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Abstract. A large number of calculations of the absorptive 1 Introduction

partitioning of organic compounds have been made using a

number of methods to predict the component vapour presAerosol particles remain highly uncertain contributors to cli-
sures,p, and activity coefficientsy;, required in the cal- mate change, influencing climate directly by the scattering
culations. The sensitivities of the predictions in terms of and absorption of solar radiation and indirectly through their
the condensed component masses, volatility, O:C ratio, morole as cloud condensation nuclei; the latter effect contribut-
lar mass and functionality distributions to the choicep8f  ing the greatest remaining uncertainty in the atmosphere ra-
andy; models and to the number of components to represendiative forcing (PCC, 2007). Both inorganic and organic
the organic mixture have been systematically compared. Théaterial can transfer between the gas and particle phase.
condensed component mass was found to be highly sensWhilst inorganic material is restricted to a relatively few
tive to the vapour pressure model, and less sensitive to botrelatively well-understood compounds, the organic fraction
the activity coefficient model and the number of componentscan comprise many thousands of, as yet largely unidentified,
used to represent the mixture although the sensitivity to thecompounds with a vast range of properties (Zliang et al.
change in property estimation method increased substantiallig007 Hallquist et al, 2009 and references therein). There
with increased simplification in the treatment of the organic have been tens to hundreds of thousands of organic com-
mixture. This was a general finding and was also clearlyponents isolated in the atmosphe@p(dstein and Galbally
evident in terms of the predicted component functionality, 2007 Lewis et al, 200G Hamilton et al, 2008 Hallquist

O:C ratio, molar mass and volatility distributions of the con- et al, 2009 and near explicitBloss et al.2005gb) and ex-
densed organic components. Within the limitations of theplicit (Aumont et al, 2005 models of oxidative degradation
study, this clearly demonstrates the requirement for more acof gaseous VOCs predict the existence of many thousands to
curate representation of the? andy; of the semi-volatile  tens of millions of components. Conversely, aerosol schemes
organic proxy components used in simplified models as thdn large-scale models necessarily ignore the vast complexity
degree of simplification increases. This presents an interes®f the organic mixture and will continue to do so in the future.
ing paradox, since such reduction in complexity necessarilyThis is a result of prohibitive computational expense that can
leads to divergence from the complex behaviour of real mul-only be reduced via a reduction in complexity (numerical,
ticomponent atmospheric aerosol. chemical or both). In order to better quantify the impacts of
aerosol processes on climate and air quality it is necessary
to improve the quantitative prediction of gas/aerosol parti-
tioning and aerosol water content. The latter is necessary for
predicting the direct and indirect climatic effect; the former
determines the evolving chemical composition of the aerosol
and is necessary for predicting aerosol loading and com-
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be 1 to 2 orders of magnitude too lowdald et al. 2005. whether such boiling point (and hence vapour pressure) sen-
Many factors influence the SOA yield, including the mass sitivity of condensed mass is exhibited in simulations of com-
of organic aerosol that can serve as a condensing mediumplex mixtures of partitioning compounds with more atmo-
(Pankow 1994 Odum et al. 1996, acid catalysed and other spherically representative properties.
chemical reactions in the particulate phasang and Ka- Raatikainen and Laaksoné2009 presented a discussion
mens 2001 linuma et al, 2004 Kalberer et al.2004), am- of activity coefficient models that have been used to account
bient humidity Seinfeld et al. 2001, Jonsson et a12006 for multicomponent aerosol non-ideality. Group contribu-
and temperatureSganier et al.2007 Johnson and Marston  tion methods include the widely used UNIFAC model and its
2008. Whilst by no means the only consideration, it has variants Fredenslund et 311975 Yan et al, 1999. Much
long been considered that a primary driver for the transfereffort has been directed towards improvement in the accu-
of organic material between the gas and condensed particuacy of these models for atmospherically significant func-
late phase is the vapour pressure of each of the partitioningionalities and temperatures through parameter re-evaluation
components above the particulate composition. This is de{Peng et al.2001; Marcolli and Peter2005 Zuend et al.
pendent on the vapour pressure of each compound in its pur2008. Although inclusion of inorganic ions within such
state fy?) (vapour pressure of componerdbove pure liquid  frameworks is not straightforward, there are a number of
(or sub-cooled liquidj), multiplied by the component activ- models that aim to account for organic-inorganic molecular
ity (a; = y;x;, the product of its activity coefficient and mole interactions via extended Debyditkel methods and mid-
fraction) or “effective” concentration in the complex mixture range interaction terms (e ®arcolli and Petgr2005 Zuend
of components using an appropriate reference state. This ist al, 2008 Clegg et al. 2008 Yan et al, 1999. Outstand-
implicitly embodied in the widely used equilibrium absorp- ing considerations associated with such models include the
tive partitioning theory Rankow 1994 Odum et al. 1996 requirement for complex reference state corrections, which
Pankow et a].2007). can limit applicability in mixed phase systems. Recently de-
This study uses absorptive partitioning to describe theveloped models such as AIOMFAC, for example, have been
gas/particle partitioning in a complex multicomponent sys-designed to obviate this requirement and can be used to pre-
tem, accounting for component interactions in the condensedict phase separation for limited sets of organic functionality
phase (deviations from Raoult’s Law) and the volatility of the (e.g.Zuend et al.2008.
pure components. The amount of condensed material is cal- Whilst each vapour pressure and activity coefficient model
culated by summing all components, ensuring mass balancmay carry its own advantages and disadvantages, a system-
between the two phases for each component. Calculation dditic evaluation of the techniques for atmospheric purposes

the partitioning requires a vapour pressure va}nﬂa,for all is complex. This restricts the objective selection of a sim-
condensing compoundsand the non-ideal deviations from plified representation of organic components that will make
Raoult’s Law embodied in thejr; values. a dominant contribution to particulate mass or properties.

Barley and McFiggan$2010 recently presented a com- Models of atmospheric oxidative degradation of volatile or-
parison of boiling point and vapour pressure prediction tech-ganic compounds (VOCs) range extensively in complexity
niques that have been used to model atmospheric aerosof representation of the organic components depending on
loadings. Using the widest available range of low volatil- the scale of their application. In order to better assess the
ity multifunctional organic benchmark compounds of mea- skill of such models in capturing the production of impor-
sured vapour pressures to assess the technique skill, they prtant SOA precursors it is necessary to systematically eval-
vided a critical evaluation of the methods and recommendauate the ability of the varying complexity to reproduce the
tions for appropriate technique choice for atmospheric ap-determinant properties of the most complex representation.
plications. The range of vapour pressure deviations fromFurthermore, to assess the ability of absorptive partitioning
the experimentally-determined values was shown to be manyo capture the important characteristics of atmospheric SOA
orders of magnitude, with the greatest discrepancies resultbehaviour, a broader set of metrics than simple prediction of
ing from the choice of boiling point predictive method. The the condensed mass is required. Briefly, in addition to mass,
sensitivity of absorptive partitioning particulate mass cal- these comparison metrics include component mass loadings
culations to the errors in the techniques was investigatedfor comparison with e.g. mass spectral parent ion fragment
for the experimental test compounds. It was found thatdistribution and molecular identification, see gtamilton
the different predictive methods for boiling points intro- et al, 2008, component volatility distribution for compar-
duced such variability that either negligible or very signifi- ison with thermodenuder characterisations (see ldigf-
cant condensed organic mass was predicted. Whilst the conman et al. 2009, O:C ratio for comparison with emerging
pounds investigated bBarley and McFiggan§2010Q were = measurements from online higher resolution MS (®g-
selected for their multifunctionality and very low experimen- Carlo et al, 2006, molar mass distribution for comparison
tal vapour pressures, they were sttL00 to 1000 times more  with determinations from e.g. osmometry or size-exclusion
volatile than compounds expected to condense significantlchromatography and examplarily illustrated using compo-
under typical ambient conditions. It is important to establish nent functionality.
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Equilibrium absorptive partitioning itself has certain lim- order to make such the evaluation more useful in an atmo-
itations. There is good reason to assume that instantaneowspheric context, the methodology we employ aims to a sys-
equilibrium will not pertain within an atmospheric aerosol. tematically explore the sensitivity under conditions (temper-
Uptake of gaseous components to (and their evaporatiomture, relative humidity and predicted total condensed mass)
from) a particle population is a kinetic process, driven by athat may be broadly expected and for components that have
gradient between the background gaseous concentration armtoadly the degree of functionalisation and property spec-
that at the surface of each particle. The number of collisiongrum (O:C ratio, volatility etc.) that might be found in the
of molecules that can partition by condensation and evapoatmosphere. This is to overcome the current limitation that
ration with the particle surfaces depends on the size distrimost, if not all, of the property estimation techniques have
bution of the particles and their probability of being accom- been developed for, and extensively applied to, conditions of
modated into each particle. Under tropospheric conditionsthe chemical process industries and technique evaluation un-
the resultant mass transfer is normally in the so-called trander such very different conditions are less likely to be valid
sition regime between free molecular and continuum masgor atmospheric purposes.
transfer as may be calculated by flux-matching descriptions
(e.g.Fuchs and Sutugjri971) or more approximate formu-
lations (e.gSchwartz 1986. Mass transfer rates of gases to
reasonable ambient populations in a range of environment . . -

. o large number of calculations of the absorptive partition-
may result in gaseous e-folding lifetimes of several tens o ing of organic compounds were performed using a num-
minutes to days (e.dloss et al. 2005¢ Haggerstone et al.

2005 Coe et al, 2006 Sommariva et al.200§ Emmerson \t/’zroifr mritshsfrz t‘%)p;flg'cgcmietigg‘?'fd %J]ree Sce%r;‘i‘t’ig_”e”t
et al, 2007 Williams et al, 2007 Allan et al, 2009 de- pour p P iYi)-

pending on uptake probability (the mass accommodation C0ltles of the predictions in terms of the condensed compo-

- L : ) : .”“nent masses, volatility distributions, O:C ratio, molecular
efficient contribution to this being the same in condensation . ) . .
. P . o ~weight and functionality to the choice pf andy; models, to
and evaporation), indicating that disequilibrium may pertain .
. ! the number of components to represent the organic mixture
over such timescales simply as a result of gaseous mass trans- . ; .
o nd to ambient environmental T and RH were systematically
fer limitations. Furthermore, heterogeneous and condense
: o . evaluated.
phase reaction can further perturb the equilibrium leading to
supersaturation of a component in either the gas or aerosob 1 Formulation of the partitioning model

Notwithstanding the implications of such dynamic processes

and dependence on condensed phase kinetics, a basis for tfBe molar based partitioning model used here is identical to

determination of the equilibrium contributions to the particu- that presented iBarley et al.(2009 and yields identical re-

late composition is required to calculate the equilibrium load-suits to the conventional mass based mod@lastkow(1994

ing to form the basis for investigation of such dynamic devi- whilst allowing use of mole fraction based activity coeffi-

ation from equilibrium. cients with a conventional reference state unlike the model
The aim of this paper is to investigate the sensitivity of variant presented bponahue et al(2006). The partitioning

SOA predictions to calculated propertieg.(p?) and the constantk , ;, in units of mfumol~1 is given by Eq. {):
complexity of the representation of the organic aerosol frac-

tion. A flexible framework for the evaluation is constructed, cfond RT f
the techniques to be evaluated are briefly described and th&p.i = _CyapCOA = 106y, p° @)
evaluation metrics defined. The results are evaluated in terms ! i
of these me.trlcs and Ilmltatlo'ns. in VOC Fiegradatlon mecha- \\here Clyap is the vapour phase molar concentration of
nism reduction fc_thSOA pr_edlct_loPhare dls_(;_ustsedf. Two C(:_m'component, umol 3,
panion manuscripts examine (i) the sensi WILy O PrOPErties - ~condig the condensed phase molar concentration of com-
of particulate material produced by absorptive partitioning Lo 3
. - . A ponenti, pmolnt 2,
(Topping et al., 2010) and (ii) the relative contribution to . . .
/ . Coa is the total molar concentration of condensed organic
the condensed material from compounds generated using a X 3
e . material, pmol m>,
complex VOC oxidative degradation model (Barley et al., 0 .
: : i : . . p; is the saturated vapour pressure of componexi,
2010). It is not the intention here to investigate mixtures *¢ he ideal 57 10-5 3 Flg-1
of organic components that will necessarily be found in the Risthe ideal gas constant - X meatm mo ’

atmosphere; this is more comprehensively achieved in the r IS ﬂ;]e t?mpgratu]rce,hK q q ial th b
latter manuscript identified above. The intent of the cur- f 1s the fraction of the condensed material that may be

rent study is to investigate a number of property estimationconsidered absorptive, usually considered unity for most ab-

techniques that have been used in atmospheric applicatior%orpt've partitioning calculations angl is the activity coef-

in a framework for calculation of the absorptive partitioning ficient for componentin the liquid phase.
of semi-volatile secondary organic aerosol components. In

2 Methodology
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Defining a partitioning coefficier§; for compound given consistently shown to overestimate thig values of a lim-

its K, ; value: ited number of multifunctional compounds with predicted
L Tp >500K in Barley and McFiggan§2010 compared with
£ — (1+ 1 ) @) laboratory measured values.
' Kp.iCoa The p° methods used in this work were that&nnoolal

. _etal.(2008 andMyrdal and Yalkowsky(1997 — henceforth
where the total molar concentration of condensed organiGeferred to as the N/VP and MY methods. The N/VP method
material,Coa, is given by the sum of the products of the in-  ses the same complex group contribution structure as the
d|V|_duaI t_o.tal .componfar'n concentrations in both phases anch) estimation method. E-AIM calculates® using 7p, by
their partitioning coefficient: SB combined with the vapour pressure by MY;Tyby N

_ . with vapour pressure by N/VP or the method\bdller et al.
Con= ZC’E’ 3 (2008. Camredon and Aumori2006 use JR-MY. All tech-
nigues for estimating boiling poinf§) and vapour pressures
whereC; = C/*+ s the total loading of component (p°) have been described in detail and assessBailey and
i, umolnm3, McFiggans(2010 along with two methods that did not re-

The formulation is slightly more numerically efficient than quire 7p estimation Capouet and Mller, 2006 Pankow and
that presented bpankow(1994 andPankow et al(2001) in Asher, 2008. These latter methods are not evaluated here be-
that the mass is only evaluated once at the end of the parcause of the restricted functionality they cover. ™eller
titioning calculation rather than evaluating the number av-€t al.(2008 method was not evaluated because of structural
eraged molar mass of the condensed material within eacRroblems associated with excessive group increment con-
iteration of the solver. Such efficiency savings would not tributions with multiple similar groupsQompernolle et al.
normally be important, but the many tens of thousands 0f2010. It should be noted thaarley and McFiggang2010
partitioning calculations for complex mixtures made in the showed that the MY method significantly underestimated the

current study require such minor optimisations_ slope of the vapour pressure line against laboratory measure-
ments.
2.2 Vapour pressure and activity coefficient models For the base case simulations the N-N/VP method was

combined with the assumption of ideality. For the 5 cases
The impacts of a limited number of combinations of property exploring the sensitivity to predicted component volatil-
prediction techniques were conducted to establish a repreity, combinations of the vapour pressure methods (MY and
sentative range of sensitivities using methods that have beeN/VvP) with the boiling point methods (N, SB and JR) were
reasonably widely employed in an atmospheric context.  used with the assumption of ideality (JR-N/VP, SB-N/VP,

The vapour pressure estimation methods evaluated in thigr-MY, SB-MY and N-MY).

study require two part calculation: estimation of normal boil-  To analyse the impact of non-ideality, the base case com-
ing point () followed by extrapolation fronT, down tothe  pination (N-N/VP) was used with the UNIFAC model with
temperature of interest. For compounds likely to be of at-ypdated parameters Beng et al(2007) to calculate activ-
mospheric importance, the estimatBgcan be in excess of jty coefficients of all components. This combination is here-
700K, so relatively small error in the slope of the line be- after referred to as N-N/VP-non-ideal. The updated param-
tween7p and 25 C can result in a large error in predicted eters, used in previous atmospheric studiEspping et al,
vapour pressures. THg estimation methods that have been 2005 Compernolle et aJ2009 Tong et al, 2008, have been
used within atmospheric literature and are evaluated here aréhown to substantially improve predictions in systems which
the methods of (iNannoolal et al(2004 (used in E-AIM:  include the OH-COOH subgroups. Other studies have fo-
Extended Aerosol Inorganics Modehttp://www.aim.env.  cussed on improving interaction parameters for additional
uea.ac.uk/aim/ddbst/pcafoain.php seeWexler and Clegg  groups in addition to modifying the UNIFAC framework
2002); (i) Stein and Brown(1994), used in both E-AIM  (e.g. Marcolli and Peter2005. There are few validation
and EPI-SuiteEPA, 2009 and (i) Joback and Reifl987),  studies for such approaches, particularly for complex sys-
used in the study o€amredon and Aumor(2006. These tems, and additional work is needda(g et al, 2008 Zuend
will henceforth be referred to as the N, SB and JR meth-gt g, 2008 before they can be reliably applied.
ods respectively. All were group contribution methods of
varying complexity. The simplest is the JR method includ- 2.3 Framework for simulation initialisation
ing 41 groups; SB is adapted from JR with additional groups
(85 in total) and a correction for high boiling point values. To investigate the sensitivity of the model predictions to
N includes both primary and secondary groups (130+) alongavailable estimation methods across as broad a composition
with group interactions (207 terms in total). The N method space as possible, a methodology for the generation of the
gave the best results when tested against experimental vapotest initialisations of organic molecules of varying function-
pressure data for 45 multifunctional compounds. JR wasality has been constructed.

Atmos. Chem. Phys., 10, 102583272 2010 www.atmos-chem-phys.net/10/10255/2010/
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In the current study only straight-chain aliphatic com-
pounds from methane to;g@compounds are considered and
therefore the organic compound carbon number solely deter-
mines the chain-length; an evaluation of the sensitivity to the
predictive techniques for aromatic and cyclic compounds is
considerably more complex and is presented in the separate
third part of the study in the context of simulated components
from a near-explicit VOC degradation mechanism. To gen-
erate a compound and prescribe its abundance, the following

Probability of occurence

o
[

| /\
NN /S NS N\
3 4 5 6 7 8 9 10 11

Number of carbon atoms

12

Stacked ratio of summed abundance

1 2 3 4 5 6 7 8 9 10 11 12
Carbon number

Fig. 1. (a) An illustration of a randomly-generated distribution
of functional groups as a function of the carbon number. In each
case, distributions of the 29 functional groups represented within
the modified-UNIFAC model are generated (38 including hydrocar-
bon groups); only 6 are shown here for clarifi) the fractional
distribution of three examplary functional groups across all 1000
initialisations, showing that the COOH group is present at roughly
100 times the mixing ratio of the G and CHNG groups.

A fully-randomised initialisation of the simulations has
not been used. Instead, restrictions have been imposed dur-
ing the construction of compound functionality and abun-
dance to provide a large but finite number of simulations and
a statistically significant distribution of results within a range
of conditions representative of, or similar to, atmospheric
conditions. This is to ensure that the sensitivity to the es-
timation methods is assessed on mixtures comprising com-
ponents functionalised to a similar degree to those expected
in the atmosphere.

www.atmos-chem-phys.net/10/10255/2010/

(ii)

procedure was used:

(i) The carbon chain length was selected using a random

number generator constrained between 2 and 12. The
twister algorithm within the Matlab® software package
is used. The sequence of numbers produced by this

function, which has a period o@wgzﬁ is determined
by the internal state of the generator which is set based
on the CPU clock.

Functionality was then assigned to the carbon backbone.
38 functional groups represented within the UNIFAC
activity coefficient model were used, including the 9 hy-
drocarbon subgroups$i@nsen et al.1991). Each func-
tional group was assigned a probability of occurrence
on a carbon backbone, defined by a set of Gaussian
probability density functions randomly generated for
each initialisation. For example, for a chain length of
5, the functional groups COOH, OH, GBO might
have been assigned a probability of occurrence of 0.134,
0.245, 0.001. For a chain length of 3, the same groups
may be assigned a different probability of occurrence
of 0.346, 0.102, 0.091. In generating these probabili-
ties, weighted preference was given to oxygenated func-
tional groups by multiplying the probability of occur-
rence of each group by 100. This was used to increase
the likelihood that such “preferred” groups would pop-
ulate a given carbon chain, whilst still allowing “non-
preferred” functional groups to occur. This is with the
aimto increase the O:C ratio towards atmospheric levels
(whilst not trying to exactly reproduce the VOC concen-
trations in the atmosphere). All main groups with their
subgroups are shown in Table Rows 1 to 7 list the
“preferred” groups, 8 and 9 the hydrocarbon groups and
10 to 19 the other “non-preferred” groups. Figuie
illustrates a representative hypothetical distribution for
only 6 functional groups for clarity. Obviously the prob-
ability is only valid for integer values of carbon number;
these being selected from the generated real number
functions. For a given initialisation for simulations of
mixtures comprising 2, 10, 100, 1000 and 10 000 com-
pounds, each compound is generated using the same
set of probability density functions. Across the 1000
initialisations, this provides broadly uniform probabil-
ities of occurrence of functional groups across all ini-
tialisations. An example of the normalised distribution

Atmos. Chem. Phys., 10, 102582-2010
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of selected functional groups across all initialisations is 6 ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
shown in Fig.1b illustrating that “two non-preferred” :fo
functional groups are present at roughly 100 times lower 100
concentration than the “preferred” COOH group at all ol
carbon numbers using the semi-randomly generated

probabilities.

reference

N
T

(iii) The initial guess for the total abundance of the gener-
ated compound is constrained such that the molar mix-
ing ratio () of a compound decreases linearly in loga-
rithmic space with increasing carbon number. The gra-
dient is defined by assuming the total mixing ratio gf C

log 10 abundance (r (ppb))
N o
T T

compounds is approximated by mean methane value of ~ -4r  _ 1776 8
1776 nmolmot? (ppbv) and a prescribed mixing ratio (1776/0.001) TT

for each G» compound of around 1 pmolmot (pptv) " ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
such that a mixing ratio in nmolmot of a compound ooz s e 0

of carbon numbex is given by:

Fig. 2. The base case total mixing ratios of each compound of a
F= 1776 (4) given carbon number shown by the black line, demonstrating that
(1776/0-001)% the mixing ratios fall with carbon numbex) logarithmically as
defined by Eq.4). The other lines show that the mixing ratios re-
quired to yield the “target” condensed loading of 10 p*gfrm each

ganic compound concentration to part per trillion levels level of complsm_ty for any”example initialisation run paralle_l to
the base case “initial guess”. 2 and 10 compound representations of

for larger carbon number compounds, broadly in line this initialisation require that the mixing ratio is increased above the

with what is observed in the atmosphere. NO exact rig-upjtia| guess” values and that the 100, 1000 and 10000 compound
orous representation of the atmospheric organic loadingepresentations correspondingly require successive lowering of the
was sought. mixing ratio.

The logarithmic reduction is to ascribe a falloff in or-

(iv) The total “target” condensed organic mass loading is
fixed at 10 pgm? for all partitioning calculations, at number is the same base case value, as shown in the second
all ambient conditions, using the base choice of ideality column of the table. The third column of the table shows the
with the N-N/VP vapour pressure prediction. This cri- scaling applied to the initialisation to yield the target mass of
terion is chosen to ensure that the sensitivities are noflOugnt3. For practical purposes, examplary initialisation
influenced by the availability of condensed mass. Thelistings of 100, 1000 and 10 000 compounds are not shown,
condensed mass determines the relative contributiondut the required total mixing ratios of each compound of a
to the mass by components of different volatilities. A given carbon number are shown in Fiydemonstrating that
higher mass of material would lead to a higher relative the mixing ratios fall with carbon number logarithmically,
contribution from more volatile compounds and con- parallel to the base case “initial guess”. It can be seen that 2
versely a lower mass of material would lead to a higherand 10 compound representations of this particular initialisa-
relative contribution from less volatile material. In order tion require that the mixing ratio is increased above the “ini-
to achieve this, the total abundance of components mustial guess” values in order to yield 10 ugfhof condensed
be varied for each initialisation. The total abundance of SOA mass and that the 100, 1000 and 10 000 compound rep-
the generated compounds described in step (i) aboveesentations correspondingly require successive lowering of
is adjusted iteratively to achieve this condensed masghe mixing ratio. Itis an obvious generality that a larger num-
whilst maintaining the gradient of the molar mixing ra- ber of compounds with any given probable functionality will
tio distribution line (i.e. such that there are fewer larger each have a lower mixing ratio than fewer compounds satis-
molecules in each simulation as would be expected infying the same functionality likelihood to yield the same con-
the atmosphere). To recap, in each base case partitiordensed target mass on partitioning. For each initialisation,
ing simulation, be it for 2, 10, 100, 1000 or 10 000 com- these molecular abundances are held constant and the vapour
pounds, the base case (N-N/VP, ideality) predicted conpressure method, or assumption of ideality, is changed within
densed mass is always 10 ugtn the partitioning simulation to yield a variation in the total

condensed material. This forms the basis of analysis dis-
Table 2 shows example initialisations satisfying the same ¢yssed in later sections.

random probability of functionality and carbon number. The
initial total mixing ratio for each compound of a given carbon

Atmos. Chem. Phys., 10, 102583272 2010 www.atmos-chem-phys.net/10/10255/2010/
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It is important to note that it is not the intention to present was conducted at three temperatures (273, 298 and 313 K)
a sensitivity of absorptive partitioning calculations of the ex- spanning a reasonable tropospheric range and four relative
act mixtures of compounds found in the atmosphere; only tohumidities (0, 60, 80 and 90%). Simulations for each func-
assess method sensitivity in broadly the correct atmospheritionality distribution, using each complexity of representa-
regime. It should further be noted that the discussions andion under each set of conditions with the appropriately ad-
conclusions will be drawn from results of absorptive par- justed total abundance was then repeated for each combina-
titioning simulations of mixtures of straight-chain aliphatic tion of predictive techniques. Owing to the large number
compounds with no branched chain, aromatic or cyclic com-of simulations, all the techniques and model configurations
pounds representative of biogenic compounds. For technicalere automated. The calculations were then repeated using
reasons, this is an enormously more complex undertakingach of the estimation methods with the same total mixing
and is the subject of a separate manuscript as indicated. Hatios for all initialisations.
is also clear from Tablé that the functionality represented  Although the chosen conditions are relatively arbitrary
in the Hansen et al(1991) matrix for UNIFAC interactions  (and the participation of water in absorptive partitioning is
cannot represent all the aerosol functional groups observeduite contentious, see discussion in S8ct.below), an ex-
or predicted to exist in the atmosphere and there is no reahaustive investigation is computationally prohibitive and the
son to suspect that each of the “preferred” or “non-preferred’selected conditions adequately serve to illustrate the sensitiv-
functional groups will be equally probable in the atmosphere.ities, notwithstanding the absence of real atmospheric con-
Notable omissions are nitrate, sulphate, peroxide, peroxystraint on the organic composition. The investigation could
acid and anhydride functional groups. Thiansen et al. further be extended almost infinitely to consider condensa-
(1997 matrix represents the most comprehensive UNIFACtion onto pre-existing organic mixtures of primary origin (or
group representation so the sensitivities were carried out t@therwise of lower volatility and varied functionality, such as
the most comprehensive functionality accessible to the preeomponents formed from significant atmospheric condensed
dictive techniques under conditions more representative ophase processing) or to consider the presence of inorganic
the atmosphere than the conditions under which the techeomponents. We will necessarily limit the current investiga-
niques were developed. This is the sole purpose of the pation to the conditions stated here, noting that such extensions
per. The third paper in this series evaluates sensitivities tanay serve to either increase or decrease the sensitivity to a
components generated using a VOC degradation model ankitherto unknown degree.
a technique to parse the molecular structures and map the
predicted functionality onto the UNIFAC groups is described 2.5 Evaluation metrics

therein, along with the treatment of branched chain, aromatic ) ) )
and cyclic compounds. Conventionally, the total condensed organic mass loading has

been the most widely reported metric for model comparison,
largely because it is the one most readily accessible to am-
bient measurement. Recently a much broader range of com-
fparators has emerged from field and laboratory studies and
mixing ratio in Sect2.3above, the target mass using the baselt is @ more challenging test of model skill for predictions to
model configuration was 10 ugrh. Ambient atmospheric be compared with the broadest set of available metrics. The
condensed organic loadings can range from below 0.1 tgpartitioning sensitivities have therefore been evaluated using:
greater than 100 ugni depending on environment and after (i) total mass_loading and the_distrib_ution of (ii) compo-
Eq. (), it can readily be seen that the partitioning of semi- nent mass loadings (for comparison with e.g. mass spectral
volatile components depends on the total condensed masRarention fragment distribution and molecular identification,
Coa. The impacts 0oa on the distribution of components S€€ e.gHamilton et al, 2008, iii) component volatility dis-

of varying volatility between vapour and condensed phasetribution for comparison with thermodenuder characterisa-
has been widely investigated (see ®gnahue et a)200§  tons (see e.giuffman et al, 2009, (iv) O:C ratio for com-

and the target mass will affect the absolute values in the reParison with online higher resolution mass spectra from re-
sults to some degree. This could be the focus of further workce€Ntly developed instrumentation (efgeCarlo et al.2006

using randomised initialisations and is performed as part of2nd molar mass (from e.g. osmometry or size-exclusion chro-
the sensitivity analysis using the near explicit mechanism inmatography)Kiss etal, 2003 and illustrated using (v) com-

part 3 of this series of publications, but it is not expected toPonent functionality. The current status of organic composi-
greatly impact on the relative sensitivities and is not investi-tion related to all these metrics is discussed in detaa
gated here. Using the base-case N-N/VP method assuminiguist et al.(2009.

ideality, for each of the 1000 functionality sets at each com-

plexity of representation of the mixture, partitioning calcula-

tions were carried out varying the absolute total component

loading until the target mass was achieved. Each calculation

2.4 Calculation protocol

As stated when describing the constraints on the compone
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Table 1. Functional groups used in the initialisations and hence throughout the sensitivity simulations.

1 alcohol OH

2 carbonyl (CH2CO) CHCO CH,CO

3 ether-1 (CHO) CHO

4  acetate (CCOO) CsCOO CHCOO

5  formate (HCOO) HCOO

6  ether-2 (CH20) ChHO CH3O

7 carboxyl (COOH) COOH

8 alkane (CH2) CH CHp CH C

9 a-olefin (C=C) CH=CH CH=CH CH=C CH=C cC=C

10 primary amine (CNH2) CgNH, CHyNH,  CHNH
11 secondary amine (CNH) GHNH CHoNH CHNH

12 tertiary amine(C)3N) CHsN CHoN
13 (CCN) CHCN CH,CN
14 (CCl) CHCI CHCI

15 (CCI2) CHCl, CHCl,
16 (CCI3) CHC}

17 (CNO2) CHNO, CHoNO»
18 iodo (1) |

19 bromo (Br) Br

Table 2. Example initialisations satisfying the same random probability of functionality and carbon number. These mixing ratios are
illustrated in Fig2 in addition to those for each component in the 100, 1000 and 10 000 compound representations of the same initialisation.

“First Guess” Converged
Functional Groups Carbon Number Mixing Ratio  Mixing Ratio
nmolmorl  nmolmol1

2 compounds

CH3 CH,CO CH, COOH 5 9.4776 155.51135
CH3OH CHz CH,COO C=C 6 2.5621 42.036922
10 compounds

CH3z CH=CH CH,O CH COOH CHNO> 7 0.69262 2.937796
CHO CHzOH C=C 4 35.0590 148.73572
CH CH=C CH,CO COOH COOH CHNO, 8 0.18724 0.7941281
CH, CHO CH,CO 4 35.0590 148.73572
CH3 CH»=C OH COOH CHCN 6 2.5621 10.868082
CH3 CH, CHO 4 129.688 550.23278
C=C COOH Ch CHyO CHyN 6 2.5621 10.868082
CH3COO CH, 3 129.688 550.23278
CH3 CH3 COOH CH,NH C=C CH;N CHO 8 0.18724 0.7941281
CH OH CH,0O CHO 3 129.688 550.23278

3 Results: model sensitivity to predicted properties and  technigue (green box and whiskers) and the inclusion of non-
the complexity of the representation of the organic ideality (red box and whiskers) compared with the base case

aerosol fraction for simulations across all conditions at each level of com-
. _ plexity. Note the logarithmic scale of the mass axis. The first
3.1 Predicted condensed organic mass box and whisker bar of each pair represents the variability in

) o predicted mass from the simulations from all models at all
In general, across all sets of functionality, it was found that,,n_ero RH values. whereas the right hand bar of each pair
the predicted mass is less sensitive to the assumption of id&s s the range of variability from only the dry simulations.
ality than to the accuracy of the vapour pressure predictiony,qer “wet” conditions, the median value of mass predicted

This is clearly illustrated in Fig3, which presents the sen- som all methods using non-base vapour pressure variant
sitivity of total condensed mass for a single functionality ,q4els (number of models used=45) is always greater
distribution to all changes in the vapour pressure predictive
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‘ ‘ ‘ ‘ 1 Whilst Fig. 4 only illustrates the dependence assuming
Wet Vapour pressure ideality, the red bars in Fi@ show that non-ideality, as cap-
/ bry —— Non-ideally tured by the UNIFAC model, leads in general to an under-
prediction of mass. Possibly surprisingly, under “wet” con-
102 [ i ditions, the median mass prediction is closer to that predicted
by the base case than under dry conditions for all levels of
complexity of mixture representation other than the simplest
2 component cases. This indicates on average that there is a
= = . lower degree of predicted non-ideality in cases where water
E E E E E is present. It should be noted that, whilst a strong predicted
H dependence of condensed mass on RH has been presented
in Barley et al.(2009 and Hallquist et al.(2009 and RH
dependence has been discussefigmfeld et al(2001) and
L Pankow and Chan{R008, the degree to which condensed
2 10 100 1000 10000 water acts as an effective absorptive mass is unclear.
Number of compounds Both Figs.3 and4 also illustrate that the sensitivity tends
to reduce on increasing complexity from the simplest rep-
Flg 3. An example illustration of the sensitivity of predicted to- resentations of the partitioning Compounds_ Aithough both
j[al condensed organic mass across _aII cqnditions to_’[_he'differenceﬁ,gures show only the results from one randomly gener-
In vapour pressure predictive technique in the partitioning model, o fnctionality distribution, these are typical and both re-
(green bars, =45) and .the mclusion of non-ideality (red bars, sults were found to be the general case for over 1000 ran-
- 9)' The. left-hand bar in each pair encompasses all property Iore('jomly generated organic only or organic/water mixtures (see
diction variants, all T- and RH-values. .
Fig. 5). The condensed mass can vary by a factor df 10
for simple mixtures with two compounds using widely used

than the base mass prediction, with a small minority of sim-vapour pressure predictive techniques. For the same mix-
ulations producing less mass than those using the N-N/VAuUre, the condensed mass can be almost three orders of mag-
base model. Under dry conditions using the non-base vapoupitude lower when including activity coefficients. By this
pressure models: € 15), with no absorptive mass provided most coarse metric, the potential for very high uncertainty
by condensed water, the median value drops slightly belows highlighted when using both reduced and high complexity
the base case mass with partitioning. The reason for the diffepresentations of organic aerosol composition, particularly
ference in behaviour is illustrated in Fig.where the mass related to the choice of vapour pressure predictive technique.
loading predicted using each of the vapour pressure estimalhe relatively low sensitivity to the inclusion of the partic-
tion technique variants in the partitioning model is illustrated ular activity coefficient model used here for high complex-
for the mixtures as in Fig3. The systematic overprediction ity mixtures is another general result, suggesting that non-
in mass resulting from use of the JRtechnique with its un-  ideality in very complex mixtures plays a more minor role,
derprediction in volatility can be seen in the right hand panelsprobably resulting from the very low mole fraction of each
where, for “wet” conditions (green bars) a greater overpre_indiVidua| component. It must be restated that such consid-
diction in mass is shown than for dry conditions (blue points) erations ignore phase separation or the presence of inorganic
as a result of the presence of liquid water as an absorbingomponents, both of which may increase the impacts of non-
mass (note that only three dry cases are available at each digleality.
gree of simplification of a given functionality set for each ~ To demonstrate the generality of the results, Bighows
model, therefore each point is plotted rather than attemptinghe probability distribution functions of the sensitivity of the
to plot statistical variability). The other techniques can be predicted total condensed organic mass across all conditions
seen to predict substantially lower mass than the techniquet® the differences in vapour pressure predictive technique and
using the JRT}, method and indeed, reduced mass on averthe inclusion of non-ideality. This figure reinforces the typ-
age when compared with the base case N-N/VP method. Iical results observed in Fig8.and 4 and described above
all cases, absorptive partitioning shows comparable sensitivand shows that the sensitivities can be both smaller and very
ity in predicted mass to the varying methods under dry andnuch larger than the single example depending on the distri-
“wet” conditions. Furthermore, the variation of the model bution of functionality of the compounds present. It can be
leads to greater median mass underprediction if the mass igseen that there is a slight overall bias towards overprediction
underpredicted with respect to the base case or lower mag®f total mass when varying the vapour pressure predictive
overprediction for the JR-based techniques. technique from the base method of both boiling point and
vapour pressure estimation, N-N/VP. In contrast, there is a
slight overall bias towards the underprediction of lower to-
tal mass by the inclusion of non-ideality using the UNIFAC

=1

Factor difference in condensed mass
=
o
>

H
o\
b
,
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Fig. 4. Sensitivities of predicted total organic mass for an example functionality distribution across changing temperatures for wet (green
bars,n =9) and dry (blue symbolg,= 3) conditions using the partitioning model with each of the vapour pressure predictive techniques.

the deviations tend towards a similar finite value with in-

0.5 T 1.4
oas gf@o Toweeh creased complexity, such that even with a very large number
0.2 e 2 of components there is a significant sensitivity of the pre-
o 04r 00, = H . .
g aooog o yeusn |l dicted mass to the techniques employed.
5 RN
> 03f 50 ‘% Tos 3.2 Predicted volatility of the condensed mass
2 a9 T ]
o 0.25 = B
< 3 - A . .
2 o2} Iy ’ 108 Donahue et al(2006 reformulated the absorptive partition-
B o8 ‘ Jos ing model to define an effective saturation concentratign,
£ ol | of each component, that would be identical to the inverse
' o2 of K, ; for each component were they all to be of the same
oo ] molar mass. TheC¥ value may then be used as a direct
"o B i measure of the volatility, with lowe€; components being
Factor difference in condensed mass (log) more liable to be in the particulate material. Figérghows

an example of the distribution of the compounds binned by
Fig. 5. Distribution of sensitivities of predicted tota_l orga_nic mass their volatility in a simulation of a 10000 compound repre-
to change in vapour pressure technique and the inclusion of nongqnaiinn of a single functionality distribution predicted at
ideality across all 1000 functionality distributions. Thg b_racketed T =29815K and RH=80% using each of the predictive
numbers in the legend refer to the number of partitioning com- .
pounds defining the complexity of the representation of the SOA. methods. _It can be See_n_ that there is a very large, and Some'
what predictable, sensitivity to the vapour pressure predic-
tive technique employed, with components moving between
C’ bins leading to very different volatility distributions. The
method described in Se@.2above. The distribution of pre- reason for the predictability of the differences in the volatil-
dictions has an increasingly broader spread with increasingty distributions for the same initialisation but using differ-
simplicity of system representation —i.e. much greater underent means of predicting the vapour pressure (i.e. volatility)
or over-prediction is possible when a low complexity repre- is that the same components will be present in each case,
sentation of the organic components is used. Furthermorehut the volatility predicted will differ using each method.
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Fig. 6. Predicted binned component volatility for a 10000 compound representation of one example functionality distribution set. The
abscissa is the base 10 logarithm of the saturation concentration of the components in the respective volatility bin. The green bars correspon
to the particulate and the yellow to the vapour phase. The total condensed mass is indicated on each panel.

Unless any differences between the vapour pressure estiméall into will range widely depending on the initial function-
tion techniques were completely systematic and independerdlity. When the vapour pressure estimation techniques are
of functionality, then the distribution of predicted compo- varied or non-ideality considered, the volatility distributions
nents will be different. It is demonstrated in Sex8 below, show a broad scatter such that no statistical pattern is ob-
that the differences in predictions from different estimation served. That is, the distribution of component volatility is
technigues are not systematic in terms of molar mass or O:Go sensitive to the methods employed that they must be con-
ratio and and components will be unlikely to shift between sidered unreliable when representing the organic functional-
C/ bins in a systematic way. ity by only two components. In contrast, when representing
the same 1000 functionality initialisations by 10 000 compo-
By comparison, the predicted sensitivity of the volatility nents in each mixture, it can be seen from Hifg.that the
distribution to non-ideality is seen to be very much lower. pase case volatility distribution (as represented by the red
Figure7a and b show the sensitivity of the volatility distribu- pars), may be considered broadly reasonable and compara-
tion to changes in predictive technique across all 1000 funchle to the top left panel in Figs. Therefore it can be seen
tionality sets for the most simple (2 component) and mostthat the sensitivity shown in Fig.is representative of all the
complex (10 000 component) representations of the function1000 semi-random functionality distributions. The complex
ality respectively. The red bars show the range of volatility representation (Figlh) exhibits much lower sensitivity to the
of the components in the base case. The height of the bayariation in estimation technique than the simple representa-
represents the percentage contribution to the total condensefbn (Fig. 7a) in that a statistical range can be described by the
SOA mass. The green and blue box and whiskers both show|ue and green box and whiskers. However, the sensitivity is
the relative change in the percentage contribution to the tositill very large. The volatility distribution shows that com-
tal SOA mass from each volatility bin referenced to the baseponents frequently move in the decadal volatility bin distri-
case using all the different predictive techniques; the bluepution. The green points, including predictions using meth-
symbols do not consider variations resulting from use of theods that employ the JR} technique (which lead to a sys-
JRT, technique whereas the green do. Figlmeshows that,  tematically tendency to underpredict vapour pressure) appear

when only two compounds are used to represent the functo show systematic increases in the fractional contribution
tionality distribution, the base case volatility bins that they
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Fig. 7. Sensitivity of the volatility distribution, in terms of the vari- n M
W-

ability in % contribution to total condensed mass, to changes in'

predictive technique across all 1000 functionality sets. The red bars

show the range of volatility of the components in the base case as . o . .

a percentage of the condensed SOA mass. The green and blue b&@M the components in the low volatility leg;") = —5 bin

and whiskers both show relative change in the percentage contrivhereas the non-base case methods that do not employ the JR

bution to the total SOA mass from each bin referenced to the basdb technique (blue points) show little systematic difference.

case; the blue symbols do not consider variations resulting from

use of the JRI}, technique whereas the green do. The choice of3.3 Predicted condensed component molar mass and

techniques shifts the distribution of condensed material in differ- O:C ratio distribution

ent volatility bins, with a smaller systematic difference to the base

case when the JR technigue is not used. Note the large bias towar(tSfequenﬂy O:C ratio and molar mass are becoming more

components in the ldg) =5 bin when JR is used. widely available from a variety of analytical techniques.
Across the 1000 initialisations, it is found that the pre-
dicted component mass variation from each method is not
uniform in terms of the molar mas&,y, or oxygen to carbon
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(O:C) ratio. Figure8a and b show the normalised mass tio is substantially higher, indicating that a higher degree of
weighted frequency distribution of the component propertiesoxygenation is required on average across all initialisations
averaged across 2, and 1000 components, respectively useding these methods for the molecules to be condensable.
to represent each of 1000 functionality distributions across

all temperatures and RH using the base N-N/VP estimation

method in the partitioning model. The average O:C ratios4 Discussion, conclusions and future work

and M,,s are binned with a resolution of 0.05 in O:C and

50 in My. It can be seen that the average properties ofThe functionality of the condensed phase differs markedly
the two component representations fall in two clusters, onedepending on the predictive techniques employed in the par-
with higher O:C ratio and lower molar mass than the secondfitioning model and this leads to the substantial differences
whereas the average properties of the 1000 component ref total mass, component and average volatility, O:C ratio
resentations form a continuous distribution across all 1000and molar mass illustrated above. Figdreshows an ex-
simulations. The boxes and whiskers show the statistical disample from one randomly generated set of input concentra-
tribution of these properties, with the median value falling tions. The predictions of condensed organic components are
at the central “hotspot” of the frequency contour in the high extremely dependent on the employment of the appropriate
complexity panel (b) and between the two hotspots in thevapour pressure and activity coefficient predictive technique.
two component panel (a). In contrast to the averages across&s may be expected, it can clearly be seen that the differ-
high number of simulations, the panels in Fdgghow the re-  ences in the functionality of condensed organic components
sults from a single example simulation of a 10 000 compoundusing the different predictive techniques is reflected in the
representation of a single functionality set. The scale is thevariation in distribution of OC ratio, molar mass and volatil-
logarithm of the condensed mass loading in each bin withity. Whilst absorptive partitioning will undoubtedly be inca-
the same bin resolution as Fig. Figure9a shows that the pable of explaining all features of secondary organic aerosol
distribution of these properties across all compounds usingormation, it can be used to provide an indication of the equi-
the base case method is broadly within a range representdibrium distribution of functionality that may be expected in
tive of the entire average of all 1000 functionalities seen inthe absence of heterogeneous or condensed phase reaction.
Fig. 8. Figure9b shows the distribution of the properties us- Any comparison of such predictions with laboratory simula-
ing the JR-N/VP estimation method on the same scale. It igions in well-defined conditions or with atmospheric samples
evident that the total predicted mass is increased (as has afay allow the extent to which equilibrium absorptive parti-
ready been shown in Fi@). Figure9c shows the logarithm tioning determines organic functionality to be assessed. It
of the differences in the mass distributions. Clearly the dif- is evident from Fig11 that the randomly-generated initiali-
ferences are not systematic and the discrepancies in the preations used to evaluate the sensitivity do not exactly repre-
dicted loadings vary significantly as a function of both molar sent the distribution of components found in the atmosphere,
mass and O:C ratio. It is evident that the choice of estima-but it should be noted that this was not a primary criterion
tion methods in absorptive partitioning predictions will sub- of the investigation. This was to evaluate property estima-
stantially impact on the identification or selection of semi- tion techniques that have been used in the atmosphere in an
volatile components and their properties in the organic frac-absorptive partitioning framework under conditions and for
tion of particulate material. Figur&0 shows the distribu- components that are more representative of the atmosphere
tion of the average O:C ratios and,s of the predicted con- than those used to develop the techniques.

densed mass across all conditions and 1000 initialisations, Whilst the impacts of the techniques for prediction of non-
with the box-and-whiskers showing the median, interquar-ideality are demonstrated to be lower than of vapour pres-
tile and 95% ranges for each combination of estimation techsure, the sensitivities presented have hitherto ignored the
nigues; the cross shows the location of the average compagaresence of inorganic components. In real ambient mixed
sition from the base-case technique and the coloured opearganic/inorganic aerosol, the situation will be further com-
symbols show the average predicted using each of the difplicated and the role of non-ideality may be substantially
ferent techniques. It can be seen that on averagafthef larger. Figurel2 demonstrates the increase in the sen-
secondary organic mass is lower using techniques employsitivity of predicted condensed mass resulting from inclu-
ing the JR method. This is consistent with the method pre-sion of inorganic components (in this case NacCl) for a sin-
dicting higherT7y, and hence molecules of lower molar mass gle example functionality distribution by incorporation of
becoming more condensable than predicted using more adhe AIOMFAC model Zuend et al. 2008 in the absorp-
curate methods. It can be seen that the correction applied tbve partitioning framework for the same range of condi-
the JR in developing the SB technique leads to its use in comtions as in Fig.2. It can be seen that the predicted mass
bination with the Np° technique yielding a similar average sensitivity to non-ideality when including inorganic com-
O:C ratio andM,y to the base case method. Whilst the meth- ponents assuming internal mixing is comparable in mag-
ods employing the MYp? prediction method also predict an nitude to consideration of organic component non-ideality
averageM,, lower than the base case, the average O:C raonly (equivalent to organic and inorganic components being
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Fig. 10. The distribution of the average O:C ratios aig,s of the
predicted condensed mass across all conditions and 1000 initialisa-
tions, with the box-and-whiskers showing the median, interquatrtile
and 95% ranges for each combination of estimation techniques; the
cross indicates the average composition from the base-case tech-
nigue and the coloured open symbols show the average predicted
using the other technique. On average Mg of secondary organic
mass is lower using techniques using JR, consistent with overpre-
diction of T, and lower molar mass compounds becoming too con-
densable. The correction applied to the JR yielding the SB tech-
nique leads to more similar average O:C ratio afg to the base
case method. The methods employing MY also predict avevhge
lower than the base case but higher average O:C ratio. A higher de-
gree of oxygenation is therefore required on average across all ini-
tialisations using these methods for the molecules to be sufficiently
involatile to condense.

externally-mixed). However, the absolute loadings may be
substantially different (in this case, mostly greater when
internally-mixed). Development and evaluation of mixed in-
organic/organic models for atmospheric applications is in-
complete and the further laboratory studies are required
to cover the range of atmospherically-relevant functional-
ity (see e.g.Tong et al, 2008. In such systems (indeed,
even in systems with both polar and non-polar organic com-
ponents or simply organic components plus water), it is
likely that phase separation may occlrdakos and Pankaqw
2009). In a recent study, it has been shown that for a par-
ticular moist multicomponent system, up to 30% overesti-
mation of mass can result from ignoring non-ideality and
liquid-liquid phase separatiorzgend et al. 2010. This
should be the subject of continued investigation. However,
it must be noted that an aerosol is a dispersed system and
phase separation naturally occurs by virtue of the numer-
ous phase boundaries present, such that partitioning calcula-

Fig. 9. Predicted condensed organic component mass plotted agons of component mass are simply averages across all parti-
a function of molar mass and O:C ratio from a single initialisa- cjes \Whilst the effect of non-ideality will be further compli-
tion. When using the JR technique, it can be seen that the variag ated by phase separation, it should be remembered that the

tion in component mass from the base prediction is not uniformly

distributed.

Atmos. Chem. Phys., 10, 102583272 2010

source profiles and histories of particle populations will very
likely be a greater agent of segregation of components than
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Variation in fractional contribution of functional groups to condensed material
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Fig. 11. Variation in fractional contribution to condensed material (top) and change in molecular abundance in the condensed phase (bottom)

of each of the main UNIFAC functional groupings shown in Tehldependent on the property predictive technique used in the partitioning
model. Ambient conditions were chosen to be T=298.15K and RH =90%.

the phase separation predicted by thermodynamic equilib-

' f — ebour prossre rium (i.e. component mixing state generally follows source
——— Non-ideality (inorg/org) contribution). Development of thermodynamic models that
include consideration of phase separation of atmospheric
T — e . components will be most useful when used to refine predic-
L : " tions of component separation dynamically-induced in parti-
cle populations, rather than to dictate it.

L There are many limitations to the current study. Notably
- $ it is limited to aliphatic components. Whilst the very much
more complicated extension to consider aromatic and cyclic
components is underway, the current study serves to illustrate
the high dependence on predictive techniques of secondary
organic aerosol characteristics predicted by absorptive parti-
10 100 tioning. Furthermore, the dependence of the sensitivity on
Number of compounds .

the nature and mass of any absorptive core and on the total
OA mass loading has not been explored, though is expected

Fig. 12. An example.'””Strat'on of the sensitivity of pred'qed - 15 be smaller than those explored here. It should be noted that
tal condensed organic mass across all conditions to the differences

in vapour pressure predictive technique in the partitioning modelne'ther f:(_)n5|c_ier<'_;1t|on s likely to E.il.tef\r the general an_d quite
(green barsy = 45), the inclusion of non-ideality for the aque- UNSUrprising fmdmg that the se_nsmwty of the. ca!culauons to
ous mixture of organics(red bars=9) and the inclusion of non- the property predictions according to all metrics is greater for
ideality for a mixture including sodium chloride at a mass ratio of the more simplified representations. Since very much greater
1:1 with the base case condensed mass (blue bar9). The box-  under- or over-prediction of all metrics is possible when a
plots encompass all T- and RH-values. low complexity representation of the organic components is
used, it will be extremely important to ensure that (i) any
simplification of organic aerosol components for large-scale

107

Factor difference in condensed mass
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modelling applications adequately represents those preseioss, W., Lee, J., Johnson, G., Sommariva, R., Heard, D., Saiz-
in the atmosphere and that (ii) the component properties are Lopez, A., Plane, J., McFiggans, G., Coe, H., Flynn, M.,
accurately represented by any estimation method employed Williams, P., Rickard, A., and Fleming, Z.: Impact of halogen
in the model. This clearly indicates to the requirement for re-  Monoxide chemistry upon boundary layer OH and HO2 concen-
finement and continued critical evaluation of predictive tech- ~trations at a coastal site, Geophys. Res. Lett., 32, 106814, doi:

. . 10.1029/2004GL022084, 2005.
n.lquef E}S well as. iordariprOp“aFe I?Eoratory d?tat for ahba.Booth, A. M., Barley, M. H., Topping, D. O., McFiggans, G.,
SIS Set of appropriate data covering the range or atmospheric Garforth, A., and Percival, C. J.: Solid state and sub-cooled

functionality (as well as test set for technique evaluation). liquid vapour pressures of substituted dicarboxylic acids using
For vapour pressures, such data have only recently been kpydsen Effusion Mass Spectrometry (KEMS) and Differen-
emerging for more widely representative compounds than tja| Scanning Calorimetry, Atmos. Chem. Phys., 10, 4879-4892,

simple monofunctional proxies (e.Booth et al, 2010). doi:10.5194/acp-10-4879-2010, 2010.
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