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1. 2D-VBS information

Description of VBS space

The 2D-VBS is a tool that allows all organic matter (OM), that is material in either the gas or 

particle phases, to be organized by volatility and oxygenation. The x-axis represents volatility, 

parameterized by the effective saturation concentration (C*, μg/m3). Oxygenation is represented on the y-

axis, parameterized by the ratio of oxygen atoms to carbon atoms (O:C). The 2D-VBS discretizes C* into 

15 log-spaced bins spanning 10-5 to 109 μg/m3, and O:C is discretized into 11 bins spaced at intervals of 

0.1 between 0 and 1.0. This discretization yields 165 bins for OM to occupy. 

Descriptions of where different types of molecules and OA factors generally reside within this are 

available in the literature.1–3 OM may also migrate throughout this space due to oxidative reactions, 

known as OA aging. Descriptions of this type of movement have also been published.4–6 Indoor OA aging 

was explored by Cummings and Waring (see below).7 Although that study did not find aging to 

significantly impact OA under time-average simulations (as are run in the study employed within the 

accompanying main text), they are included as a permanent part of IMAGES intended for use in time-

varying investigations, so it remains here for completeness.

Within IMAGES, the 2D-VBS is reshaped into a one-dimensional array for computational 

purposes, per the following example showing the transformation for the OM concentration array:

S1.1
[ 𝐶1 ⋯ 𝐶15

𝐶16 ⋯ 𝐶30
⋮ ⋱ ⋮

𝐶151 ⋯ 𝐶165
]→[𝐶1 𝐶2 ⋯ 𝐶165] ≡ 𝐶

This transformation algorithm also applies to parameters that may be constrained within the 2D-VBS 

space, including the C* axis itself and the aerosol mass fraction (AMF, ξ), which facilitated the 

computation of the partitioning Equations 3-6 in the main text.

Mass balance equations for OM aging reactions

The array-like term, AOM (μg m-3 h-1), present in Table 1 in the main text, describes the movement 

of OM about the 2D-VBS due to reactions between OH and saturated OM. A transformation matrix, T, 

describes that movement, and conserves mass of organic carbon (OC) by design, allowing O- and H-

containing functional groups to be added or removed to molecules. Also, gas-phase reactions follow 

second order kinetics (with a reaction rate constant that may vary by VBS bin: kg, ppb-1 h-1), while 

heterogeneous reactions, not strictly being second order reactions, occur more slowly due to uptake and 

diffusion limitation. These are described with an “effective” second order reaction rate constant (khet, ppb-

1 h-1), estimated to be ten times slower than kg. The resulting expression is:
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S1.2𝐴𝑂𝑀 = 𝐶𝑂𝐻[𝑘𝑔Γ(𝐶𝑂𝐶(1 ‒ 𝜉) × (𝑇 ‒ 𝐼)) + 𝑘ℎ𝑒𝑡Γ(𝐶𝑂𝐶𝜉 × (𝑇 ‒ 𝐼))]

where COH (ppb) is the OH concentration; the conversion factor Γ in this equation is the OM/OC ratio as 

an array for all VBS bins; COC (μg/m3) is the concentration array of OC only; I is the identity matrix; and 

“ × ” denotes matrix multiplication. This term is derived in Cummings and Waring7 for use in this indoor 

model, and is based on the works of Donahue et al.4 The expression used for kg is in Donahue et al.8

OH recycling was neglected from this work, so all OM aging reactions acted as a sink for OH. 

This was accounted for in Table 1 in the main text with the scalar value AOH (h-1):

S1.3𝐴𝑂𝐻 = (𝑘𝑔 ⋅ (Γ𝐶𝑂𝑀(1 ‒ 𝜉))) + (𝑘ℎ𝑒𝑡 ⋅ (Γ𝐶𝑂𝑀𝜉))

where the conversion factor Γ in this equation serves to convert COM from units of μg/m3 to ppb, which 

will depend on air temperature; and “ ∙ ” denotes the dot product.

Constraining “average” OM parameters 

Within the model, several OA parameters (e.g. density, hygroscopicity, and Tg) are characterized 

by O:C and/or C*. Thus, determining the values of these parameters in each 2D-VBS bin is 

straightforward. However, their values as they relate to the OA particle as a whole must be constrained. 

The average C* and O:C values of any OM distribution are the x- and y-coordinates, respectively, of the 

centroid of that distribution strewn across the 2D-VBS space. Because the density, hygroscopicity, and Tg 

parameters relate to the particle in particular, the centroid of the distribution representing only the 

particle-phase OM must be used in order to obtain appropriate O:C and C* values.

This concept is visualized in Figure S1 as it relates to the 2D-VBS space. Figure S1.a shows the 

centroid for the total gas- and particle-phase steady state OM computed by an arbitrarily-selected run of 

the simulations set forth for the study presented in the main text. Figure S1.b shows the centroid for the 

particle phase OM after applying the partitioning equations  

Within IMAGES, which only deals with one-dimensional arrays, the centroid C* and O:C 

coordinates for the particle-phase OM (i.e. C*OA,avg, [O:C]OA,avg) are the weighted averages of each over 

all 2D-VBS bins, where the weights correspond to the fractional amount of OM each bin contributes to 

the total OA concentration: 

S1.4

𝐶 ∗
𝑂𝐴,𝑎𝑣𝑔 =

𝐶 ∗ ⋅ (𝜉𝐶𝑂𝑀)

∑𝜉𝐶𝑂𝑀
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S1.5

[𝑂:𝐶]𝑂𝐴, 𝑎𝑣𝑔 =
[𝑂:𝐶] ⋅ (𝜉𝐶𝑂𝑀)

∑𝜉𝐶𝑂𝑀

where the bolded terms indicate vectors so that [O:C] contains all of the O:C values corresponding to 

each bin in the 2D-VBS, indexed according to the transformation shown in Equation S.1; C* contains all 

of the C* values corresponding to each bin in the 2D-VBS; ξ contains the AMF in each bin, and COM 

contains the total OM concentrations in each bin. The “ ∙ ” symbol indicates the dot product, whereas 

element-wise multiplication between arrays is otherwise applied. 

Figure S1. The total OM (a) and particle phase OM (b) distributions throughout the 2D-VBS space for one of the 

runs set forth as a part of the investigation presented in the main text. The centroids for each, corresponding to the 

average O:C and C* values, are marked by the red point.
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O:C and volatility distribution definitions for OA factors
Table S1. Volatility distributions and average O:C values of all OA factors considered by this work.

Factor OM mass fraction in log10C* bin       

 
avg. 
O:C -7 -6 -5 -4 -3 -2 -1 0 1 2 3

HOAA,C 0.128 0 0.015 0.016 0.018 0.021 0.028 0.041 0.067 0.121 0.228 0.445

COAB,C 0.195 0 0 0 0 0.06 0.01 0.01 0.04 0.73 0.15 0
SVOOAA,

C 0.509 0 0 0.043 0.050 0.059 0.072 0.089 0.113 0.144 0.187 0.244
LVOOAA,

C 0.810 0.315 0.217 0.150 0.104 0.071 0.050 0.034 0.024 0.016 0.012 0.008

SOAD 0.4 - - - - - - - - - - -

A: Volatility distribution from Cappa and Jimenez9 

B: Volatility distribution from Takhar et al.10

C: Average O:C from Canagaratna et al.11

D: SOA mass yields for various VOC oxidation reactions were taken from Waring12
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2. Derivation: Growth factor 

From Equation 7 in the main text, κ-Köhler theory states that:

S2.1

𝑉𝐴𝑊

𝑉𝑑
=

𝛼𝑤

(1 ‒ 𝛼𝑤)
𝜅

which relates the volume of the AW taken up by a particle at a certain water activity to that dry particle’s 

volume in completely dry air. The growth factor (GF) instead defines the ratio of the mobility diameters 

between the wet (AW + dry material) and dry particle. To arrive at this relation, Equation S2.1 is altered 

so that the left-hand side (LHS) instead represents the ratio of the wet particle to dry particle volumes:

S2.2

𝑉𝐴𝑊

𝑉𝑑
+

𝑉𝑑

𝑉𝑑
=

𝛼𝑤

(1 ‒ 𝛼𝑤)
𝜅 +

𝑉𝑑

𝑉𝑑

S2.3

𝑉𝐴𝑊 + 𝑉𝑑

𝑉𝑑
=

𝛼𝑤

(1 ‒ 𝛼𝑤)
𝜅 + 1

The numerator of the LHS can more succinctly be referred to as Vwet, the volume of the total wetted 

particle:

S2.4

𝑉𝑤𝑒𝑡

𝑉𝑑
=

𝛼𝑤

(1 ‒ 𝛼𝑤)
𝜅 + 1

Because volume ratios are just the cube of diameter ratios:

S2.5

𝑑𝑤𝑒𝑡

𝑑𝑑
= ( 𝛼𝑤

(1 ‒ 𝛼𝑤)
𝜅 + 1)1/3 ≡ 𝐺𝐹

which is definition of the GF.
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3. Accounting for temperature impacts on DRH

Table 2 in the main text provides DRH values from the literature that were measured at a reference 

temperature (T0) of 298 K. The DRH for any salt i at any temperature (T, K) is determined by:

S3.1
𝐷𝑅𝐻𝑖 = 𝐷𝑅𝐻0

𝑖exp [𝑀𝑤𝑆𝑖𝐿𝑖

𝑀𝑖𝑅 ( 1
𝑇0

‒
1
𝑇)]

where DRHi
0 is the salt’s known DRH at 298 K; Mw and Mi are the molecular weights (g/mol) of water 

(Mw = 18 g/mol) and salt i, respectively; Si is the solubility of the salt in water (grams of salt per grams of 

water, g/g); Li (kJ/mol) is the latent heat of fusion for the salt from a saturated aqueous solution; and R (kJ 

mol-1 K-1) is the universal gas constant. Each salt’s reference DRH, M, S, and L values are presented in the 

below Table S2. Due to scarce information in the literature, potential temperature impacts on ERH values 

were neglected.

Table S2. Reference DRH values for simulated IA salts, and parameters required to adjust DRH based on 

temperature changes using Equation S3.1.
Component DRH M (g/mol) S L (kJ/mol)
Ammonium Nitrate 0.621 80.04 2.13 -15.16
Ammonium Sulfate 0.802 132.14 0.746 -6.35
Sodium Chloride 0.753 58.44 0.36 -1.853
Potassium Chloride 0.85 74.55 0.355 -17.22
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4. Derivation: recirculated to non-recirculated mass ratio 

Consider an indoor environment, with two distinct routes for pollutant removal:

i. Lp (h-1) – which permanently and irreversibly removes a contaminant out of the system.

ii. Lr (h-1) – which removes a contaminant from the room en route to the recirculation HVAC 

system, where it is conditioned and reintroduced to the room.

Now consider two populations of indoor PM represented by concentrations:

i. Cno-r (μg/m3) – which consists of PM which has been freshly introduced (not recirculated) into the 

indoor space, yet to be affected by either Lo or Lr mechanisms.

ii. Cr (μg/m3) – which consists of PM which has previously been lost to Lr, conditioned, filtered, and 

reintroduced into the space.

Both PM populations are generated from mutually exclusive sources: 

i. Sno-r (μg h-1 m-3) produces Cno-r

ii. Sr (μg h-1 m-3) produces Cr.

Yet both Cno-r and Cr  are equally susceptible to both Lp and Lr mechanisms. From these constraints, two 

differential mass balance equations can be constructed for each PM population:

S4.1

𝑑𝐶𝑛𝑜 ‒ 𝑟

𝑑𝑡
= 𝑆𝑛𝑜 ‒ 𝑟 ‒ (𝐿𝑝 + 𝐿𝑟)𝐶𝑛𝑜 ‒ 𝑟

S4.2

𝑑𝐶𝑟

𝑑𝑡
= 𝑆𝑟 ‒ (𝐿𝑝 + 𝐿𝑟)𝐶𝑟

The steady state solutions to differential Equations S4.1 and S4.2, respectively, are:

S4.3
𝐶𝑛𝑜 ‒ 𝑟 =

𝑆𝑛𝑜 ‒ 𝑟

𝐿𝑝 + 𝐿𝑟

S4.4
𝐶𝑟 =

𝑆𝑟

𝐿𝑝 + 𝐿𝑟

Lno-r may be due to ventilation air exchange (λv, h-1) or surface deposition (β, h-1), so:

S4.5𝐿𝑝 = 𝜆𝑣 + 𝛽

(currently neglecting phase partitioning or chemical reactions). And Lr can only be due to recirculation air 

exchange (λr, h-1) through the residential HVAC system:

S4.6𝐿𝑟 = 𝜆𝑟
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The PM reentering the space from the HVAC system by Sr depends on the total PM concentration 

susceptible to Lr (i.e. Cno-r + Cr), Lr itself (i.e. λr), and the HVAC filter efficiency (η):

S4.7𝑆𝑟 = 𝜆𝑟(1 ‒ 𝜂)(𝐶𝑛𝑜 ‒ 𝑟 + 𝐶𝑟)

Appropriately substituting Equations S4.5-S4.7 into Equation S4.4 results in:

S4.8
𝐶𝑟 =

𝜆𝑟(1 ‒ 𝜂)(𝐶𝑛𝑜 ‒ 𝑟 + 𝐶𝑟)
𝜆𝑣 + 𝛽 + 𝜆𝑟

Rearranging the terms in Equation S4.8 as follows allows the steady state Cr to be explicitly solved for:

S4.9𝐶𝑟(𝜆𝑣 + 𝛽 + 𝜆𝑟) = 𝜆𝑟(1 ‒ 𝜂)(𝐶𝑛𝑜 ‒ 𝑟 + 𝐶𝑟)

S4.10𝐶𝑟(𝜆𝑣 + 𝛽 + 𝜆𝑟) = 𝜆𝑟(1 ‒ 𝜂)𝐶𝑛𝑜 ‒ 𝑟 + 𝜆𝑟(1 ‒ 𝜂)𝐶𝑟

S4.11𝐶𝑟(𝜆𝑣 + 𝛽 + 𝜆𝑟 ‒ 𝜆𝑟(1 ‒ 𝜂)) = 𝜆𝑟(1 ‒ 𝜂)𝐶𝑛𝑜 ‒ 𝑟

S4.12
𝐶𝑟 =

𝜆𝑟(1 ‒ 𝜂)𝐶𝑛𝑜 ‒ 𝑟

𝜆𝑣 + 𝛽 + 𝜆𝑟 ‒ 𝜆𝑟(1 ‒ 𝜂)

S4.13
𝐶𝑟 =

𝜆𝑟(1 ‒ 𝜂)𝐶𝑛𝑜 ‒ 𝑟

𝜆𝑣 + 𝛽 + 𝜆𝑟 ‒ 𝜆𝑟 + 𝜆𝑟𝜂

S4.14
𝐶𝑟 =

𝜆𝑟(1 ‒ 𝜂)𝐶𝑛𝑜 ‒ 𝑟

𝜆𝑣 + 𝛽 + 𝜆𝑟𝜂

From Equation S4.14, the steady state ratio between Cr and Cno-r can easily be obtained:

S4.15

𝐶𝑟

𝐶𝑛𝑜 ‒ 𝑟
=

𝜆𝑟(1 ‒ 𝜂)

𝜆𝑣 + 𝛽 + 𝜆𝑟𝜂

Note that this ratio is not dependent on the strength of the source, Sno-r, of Cno-r, which may include 

outdoor-to-indoor air exchange, indoor emissions, and other indoor sources. This ratio can be converted 

into a fraction of total concentration which is Cr, or the fraction of PM which has been recirculated and 

has traversed the HVAC (fr), by diving through by Cno-r:
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S4.16

𝑓𝑟 =
𝐶𝑟

𝐶𝑟 + 𝐶𝑛𝑜 ‒ 𝑟
=

( 𝐶𝑟

𝐶𝑛𝑜 ‒ 𝑟
)

( 𝐶𝑟

𝐶𝑛𝑜 ‒ 𝑟
) + 1
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5. Computing select indoor model inputs

Surface deposition rate

Rackes and Waring13 produced a second order polynomial expression for PM surface deposition (βPM, h-1) 

as a function of the HVAC filtration rate (ηPM):

S5.1𝛽𝑃𝑀 = 0.171𝜂𝑃𝑀
2 ‒ 0.1378𝜂𝑃𝑀 + 0.0918

This was shown to produce a good fit with an R2 = 0.983. This empirical relationship was used to 

constrain βPM in the model after ηPM was sampled from its input distribution. 

HVAC runtime

The fractional runtime of the residential HVAC recirculation system (fRT) was derived from the work of 

Touchie and Seigel14. They measured fRT for ~7000 homes in North America and plotted them against the 

outdoor temperature (Tout, °C). They also provided linear equations of best fit for both cooling and heating 

conditions:

S5.2𝑓𝑅𝑇,ℎ𝑒𝑎𝑡 =‒ 0.0068𝑇𝑜𝑢𝑡 + 0.207

S5.3𝑓𝑅𝑇,𝑐𝑜𝑜𝑙 = 0.0112𝑇𝑜𝑢𝑡 + 0.0277

In this work, heating was enforced anytime Tout < 15 °C, and cooling was enforced anytime Tout > 21 °C. 

Although Touchie and Seigel14 often observed recirculation systems operating at low frequencies within 

this deadband zone, for simplicity in our work, no recirculation was assumed (i.e. fRT = 0) if Tout was 

between the enforced deadband.

Indoor RH

Nguyen et al.15 found this relationship between outdoor and indoor absolute humidity (AH, g/m3):

S5.4𝐴𝐻𝑖𝑛 = 0.69𝐴𝐻𝑜𝑢𝑡 + 3.2

to best describe their observations of homes in Boston (R2 = 0.83). By visual inspection,  this 

parameterization also fit the trends observed by Nguyen and Dockery16 for multiple cities reasonably 

well. For homes in hot and humid cities that employed air conditioning, Figure 3 in Nguyen and 

Dockery16 showed that increases in AHin with increasing AHout were diminished at higher AH values, 

deviating from the relation of Equation S5.4. This occurrence was attributed to loss of water vapor via 

condensation over cooling coils. 



13

Our procedure for constraining the indoor RH was informed by this set of observation, and is as follows:

1. RHout was appropriately converted to AH considering Tout.

2. This AHout was fed to Equation S5.4 to obtain a first-estimate of AHin.

3. Statistical variation was simulated by sampling a residual to be applied to the AHin predicted by 

Step 2 from a normal distribution.

4. If cooling is being provided, the additional loss rate of water (g m-3 h-1) from the airstream would 

be proportional to the recirculation AER (λr, h-1), fRT, and the AH, and so the AHin predicted by 

Step 3 would be reduced proportionally to this loss rate.

5. The final AHin was appropriately converted to RH considering Tin. 

6. Since this approach is statistical, not physical, some RHin may be greater than 100%. Any RHin 

values above 95% were reduced to 95%.

This procedure, as it relates to AH, is encapsulated by the following Equation:

S5.5𝐴𝐻𝑖𝑛 = 0.69𝐴𝐻𝑜𝑢𝑡 + 3.2 + 𝑁(0, 𝜎) + 𝛼𝑓𝑅𝑇,𝑐𝑜𝑜𝑙𝜆𝑟𝐴𝐻𝑜𝑢𝑡

Where:

 The first two terms account for the Nguyen et al.15 relationship from Equation S5.4, the third 

terms accounts for statistical variability, and the fourth term accounts for coil loss proportional to 

a constant, α, and the flow rate of water over the coil (using AHout rather than AHin in this fourth 

term simplifies the required math and provides a good enough water loss proxy for our purposes). 

 N(0, σ) represents a random sample from a normal distribution defined with a mean of zero and 

standard deviation of σ. To avoid negative numbers and extreme outliers, only samples within the 

95% confidence interval of this distribution were allowed.

 When Tout > 21 °C, fRT,cool is governed by Equation S5.3; and fRT,cool = 0 any time Tout ≤ 21 °C. 

 Per engineering judgement, we deemed σ = 0.5, and α = –0.06

The progression of this procedure is shown in Figure S2 as it relates to all 9938 of our model instances. 

All AHout values used in our simulations are scattered against:

i. (Figure S2.a) the AHin predicted by the simple linear Equation S5.4.

ii. (Figure S2.b) the AHin values adjusted by Step 3.

iii. (Figure S2.c) all final AHin values used to obtain RHin including water loss adjustments by Step 4 

as appropriate.
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The AHin values appropriately converted to RHin according to Tout are shown in Figure S3 as a histogram. 

Of the 9938 instances, this procedure only yielded 18 that initially produced RHin > 100%. However, for 

additional stability of our results, we truncated the maximum allowed RHin for IMAGES to consider to be 

95%. Ultimately, this methodology produced 35 such cases that required truncation.

Figure S2. AHin-AHout scatter plots over all 9938 model instances showing the AHin predicted by: (a) the Equation 

S5.4 from Nguyen et al.15; (b) the Equation S5.4 prediction including random variability; and (c) the final prediction 

including random variability and water loss to an operational cooling coil. The red line overlaid on each plot is the 

line produced by Equation S5.4, shown for reference. The points in pane (c) match in decent accordance with the 

observations made by Nguyen and Dockery16 that were presented in their Figure 3.

Figure S3. A histogram of the RHin values converted from the AHin values shown in Figure S2c. RH = 100% is 

marked with the dotted red line, and RH = 95% is marked with the solid red line. RHin can never actually reach 

values greater than 100%, and this method only produced 18 of 9938 instances where this occurred. For further 

stability, we truncated the maximum possibile RHin that IMAGES considered in these simulations to be 95%, which 

the methodology produced in 35 of the 9938 instances.
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6. Speciated concentration summary table
Table S3. Summarized ranges of speciated PM concentrations. 

Percentile (In Out)       Specie 
(μg/m3) 1st  25th  Median  75th  99th  
Organics

HOA 0.014 0.029 0.297 0.416 0.654 0.834 1.27 1.68 5.44 8.03
SVOOA 0.076 0.167 0.374 0.582 0.631 0.859 0.987 1.29 2.59 3.61
LVOOA 0.073 0.170 0.357 0.591 0.594 0.873 0.936 1.31 2.70 3.67
COA 0.926 - 3.89 - 7.12 - 12.7 - 48.1 -
SOA 0.051 - 0.493 - 1.24 - 3.03 - 22.5 -
OA(org) 2.40 0.678 7.15 1.89 11.6 2.83 19.2 4.26 65.0 12.7
OA(org+w) 2.52 0.797 7.61 2.22 12.4 3.38 20.5 5.15 68.6 16.2
AWOA 0.063 0.020 0.272 0.192 0.542 0.439 1.13 0.853 8.55 4.73

Inorganics
AN 0.010 0.052 0.079 0.341 0.160 0.622 0.355 1.46 2.64 10.9
AS 0.073 0.132 0.443 0.702 0.814 1.25 1.49 2.19 5.23 7.04
SC 0 0 0 0 0 0 0 0 0.715 0.986
PC 0 0 0 0 0 0 0 0 0.391 0.539
EC 0.009 0.016 0.138 0.228 0.281 0.422 0.541 0.762 2.21 2.84
GM 0.017 0.031 0.154 0.241 0.312 0.460 0.650 0.961 4.26 6.58
PIA 0.272 - 1.09 - 1.92 - 3.36 - 13.0 -
IA(dry) 1.06 0.451 3.12 2.45 4.55 3.83 6.58 5.73 16.6 17.8
IA(dry+w) 1.16 0.614 3.41 3.34 5.13 5.42 7.64 8.99 22.7 40.9
AWIA 0 0 0 0.384 0.329 1.43 0.994 3.35 8.88 26.5

Total PM
PM(dry) 4.31 1.41 11.2 4.69 16.7 6.87 25.6 9.98 74.6 27.0
PM(dry+w) 4.62 1.79 12.1 6.08 18.2 9.15 28.1 14.1 83.1 51.7
AWPM 0.059 0.021 0.359 0.632 0.949 1.94 2.15 4.20 16.8 29.4



16

7. Validation of assuming organic-inorganic phase-separated particles

Bertram et al.17 provided a simplified correlation for approximating RHLLPS:

S7.1𝑅𝐻𝐿𝐿𝑃𝑆 = 0.355 + 3.399(𝑂:𝐶) ‒ 4.718(𝑂:𝐶)2

By applying this to all indoor OA results, it was determined that the median RHLLPS = 87.8%, much 

higher than the median RHin = 33.1%. Only 38 of the total 9938 (0.38%) total model instantiations 

produced an RHin > RHLLPS. Therefore, it was deemed appropriate to enforce IA and OA phase separation 

assumptions in all simulations.
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8. Glass transition temperature vs. RH: Influence of O:C and C*

Figure S4. Showing the same Tg and RH points that are colored by OA concentration in Figure 5b in the main text, 

these scattered points are instead colored by the average O:C (a) and C* (b) of OA. Because volatility is the main 

driver of Tg,OA(org) (per Equation 14 in the main text), the OA(org+w) Tg/T consistently increases with decreasing C*. 

OA(org+w) Tg/T generally increases with increasing O:C because low volatile organics tend to be highly oxidized, but 

a greater O:C may also lead to more uptake of water, lowering the OA(org+w) Tg/T. 
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9. Seasonal and regional trends in ambient and indoor IA and OA composition

Figure S5. Not shown in the main text, this figure demonstrates the seasonal and regional variability in IA and OA 

composition, using κIA (left column) and OA C* (right column), respectively, as proxies. Both outdoor (top row) 

and outdoor (bottom row) heatmaps are provided for each. Considerable hygroscopicity variability exists outdoors, 

providing an explanation for some of the additional variability not caused by RHout seen in the ambient AW and 

phase state heatmaps shown in Figure 6 in the main text. However, when mixed with dominant emitted aerosol 

indoors, the overall PM mix becomes more homogeneous in all climates, meaning that most indoor AW and phase 

state variability is due solely to RHin variations.
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10. Tg/T of phase separated OA populations

In the figure below, we provide estimates of how the phase states of the day-averaged OA predicted by 

the results presented in the main text might respond to scenarios where outdoor-sourced OA and indoor-

emitted COA and SOA constitute three externally mixed populations, rather than forming a single OA 

phase. These estimates were generated by isolating the OM owing to each population predicted by the 

model runs described in the main text, and then partitioning each only into its own OA mass, considering 

neither a single absorbing OA mass nor gas-phase OM interaction between populations. This approach is 

simply a post-process method of approximating a physical condition that was not explicitly modeled. 

However, it is sufficient for exploring the question at hand.

These phase separated OA(org+w) Tg/T boxplots in the figure can be compared to baseline phase states of 

the internally mixed baseline aerosol. A concentration weighted average of the three populations would 

roughly produce the mixed OA baseline observed in our results. Still, the distinct COA and outdoor-

sourced OA populations were predicted as a solid phase more often than if they were in a mixed aerosol 

because fewer higher-volatility organics can partition into smaller distinct OA masses, thereby increasing 

their Tg,OA(org). While only ~25% of the baseline mixed OA particles were predicted to be solid, about half 

and ~70% of the distinct COA and outdoor-sourced OA, respectively, would be in a solid phase state. The 

distinct SOA phase state was more varied. It was frequently modeled to be liquid due to the relatively 

high volatility of its dominant organic constituents, while it may also be glassy at other times due to the 

small concentrations of nucleated SOA. This assessment must be validated by developing a robust kinetic 

model and validating it against observations.

Figure S6. Boxplots showing approximations of the Tg/T ranges of potentially externally mixed OA populations, 

owing to outdoor-sourced OA, COA emitted from cooking activities, and nucleated SOA. The baseline Tg/T values 

of the internally mixed OA presented in the Results section are also shown for reference. The shown boxplot 

whiskers span the 95% confidence intervals. The hatched portion of the plot indicates where semisolid OA likely 

exists, below which (unshaded portion) OA is likely liquid, and above which (shaded portion) OA will be an 

amorphous solid.
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