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Materials and Methods

MS Analysis:

For comparison of HR-AMS data sets, the dot product between the spectra was 

calculated using:

𝐷𝑜𝑡 𝑝𝑟𝑜𝑑𝑢𝑐𝑡 =  
∑(𝐼𝑒𝑥𝑡𝑟𝑎𝑐𝑡 × 𝐼𝑜𝑛𝑙𝑖𝑛𝑒)

∑𝐼 2
𝑒𝑥𝑡𝑟𝑎𝑐𝑡 × ∑𝐼 2

𝑜𝑛𝑙𝑖𝑛𝑒

where Iextract and Ionline are the intensities of the ions in the offline HR-AMS and the 

online HR-AMS mass spectra, respectively. Both mass spectra were normalized to a sum of 

one and the mass range was used to m/z 100. 

Both AMS mass spectra shown in Figure 1 are C, H, and O only containing ions. 

Previous work has demonstrated the presence of siloxanes in aerosol particles during 

HOMEChem.1 Here, no siloxanes were observed in the offline-AMS mass spectrum, possibly 

because of dominance of the COA mass for the cumulative sample, or the limited solubility 

of the siloxanes in water. The FT-ICR samples showed peaks with isotope distributions 

consistent with siloxanes in the mass range of approximately 1,000-1,400 m/z (data not 

shown). However, the same peaks were also observed in the field blank. This suggests that 

the siloxanes were prevalent enough to contaminate the field blank, and that they likely have 

reasonably high ionization efficiency in positive ion mode for electrospray ionization. We do 

not expect that the siloxanes observed in the FT-ICR data are from o-rings as no o-rings are 

used in the extractor or in the instrument. Since the FT-ICR data is not quantitative and the 

peaks were observed in the blank, they were not considered in this analysis. 
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Viscosity measurements:

The viscosity of the HOMEChem extract samples was measured using the poke-flow 

technique.2–7 First, the HOMEChem extract was dissolved in 1 mL of methanol, and then 1 μL 

droplets of the resulting solution were pipetted onto hydrophobic glass slides (12 mm glass 

slides coated with CYTONIX, FluoroPel 800). The hydrophobic slides were then placed in a 

laminar flow hood under room conditions to allow the methanol to evaporate over the period 

of 1.5 hours to > 5 days (the results were not sensitive to this range of evaporation times).  

After the methanol evaporated, the sample formed close to a spherical cap geometry on the 

fluorinated slides. After evaporation, the fluorinated slides were placed in a flow cell (Fig. S1) 

mounted above an inverted optical microscope (AmScope, ME1400TC-INF). The relative 

humidity (RH) in the flow cell was controlled by controlling the RH of the carrier gas. The RH 

was calculated from measurements of the temperature and dewpoint of the carrier gas. The 

temperature was measured using a thermocouple (OMEGA, HH-200a) attached to the metal 

body of the flow cell. The dewpoint was measured using a hygrometer (General Eastern, optical 

dewpoint sensor 1311DR) placed upstream of the flow cell. 
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An ultra-fine tungsten needle (Roboz Surgicial Instruments Co.) with an oleophobic 

coating (CYTONIX, OilSlip 110) was used to poke the sample. After poking the sample, a half 

torus geometry was formed. If given enough time, the half torus geometry returned to the near 

spherical cap geometry to minimize the surface energy of the system. Images of the sample 

during the poke-flow experiments were recorded using a microscope camera (AmScope, 

MA1000) attached to a computer. From the images, we determined the experimental flow time 

(τexp, flow), defined as the time for the area of hole in the half torus geometry to reach a value of 

1/4A0, where A0 is the initial area of the hole after poking.

 For the HOMEChem extract samples, the samples flowed rapidly, and the half torus 

geometry quickly returned to a near spherical-cap geometry (see Movie S1 as an example).  

From the images we estimated that τexp, flow was less than 0.4 s, which is roughly the time it 

took to remove the needle from the sample after poking. For contrast, Movie S2 shows an 

example of images recorded in a poke-flow experiment for sucrose-water particles with 

viscosity of 2.75 × 104 – 1.49 × 105 Pa s at an RH value of 49%. For this case, τexp, flow was 32.5 

Figure S1. Panel A shows a schematic of the poke-flow apparatus. Panel B shows the sample slide placed 
inside the flow cell. 
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s. 

The upper limit to the experimental flow times were converted into an upper limit to 

the viscosity using fluid dynamic simulations.2 The simulations were carried out with 

COMSOL Multiphysics (v5.4). The half-torus geometry was used in the simulations with 

dimensions matching the experiments. The simulations used the Microphysics Module within 

COMSOL and a laminar two-phase flow with moving mesh. In the simulations, the viscosity 

was adjusted until the inner area of the simulated half-torus geometry, A0,model, reached a value 

of 1/4A0,model in the same amount of time as τexp, flow. Since 0.4 s is an upper limit to the τexp, 

flow, the viscosity from the simulations will be upper limits to the true viscosity.  

For the simulations, values for the density of the material, surface tension of the 

material, contact angle of the material, and the Navier slip length are needed. Values used in 

the simulations are shown in Table S1. 

Table S1. Input parameters for poke-flow COMSOL simulations to obtain upper limits of viscosity.

Input parameter
Value used in upper limit 

viscosity simulation

Density 915.7 kg/m3 

Surface tension 0.1346 N/m

Navier slip length 1000 nm

Contact angle 52.8° - 59.8° 

For the contact angle, we used values based on measurements with a confocal laser 

scanning microscope. For the density, we used the density of soy oil at 20 °C.8 The simulated 

viscosities were not sensitive to this parameter. For the surface tension, we use the surface 
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tension of maltopentose (0.1346 N/m).9 For comparison, the surface tension of soy oil is 0.0313 

N/m. The surface tension of maltopentose is most likely an upper limit to the surface tension 

of our samples since maltopentose has a similar molecular weight but is more oxidized than 

our samples. Using an upper limit to the surface tension results in an upper limit to the 

simulated viscosities. For the Navier slip length, we used an upper limit to values reported in 

the literature.10,11,20–22,12–19 An upper limit to the slip length also results in an upper limit to the 

simulated viscosities.     

Figure S2. Glass plates deployed in the HOMEChem kitchen were located above the 
stove. Plates rested on the upper shelf and leaned against the back wall at a steep slant. 



7

The plates were located directly above the stove and were placed at as close to 

vertical as possible. As discussed in the manuscript, the majority of the mass is very similar 

to cooking organic aerosol. The other main type of activity during HOMEChem is cleaning.23 

No chlorine signals were observed in either the FT-ICR or the offline-AMS mass spectra for 

the solvent extract. Given the location of the plates, this suggests that the dominant mass 

contribution to this location in the house came from the cooking activities. 

Figure S3. (a) ESI FT/ICR mass spectrum including both the CHO (black) and the 
CHON (red) containing ions. The CHO only ions are also in Figure 2. (b) Full Van 
Krevelen for Figure 2 in the manuscript for CHO only ions. Two ions had low H/C 
and were not included in Figure 2 to aid visualization.
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Sensitivity simulations in glass transition temperature 

Table S2 lists some triglyceride compounds that may exist in cooking oil.24,25 Their 

measured Tg values are not available and we estimate Tg from measured melting temperatures 

(Tm) by applying the Boyer–Kauzmann rule of Tg = g × Tm with g = 0.70085 (±0.00375),26 

referred to as “estimated Tg” in this study. The calculated viscosities of triolein and tricaprylin 

applying the estimated Tg agree with their experimental viscosities,25 indicating that the Boyer-

Kauzmann rule works well to estimate Tg of triglycerides. The Tg predicted with the 

parameterization by DeRieux and Li et al. (2018)27 could be by ~155 K ‒ 245 K higher than 

the Tg estimated by the Boyer-Kauzmann rule, with higher DBE leading to larger 

overestimation. 

To evaluate the effects of carbon-carbon double bonds on Tg prediction, we 

parameterize the overestimation of Tg by DeRieux and Li et al. (ΔTg is the difference between 

the Tg predicted by DeRieux & Li and the estimated Tg) as a function of DBE and molar mass:

ΔTg  = 2403.3 – 761.8017 × DBE – 2.5649 × M + 0.8801 × DBE × M         (Eq. S1)

The coefficients in Eq. (S1) are obtained by fitting the ΔTg in Table S2 with multilinear least 

squares analysis. The predicted ΔTg values by Eq. S1 agree well with the Tg overestimation by 

DeRieux and Li et al. (Fig. S4b). Applying Eq. S1 in estimating Tg of CHO compounds in the 

surface extract results in a Tg,org of 236 K. Note that Equation S1 based on only 6 triglyceride 

compounds is used as a sensitivity test evaluating the effects of DBE on Tg predictions of 

triglycerides. The parameterization based on a more comprehensive dataset considering the 

effects of structural information on viscosity predictions should be developed in future studies.

Table S2. Properties of six triglyceride compounds. 

Species Chemical
formula

Molar 
mass 
(g 

Experi
mental 
Tm (K)

Tg 
estimated 
from Tm 

Tg 
predicted 
by 

ΔTg (Tg 
predicted 
by 

Viscosity 
calculated 
from   Tg 

Experim
ental 
viscosity 

DBE
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1Valeri and Meirelles, 1997.
2Ceriani et al., 2007.

Figure S4. (a) Tg overestimation by DeRieux and Li et al. (2018) as a function of double bond 

equivalence (DBE) for compounds listed in Table S1. (b) Predicted Tg overestimation by DBE 

and molar mass (M, g mol-1) (Eq. S1) plotted against the Tg overestimation by DeRieux and Li 

et al. (2018).

mol-1) applying 
the Boyer-
Kauzmann 
rule (K)

DeRieux 
& Li et 
al. (2018) 
(K)

DeRieux 
and Li  
minus 
estimated
 Tg) (K)

estimated 
from Tm 
(Pa s)

at 303 K 
(Pa s)

Triolein1 C57H104O6 885 269 188 425 237 0.25 0.05141 6

Tripalmitin1 C51H98O6 807 339 237 415 178 345.68 3

Tristearin1 C57H110O6 892 345 242 428 186 822.77 3

Tricaprylin1 C27H50O6 471 283 198 353 155 0.78 0.01651 3

Tricaprin2 C33H62O6 555 304 213 371 158 5.41 3

Trilinolenin2 C57H92O6 873 250 175 420 245 0.07 12
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