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Abstract. Field and lab measurements suggest that low-nuclei in the atmosphere and their subsequent growth to par-
molecular weight (MW) organic acids and bases exist in ac-ticles of a measurable size (typically3 nm), is an impor-
cumulation and nucleation mode particles, despite their reltant contributor to CCN (e.g., Kerminen et al., 2005; Laak-
atively high pure-liquid vapor pressures. The mechanism(skonen et al., 2005; Sotiropoulou et al., 2006). Recent mod-
by which such compounds contribute to the mass growth ofeling work by Spracklen et al. (2008) indicates that NPF in
existing aerosol particles and newly formed particles has nothe boundary layer may significantly affect global CCN con-
been thoroughly explored. One mechanism by which low-centrations, with predicted increases in the global mean of
MW compounds may contribute to new particle growth is 3—20% at 0.2% water supersaturation and of 5-50% at 1%
through the formation of organic salts. In this paper we usewater supersaturation. Such predictions rely on assumptions
thermodynamic modeling to explore the potential for organicand approximations of the identities, quantities, and proper-
salt formation by atmospherically relevant organic acids andies of the compounds contributing to particle growth. Those
bases for two system types: one in which the relative contri-assumptions will have a direct effect on CCN predictions
bution of ammonia vs. amines in forming organic salts wasbecause of their importance in determining particle hygro-
evaluated, the other in which the decrease in volatility of or-scopicity, as well as growth rates and therefore particle size.
ganic acids and bases due to organic salt formation was asko illustrate, Spracklen et al. (2008) conclude that more ac-
sessed. The modeling approach employed relied heavily orurate model predictions cannot be achieved without better
group contribution and other estimation methods for necesunderstanding of growth rates, which in turn will require a
sary physical and chemical parameters. The results of thibetter understanding of the compounds contributing to such
work suggest that amines may be an important contributor tayrowth.

organic salt formation, and that experimental data are greatly Freshly nucleated particles grow by coagulation and pre-
needed to improve our understanding of organic salt fOfmadominately, condensation (Weber et al., 1995). Correla-
tion in atmospherically relevant SyStemS and to accuratel)ﬁons between sulfuric acid @-$O4) concentrations and par-
predict the potential contribution of such salts to new parti-tjc|e growth rates indicate that4$0, condensation can ex-
cle growth. plain some, and occasionally all, observed particle growth
(Stolzenburg et al., 2005). Growth rates in excess £86}
condensation suggest that other compounds may be condens-
1 Introduction ing (Weber et al., 1997) or other mechanisms such as re-
active uptake may be important (Zhang and Wexler, 2002).
The number of aerosol particles acting as cloud condensaln one of the early studies investigating chemical composi-
tion nuclei (CCN) is a critical factor in understanding and tion of particles formed during NPF events, it was found that
accurately predicting the feedbacks between aerosols and clevent particles were distinguishable from non-event parti-
mate (Novakov and Penner, 1993). It has been suggesteéles by the significant presence of dimethylammonium, pos-

that new particle formation (NPF), the formation of stable Sibly present as dimethylammonium sulfate or dimethylam-
monium bisulfate (Mkeh et al., 2001). More recent studies

_ employing a Thermal Desorption Chemical lonization Mass
Correspondence tdK. Barsanti Spectrometer (TDCIMS) support the findings ofikék et
m (barsanti@ucar.edu) al. (2001) and others (e.g., O’'Dowd et al., 2002; Zhang et
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al., 2004) that indicate organics contribute to the growth ofmodeled and measured hygroscopic growth and CCN activ-
newly formed particles, and likely include compounds suchity of aerosols (Mircea et al., 2005; Metzger and Lelieveld,
as low-molecular weight (MW) amines and carboxylic acids 2007); which has been supported by recent experimental re-
(Smith et al., 2008). sults of Dinar et al. (2008).

In general, based solely on their pure-compound vapor Here we presenta thermodynamic consideration of the po-
pressuresf°), one would not expect low-molecular weight tential contribution of organic salt formation to the growth of
amines and carboxylic acids to contribute to condensational®Wly formed particles. Equilibrium modeling is applied to
growth of newly formed particles. For example, fhfevalue two system types: the first addresses the relative importance
of dimethylamine (C2) at 293K is-2x 1(° atm and acetic of amines vs. ammonia in forming organic salts; the sec-
acid (C2) is~2x 102 atm, while calculations based on ob- ond evaluates the decrease in volatility of acids and bases

served growth rates of 1-10 nmh(Kulmala et al., 2004) due to the formation of organic salts. The focus of this work
lead to saturation vapor pressures)(of ~4x 1016 a;tm for is primarily on organic salt formation from low-MW acids
condensing compounds. Even condensation of higher-MW';md bases, sugh as dlmethylamme (,DMA) gnd acetic acid
carboxylic acids (e.g., up to C30 diacids) would be negligi- (AcOH). Organic salt formation involving a higher-MW or-

ble at the earliest stages of growth since the Kelvin effectga”ic acid, pinic acid, also is considered. The implications of

of nanometer-sized nuclei prohibits such compounds fromthe results are discussed with regard to other atmospherically

contributing to condensational growth (Zhang and Wexler,'€/€vant acids and bases as well. The modeling approach
2002). The apparent discrepancy betweenthevalues of gmplpyed relies heavily on group contnbuupn and other es-
compounds thought to be contributing to growth of newly timation method; to qbtam necessary physical and chem|c_al
formed particles and required values suggests that mecha- parameters, which ultimately highlights the need for experi-

nism(s) other than simple condensation of observed organic@emal studies on organic salts with atmospherically relevant
contribute to new particle growth compositions, as such salts may be important contributors to

o . o new particle growth.
At least two possibilities exist for the contribution of low-

MW organic compounds to new particle growth: 1) the for-

mation of accretion products, and 2) the formation of organic2  Methodology

salts. Accretion products are higher-MW/low-volatility com-

pounds formed by reactions of organic compounds with2.1 Equilibrium partitioning of atmospherically rele-

each other and/or other atmospheric constituents (ex®, H vant organic acids, bases, and their salts

H>SOy); reactions can occur in the gas phase, particle phase,

and/or heterogeneously (Barsanti and Pankow, 2004). AcThe extent to which organic acids and bases exist in
cretion reactions have been used to explain the apparertanometer-sized particles depends on their concentrations
discrepancy between measured and calculated contributior(s;); pure-liquid vapor pressureg( ;) or Henry's Law con-

of semi-volatile compounds to larger particles (e.g., Jangstants K ;); acid dissociation constant&;); and activity

and Kamens, 2001; Tobias and Ziemann, 2001; Barsanttoefficients (mole scale;). Additionally, the liquid molar-

and Pankow, 2005, 2006). Additionally, Zhang and Wexler volume of each constituent() and the surface tension of the
(2002) used heterogeneous accretion reactions to explain thearticle mixture ¢m) will play a role when curvature correc-
contribution of organics to newly formed particles. While tions are considered. When thermodynamic equilibrium is
the contributions of accretion products are indeed a possibilassumed, the following equations can be used, along with
ity that is being explored, here we will focus on the potential mass and charge balance equations, to estimate the amounts
contribution of organic salts. of acids, bases, and salts in each phase (wheris mole

It is known that ammonia (Nk) neutralizes particles by fraction):

reacting with BSOy and HNG; (nitric acid) to form inor-

ganic salts (Jaeschke et al., 1998; Seinfeld and Pandis, 19981)7,,-(atm) = PLiGiXi 1)

which concurrently shifts the equilibrium of the participating fhs XrisCa_ Ca

species towards the particle phase (Pankow, 2003; Pinder &3 acid = % @)
HA XHA

al., 2007). Analogously, it has been suggested that in the
presence of excess inorganic base, organic acids act to neu- D e
tralize particles (Mircea et al., 2005; Trebs et al., 2005; Met- Kabase= ————————
zger et al., 2006), thereby forming organic salts and shifting

the equilibrium of the acids and bases towards the particle |ncluding curvature corrections in Eq. (1), based on the
phase. Angelino et al. (2001) used laboratory experimentkelvin equation, leads to:
to show that organic salt formation could explain the signif-

icant presence of amines in ambient particles. Additionally, o Vi20m
the presence of organic salts has been invoked to reconcil® = pL’igiXieXp< “RT )

®3)

¢BHXBH

(4)
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wherer is particle radius (cm)R is the ideal gas constant where y; is the molal scale activity coefficient
(dyn cm mott K1), andT is temperature (K). When con-  (5i=y; (m:MW,y)/(X;*1000), m; is molality of i).
sidering partitioning to and from a dilute aqueous particle, The parametersA and B are dependent on the di-
Henry’s law applies angby ; in Egs. (1) and (4) becomes electric constant, density, and temperature of the
K. solvent, in the case of the Davies equation, wa-
ter at 298K and latm A=1.1744kd’?mol~1/2
2.2 Physical and chemical property data sources and es- B=3.285<10°kg/2mol~2m=1); 1 is ionic strength
timation methods (=%im;z?, z is the charge on iow); andg; is the effective
diameter ofi (=3x1071%m). In the standard Davies equa-
Limited physical and chemical property data exist for or- tion, the empirical term takes the forbi, whereb=0.2 to
ganic acids and bases in systems of the type considered.3; in the modified Davies equation of Samson et al. (1999),
here. Organic salts have been studied widely as ionic lig-C=0.2. The reference state for the ionic species is infinite
uids: two component organic salts that are liquids at roomdilution, defined for the mean ionic activity coefficient such
temperature and contain little or no water. Much data existshat asmm_—0, y;y_—1. The reference state for the
on the physical and chemical properties of organic salts imeutral species, including water, is the pure liquidXas>1,
such systems (Zhang et al., 2006; Greaves and Drummond; — 1.
2008; and references therein); though it is not entirely clear It was assumed here that partial molar volumes were
how applicable such data are for atmospherically relevanequivalent to pure-compound molar volumés)( and were
systems, which may contain varying amounts of water andestimated using ACD/ChemSketch (2006). Values oflso
multiple organic and inorganic acids and bases. For atmowere estimated using ACD/ChemSketch (2006). Values of
spheric aerosols, equilibrium partitioning is often considereds ,, were calculated using the method of Sprow and Praus-
for two phases: 1) a dilute aqueous phase with neutral ornitz (1966) as described in Poling et al. (2001); using the
ganic compounds and ionized inorganic compounds, and 2inethod of Tyn and Calus (1975) to determine molar volume
a mostly organic phase with neutral organic compounds. Inat boiling temperature and the method of Suarez et al. (1989)
this work, assumptions have been made about the composie calculate the surface area of each component, also as de-
tion of nanometer-sized particles, in part to make the best usecribed in Poling et al. (2001). The second-order GCM of
of available data, estimation methods, and models. Constantinou and Gani (1994) was used to estimate the crit-
When experimental data were not available for proper-ical volume (/¢) of pinic acid. For all other compoundg
ties of interest, estimation methods were used. For mosvalues were obtained from the CRC Handbook of Chemistry
acids and bases considergg,; values were estimated using and Physics (Lide, 2008). The valuesogf, were calculated
the Antoine equation with parameters obtained from NISTbased on the initial compositions of the particles, and thus do
Chemistry WebBook (Linstrom and Mallard, 2005ftp: not take into account the presence of ions. Implications of
/lwebbook.nist.gov/chemistiy/ Ky values also from NIST this approximation are discussed further in Sect. 3.2. While
Chemistry WebBook; and ; values from Hall (1957http:// models are available that take into account the presence of
www.webgc.org/pkaconstants.ghand the CRC Handbook inorganic and organic ions (Li and Lu, 2001; Raatikainen
of Chemistry and Physics (Lide, 2008). When not available,et al., 2008), such models require parameters fit to experi-
pt ; values were estimated using the SIMPOL group contri-mental data, which are unavailable for systems of the type
bution method (GCM) of Pankow and Asher (2008). The  considered here. Physical and chemical property data for all
value for pinic acid was estimated using SPARC (Hilal et al., compounds considered are summarized in Table 1.
1995;http:/fibmlc2.chem.uga.edu/spartc/
As a first approximation, values ¢f for neutral species 2-3 Initial particle composition and system types
were calculated using UNIFAC (Fredenslund et al., 1977); ) ) )
values of¢; for ions were calculated using the Davies equa- " this work we evaluated the potential for organic salt forma-
tion. The Davies equation is composed of two terms. TheF'On in th_e atmosphere by considering eqmllbrlum partition-
first term is based on the Debysitkel equation and ac- N9 of acids and basgs between the gas and paruc_lelphases for
counts for long range ion-ion interactions in dilute aqueous™e System types, differentiated by the assumed initial com-
ionic solutions &~0.01 M). The second term is an empir- position of nanpmeter-s_lzed p_artlcles. The_flrs_t system type
ical term and accounts for short range ion-ion interactions(ST 1) was designed to investigate the relative importance of
and solvation effects in more concentrated aqueous ionic sc@Mines vs. NHin forming organic salts by considering par-

lutions (<~0.5 M). A modified form of the Davies equation {itioning of gas-phase amines, NHand an organic acid to a
is given by Samson et al. (1999): dilute aqueous particle. Concentrations of amines were based

on ambient measurements in southern Swedein(@arg et
al., 1992). Similar levels have been reported, on the order
In= —Az2 ( Vi o a ) (5) of tens or less of ppt, for ambient measurements at other lo-
"\ 1+ Ba;v/I /1000 cations (e.g., Akiiz, 2007), while much higher levels also
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Table 1. Chemical and physical property parameters for acids and bases considered.

pp @mpP KA (Matm™1) pKa(=—logka) V(cm®mol™l) of (dyncnml)  vE (ecmPmoll)

ammonia (NH) 9.81x10° 6.2x10% 9.2% n/a n/a n/a

dimethylamine (DMA)  2.04 10 3.1x10t 10.7# 70.3 15.50 182.5
acetic acid (ACOH) 2.0910 2 8.8x10° 4.76 56.1 31.90 171.0
pinic acid 7.6%1010p n/a 462 153.8 44.50 5208
water 3.0%10°2 n/a 14.06 18.0 72.01 56.0

@ Linstrom and Mallard (2005ttp://webbook.nist.gov/chemistjy/
b pankow and Asher (2008)

¢ CRC Handbook of Chemistry and Physics (Lide, 2008)

d Hall (1957, http://www.webgc.org/pkaconstants.php

€ SPARC (Hilal et al., 199%ttp://ibmic2.chem.uga.edu/sparc/

f ACD/ChemSketch (2006)

9 Constantinou and Gani (1994)

Table 2. Relative amounts of dimethylamine (DMA) and ammonia @) Hredicted in the particle phase, expressed as fractions of total base
predicted in the particle phase, as a function of gas-phase DMA andi®dls (gas-phase acetic acid=100 ppt). Total fractions of DMA
and NH; are emboldened. Activity and curvature corrections have been neglected.

fi=ni plniotalbasep  NH3,g=1000 ppt; DMAy=1ppt  NH3 g=100 ppt; DMAg=1ppt  NH; g=100 ppt; DMAg=10 ppt

JDMAH + 0.015 0.133 0.605

J/omAp «0.001 «0.001 «0.001

JOMAH + + fDMAp 0.015 0.133 0.605

fNH4+ 0.983 0.866 0.394

FNHs 0.002 0.001 «0.001

INHt T /NH3, 0.985 0.867 0.394
4

have been reported, on the order of tens to hundreds of ppB Results
(Rabaud et al., 2003; Rampfl et al., 2008).
The second system type (ST 2) was designed to investi3.1 Salts of acetic acid, amines, and ammonia in dilute

gate the contribution of organic salt formation to the reduc- agueous particles, neglecting activity and curvature

tion in volatility of organic acids and bases from nanometer- corrections (ST 1)

sized particles. In this system type, gas/particle partition-

ing of acids and bases was considered for agueous partFor an aqueous nanometer-sized particle, the relative

cles with initial organic acid and base mole fractions of amounts of particle-phase DMA and Nigredicted at equi-

Xacidinitial=0.25 andXpaseinitia=0.25.  Since the focus of [ibrium are shown in Table 2. Activity and curvature cor-

this work is on low-MW organic acids and bases, ACOH rections have been neglected for this dilute system. Regard-

and DMA were chosen as representative atmospheric organiig the latter, reported surface tension measurements indicate

compounds for both system types. For ST 1, organic salt forthato,, of dilute aqueous DMA solutions (Hyvinen et al.,

mation involving other low-MW aliphatic amines also was 2004) are less than, of dilute aqueous NEisolutions (Paul

considered. For ST 2, organic salt formation involving a and Chandra, 2005). Therefore, while the absolute amount

higher-MW organic acid, pinic acid, also was considered.of organic salts formed likely will change as a function of

For both system types, implications of the results for othersurface tension (and therefore particle size), the relative im-

atmospherically relevant organic acids/bases are discussedportance of amines vs. NHmay not change. The results
presented in Table 2 are for assumed steady-state, gas-phase
levels of 100 ppt AcOH, 1-10 ppt DMA, and 100-1000 ppt
NHs. The results suggest that when the level of gas-phase
DMA (DMA g) is within an order of magnitude (or greater)
of gas-phase Ngi(NH3 g), DMA (DMA ,+DMAH*, where
DMA <«<DMAH ) will be more abundant in the particle

Atmos. Chem. Phys., 9, 2942957, 2009 www.atmos-chem-phys.net/9/2949/2009/
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Table 3. Observed low and high levels of aliphatic amines measured kiylgrg et al. (1992), and their Henry's Law ) and acid
dissociation K5, as Ka) constants.

Amine Low (ppt)  High (ppt) Ky Matm—H2@  pKa (=—IogKa)b
methylamine 2.4 294 36 10.62
dimethylamine 0.6 7.6 31 10.64
trimethylamine 15 39.1 9.6 9.76
diethylamine 0.4 115 39 10.98
triethylamine trace trace 29 9.25
total amines 4.9 87.6 n/a n/a

Additional compounds included in system type one (ST 1) particles: ammonig)(l‘.le——lO4 ppt (Seinfeld and Pandis, 1998=612,
PKa=9.25; and acetic acid (AcOH), ¥o-10% ppt (Glasius et al., 2001; de Gouw et al., 2008)}=880(F, pK 5=4.76

@ Linstrom and Mallard (2005ttp://webbook.nist.gov/chemisty/
b Hall (1957, http://www.webqc.org/pkaconstants.php
¢ CRC Handbook of Chemistry and Physics (Lide, 2008)

phase than NEI(NH3 p+NH;, where NH p< NH;). This 107 . 8 i

is due to DMA and NH having Henry’s Law constants 0.0 0

of similar magnitude, 31 and 62 M atrh respectively; but 2

DMA having significantly greater basicity than NHwith g

ApKa (PKabase~ PKaacid)=5.88 for DMA and AcOH and <

ApPK=4.49 for NH; and AcOH. It should be noted that the E
<

predicted amounts of DMA in the particle phase are greater 501

than what would be predicted for equilibration of DMA alone < | .
(i-e., based oKy value only, with no acid and therefore no £} m K = 10 M st pK, = 5.00
organic salt formation). Thus when considering the poten- —~ 7] N 8 ko SO M alms, dpk 20 22

& Ky =40Matm-, ApK, = 5.00
& Ky =40 Matm™', ApK, = 6.22

=]

tial for other atmospherically relevant amines to form organic ™
salts, in addition to their concentrations akig values, K, oo i 10 i A0
(or ApKa) values must be considered. Gas-Phase NH, : Gas-Phase Amines Ratio

Table 3 lists the low and high levels of five aliphatic amines Fig. 1. Fraction of amines predicted in the particle phaggnines
measured by Gnberg et al. (1992), and thelfy and pka  (“aminesp/notalbasep), for system type one (ST 1) particles (dilute
values. Those values, along with gas-phase amine levels rédueous) as a function of gas-phasegid amine levels, andly
ported by Rampfl et al. (2008), were used here to represen“"fndApK"’1 (PKa amine-PKa AcoH) values.

a range of possible values for ambient amines. For these

general considerations, the fraction of amines in the parti-x,, is predicted to play a greater role. Also from Fig. 1 it
cle phase famines="aminesp/Motalbasep, Wheren is mols) is  can be seen that when amines greatly exceegd iNkhe gas
shown in Fig. 1, as a function of gas-phase J\dthd amine phase (or when Nglgreatly exceeds DMA)Ky and ApK 5
levels, andKy and ApKj, values (Kaamine—PKa AcoH)- values become less important in predicting the relative con-
From Fig. 1 it can be seen that when the level of gas-phaséibution of amines vs. Ngito organic salt formation. In such
amines is on the order of gas-phase Nl and ApKa  cases¢; becomes the dominant driving force for organic salt
values play a significant role in determining the amount of formation.

amines vs. the amount of NHn the particle phase. While

DMA was predicted to be more abundant thanNH the 3.2 Volatility of organic acids and dimethylamine in
particle phase when the levels of D\jAvere within an order agueous particles containing organic salts, includ-

of magnitude of NH g, amines withk;=10 andApK,=5.00 ing activity and curvature corrections (ST 2)

are predicted to be less abundant in the particle phase even

with equivalent levels of amines and Mkh the gas phase. Figure 2 illustrates the predicted equilibrium mass frac-
For these particulaky and ApK, values, at the 10:1, 1:1 tions of DMA in the gas phase (DM and particle phase
and 1:10 gas-phase ratios, increasixgK, is predicted to  (DMAp+DMAH™); and the sensitivity of organic salt pre-
play a greater role than increasifg, in promoting organic  dictions to py and ApK, values (organic salt formation
salt formation; while at the 100:1 gas-phase ratio, increasingv/AcOH, ST Zacon, Vs. w/pinic acid, ST gnic), 10 om

www.atmos-chem-phys.net/9/2949/2009/ Atmos. Chem. Phys., 9, 298%-2009
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100 7] m = O acid>0 m>>0pase 1herefore, in ST Z.oH,» om Was setsy
102 | as an approximate upper limit for the surface tension of the
it M = organic salt solutions considered here. While the increased
% 106 surface tension of the mixture does result in a predicted in-
'33:10.3 crease in DMA and thus a decrease in predicted particle-
a 10_10j phase DMA and AcOH, this effect is small compared to the
1017 predicted effects of activity (¥;¢;), discussed below.
] Regarding sensitivity to activity coefficients, the standard
10 | . and modified Davies equations are typically valid for so-
DMA, | DMA, | DMA* | WA, | HA, | A lutions with ionic strengths<0.5M. Samson et al. (1999)
Gas and Particle Phase Species found that for more concentrated ionic solutions (0.5 to
B ST 2, G, = 2574 dyn om-', modified Davies C = 0.15 1.5 M) better agreement with experimental data was achieved
I ST"2 om0 O =/ 201 dyniom”, modlified Davies'C =045 by reducing the parameter in Eq. (5) from 0.2 to 0.15.

I ST 24004 O = 25.74 dyncm™', Davies b=0.3

18T 2, e, = 26,84 dyn o, modified Davies C = 0.15 While the ionic strengths of the solutions considered here

are significantly greater than 1.5M, models that are valid

Fig. 2. The predicted equilibrium distribution of dimethylamine, &t higher ionic strengths require parameters fit to experi-
acetic acid, and pinic acid between the gas (DjIHAg) and par- mental data, which are unavailable for systems of the type
ticle (DMAp, DMAH ™, HAp, A™) phases for system type two (ST considered here. For STagbH, {ions Were calculated us-

2) particles (aqueous particles X initial=XDMA initial=0-25), ing the modified Davies equation wii=0.15. The stan-
shown as mass fraction in each phase. The relative mass fractiorgard Davies equation with=0.2 andbh=0.3 also was used
illustrate the sensitivity of predictions to surface tension estimationto calculatecions. The range in calculatedions values is
(ST 2acoH,0). activity coefficient estimation (STRoH,¢). and  significant, ~10° to 1%, and therefore estimation @fons
vapor pressures/acid dissociation constants (shc? has the greatest affect on the predicted extent of organic salt
formation. As the calculatedions values increase, the pre-
dicted amounts of DMAH decrease, increasing DMAnd
DMAg4. However, even whegions~10? (h=0.3), the mass
fraction of DMAH"~ 0.9 (ST ZcoH.¢)-

estimation (ST AcoH,s), and to¢ estimation (ST coH,¢)-
Most of the DMA mass is predicted to be in the par-
ticle phase as DMAH, with DMAH;mC>DMAH Acon>
DMAH £on , >DMAH (oo, (see DMAy, Fig. 2). The _ _ _
same is true for the acids, AcOH (ionic form) in SA:8H 4 Discussion and conclusions

and pinic acid (ionic form) in ST Zic (see HA, Fig. 2). ) ) ] ] .
Regarding sensitivity topy and ApK, values, ST Zinic While amines have been detected in ambient accumulation
(6m=26.84dyn cr) is predicted to have a greater mass mode (Silva and Prather, 2000; I_Denkenber.ger _et al., 2007,
fraction of DMAH* than ST Acon(om=25.74 dyn crmd). Moffet et z;l., 2008) and nuclegtlon mode ékkl gt al.,
While the estimated surface tension is slightly greater in the?001; Smith et al., 2008) particles, the mechanism(s) by
system with pinic acid antpinic> acetio it is the much lower which amines contribute to such particles has not been fully

p{ of pinic acid than that of acetic acid, and the greatpK 5 explored. As noted previously, thef values of low-MW
for the organic salt of pinic acid . pva —PKa pinic=6.00) amines found in the atmosphere are too high for such com-

than that of acetic acid, that contribute to the greater extenfOUNds to contribute to condensational growth of particles.
of organic salt formation. This would be true to an even greater extent for the growth

. o . of newly formed particles, due to the Kelvin effect. Chamber
Regarding sensitivity to surface tension, for SZc@4 : . .
I N B _ studies have shown that oxidation of low-MW amines results
(initial composition: Xwate~0.5, Xaci=Xpase=0.25), om . . . -
) X : in the formation of secondary organic aerosols (Pitts et al.,
is calculated as described in Sect. 2.2. That calculate ; : ) .
NP . : 978; Angelino et al., 2001; Murphy et al., 2007). Particle
value is similar too, for a non-aqueousorganic mix- LS ; .
. . : formation in the experiments of Angelino et al. (2001) and
ture when calculated using a simple binary approach, . ) )
. Murphy et al. (2007) was attributed to condensation of amine
0 m=Xacido acid+Xpas& base EXperimental data have shown S . .
T . oxidation products, as well as the formation of aminium
that measuredr, values for ionic liquids are typically o X .
L T salts (w/nitric and/or sulfuric acids). Murphy et al. (2007)
greater than that for non-ionic organic liquids but less than L : ; :
: found that for aminium nitrate salts, amines generally parti-
that for pure water (Greaves et al., 2006). For diladgie- . .
. . . tioned back to the gas-phase as gas-phase amines were re-
ousorganic salt solutions, the presence of amines ang NH acted away, leaving ammonium nitrate in the particle-phase;
tends to lower surface tension (Mmereki et al., 2000; Don- Y, 9 P P '

aldson, 1990), while the presence of an inorganic acid an(yvhlle for an aminium sulfate salt, methylamine appeared to

C . . displace ammonia, resulting in almost complete conversion
subsequent salt formation increases surface tension (Wev% methylaminium sulfate

senborn, 1996). Raatikainen et al. (2008) found that for
organic salt solutions with amines and inorganic acids,
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