the MCM compounds exhibit both salting in (activity coef-
similar distribution for these top three functional groups to . : : :
the base case. ficients below unity) and salting out (greater than unity) at

) . . . all relative humidities. This is consistent with results re-
The fourth and fifth most important functional groups in orted byCompernolle et al(2009 which show evidence
the predicted SOA are nitrate and nitro. The relatively highp y P

abundance of these groups is reflected in the high mediaF1Or both salting in and salting out of SOA components with

: s .
N:C ratio (0.1212), which is also significantly higher than the irpr(:]r: Sgg'g?( Osgtitjhtlr?zt ?o?nH 'J;Z?](t)suisiﬁ]ehr;o;egég\it{ Vg;';sf’f
recently reportedSun et al. 2011) value for urban aerosol y P P 9 y

ficients would tend to separate into one or more additional
(0.012). . o - )

phases, those with low activity coefficients are very stable in
the predicted mixture. It is therefore necessary to consider
both positive and negative deviations from ideality to cap-
ture the effect of non-ideality on absorptive partitioning. In
Donahue et ak2011]) the authors develop a two-dimensional
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volatility basis set model which allows the predictionyef  ues including very low activity coefficients for low volatil-
from the volatility and O:C ratio of a component (see their ity components that may dominate SOA composition at low
Fig. 9). This model specifically aims to address salting outSOA mass. This demonstrates the importance of including
in POA/SOA mixtures and does not consider components tdhe possibility of salting iny < 1) in SOA models consider-
havey; < 1. From Fig.9 (and the component reordering ex- ing non-ideality.

hibited in Fig.3), it is clear that it is necessary to consider

whether both positive and negative deviations from ideality Supplementary material related to this

will play a role in systems of interest in the atmosphere. Thearticle is available online at:

AIOMFAC model ofZuend et al(2011]) allows explicit con-  http://www.atmos-chem-phys.net/11/13145/2011/
sideration of phase separation in mixtures of inorganic andacp-11-13145-2011-supplement.pdf

organic components and efforts are underway to explicitly

include this consideration in the sensitivity studies. This will
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