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Table S1: Functional group assignments of organic compounds and factors used as species in AIOMFAC.
AIOMFAC does not include experimentally-constrained interaction parameters for the bisulfate anion
with ester, aldehyde, ketone, or aromatic carbon-alcohol functional groups (Zuend and Seinfeld, 2012),
although an analogy approach can be employed to estimate these interactions. In addition, organonitrate --
ion interaction parameters are not yet available. When needed, these functional groups were assigned to
another representative group. Isoprene-OA used in AIOMFAC consisted of measured Isoprene-OA minus
explicitly represented isoprene-derived compounds. LO-OOA used in AIOMFAC consisted of measured
LO-OO0A minus explicitly represented monoterpene-derived compounds. BBOA used in AIOMFAC
consisted of measured BBOA minus levoglucosan. For AMS PMF factors, functional group assignments
were made by selecting a compound representative of the factor (levoglucosan for BBOA, 2-methyltetrol
dimer for Isoprene-OA, CsO4H14 for LO-OOA, and fulvic acid for MO-OOA) and adjusting the functional
groups up or down to result in an overall O:C and H:C more consistent with the PMF factor. Molecular
masses were kept below 500 g mol. All compound/factor concentrations were set >zero and the total
mass normalized to reproduce total organic aerosol mass measured by the GT AMS.

AIOMFAC Functional Groups Number of Functional Groups in Organic Species
% s s — =] k=]
=] =] o e} o S
= S) ) S) E S ©
S _ | e c = k=] _ 2 ©
S=| = = = - - =) D =
Group Name 8gloe | o | L £« = |8 5| = |8
55| 5 | 5 | B | « 219 < |8 |l=|le|>2|8|8|®
E=l 5 | 5 | 5 | © 2|l 2|l |2l || 2|8 || x
oE| o o o @) < E=S & o) S © T E=] = = o
32| € 1S 1S . O = S 1 2 2 ¢ 2 <) =} )
<] S S S o ] £ o (@] £ £ 1) S > B >
o=zl z b= z = [} N 2 a & o O N 2 a I
alkyl
(standard) (CH3) 15 1 0 3 0 0 1 2 2 0 2 1 1 0 3 0
(CH2) 14 0 2 2 1 1 0 2 0 2 2
(CH) 13 1 0 1 0 1 0 1 0 2 1 2 0
© 12 1 0] 0 0 0 1 1 0 0 1 0 0 0 1 0
alkyl in
alcohols (CH3[alc]) | 15 1 0 3 0 0 1 0 0 1 0 0 0 0 0 0

(CH2[alc]) | 14 | 1
(CH[alc) | 13| 1 | o | 1 |o]|o]o|o|o|o]|]o]o|o]|o]|o]o

o
N
o
o
o
o
o
o
o
o
o
o
o
o

cae) |12 1]ololololololololo]ololo]ol]o

alkyl in

tailof | CH3MIC s 1 9 | o 3] o] o|lololo|lo|olololol|lol]lo
tail])

alcohols
CH2ale- | 9y 1 1 | ol 2l o0olo|lolo]lololo|lolo|lo]|o]o
tail])
(CH[ale- | 43 | 4 | o | 12| o0o|lo|o|o]lo]olo|lolo|o]|o]o
tail])
(Clalc- 2] 1]o0lolololololololo|o|o|o]|o]o
tail])

alkyl

bondedto | (CH3
OH (OH [OH])
separately)

15 1 0 3 0 0 0 0 0 0 0 0 0 0 0 0
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S2



(CH=C) 25| 20| 1|lo]o|lo|]o|lo|]o|lo]|]o|lo]|]o0o]|]o0o]oO
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Table S2: Properties of AIOMFAC surrogates.
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(g/mol)
O:C 1.00 0.67 0.70 0.70 0.50 0.80 0.44 | 0.60 1.00 0.83 0.30 1.00
H:C 1.57 1.67 2.20 1.80 2.25 2.40 1.56 2.00 2.00 1.67 1.80 1.60
OM/0C 2.46 2.03 2.12 2.08 1.85 2.27 1.72 1.97 2.50 2.25 1.55 2.47
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Table S3: SMILES strings for organic compounds and factors.

Model Species

SMILES representation

MO-O0A C1(C(C(C(C2C1C(C3(C(02)(C(C(0C3)(CO)0)0)0)0)=0)0)0)0)(C(=0)0)O
BBOA C1C2C(CC(C(01)02)0)0

Isoprene-OA C(=0)(0O)C(C)C(O)COoCc(C)(co)cCc(=0)0

LO-O0A CC(C)CCc(o)(co)c(o)co

2-methyltetrol (monomer) | C(O)C(O)(C)C(0O)CO

Pinic acid

CC1(C(CC1C(=0)0)CC(=0)0)C

C5-alkene triol

C(O)C(C)=C(0)CO

2-methylglyceric acid

CC(CO)(C(=0)0)0

Levoglucosan

C1C2C(C(C(C(01)02)0)0)0

Pinonic acid

CC(=0)C1CC(C1(C)C)CC(=0)0

Hydroxyglutaric acid

C(CC(=0)0)C(C(=0)0)O

2-methyltetrol dimer

OCC(0)(C)C(0)COC(CO)(C)C(0)CO
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Table S4: Saturation concentrations at T=298.15 K and enthalpies of vaporization (AH in kJ/mol) for
298.15+7K fitted to reproduce ambient partitioning or predicted based on vapor pressure for the pure
species. Fitted values are based on traditional absorptive partitioning to an organic-only medium:

Foi = (1 + Toed/ T X exp[AH/8314 ki mol K x (1/Trer-1/T) 1/K] x C* / (M; xN) ) (S1)

where M; is the molecular mass of the species and N = Core/200 g mol™. EVAPORATION, MYN, and NN
structure-based estimates are provided by UMANSYSPROP (Topping et al., 2016) available at
http://umansysprop.seaes.manchester.ac.uk. Lower and upper bound parameter estimates are provided for
the 95% confidence interval of the fits to ambient data. NS indicates the parameter was not statistically
significant in the fit. AIOMFAC adjusted C* reflect base values multiplied by 0.238 (Adj Psat sensitivity
calculations).
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JE |[d5 | O &8 |3 = 28 | B
C* (ug m?)
SIMPOL? 5| 6.6E-07 565 4899 7 980 2 16
EVAPORATIONP 34 | 2.8E-06 63 301 22 7213 9 18
MYN¢ 507 | 2.1E-01 | 7217 2594 1051 | 18366 152 8172
NN 10 | 5.8E-08 | 1205 115 53 4556 1 269
Fit to Ambient 1.8 NA 2.1 2.7 3.5 81 0.2 0.5
Fit to Ambient 1.5 NA 1.7 2.3 3.0 70 0.2 0.4
(lower bound)
Fit to Ambient 2.1 NA 2.5 3.2 4.2 94 0.3 0.7
(upper bound)
AIOMFAC 7.7 NA 14 69 5.1 1700 2 4
Adjusted (Adj Psat)
AHY? (kJ mol?)
SIMPOL 107 167 89 78 99 76 102 98
EVAPORATION 107 176 105 97 112 89 112 115
MYN 92 120 83 86 88 78 95 81
NN 117 211 94 106 108 87 127 103
Fit to Ambient 122 NA 129 71 120 NS NS NS
Fit to Ambient 87 NA 84 35 84 NS NS NS
(lower bound)
Fit to Ambient 158 NA 178 108 158 NS NS NS
(upper bound)

aSIMPOL.: Pankow and Asher (2008)

PEVVAPORATION: Compernolle et al. (2011). Used with AIOMFAC.

°*MYN: Myrdal and Yalkowsky (1997) vapor pressure method with Nanoolal et al. (2004) boiling point
method.

INN: Nannoolal et al. (2008) vapor pressure method with Nanoolal et al. (2004) boiling point method.
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Table S5: Average concentrations of particulate ammonium and sulfate and their ratios at the SOAS
Centreville site from 1 June 2013 to 15 July 2013.

Mo | e [y [ B[ e
Instrument Ammonium | Sulfate : .

Aggregated 3 3 Ratio of Ratio

Observations (hg m=) (g m*) Means Rnizs
GT AMS (Xu et al. 2015a,b) PM: 881 0.40 1.8 0.59 0.51
CU AMS (Hu et al. 2015) PM, 646 0.39 2.2 0.47 0.44
SEARCH CTR PM;5 739 0.59 1.8 0.86 0.96
MARGA (Allen et al. 2015) PM 5 948 0.67 2.2 0.81 0.80
URG Corporation Ambient lon 374 0.91 2.1 1.2 14
Monitor (AIM) 9000-D PMig.2 5

Table S6: Molar ratio of ammonium to sulfate (Rnss) from Silvern et al. (2017) and resulting Rnzs.

Dataset Rnis Rni2s
Eastern US CSN Summer 2013 PMa 1.44 0.72
CU AMS at SOAS CTR PM; 0.93 0.47
AMS on SEAC*RS aircraft (RMA regression) PM; 1.21 0.60
SEARCH (five site mean) PM;s 1.62 0.81

Table S7: Average concentration of ammonia at the SOAS Centreville site from 1 June 2013 to 15 July
2013. ppb to ug m2conversions assume 303.15 K (1 ppb = 0.68 ug m3).

Number of Hourly Ammonia | Ammonia Ratio O_f
Instrument Aggregated Observations (ppb) (ug m3) Means:
NH4*/NHy
SEARCH CTR 915 0.38 0.26 0.68
MARGA (Allen et al., 2015) 948 0.75 0.51 0.55
CIMS (You et al., 2014) 799 0.52 0.36 NA
URG Corporation Ambient 370 0.85 0.58 0.50
lon Monitor (AIM) 9000-D
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Table S8: Mean C* accounting for the effects of temperature and ideality in CLLPS and EQLB and for
pure the species at 298.15 K (Adj Psat, adjusted vapor pressure calculations). For AIOMFAC
calculations, C* follows equation 4. Thus, for a system with two liquid phases (o and ) in the particle
(PM), the following results:

sat. a PM a
C; = Py (Eolfck )( aCi B) (S2)
RT(Zk k/Mk) Ci + Ci

where P7?tis the pure species vapor pressure at temperature T, yis the mole-fraction based activity

coefficient for species i in the o phase, C{*is the mass concentration of species i in the o phase, Ciﬁis the
mass concentration of species i in the 3 phase, My, is the molecular mass of species k, and the summations
are over all PM species (water, organic compounds, and inorganic compounds). The ;" could be defined
analogously for the 3 phase. For one liquid phase, the equation reduces to:

sat

¢; = Hriten ($3)

where the effective PM molecular mass (Mp,,) is:

Mpy = ZCkPCEM (S4)
ik My
. Ratio Ratio
species CLLPS_3C * | EQLB E* Pu*re Spec!;a > EQLB C*/ EQLB C*/

(ug m) (ug m) C* (ug m) CLLPS C* Pure C*
2-methyltetrol 6.0 3.7 7.7 0.62 0.47
pinic acid 13 16 51 1.19 3.09
Cs-alkene triol 22 17 14 0.78 1.19
2-methylglyceric acid 43 22 69 0.50 0.31
levoglucosan 1.6 14 4 0.90 0.35
pinonic acid 2.0E+04 3.1E+04 1.7E+03 1.55 18.7
hydroxyglutaric acid 0.85 0.60 2 0.71 0.29

Table S9: Mean activity coefficients predicted by AIOMFAC (mole-fraction based) for semivolatile
organics (Adj Psat calculations). The 3 phase was organic-rich in both CLLPS and EQLB calculations.

species vy CLLPS | yEQLB vy EQLB Ratio:
f phase B phase o phase v EQLB/yg CLLPS
2-methyltetrol 0.63 0.77 4.7E+03 1.23
pinic acid 5.22 16.21 1.4E+09 3.10
Cs-alkene triol 1.37 2.04 9.3E+04 1.49
2-methylglyceric acid 0.49 0.48 23 0.97
levoglucosan 0.42 1.02 1.4E+05 2.45
pinonic acid 26.60 121.31 1.3E+10 4.56
hydroxyglutaric acid 0.36 0.96 290 2.63
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Figure S1: Observed (CSN, IMPROVE) and modeled (CMAQ) ions for June 1, 2013 to July 15, 2013.

(a) Major cations and anions for the Southeast US NOAA Climate Region

Na
Cl
Mn

0.6

Simulation: CMAQS52_WRF38_CB6_SOAS_2013

Mg
Ca
Si
Ti
Al
Fe

0.5

EE0O00CEROOON

IMPROVE
# of sites:10
# of obs: 87
RMSE: 0.69
RMSEs: 0.11
RMSEu: 0.68
N 1A: 0.82
r. 0.71

0.4
I

o [N
o
—

Mean Concentration (ug/m3)

0.2

CSN

# of sites 25
_] # of obs 224
RMSE: 0.87
RMSEs: 0.5
RMSEu: 0.71
1A: 0.72

r: 0.73

0.1

IMPROVE CMAQ CSN CMAQ

(b) Major cations and anions for the Central US NOAA Climate Region
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Figure S2: Observed (CSN) and modeled (CMAQ) ammonium for June 1, 2013 to July 15, 2013.
Ammonium is not measured by the IMPROVE network.
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Figure S3: Observed (IMPROVE, CSN) and modeled (CMAQ) sulfate for June 1, 2013 to July 15, 2013.
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Figure S4: Observed (IMPROVE, CSN) and modeled (CMAQ) nitrate for June 1, 2013 to July 15, 2013.
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Figure S5: PM. s Stacked Bar Plot for the (a) Southeast and (b) Central US NOAA Climate Region
predicted by CMAQ and measured by CSN June 1, 2013- July 15, 2013. Soil is calculated using the
IMPROVE equation (Soil = (2.20 x Al) + (2.49 x Si) + (1.63 x Ca)+ (2.42 x Fe) + (1.94 x Ti),
http://vista.cira.colostate.edu/improve/publications/graylit/023_SoilEquation/Soil_Eq_Evaluation.pdf).
NCOM in non-carbon organic matter (total organic matter minus organic carbon).
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Figure S6: Modeled vs Observed (CSN) Molar Ratio of (a) ammonium to 2 x sulfate and (b) cations to
anions (2 x calcium + potassium + sodium + ammonium + 2 x magnesium)/( 2 x sulfate + nitrate +
chloride).
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Figure S7: (a) Observed (Ammonia monitoring Network, AMoN), (b) CMAQ simulated, and (c) model
bias in gas-phase ammonia concentrations June 1, 2013- July 15, 2013.
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Figure S8: Observed and CMAQ predicted inorganic species at SOAS Centreville site.
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Figure S9: Liquid-liquid phase separation as a function of hour of day predicted by AIOMFAC for the
ammonium-sodium-sulfate-nitrate-chloride and organic surrogates system. Shown is the percentage of the
time a phase separation was predicted in a certain hour-of-day bin. For reference, the oxygen-to-carbon
ratio based separation relative humidity (SRH) as parameterized by You et al. (2013) is shown in blue.
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Figure S10: r? (square of Pearson’s r) between model predicted and observed F, for each explicit
semivolatile species. The x-axis location is arbitrary for the Traditional regression (equation S1). r?does
not exceed 0.25 for any species or method.
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