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S1. Measurements of bead speeds

Viscosity of a particle was determined by conversion from the bead speed inside a particle (Renbaum-Wolff et al., 2013a).
The calibration curve was used for the conversion, which plotted and fitted the bead speeds measured at different RH values
as a function of the known viscosity of sucrose/H,O particles at the same RH (Fig. S1). In this study, we used bead speeds =
7.35x 10 x (viscosity, n)"*% equation from our previous study (Renbaum-Wolff et al., 2013a), which shows good agreement

with the result for sucrose/H,O particles in this study (R? =~ 0.95).
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Figure S1: Calibration curve showing mean bead speeds as function of viscosities of sucrose/H.0 particles at different relative humidity
(RH) values. The red curve is produced by a linear fit to the measurements, which yields the equation: bead speeds = 7.35x 10-*x (viscosity,
)19, The pink shaded envelope indicates 95% prediction bands of fitting to the data in this study. The error in mean bead speed (x-axis) is

a standardization of 3-5 beads in one or two particles at given RH.

All bead speeds in Fig. S2 were converted to viscosity using the calibration curve in Fig. S1. Figure S2 (a) shows the mean
bead speeds as a function of RH for sucrose/H.O and AS/H,O. The bead speeds of the sucrose/H,O particles decreased from
~1 x 10 to ~3 x 10° um-ms? when the RH decreased from ~81 % to ~68 %. The bead speeds of the AS/H,O particles
decreased from ~4 x 102 to ~1 x 102 um- ms™ when the RH decreased from ~61 % to ~50 %. In Fig. S2 (b), the mean bead
speeds measured at different RH values for sucrose/AS/H,0 particles with OIRs of 4:1, 1:1, and 1:4 are presented. The bead

speeds of particles with OIR = 4:1 decreased from ~4 x 102 to ~9 x 10 um-ms™ when the RH decreased from ~81 % to



~53 %. The bead speeds of the particles with OIR = 1:1 decreased from ~1 x 10?2 to ~3 x 10 pm- ms™ when the RH decreased
from ~70 % to ~34 %; bead speeds of the particles with OIR = 1:4 decreased from ~2 x 102 to ~1 x 10 pm-ms™* when the
30  RH decreased from ~64 % to ~43 %.
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Figure S2: Mean bead speeds as a function of relative humidity (RH) for (a) binary systems of sucrose/H>O and ammonium sulfate

(AS)/H20, and (b) ternary systems of sucrose/AS/H20 particles with organic-to-inorganic dry ratios (OIRs) = 4:1, 1:1, and 1:4. X error bars

35 indicate uncertainties in the RH sensor calibration. Y error bars indicate standardization of 3-5 beads in one or two particles at given RH.
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S2. Measurements of viscosity using poke-and-flow technique

Figure S3 shows the optical images of the sucrose/H,0 and sucrose/AS/H,0 particles for OIR = 4:1 during pre-poking, poking,
post-poking. The experimental flow time was measured as the time taken for the area of the inner hole to decrease to 1/4 of
the initial area based on the method of Renbaum-Wolff et al. (2013a) and Grayson et al. (2015). After the experimental flow
time was measured, the lower limit of viscosity was calculated by the formula established in Sellier et al. (2015).

From the poke-and-flow experiment, the lower limit of viscosity was obtained by a fluid simulation (COMSOL) as described
in previous studies (Renbaum-Wolff et al., 2013b; Grayson et al., 2015; Sellier et al., 2015); the particle geometry was fixed
with a 20 um quarter-sphere diameter which required the lower limit of physical parameters such as (i) density, (ii) contact
angle, (iii) slip length and (iv) surface tension. Accordingly, the lower limit of (i) density was assumed to be equal to the
density of pure water, (ii) contact angles were measured to be 87 ©~ 93 ° for ~ 20 ul of all solutions on a hydrophobic substrate,
and (iii) the lower limit of slip length was assumed to be 5 nm as described in previous studies (Churaev et al., 1984; Baudry
et al., 2001; Joseph and Tabeling, 2005; Renbaum-Wolff et al., 2013b; Li et al., 2014; Grayson et al., 2015). In addition, (iv)
the surface tension for sucrose and AS are available in the literature (Grayson et al., 2015; Dutcher et al., 2010). The lower
limits of these physical parameters for all solutions, used in this study, fall within the range of the lower limits used in previous
studies that used the same technique, i.e., poke-and-flow (Renbaum-Wolff et al., 2013b; Grayson et al., 2015; Song et al.,
2016a, 2019; Song et a., 2021). Therefore, the lower limit of the viscosity was defined as ~108 Pa-s when a particle cracked

during poke-and-flow experiments.
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Figure S3: Optical images for experimental flow times (T(exp, flow)) during poke-and-flow experiments at 293 + 1 K on pre-poking, poking,
and post-poking for particles consisting of (a) sucrose/H20 and (b) sucrose/ammonium sulfate (AS)/H20 for organic-to-inorganic dry ratio
(OIR) = 4:1. White scale bar indicates 20 pm.
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Figure S4: Experimental flow time of sucrose/Hz20 and sucrose/ammonium sulfate (AS)/Hz0 particles for organic-to-inorganic dry ratio
(OIR) = 4:1 as a function of relative humidity (RH) from poke-and-flow experiments at 293 + 1 K. The x error bars indicate the uncertainty
in the RH calibration. The viscosity of sucrose/H20 and sucrose/AS/Hz0 particles with OIR = 4:1 (Fig. 4) indicate standardization of 2-8

particles as a result of poke-and-flow experiments at given RH.



S3. Comparison of additional AIOMFAC-VISC model settings
Figure S5 shows how the measurements align with the default aquelec mixing approach in AIOMFAC-VISC compared to the

70  ZSR mixing approach shown in Fig. 4 of the main text.
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Figure S5: Comparison of viscosity measurements from bead-mobility and poke-and-flow experiments (squares) and Aerosol Inorganic—
Organic Mixtures Functional groups Activity Coefficients Viscosity model (AIOMFAC-VISC) predictions (solid curves) of ternary mixtures
of sucrose/ammonium sulfate (AS)/H20 at varying organic-to-inorganic dry ratios (OIRs) at 293 + 1 K. AIOMFAC-VISC predictions with
75 the aquelec mixing model. Model sensitivity, defined by the impact of + 2% variation in aerosol water content, is shown by the dashed
curves. Shaded regions show the potential viscosity prediction error introduced by + 5% error in the glass transition temperature of sucrose.

See also Fig. 4.
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