
S1 OH reaction rates

Ozonolysis of olefins is known to produce OH as a product of Criegee intermediate decomposition. To 
minimize the role of OH in oxidizing β-caryophyllene, 2-butanol was used as an OH scavenger.1 The 
reaction rate of the OH with 2-butanol can be determined using eq S1:

, (S1)𝑅2 ― 𝑏𝑢𝑡 = 𝑘2 ― 𝑏𝑢𝑡[𝑂𝐻][2 ― 𝑏𝑢𝑡]

where R is the reaction rate, k is the rate constant and [OH] and [2-but] are the concentrations on OH 
radicals and 2-butanol, respectively. The reactions rate of the OH radicals with β-caryophyllene can be 
determined using eq S2:

, (S2)𝑅𝛽 ― 𝑐𝑎𝑟 = 𝑘𝛽 ― 𝑐𝑎𝑟[𝑂𝐻][𝛽 ― 𝑐𝑎𝑟]

Where [β-car] is the concentration of β-caryophyllene. Using the reaction rates of the two competing 
reactions, the percentage of OH radicals scavenged by 2-butanol can be calculated (eq S3):

, (S3)% 𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑒𝑑 =
𝑅2 ― 𝑏𝑢𝑡

𝑅2 ― 𝑏𝑢𝑡 + 𝑅𝛽 ― 𝑐𝑎𝑟
× 100

A rate constant of 1.97x10-10 cm3 molecule-1s-1 was used for the reaction between β-caryophyllene and 
OH.2 A rate constant of 8.1x10-12 cm3 molecule-1s-1 was used for the reaction between 2-butanol and OH.3 
The % scavenged is calculated to be ~84%, indicating that the majority of the OH radicals are scavenged 
by the reactions with 2-butanol.

S2 Mixing times of water within the SOA

Mixing times of water within the SOA (τmix,H2O) were calculated using the following equation:4

 , (S3)𝜏𝑚𝑖𝑥,𝐻2𝑂 =
𝑑2

𝑝

4𝜋2𝐷𝐻2𝑂

where dp is the diameter of the SOA particle used in the poke-flow experiments, and DH2O is the diffusion 
coefficient of water within the SOA. The mixing time corresponds to the time it takes for the 
concentration of the water molecules at the centre of the particle exposed to a change in RH to differ from 
the equilibrium concentration by less than 1/e. To calculate  at each RH, we assumed that DH2O in 𝜏𝑚𝑖𝑥,𝐻2𝑂
the SOA was the same as DH2O in sucrose-water particles with an equivalent viscosity.  For the viscosity 
of the SOA, we used the upper limit of the viscosity values reported in Fig. 4 of the main text.  DH2O was 
then calculated for the upper limits of the viscosity using the relationship between DH2O and viscosity for 
sucrose-water particles developed by Price et al.5 (Fig. 7 in Price et al.); values for  determined 𝜏𝑚𝑖𝑥,𝐻2𝑂
using this approach are listed in Table S1.



Tables and Figures

Table S1: Calculated mixing times of water within the SOA particles (τmix,H2O) and experimental 
conditioning time for water vapor (texp,H2O), which corresponds to the time the SOA particles were 
exposed to a given relative humidity before the poke-flow experiments. Viscosities are based on the upper 
limits of viscosity shown in Fig. 4 of the main text.  Diffusion coefficients were calculated using the 
relation between viscosity and diffusion coefficients in sucrose-water from Price et al. 5. The variable dp 
corresponds to the diameter of the SOA used in the poke-flow experiments.

RH Upper limit 
of viscosity 

(Pa s)

Diffusion 
coefficient of 
water (m2 s-1)

dp (m)  τmix,H2O (hrs) texp,H2O (hrs) texp,H2O/ 
τmix,H2O

48 5.63x104 3.92x10-14 61-91 0.7-1.5 3-5 2.3-6.5
28 4.98x105 1.13x10-14 42-69 1.1-3.0 5-24.5 2.1-22
15 9.13x105 8x10-15 45-78 1.8-5.4 20 3.9-11.6
0 2.42x107 1.24x10-15 30-60 5.3-20.7 2-22 0.18-2.3

Table S2: COMSOL parameters used when simulating the viscosity of β-caryophyllene SOA from poke-
flow measurements

Surface tension 
(mN m-1)

Slip length (m) Density (kg m-3) Contact angle (°)

Range of values 29.7 a -45b 5x10-9-1x10-6 c 990d 30-100e

Values for lower 
limit

29.7 5x10-9 990 30-100

Values for upper 
limit

45 1x10-6 990 30-100

aLower limit of surface tension is the surface tension of liquid β-caryophyllene based on the model 
ACD/Labs Percepta Platform-PhysChem Module. Retrieved from Chemspider on May 15, 2019. bThe 
upper limit is consistent with surface tension measurements of SOA at RH ≲65% RH and surface 
tensions reported for alcohols, organic acids, esters, and ketones, as well as surface tension measurements 
of water solutions containing SOA products.6–9  cRange is based on measurements of the slip length of 
organic compounds and water on hydrophobic surfaces.10,11,20–22,12–19 dDensities is based on measurements 
from Tasoglou and Pandis.23 dContact angle range is based on ranges measured in other chamber 
generated SOA 24–26. Note: the simulated viscosities depend only weakly on the contact angle. Changing 
the contact angle by ±10% changes the simulated viscosity on average by ±15%, which is small compared 
to the overall uncertainties associated with the simulated viscosities.



Figure S1. Schematic diagram of the UBC Environmental Chamber. There are sampling and 
measurement systems for ozone, temperature, relative humidity, and particle size distribution (SMPS & 
OPS). 



Figure S2. The change of the ozone concentration inside the chamber with respect to time. Prior to a time 

of 0 hrs, the ozone concentration is at a steady state of approximately 325 ppb. At 0 hrs, the ozone injection 

is shut off, and the concentration of ozone starts to decrease afterwards. The ozone concentration drops to 

half of the initial value at approximately 1.5 hours.



Figure S3. Diagram of the poke-flow experimental set-up.



Figure S4. Viscosities as a function of particle conditioning time to the surrounding RH. Measurements 

were taken at RHs values of 48% in panel (a), 28% in panel (b), 15% in panel (c), and 0% in panel (d).



Figure S5. Geometry of the half-torus model used to simulate viscosity for the poke-flow experiments. 

Panel (a) shows the top view where R and r are the dimensions used to define the half-torus, and panel (b) 

shows a side view. In panel (b) surface 1 corresponds to the fluid-air interface, which can freely deform in 

all dimensions, and surface 2 corresponds to the fluid-substrate interface which can only deform parallel to 

the substrate surface.



Figure S6. Viscosities of β-caryophyllene SOA and calculated mixing times within a 450 nm β-

caryophyllene SOA particle. The y-error bars correspond to the upper and lower limits of viscosity from 

the measurements. The x-error bars correspond to uncertainties in the RH measurements. The horizontal 

line corresponds to a mixing time of 1 hr. The viscosity of water was taken from Crittenden et al.27.



Figure S7. High-resolution mass spectrometry data taken with ESI, nano-ESI, and nano-DESI ionization 
sources in both positive and negative mode. The intensities were normalized to the largest peak within 
each ionization mode. 



Figure S8. Toluene SOA viscosity as a function of RH. The y-error bars correspond to the upper and 
lower limits of viscosity from the measurements.  Shown in blue are the viscosity predictions based on 
nano-DESI positive mode mass spectrometry results from DeRieux et al. 28 where it was assumed that the 
weight fraction of individual compounds was proportional to the mass spectrum signal intensity (eq 3). 
Shown in orange are the viscosity predictions from DeRieux et al. 28 where a relation between weight 
fraction and intensity given in eq 14 of the main text was assumed. The shaded regions were calculated 
from nano-DESI mass spectrometry data collected at high and low RH separately.29



Figure S9. Diesel fuel vapour SOA viscosities as a function of RH. The x-error bars correspond to 
uncertainties in the RH measurements and the y-error bars correspond to the upper and lower limits of 
viscosity at each RH from Song et al. 30. Shown in blue are the viscosity predictions based on nano-DESI 
negative mode mass spectrometry results where it was assumed that the weight fraction of individual 
compounds was proportional to the mass spectrum signal intensity (eq 3). Shown in orange are the 
viscosity predictions where a relation between weight fraction and intensity given in eq 14 was assumed.
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