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Abstract. Measurements of the sensitivity of organic aerosol phase organics in equilibrium with the OA could range from
(OA, and its components) mass to changes in temperature-20% to 400% of the OA mass, with smaller values gener-
were recently reported by Huffman et al. (2009) using a tan-ally corresponding to the highek Hyap assumptions. The
dem thermodenuder-aerosol mass spectrometer (TD-AMSyolatility of various OA components determined from fac-
system in Mexico City and the Los Angeles area. Here, wetor analysis of AMS spectra has also been assessed. In
use these measurements to derive quantitative estimates general, it is found that the fraction of non-volatile mate-
aerosol volatility within the framework of absorptive parti- rial follows the pattern: biomass burning GAhydrocarbon-
tioning theory using a kinetic model of aerosol evaporation inlike OA < semivolatile oxygenated OA low-volatility oxy-

the TD. OA volatility distributions (or “basis-sets”) are deter- genated OA. Correspondingly, the sensitivity to dilution and
mined using several assumptions as to the enthalpy of vapothe estimated amount of semivolatile gas-phase material for
ization (A Hyap). We present two definitions of “non-volatile the OA factors follows the reverse order. Primary OA has
OA,” one being a global and one a local definition. Baseda substantial semivolatile fraction, in agreement with pre-
on these definitions, our analysis indicates that a substantiatious results, while the non-volatile fraction appears to be
fraction of the organic aerosol is comprised of non-volatile dominated by oxygenated OA produced by atmospheric ag-
components that will not evaporate under any atmospheriéng. The overall OA volatility is thus controlled by the rel-
conditions; on the order of 50—-80% when the most realisticative contribution of each aerosol type to the total OA bur-
AHyap assumptions are considered. The sensitivity of theden. Finally, the model/measurement comparison appears to
total OA mass to dilution and ambient changes in tempera+tequire OA having an evaporation coefficiept,) substan-

ture has been assessed for the variau$,,p assumptions. tially greater than 10; at this point it is not possible to place
The temperature sensitivity is relatively independent of thefirmer constraints o, based on the observations.

particular A Hyap assumptions whereas dilution sensitivity
is found to be greatest for the lowA yap= 50 kJ/mol) and
lowest for the high £ Hyap= 150 kJ/mol) assumptions. This 4
difference arises from the high Hy5p assumptions yielding
volatility distributions with a greater fraction of non-volatile - atmospheric aerosol particles play an important role in the
material than the lowA Hyap assumptions. If the observa- Earth's climate system through their ability to absorb and
tions are fit using a 1 or 2-component model the sensitiv-gcatter solar radiation and influence the properties of clouds
ity of the OA to dilution is unrealistically high. An em- (pcc, 2007) and have significant negative effects on hu-
pirical method introduced by Faulhaber et al. (2009) hasman health (Nel, 2005; Pope and Dockery, 2006). Aerosols
also been used to independently estimate a volatility dis-are comprised of a wide variety of materials, with organic
tribution for the ambient OA and iS found to giVe reSUItS Species Common'y making up about 50% Of the Submicron
consistent with the high and variableH ap assumptions.  aerosol mass (Zhang et al., 2007). Despite the ubiquity of or-
Our results also show that the amount of semivolatile gasyanic aerosol (OA), large uncertainties remain with respect to
its formation, chemical evolution and removal mechanisms.
Organic aerosol in the atmosphere derives from either pri-
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(Kanakidou et al., 2005; de Gouw and Jimenez, 2009). At-particle phase after passing the particles through a TD as a
mospheric models of OA formation generally follow from function of the thermodenuder temperature. Here, we focus
absorptive partitioning theory (Pankow, 1994), using either aon the mass thermograms for the campaign-average total OA
two-product (Odum et al., 1996) or volatility basis-set frame- and its components observed during MILAGRO (Huffman et
work (Donahue et al., 2006; Robinson et al., 2007). Two dif- al., 2009a).

ferent 2-dimensional basis sets have been recently proposed C; is directly proportional to vapor pressure through the
(Jimenez et al., 2009; Pankow and Barsanti, 2009). Unfor+elationship

tunately, the use of these “bottom-up” approaches in mod-
els, especially for the more complex ones, is limited by the ~x _ MWi1®Pp; Lt 1)
lack of information on the volatility distributions of differ- * RT

ent types of OA, and perhaps for this reason it has typicallyywhereMw; is the molecular weight (g/mol) is the ideal

led to either an under-estimate of ambient OA mass loadinggjas constant (8.314 Jmdi K1), T is the temperature (K),
(e.g. de Gouw et al., 2005; Heald et al., 2005; Volkamer et;, is the activity coefficient in the OA phase apg; is the

al., 2006; Kleinman et al., 2008) or model OA with physical (syp-cooled liquid) saturation vapor pressure (Pa) of com-
properties, such as volatility, that are inconsistent with obserpound; (which may also represent a class of compounds). In
vations (Dzepina et al., 2009). Fully explicit chemical mod- specifying theC* distributions we have taken the approach
els are also under development (e.g. Johnson et al., 2006yt ysing a logy volatility basis-set framework (Donahue et
These models are especially useful to benchmark smalleg. 2006). This framework keeps track of the amount of to-
models, but they are limited by our current understanding ofta| organic materialQ; 1or=Ci.gas+ Ci.aer 9as + aerosol) in

the detailed chemistry and are too computationally expensivesach volatility bin, and the total OA concentratiafida) is
for large-scale atmospheric models. The reader is referred tgg|culated using the equation

the recent review of Hallquist et al. (2009) for further details )
relating to SOA modeling. N\
Here, we use a detailed kinetic model of aerosol evaporaS©A = Zcivt°t<1+ COA) ' @
tion (Cappa, 2010) to quantitatively parameterize the volatil- l
ity of ambient organic aerosol from measurements made ifin this work, theC; ot values in each volatility bin are ad-
Mexico City during the MILAGRO campaign (Huffman et justed iteratively until the differences between the thermal
al., 2009a). Having specific knowledge of the volatility dis- denuder observations and simulations are minimized. An
tribution of the compounds comprising ambient OA allows upper limit on C* of 1000 pg/m has been used here as
for more direct comparison with physical properties of model higher volatility species are not constrained by the TD ob-
OA. Through this analysis, it is shown that a substantial frac-servations, and for most cases it is only possible to pro-
tion of the ambient OA in this region is extremely “non- vide an approximate upper limit on the contribution of the
volatile,” in that it would remain in the particle phase under C*=1000 ug/m bin. This is because the actual OA mass
any conditions in the Earth's atmosphere. Volatility distri- in the C* =1000 ug/m bin is, for these cases, only a small
butions for OA using various assumptions for the enthalpyfraction of the total OA and thus does not strongly influence
of vaporization of the OA fractions are derived. Implica- the overall calculated mass thermogram. Estimation of an
tions of our results towards the amount of available gas-phasepper-limit to theC; 1o for this bin is possible because if too
semivolatile material in the atmosphere and the sensitivity oflarge of values are used then the overall aerosol becomes too
OA to dilution are discussed. volatile in comparison with the observations.
For the lower limitC* , we have taken the approach of

trying to minimize the total number of bins required to ob-
2 General approach tain model/measurement agreement, while using a continu-

ous set of bins. The variation @f; 1ot values withC* is not
Ambient OA volatility was quantified by determining dis- known a priori. Here, we assume that th@ ot vary ex-
tributions of ambient-temperature effective saturation con-ponentially withC* , specifically that the distribution has the
centrations €/, in ug/n?) that provide good agreement form C; tor= a1 + azexplaz(log(C* )-3)] (Table 1). This form
between model and measured mass thermograms fromwas chosen in part because it is generally consistent with ob-
a thermodenuder-aerosol mass spectrometer system (TZervations of the volatility distributions determined for lab-
AMS). Unless otherwise specified, &@lf values refer to the  oratory secondary OA (Presto and Donahue, 2006) and for
values at 25C. The TD and the Aerodyne high-resolution OA from diesel and woodsmoke emissions (Robinson et al.,
AMS used in this work have been described by Huffman et2007), but more importantly because it was found to provide
al. (2009a) and DeCarlo et al. (2006) respectively. A TD con-generally good agreement between the model and observa-
sists of a heated tube followed by a denuder section where théons. Note that this relationship should not be extrapolated
gases are exposed to a charcoal adsorbent. A mass thermin- C* values above-~10°ug/n? as the observations do not
gram is a plot of the amount of OA mass remaining in the provide constraints on such high volatility species. We also

*
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Table 1. Parameters describing the volatility basis sets determined for the vaXillygp cases. Values are shown for thg=1 andy. =0.1
cases, along with the values determined for the individual organic aerosol factors.

AHyap 50kJ/mol  75kJ/mol 100kJ/mol 125kJ/mol 150kJ/mol VaridbleOne Two
com- com-
pound pounds

ye=1.0

CE\joc (Mg/im?)P 63.7/17.8 395116 29.4/87  19.9/65  9.2/41 26.1/7.3 66 39
CEyoc/ Con® 3.8/1.0 2.3/0.7  1.7/0.5 1.2/0.4 0.5/0.2 15/0.4 3.9 2.3

0. 0.51 0.67 0.75 0.81 0.87 0.80 0 0
faveg 0.00 0.23 0.39 0.50 0.57 0.59 0 0
Clrin (Mg/mP)C 1072 1074 1076 108 10710 1071 - -
a1 1.87 1.93 1.65 1.4 1.15 0.77 - 0
az 44 26 19 12 4 18 - 152
as 1 1 1 0.9 05 1 - 12

y.=0.1
CE\/oc (Mg/mP)P 124.2/280 72.9/185 42.4/132 27.1/9.3  22.6/7.8  39.6/104 195 113.8
Cvoc/Con 7.3/1.6 43111 2508 1.6/0.5 1.3/0.5 2.3/06 115 6.7
b

CSv0C1e=0.1/C¥SVOC ye=1”  1.9/1.6 1.8/1.6  1.4/15 1.4/1.4 2.5/1.9 1514 30 2.9
ay 0.9 1.35 1.15 11 1.02 0.69 - 0
az 97 54 285 17 14 29 - 1370
as 1.25 1.15 0.9 0.8 0.8 1.1 - 3.1
Factor OA HOA BBOA OO0A LV-O0A  HV-OOA
CE\oc (Mgim?)P 29.4/9.1  36.4/13.0 41.1/154  12.4/50  0.4/03 14.5/6.9
Cavoc/ Con? 1.7/0.5 2.1/0.76  2.4/0.9 0.7/0.3 0.0/0.0 0.9/0.4
Fav.i 0.61 0.43 0.32 0.68 0.96 0.58
favig 0.39 0.22 0.09 0.45 0.88 0.28
Cliin (Mg/mP)C 1076 1076 10-° 1076 1077 1075
ay 1.65 0.78 0.1 1.94 0 0.7
az 19 23 26 55 0.135 7
as 1 0.7 0.6 0.8 ~0.37 0.3

8 AHyap=131-11logC*) with maximumAHyap= 200 kJ/mol.
b The first value reported includes all compounds with< = 1000 mg/rﬁ and the second all compounds wiiff < =100 pg/rﬁ.

¢ C.n s the lowesiC* bin required to match the observations.

considered a linear relationship betwe@not and C*; this Like the Cyot distribution, the variation ofA Hyap With
worked for someA H5p Values but we found that this did not  C* is not known a priori. We consider here a number of
provide as robust results as the exponential relationship fodifferent assumptions, either using a singlé independent
all cases considered. Itis likely that other forms (e.g. a powerA Hyap or allowing A Hyap to vary with C*. For the vari-
law, square dependence, etc.) of the relationship would allovable A Hyap assumption, we have used a modified form of
for determination of volatility basis-sets that also would pro- the semi-empirical relationship established by Epsttial.
vide good model/measurement agreement. (2009):
In addition to specifying the o distribution, it is nec- .
essary to specify the temperature dependence of thier AHyap=131—1110g(C™); A Hyap < 200k mol. )
each basis set bin. We have assumed that the temperature our modification is to specify an upper-limit of 200 k/mol
dependence af* can be specified assuming vapor pressureson the A Hyqp values. This limit affects only those com-
vary according to the Clausius-Clapeyron equation such thapounds with ambient temperatué values<10~7pg/ns.
T Without this limit, we find thatAHy,p values become un-
N * ref AHyap (1 1 L - .
CcC*(T)=C (Tref)<_>exp[__<___>} (3) realistically large for very low volatility species, and we
T R are unable to determine a basis set that gives reasonable
model/measurement agreement. Note that this is a somewhat
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arbitrary limit, but is consistent with the largeAtH 5, val- current uncertainties ip, for organic aerosol, we have con-
ues determined for individual dicarboxylic acids (Cappa etsidered the model results usipg=1, 0.1 and 0.01. Our gen-
al., 2007) and, more generally, with the largadtyap values  eral discussion will be based on the assumption that1,
reported for a wide variety of organic compounds (Chickosand the lower values will be discussed as specific cases.
and Acree, 2003). For the fixeslH yop assumptions, we have The observations against which the model results are com-
considered\ Hyap =50, 75, 100, 125 and 150 kJ/mol. pared are from the 2006 MILAGRO campaign in Mexico
The model used is a time-dependent, multi-componentCity (Molina et al., 2010). The volatility of OA was deter-
evaporation model wherein the evolution of both the parti-mined by passing the ambient aerosol through a thermod-
cle and gas-phase as they pass through a thermodenuder amguder (Huffman et al., 2008) at a series of temperatures
simulated (Cappa, 2010). The model accounts for the effectsvhile monitoring the submicron aerosol (and specifically the
of heating of the particles and for denuding of the gas-phaseOA) concentration and composition using an Aerodyne high-
It is assumed that the particle/gas system is initially in equi-resolution aerosol mass spectrometer (DeCarlo et al., 2006)
librium at ambient temperature (28) and that the aerosolis as reported by Huffman et al. (2009a). The measurements
describable according to partitioning theory (Pankow, 1994;were carried out at the “TO” Supersite located inside Mex-
Odum et al., 1996) and that the particles therefore exhibitico city about 9km NNW of the city center. A complete
liquid-like behavior (i.e. are well-mixed). Liquid-like be- mass thermogram was obtained every 160 minutes and mea-
havior is generally expected given the numerous compoundsurements were made semi-continuously for 2 weeks. The
that likely comprise the OA (Marcolli et al., 2004; Cappa et analysis here is focused on the average total OA thermo-
al., 2008) and is the basis of all models that implement secgrams. However, it was observed that there were substan-
ondary OA formation. The initial equilibrium state depends tial differences in the thermograms of different OA factors,
on the specifiediot distribution and the total'oa. We use  as deduced from positive matrix factorization (PMF) of the
hereCoa =17 pg/n? to be consistent with the campaign av- mass spectral time series (Huffman et al., 2009a; Ulbrich et
erageCoa observed during MILAGRO (Aiken et al., 2009). al., 2009). The various OA “types” arising from this analy-
The results are somewhat sensitive to the choice of the inisis have different spectral signatures, correlations with exter-
tial particle diameterd),), the gas-phase diffusion coefficient nal tracers, time series, diurnal cycles, and size distributions,
(D;) and the assumed residence time in the thermodenudeind are therefore assumed to derive from different sources
(fre9), as discussed in Cappa (2010). To be consistent wittand/or have different formation mechanisms. Factor anal-
the measurements we have usgd=16s at ambient tem- ysis of the MILAGRO dataset identified several OA types,
perature, which decreases as the temperature increases dwhich are similar to those identified elsewhere (Jimenez et
to the expansion of the gas (Huffman et al., 2009a). We havel., 2009), namely oxygenated OA (OOA, a surrogate of sec-
used values of, = 250 nm and ofD; =3.5x10-6m?/s. For  ondary OA), hydrocarbon-like OA (HOA, a surrogate of an-
reference, this choice ab; corresponds approximately to thropogenic combustion primary OA) and biomass burning
the diffusivity of a straight-chaiC'ys hydrocarbon (Hilal et  OA (BBOA), which was dominated by smoke from fires near
al., 2003). Smaller compounds are likely to have somewhaMexico City (Aiken et al., 2010). The OOA component ap-
higher D; values, but as shown in Cappa (2010) the choicepeared to be less volatile, and the HOA and BBOA factors
of a larger value foD; will lead to a shift of the mass ther-  slightly more volatile than the average OA. These differences
mogram to lower temperatures by only a few degrees. Simiwill be briefly addressed. Although not explicitly modeled
larly, choosing to use a larger (smalldp) will lead to a shift  here, Huffman et al. (2009a) also presented results for River-
of the calculated mass thermogram to higher (lower) temperside, CA, a polluted location in the Los Angeles Basin where
atures by only a few degrees. As will be seen below, theOA was dominated by SOA (Docherty et al., 2008). The
uncertainty in these values is much less important for the fithermograms for Riverside are similar to those from Mexico
nal result compared to the lack of specific knowledge of theCity (Huffman et al., 2009a), and thus the general conclu-
A H yqp distribution. sions from this work are expected to be broadly applicable to
The model also requires as input a value for the evaporasimilar locations dominated by anthropogenic pollution.
tion coefficient,y,, (i.e. mass accommodation coefficient).
Estimates of the evaporation coefficient for organic aerosol
are currently uncertain. It has been suggested that it is geneB Results and discussion
ally appropriate to assume =1 (Pound, 1972; Cammenga,
1980; Davis et al., 1980; Kulmala and Wagner, 2001). How-3.1 Volatility distributions from model-measurement
ever, some recent measurements for individual dicarboxylic comparison
acids suggest that lower valueg.{£0.1) may be possible
(Saleh et al.,, 2009). Also, dilution measurements usinglt is possible to determine a volatility basis-set that pro-
laboratory-generated secondary and primary OA have beewides for good agreement between the model and observed
interpreted as indicating even lower values (0-091<0.01) mass thermograms of total OA for each of théfap dis-
(Grieshop et al., 2007; Grieshop et al., 2009b). Given thetributions considered, for both the fixed and variahl#,ap
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] | found to exist, with highemA Hyap values requiring lower
AH, 5o = 50 kJ/mol C* values, for the reason described above (Table 1). We
= AH,4p = 75 kd/mol find it is also possible to match the observations assuming
e e the total OA was composed of as few as one or two com-
‘P pounds, if theA Hyap andC* values are judiciously selected

2 AH,,, = 150 kJ/mol i P
£ AH,,, = variable (Figs. 1 and 2). This is analogous to the one or two-product
§ - = - Single Component ]| models originally used for secondary OA modeling (Odum
ox = = = Two Component . . . ..
5 o MilagroOA et al.,, 1996). However, this requires physically unrealisti-
g cally low values forA Hyap (19 kd/mol or 28 and 22 kJ/mol
“g' 041 ] for one or two components, respectively) and relatively large
s C* values C* =36 ug/nt for the one component or 45 and
0ol | 10 pg/n? for two component case). Similarly high values of
' C* have been reported when fitting two-product models to
chamber yield data v€oa at room temperature (e.g. Griffin
0.0 | I I I et al., 1999). Similarly lowA Hy4p values have often been

50 100 180 200 250 previously used to describe the overall sensitivity of OA to
Denuder Temperature (*C) changes in temperature (Donahue et al., 2005; Offenberg et

al., 2006; Stanier et al., 2007). However, as was pointed

Fig. 1. Calculated (lines) and observed (circles) mass thermogram%ut by Donahue et al. (2006), the use of such low values is
for the campaign average organic aerosol from Mexico City. Results ) !

are shown for each of the differentHyap cases considered. The only valid as a simplification when attempting to represent

dashed lines in are the model results assuming the OA is compriseH1e aerosol as a whole as one or ver_y f_ev_v lumped compo-
of only one (black) or two (red) components. nents (Donahue et al., 2006); when individual compounds

(or a wide range of volatility bins) are used (such as is the
case here) the use of larg&rH vap values, consistent with

assumptions (Figs. 1 and 2). This indicates that a uniquethe properties of individual compounds, is more appropriate.

volatility distribution for ambient aerosol cannot be estab- As such, the variablés H vap or A H vap=100 kJ/mol might be

. . . considered the most realistic of the assumptions used here.
lished without better knowledge of the appropriaiéfap In each of the above cases we have ast)umedAthaxa
distribution to use. p

) ) . - . ) is temperature independent. HowevarH y,p Values actu-

As mentioned above, if the semi-empirical relationship de-a"y decrease somewhat with temperature. We have there-
termined by Epstein et al. (2009) is used without modifica-fore also considered how use of a temperature dependent
tion it is not possible to determine a volatility distribution A Hyapin our model influences our results. We have assumed
that is consistent with the observations. This is because AR Hyap(T) = AHvap(Tref) — AC,(T — Tref), Where AC,, is
AHgpincreases the sensitivity 6f* to temperature changes  the difference in heat capacities between the condensed and
increases; the sharp increaseNfl vap €ssentially offsets the gaseous states (JmdIK—1) (MacLeod et al., 2007) and
decrease irC* such that even extremely lo@* material Tref=298.15 K. Accordingly,C*(T) values are determined
does not persist to high enough temperatures (see Fig. Slzrough an iterative process. In general, we find that the
However, when an upper-limit was placed 8l vap, it Was  influence of allowing for a T-dependemtHyap is greatest
possible to match the observations. This is because by plagyr the low AHap assumptions and smallest for the high
ing an upper limit 0MA Hyap the increase it with temper-  and variableA Hyqp assumptions. This is as expected given
ature for the lowest volatility components is not as strong asthat the TD model results generally show a greater sensitiv-
when no limit is usg_d. For the variableH ap assumption ity to changes inA Hyap at low A Hyap than at highA Hyap
extremely low volatility material¢* = 10-'°ug/n?) was re-  for individual components (Cappa, 2010). The actual mag-
quired to match the observations. This result derives fromyjtyde of the influence depends explicitly on the assumed
the strong temperature dependence of the @wvcompo- AC, value. If we useAC, =0.12kJmot? K—1, which is
nents such that the differences in volatility betweendtfe  the value for malonic acid from Epstein et al. (2009), then
bins (initially a factor of 10 at 298.15K) are reduced as tem-fqr the most realistic high and variableH ,qp assumptions
perature increases. If the upper-limit & 4p is adjusted  the yse of ar-dependeniA Hyap has only a very small in-
to be higher (lower), it was found that the minimu bin - fiyence on the derived volatility distributions. For the low-
required to match the observations is lower (higher). estA Hap assumptions, use of tie-dependents Hyap with

Itis also possible to determine volatility distributions that AC, =0.12kJmof!K~1 leads to an aerosol that is some-
provide good model/measurement agreement using'the  what more volatile than for the T-independent case. If we use
independentA Hy,p values (Figs. 1 and 2). An inverse re- a much larger value foAC,, (0.5kJ mott K1), the result-
lationship between the needed number of basis-set bins (oing 150 kJ/mol and variabla H y,p volatility distributions do
equivalently, the minimund*) and the assumetl Hap was change qualitatively to some extent (the necessary minimum

www.atmos-chem-phys.net/10/5409/2010/ Atmos. Chem. Phys., 10, 54R9-2010
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Fig. 2. The volatility distributions at 28C corresponding to the MFR curves in Figure 1 are shown for assuxiéghp values of(a) 50

kJd/mol, (b) 75 kJ/mol,(c) 100 kd/mol, (d) 125 kJ/mole) 150 kJ/mol and(f) the variableAHyap assumptions. Distributions are also shown

for the(g) 1-component an¢th) 2-component cases afijl for that determined using the empirical relationship from Faulhaber et al. (2009).

For comparison, volatility distributions fdf) SOA from thea-pinene + @ reaction (Presto et al., 2006) afid diesel emissions POA
(Grieshop et al., 2009). Note that there is a break and change from linear to a log scale for the y-axis. In the distributions, the black boxes
correspond to the total organic mass (gas + particle phase) and the colored boxes correspond to the particle phase only.

C* increases), but importantly the quantitative aspects (suclsidered in these previous studies was 3@g/n? and fur-

as sensitivity to dilution and the non-volatile fractions, dis- thermore there was very little material in ti& =10~* and

cussed below) are changed from the T-independent cases B0 2ug/n? bins. As such, the volatility of the laboratory

less than 10%. SOA and POA appears to be significantly greater than that
Alternatively, Faulhaber et al. (2009) introduced an empir- of the derived ambient distributions, even compared to the

ical method for inferring volatility distributions from mea- distribution derived using thé Hyap = 50 kJ/mol assump-

sured mass thermograms. Specifically, they relatedighe tion. This result is consistent with the mass fraction remain-

(the temperature at which 50% of the mass remains for dng for the laboratory aerosol going to zero at much lower

given compound or component) to the compound vapor prestemperatures than in the ambient observations (Grieshop et

sure. They calibrated this method using a number of rel-al., 2009b; Huffman et al., 2009b).

atively low volatility compounds with highA Hy5p values To summarize:

(C* ranging from~0.1 - 10 ug/m and A Hygp from ~120 —

150 kJ/mol). We have used their calibration curve to deduce

a volatility distribution for the MILAGRO OA. The volatil-

ity distribution determined using the Faulhaber et al. (2009)

— Ambient temperature volatility distributions for OA
have been derived via model/measurement comparison
for TD measurements made as part of MILAGRO.

relationship was found to be most similar to that derived un- — The specific nature of the derived volatility distributions
der theA Hyap= 150 kJ/mol and the variable H yap assump- depends explicitly on the assumed valuesAofyap
tions, which is to be expected given the nature of the com- used.

pounds used in their calibration (see Figure 2).

These volatility distributions, derived from the ambient
observations, can be compared with volatility distributions
determined for laboratory SOA (e.g-pinene + Q (Stanier
et al., 2007)) and POA (e.g. diesel and wood smoke aerosol,
Grieshop et al., 2009b) (Fig. 2). The loweast bin con-

— The use of higherx100 kJ/mol), more realistic) Hyap
values orC* -dependent\ Hy,p values generally leads
to volatility distributions with lower volatility material
compared to when lower<100 kJ/mol)A Hyap values
are used.
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3.2 Dilution and the atmospheric non-volatile fraction rial is consistent with an important role for condensed-phase
chemistry (Kalberer et al., 2004) or heterogeneous reactions
Here, we introduce two definitions of the “atmospheric non- (Smith et al., 2009), and is a result of oxygenated OA be-
volatile” OA material and the corresponding non-volatile ing a substantial fraction of the overall Mexico City OA.
fraction. The first can be considered as a local definition,Gas-phase mechanisms have difficulty producing very low
wherein compounds having" <Coa/20 are considered non- C* compounds because compounds with< Coa are more
volatile. With this definition, theC* of non-volatile mate-  than 50% partitioned to the particle phase and functionaliza-
rial depends explicitly on the concurrent aerosol mass contion through typical gas-phase OH + hydrocarbon reactions
centration and temperature, i.e. for our case, a “locally non-are not likely to lead to a decreasedrt by more than ca.
volatile” species will not evaporate appreciably under the av-a factor of 1000. For example, the addition of a single ke-
erage conditions in downtown Mexico City. The second def-tone function group to a straight-chain saturated hydrocar-
inition can be considered as a global non-volatile fraction,bon decreases the vapor pressure by approximately a fac-
and refers to compounds with* values such that they will  tor of 10, the addition of an alcohol group by a factor of
always be nearly entirely in the particle phase under almostL00 and the addition of a carboxylic acid group by a fac-
all conditions found on the Earth’s atmosphere. We detertor of 1000 (c.f. Fig. 1b in Goldstein and Galbally, 2007).
mine this global non-volatil€* by identifying the bins that  These composition-volatility relationships are only approx-
remain >95% in the particle phase when the Mexico City imate and do not fully account for multi-functional com-
OA is diluted to 0.1 ug/at a temperature of 4. pounds, which can show significant deviations. Nonethe-
Considering each of tha Hyap assumptions individually, less, starting with compounds witti* = 17 pg/n¥ (the MI-
we find that, in general, compounds with<10-3ug/n? LAGRO campaign average), gas-phase reactions will likely
can be considered globally non-volatile (see Figure S2). Noteonly lead to production of significant concentrations of mate-
that these definitions are less arbitrary than the OA mass fracdal with C*>~10"2pg/n?. The observed Mexico City OA
tion remaining at some pre-specified temperature in a theryolatility was lowest towards the end of the day (Huffman
modenuder or a volatility tandem differential mobility ana- et al., 2009a), following the period when photochemical ac-
lyzer (Kalberer et al., 2004) as they are independent of theivity and secondary organic aerosol formation was highest.
specific experimental details such as residence time or parfhis suggests that the reactions that form the low volatility
ticle size. However, to facilitate interpretations of TD mea- material are relatively fast, occurring on a time-scale of a
surements we have calculated the temperature at which onlfew hours.
50% of the material witlC* = 10-3pg/n? (termedTsg,,y) re- We note that it is possible that some of the species present
mains for the different\ Hyap assumptions for the residence in the aerosol at high temperatures may be formed in the
time of the TD used in the Huffman et al. (2009a) study. thermodenuder itself due to heating, as previously suggested
Above this temperature, it can reasonably be assumed thgDenkenberger et al., 2007). Particle-phase chemical reac-
the remaining material is globally non-volatile. Tiigp . tions that are enhanced at higher temperatures could either
values range from-225°C (A Hyap= 75 kJ/mol) to~100°C lead to production of lower volatility material (such as from
(A Hyap=150kJ/mol), with the variables Hyap assumption  accretion reactions) or to lower volatility material (from de-
(for which A Hyap=164kJ/mol atC* = 10-3pg/n?) giving composition reactions). However, this type of chemistry is
the lowestTsq,, value,~92°C (see Figure S3). Thus, we most likely at the higher temperatures in the TD, and the pre-
see that a generally applicable value 1gs ,, cannot be de-  vious results only suggested chemical reactions occurring at
termined in the absence of more specific information as to thel5¢°C and above. Therefore, although the detailed volatility
appropriateA Hyap Values to use to describe OA volatility. distribution of the lower volatility bins is the most uncertain,
We therefore conservatively suggest that for the TD used bythe fact that a substantial fraction of the ambient OA is ef-
Huffman et al. (2009a) and other similarly designed TD’s, atfectively non-volatile is not given our estimate of tifigy ,,
temperatures greater than 1'%Dthe OA remaining can very above. Further research using fully-speciated chemical anal-
likely be considered as globally non-volatile and that at tem-ysis techniques may be useful to further understand the effect
peratures greater than 100 the OA remaining can probably of TD heating on OA chemistry.
be considered as globally non-volatile. The sensitivity of the total OA burden to factors other than
Depending on the assumedH,p, the locally non-  temperature changes, such as dilution, will depend explic-
volatile fraction, f;,, ;, of OA during MILAGRO varies from itly on the non-volatile fraction. A greater amount of non-
26% to 71% (Table 1). The corresponding globally non- volatile material will lead to a lower sensitivity afoa to
volatile fraction, f,, ¢, varies from O to 59% (Table 1). dilution. SOA formed from two-product models undergoes
In general, bothf,,; and f,, , increase with the assumed very rapid evaporation upon dilution, which is probably un-
AHyap and are largest for the variableHap assumption.  realistic (Dzepina et al., 2009). Similarly high evaporation
Alternatively, using the volatility distribution deduced us- would be predicted with the one or two product fits to the
ing Faulhaber et al. (2009) relationship discussed abovethermal denuder data, since the valueg'dfand A Hyp are
fav,g =56%. Such a large fraction of non-volatile mate- similar to those in typical SOA 2-product models. As the
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evolution of Coa upon dilution is sensitive to the organic
. . . - . AH,, = 50 kd/mol;  —— AH,,, = 75 kJ/mol; —— AH,,, = 100 kJ/mol
gas and particle-phase concentrations in the dilution air, we AL = 125 Klimol: AR = variable: AHL - = 150 KJfmol
. vaj ' va ’ vaj
have assessed these effects for the varidésp assump- — 1-co§1ponent; 2-co?nponents; Dzep‘?na etal.

tions by establishing an upper-limit to the sensitivity of the

100 —

Coa to a given dilution. An upper-limit is obtained by as-
suming that the dilution air is perfectly clean (i€pa=0
andCg4s =0). Dilution is therefore implemented simply by
dividing the initial Ciot by the dilution factor and calculat-
ing the new equilibrium condition (i.e. a dilution factor of 2
corresponds to a 50% decrease in the total organic concen
tration.) The influence of evaporation on the OA mass for a
given dilution factor is characterized by calculating the per-
cent difference from the mass loss that results from dilution
before re-equilibration,

o ©
=] )
| |

% Loss Due to Evaporation
8
1

20 —

()

DF
E|oss=100%[1— Coa(bh) ]

Coa(0)/DF

where DF is the dilution factor,Coa(DF) is the re- 5

equilibratedCop after dilution,Coa(0) is the OA mass prior g

to dilution, andE|ess is the relative mass loss due to evap- 8

oration of semivolatile components. A value Bfss=50% g Ny

corresponds to a factor of 2 decrease in the OA mass concen =2

tration from evaporation only. 8 __,,_.::;::;;;:Z:f:
As expected based on the calculatgd values, the vari- " __ﬁ;geserffff:31333""'

able A Hyap assumption shows the weakest response to di- ﬁ BT

lution (i.e. has the smalledf|oss Values), and for the fixed o 1

A H yap assumptions the response to dilution increases with 2 ]

decreasing assumetiH 5, (Fig. 3a) because more material g 7

is present in bins of higher*. The response of the one and g °

two component cases to dilution is very large, with all of W =

the OA evaporating for dilution factors2. This is because 4

for these cases, as dilution proceedg; drops below the 1 ? o s e
minimum C* and all of the OA evaporates. Using the con-
stantA Hyap= 100 kJ/mol assumption as a reference, there is_ -
an approximately constant difference in thgss values be- 119 3- (10P) The Ejosg or the additional mass loss due to evap-

) . . oration after dilution, is shown as a function of the dilution fac-
tween differentA Hyap assumptions (Fig. 3b). For the cases

. . . . . tor for the variousA Hyap cases (see legend; colors correspond to
V,V'th hlgherAHvap values (including j[he variable assump- Fig. 2). The dashed lines correspond to the results when the Dzepina
tion) Ejoss is smaller by 20-30%, while for the cases with

et al. (2009) volatility distributions are used; the thick line is for

lower A Hyap valuesEjoss is greater by 30% (75kJ/mol) to  the 02:00p.m. case and the thin lines are for other times. (bot-

100% (50kJ/mol). For the two-component case, which iStom) The variousEyss are shown relative to that calculated for the

analogous to two-product OA formation models (e.g. OdumA Hyap= 100 kJ/mol case.

etal., 1996), the aerosol is predicted to completely evaporate

when the dilution factor is~1.6; the two-component model

OA is extremely sensitive to dilution. al. (2009) for 06:00a.m., 09:00 a.m., 12:00 pm and 02:00 pm
We compare these results, determined using volatility dis{c.f. their Fig. 8). The minimumC* considered in the

tributions constrained by the measurements, to that obtaineBzepina et al. (2009) study was 1ug/m?® and theCoa

using the volatility distributions determined by Dzepina et at each time are given in Table 2. The sensitivityGaa

al. (2009), where they used a photochemical box-model tao dilution using the distributions determined by Dzepina et

simulate the evolution of the gas and particle phase organal. falls in between that determined here for the constant

ics on a specific day during the MCMA-2003 campaign, A Hyap=50kJ/mol andA Hyap=75kJ/mol distributions for

also in downtown Mexico City (Dzepina et al., 2009). We dilution factors<20. This is not surprising since theé*

assume here isothermal dilution and thus specification ofminimum for the 50 kJ/mol assumption considered was also

A H\gpvalues is not necessary for this comparison. Here, wel02, The Ejpss for the Dzepina et al. (2009) distributions

use theCy distributions that were determined by Dzepina et relative to theA Hyap= 100 kJ/mol assumption is larger by

T T T
10
Dilution Factor
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Table 2. The organic aerosol mass and relative semivolatile gas-C*>106“g/m3 (for example, toluene has@ ~108ug/n?).

phase concentrations for the time periods considered from DzepinhlOnetheless, the estimates@f, oc provided here are use-
etal. (2009). ful because a single gas-phase oxidation reaction for these

compounds can convert them to compounds with low enough

TimeofDay  02:00p.m. 12:00p.m. 09:00am. 06:00am. Volatility to readily partition to the particle phase. Higher
volatility components may need to undergo multiple oxida-

C nP)2 38 23 13 .
on (g'm) tion steps.
Cavoc/Coa 0.85 1.1 1.5 1.6 ] ] ]
For the fixedA Hyap assumpuonscgVOC is found to de-
, For zero dilution. 2 crease with increasings Hyap, from 64 Hg/M (~4xCop)
Calculated only foc™ <1000 ug/f compounds. at 50 kJ/mol to 9 pg/m (~0.5x Coa) at 150 kd/mol when

all bins up to C*=1000ug/m are considered. When

~30% (low DF) to 100% (high DF) (Fig. 3b). Note that the ONlY compounds withC* <100 ug/ni are considered;§, oc
sensitivity to dilution is essentially independent of time of fanges from 18 Mg/ (~1xCon) for 50 kJ/mol to only
day and is relatively high as the SOA models used in that* UQI”?’ (0.25¢Con) for 150kJ/mol (Table 1). For the
study did not form very low volatility material. However, the Variable AHyap assumption,Céyoc =26 ug/m¥(1.5x Con)

sensitivity is much lower than that for the two-component O 7 ug/n? (~0.4xCoa) when theC* =1000 ug/m bin is
model aerosol distribution considered above. included or excluded, respectively. Thus, depending on the

Overall, it has been shown that: assumption as to the appropriaiedyap distribution to use,
the amount of low/semi-volatile gas-phase material (i.e. po-
— A significant proportion of the ambient OA can be con- tential aerosol mass) can vary by up to a factor of 7. These
sidered both locally (26%-71%) and globally (0%-59%) values can be compared to the Dzepina et al. (2009) results,
non-volatile. The higher non-volatile fractions corre- where theC§, o/Coa (using Coa =17 pg/n¥) varied from
spond to the higher and variableHyap assumptions, 1.2 or 0.7 (at 02:00p.m.) to 1.2 or 0.5 (at 06:00a.m.) when
which are thought to be the most realistic. only the C*<1000 pg/m or C*<100 pg/n¥ compounds are
considered, respectively. Thus, the potential aerosol mass
— The sensitivity of OA to isothermal dilution is great- derived based on the observed (campaign average) aerosol
est fOI‘ the V0|a'[I|I'[y diStI‘ibutionS derived under the |OW V0|at|||ty iS, in generaL of the same order of magnitude as
A Hyap assumptions and lowest for the distributions de- that from the photochemical box model, depending on the
rived using the high and variableHyap assumptions. time of day considered. (Note that the discussion of potential
aerosol mass given here should not be confused with the con-
cept recently introduced by Kang et al. (2007), which refers
to the total amount of aerosol that can be produced from the
oxidation of all precursor gases, and not only semivolatile
ones.) These values can additionally be compared to esti-
mates of the total observed organic carbon at the TO site dur-
ing MILAGRO, where it was found that the ratio between
the gas-phase (including the very high-volatility material not
The amount of available semivolatile gas-phase materiafonstrained by the TD measurements) and the observed OA
(C&,0c=ECigas Where SVOC indicates semivolatile or- cogncentratlons was-37 (Heald et al., .2008). Thus, the
ganic compounds) also depends on the assuliéghy,. This ~ Csvoc iS found to be only a small fraction of the total gas-
is important because it represents the amount of “potentialPhase organic material.
aerosol that might result from further gas-phase chemical Cooling by a few tens of degrees upon convective lifting
processing, or that may condense if the air is cooled by e.gof the air parcel may also lead to increased partitioning to the
convective liting. Our analysis can only place constraints particle phase without further chemistry. The magnitude of
on theCg, o With C*<1000 pg/ni or 100 pg/m. The con-  this gas-to-particle partitioning depends both on the sensitiv-
straints are stronger when only bins witi*<100 pg/n? ity to temperature changes of the species vapor pressures (i.e.
are considered; fo€* =1000 ug/m, the Cévoc estimates  AH,p) and the available?évoc. As an example, we have
should be considered as approximate upper-limits. The aburcalculated the increase fipa accompanying a decrease in
dance of higher volatility material, which does not partition temperature from 25C to —35°C for the variousA Hyap as-
to any significant extent to the particle phase but can stillsumptions (where the initialoa was 17 pug/m). It is found
react to produce lower-volatility products, is unconstrainedthat, for temperatures greater thar10°C the increase in
by the TD experiments. The amount of very high-volatility Coa is relatively insensitive to the particularH y,p assump-
material is generally much larger than the OA concentra-tion used, with SOA mass increases ranging from a factor of
tion, especially for volatile organic compounds (VOC) with 1.2 to 1.5 (onlyC*<100 pg/nf) and 1.4 to 1.9 (including

— In general, the sensitivity of ambient OA to isothermal
dilution as determined using the derived volatility dis-
tributions is found to be less than is predicted using a
volatility distribution that was determined using a pho-
tochemical box-model (Dzepina et al., 2009).

3.3 Aerosol formation potential
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Fig. 4. The calculated increase fipa upon cooling from 28C
(without dilution) is shown for each of the assumeddyap.
Relative values, i.eCoa(25°C)/ICoa(T), are shown when the
C*=1000pg/m bin is included (left axis) and excluded (right
axis).

Organic Mass (pg/m3)

C*=1000 pg/m) depending on the particular assumptions
(Fig. 4). This indicates that over this temperature range the
largerCg, o values (i.e. the potentially condensable aerosol
mass) associated with the low&i s, assumptions are bal-
anced to some extent by the greater sensitivity to temperature

0.4 - — Total OA
—— HOA
—— OOA

Mass Fraction Remaining
o

. . 2 e LV-O0OA
changes of th€* values for the higheA H 5p assumption. Sas U O0A
This is perhaps not surprising since each of the volatility dis- ool !
tributions was derived to provide an equivalent response to %0 100 150 200

Denuder Temperature (°C)

temperature changes in the thermodenuder regardless of the
assumed\ Hyap, and the range of cooling considered here is Fig. 5. \olatility distributions derived for the MILAGRO cam-
very close to the initial range of heating in the TD. At lower pajgn average OA, HOA, BBOA and OOA (including LV-OOA and
temperatures, however, the calculategh for the different  S\-00A) factors are shown along with the calculated (assuming
A H\ap assumptions diverge, with the lowArH yap assump- A Hyap= 100 kJ/mol) and observed mass thermograms.
tions generally leading to greater calculatéda. This re-
sults from there being overall more potentially condensable
mass Cg\,o() for the lowerA Hyap assumptions. In the limit  further subdivided into OOA-1, more aged, and OOA-2, less
of very low temperatures, all of theg, o will condense to ~ aged, factors. Recently the terminology of low-volatility
the particle phase, and for many of the ap assumptions OOA (LV-OOA) and semivolatile OOA (SV-OOA) has
considered there is little changedivya for temperatures be- been introduced to replace OOA-1 and OOA-2, respectively
low 0°C (Fig. 4). Of additional consideration, it is impor- (Jimenez et al., 2009), and we will adopt this new terminol-
tant to note that the derived volatility distributions must be 0gy here. Volatility distributions for each of these aerosol
used in a self-consistent manner, i.e. with thef y,passump-  types have been determined from the mass thermograms for
tion from which it was initially derived. For example, if the each factor reported by Huffman et al. (2009a) (Fig. 5). For
volatility distribution derived for thes Hyap=100kJ/mol as- ~ consistency with the campaign-average OA analysis above,
sumption is assumed to actually have\& yap=50kJ/mol, ~ We useCoa =17 ug/n? for each of the OA factors. We also
then theCoa(5°C)/Coa(25°C) is only 1.4 instead of 1.9. restrict our analysis to thé Hyap=100kJ/mol assumption
since our goal here is only to provide an estimate of how the

are similar to those of the variableH yap approach (Fig. 2),
Mass thermograms were determined by Huffman et al. (Huff-Put without the need for extremely low volatility bins which
man et al., 2009a) for the MILAGRO campaign average &r€ uncertain.
HOA, BBOA and OOA factors, and the OOA factors were
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As with the campaign average OA, the assumptionbut it does suggest that the potential for further OA forma-
that Cyot increases exponentially wit™* allows for good  tion (specifically photochemically-driven SOA production)
model/measurement agreement for each of the OA types das greater when BBOA or HOA are dominant than when
termined from factor analysis, with the exception of LV- OOA is dominant. This result can be rationalized by rec-
OOA. Instead, to match the model to the observed LV-OOAognizing that air masses in which OOA is dominant will
mass thermogram requires th@g; is constant or even in- have already undergone significant photochemical process-
creases with decreasin@*, with both linear and exponen- ing, which has led to growth of the particle phase OA at
tial relationships providing reasonable agreement (see Figthe expense of the semivolatile gas-phase species. However,
ure S4). We have found that the assumed functional fornreactions of high-volatility compounds could lead to the re-
for LV-OOA has only a very small influence on the calcu- plenishment of the semivolatile pool, thus complicating this
lated non-volatile fraction, sensitivity to dilution amgvoc simple picture to some extent.
and thus, for consistency with the campaign average OA and As above, that the different OA factors have very different
the other OA types, we adopt the exponential relationship forvolatility distributions means that they also have very differ-
LV-OO0A (where the constant in the exponential term is now ent sensitivities to dilution. For example, for a factor of 5 di-
negative instead of positive, Table 1). lution E)gssis ~50% for BBOA but only~19% for LV-OOA

The campaign average OA volatility is determined by the (Fig. 6). DeCarlo et al. (2008) observed continuous chemi-
relative abundances of the different OA types weighted bycal aging (oxygen gain) of the OA observed around Mexico
their respective volatilities. The amount of material which is City over a timescale of a day, even though the OA mass
effectively non-volatile under ambient conditions is very dif- had ceased to increase, and concluded that the aging was
ferent for the different OA types, with the locally non-volatile much faster than could be explained by heterogeneous oxida-
fraction being 96% for LV-OOA, 58% for SV-OOA, 43% for tion. Our results may help explain this trend, pointing to the
HOA and 32% for BBOA. The globally non-volatile frac- evaporation of the more volatile species upon dilution, fol-
tions go from 88% for LV-OOA to 28% for SV-OOA, and are lowed by additional gas-phase oxidation and re-condensation
only 22% for HOA and 9% for BBOA. (Note that the use of (Grieshop et al., 2009a).
other functional forms for the LV-OOA volatility distribution In summary:
leads to a range itf,, , from 84% to 86%; see Supplemen- - ) B
tary Material) This confirms that ambient OOA, and espe- — The volatility of the identified OA components fol-
cially aged LV-OOA, is of much lower volatility than consid- low the order: BBOA> HOA > OA > HV-OOA > LV-
ered in current SOA models and is effectively non-volatile. ~ OOA.

This very low-volatility material is most likely the result of
photochemical processing, with only a minor fraction being
derived from direct emissions. This has important implica-
tions for atmospheric modeling, such as global models that
can predict a substantial increase in the fraction of OA at-
tributable to SOA in the free troposphere due to the effect
of cold ambient temperatures on the semivolatile SOA gen3.5 |nfluence of the evaporation coefficient

erated by traditional SOA models (Kanakidou et al., 2005).

Additionally, the HOA is somewhat less volatile than source In the above analysis we have assumed that the evaporation
testing suggests for fresh emissions (Robinson et al., 2007 oefficient for organic aerosol is unity. However, as dis-
Grieshop et al., 2009b), which may indicate an influence ofcussed above, lower values may be possible (Grieshop et al.,
rapid photochemical processing. BBOA volatility is known 2007, 2009b; Saleh et al., 2009). We consider here how as-
to vary with source (Huffman et al., 2009b), and thus the val-sumptions ofy, =0.1 ory, =0.01 influence our results. To
ues determined here may be specific to regions dominated bijrst order, a change in, can be thought of as equivalent to a
pine burning. change inC* , i.e. that from the point of view of evaporation

Conversely, the amount of high* components required kinetics in the TD, changing, from 1 to 0.1 has a similar ef-
to bring the model and observed mass thermograms intdect as decreasing all the effectié values by a factor of 10.
agreement is greatest for the BBOA factor, followed by the Thus, a compound witld* = 100 pg/n? andy, = 0.1 would
HOA factor and lowest for the LV-OOA factor. Correspond- evaporate similarly to one witl* =10 ug/n? and y, = 1.
ingly, the gas-phase material available for condensation oConversely, the volatility distributions would shift one bin
further OA formation upon oxidation will be larger for HOA to the right (towards higher volatilities) if, =0.1 was as-
and BBOA periods than for OOA (Table 1). Specifically, sumed instead of,=1. Although consideration of, in
CéVOC/COA is 2.4 for the BBOA factor, 2.1 for the HOA this manner is only approximately correct it provides a rea-
factor, and only 0.7 for the OOA factor (compared with 1.7 sonable basis for interpretation of the results. (Note that we
for the campaign average OA). Again, it should be kept inare working under the assumption thatdoes not influence
mind that this only includes compounds wifti <103pug/n?, the initial equilibrium state since much longer equilibration

— LV-O0OA was found to be nearly completely non-
volatile and the volatility distribution derived for LV-
OOA is unique in that lower volatility components are
found to be in higher abundance than the higher volatil-
ity components.
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comes somewhat more sensitive to dilution whenthe 0.1

— OA; — HOA distributions are used, with th&yssterms fory, = 0.1 being
g0l —— OOA; LV-O0A > .
---- SV-O0A: greater than the|oss terms fory, =1 for all cases consid-

ered (Fig. S6). The increase ipa upon cooling is also
greater for they, = 0.1 cases, witl€oa (5 °C) being approxi-
mately 25% higher whep, =0.1 than whery, =1, starting
from the samaCpa(25°C). Since this is an equilibrium cal-
culation this result derives directly from the grea@voc
values for they, =0.1 case.

In summary:

50

40

30

% Loss Due to Evaporation

20
— Comparison between modeled and measured OA mass

thermograms suggests that the evaporation coefficient
for ambient OA is>102,

oy . — : , — If y.< 1, the derived volatility distributions suggest
1 10 an OA that is overall more volatile with an increased

Dilution Factor . . . R

amount of semi-volatile gas-phase species available.

Fig. 6. The E|gss(i-€. the additional mass loss due to evaporation af-
ter dilution) is shown as a function of the dilution factor for the vari-

. ) 4 Conclusions
ous campaign average OA factors (assumifgyap= 100 kJ/mol).

Measurements of the change in the total organic aerosol mass
in response to changes in temperature provide a measure

times are available in the atmosphere and therefore the inigf the volatility of the components comprising the aerosol
tial distribution between the gas and partiCle phases will Sti”partic|es_ Here, we have Compared OA Vo|at|||ty measure-
behave as i€* = 100 pg/ni.) ments from Mexico City with results from a physically-

Starting withy,=0.01, we find that it is not possible to based model to determine volatility distributions that are
find a volatility distribution for any assumed Hyap that  quantitatively consistent with the observations. An exponen-
yields good model-measurement agreement over the ental relationship betwee; 1 (the total organic concentra-
tire temperature range (see Fig. S5). In particular, it istion in each bin of the basis set) aayf provides for good
at low-temperatures where the discrepancy is most appaimodel/measurement agreement. A constraint on our conclu-
ent. This is because whepn, =0.01 the particles do not sions arises from the vaporization enthalpies of the OA com-
evaporate fast enough in the model at low temperatures angonents not being known a priori, and thus we have presented
thus the calculated mass fraction remaining is too large fowolatility distributions for different reasonable assumptions
thermodenuder temperatures less thatb°C. This is per-  aboutA Hyap.
haps not surprising since evaporation at the lowest ther- Use of a semi-empirical relationship betweefi*
modenuder temperatures is governed by the highest volatiland AHyap (Epstein et al, 2009) does not allow for
ity components and whef, =0.01 the C*=1000 pg/rﬁ model/measurement agreement over the entire temperature
and C* =100 ug/mt compounds are effectively behaving as range for any assumed volatility distribution. However, when
if they were C*=10pg/n? and C*=1ug/n? compounds. a modified version of this relationship is used, where an
The largest disagreement is found for the low constantupper limit on theA Hyap values of 200 kJ/mol is applied,
A Hap assumptions; for larger assumadd vap the model-  model/measurement agreement can be obtained. From this
measurement disagreement decreases overall, but inconsiglationship, the majority of the OA is found to be non-
tencies remain for the lowest temperatures (see Figure S5)olatile (ca. 50-90%, depending on the definition of non-
As such, the observations appear to rulejpuvalues as low  volatile used) and extremely low volatility material (with
as 0.01 for ambient organic aerosol and certainly rule outC*<10-1%ug/n?) is required. As an alternative, we have
lower values (i.e. 0.001). also considered a series of cases whei,,p is assumed

Considering now, = 0.1, we find that it is possible to find to be constant and independent@f. For these situations
Ciot distributions that are generally consistent with the ob-we find that in general: (1) the abundance of non-volatile
servations. However, as might be expected, more mass mustaterial increases with the assuma® vap, (2) the sensi-
be placed in higher volatility bins, compared to thg=1 tivity of the OA abundance to dilution increases with de-
case, in order to have sufficient particle evaporation at lowcreasingA Hyap; and (3) the aerosol formation potential, i.e.
temperatures in the TD. As a result the aerosol formation pothe amount of semi-volatile gas-phase material, is greater for
tential (i.e.CéVOC) is increased, by approximately 30-80% lower assumed\ Hy,p. It is possible to fit the ambient ob-
compared to theg, =1 case (Table 1). The total OA mass be- servations assuming a 1 or 2-product model with parameters
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is no material at all which is atmospherically non-volatile,

and the OA is found to be extremely sensitive to dilution, Edited by: L. Molina

likely to a physically unrealistic extent.
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