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S1. Flow-cell calibration and particle conditioning time determination

In both beaemobility and pokeandflow experimentsthe flow-cell was calibratedfor relative humidity (RH)

using the deliquescenpmintsof three salts including ¥COs, NaCl, and (NH).SQ: (Winston and Bates, 1960)
The experimentally determined deliquescence RH at each measurement temperature 273, 283, 293 veare 303 K
compared with literatureThe RH accuracy was within 20 % and thetemperature was controlled withintK

of the target

Prior toeachexperiment, particledepositecbn ahydrophobicsubstratevere conditione@tthe target RH of
the carrier gas tallow sufficient equilibration with the surroundinggases Conditioning times weredjusted
dependingon the experimental temperaturand technique To evaluate whether the samples reached-near
equilibrium with the target RH, we applied a method previously reported in the lite(Kilaed et al., 2023a;
Smith et al., 2021a; Kiland et al., 2023b; Maclean et al., 2021; Evoy et al., 2021; Smith et al., Pi2Ihgethod
involves comparingexperimentalconditioning time to thecharacteristiamixing time of waterwithin organic
aerosolOA), Ghix 2o calculated
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Here,dyrepresents thparticlediameterO  "YiY "Ois the RH and temperaturdependent diffusion coefficient
of water in OA The value oDy was calculated using the fractional Stdkesstein equationwhich accounts

for the link between viscosity and diffusion in cases where the diffusing species are comparable in size to, or smaller
than, the molecules forming tineoleculeqEvoy, 2020)
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In this equationQJ "Y is thethe selfdiffusion of water calculated with the StokEmstein equation at 3K
(2.15 x 10°m?sY). -3 "Y is the viscosity of pure watebtained from literaturevith values of 1.78x10P a s
at273K,1.31x16Pa s at 23®3a K, aand®1BAKPa s a(Weigh) 219K ."YiY Ois
themeasurediscosity ofsucrosetthe correspondindRH andtemperatures-is the fractional exponentsing Eq.
(S1.3), which accounts for the relative size of the diffusing molecule and the matrix:

v p ! Aop "9 (S1.3)
O
wherecoefficient values of A = 0.73 and B = 1.{®voy et al., 2020) rqir hydrodynamicadiusof waterof 0.1
nm.(Price et al., 2016Jhe matrix radiusrmarix, Of the sucrose molecule was calculated under the assumption of
spherical geometry, usir@#2.30 g mot andadensty of 1.67 g cnmi(Haynes, 2016yesulting infmatix = 0.44nm
and, T pConditioning durations for the other temperatures (273, 283,and 303 K) are summarized in
Table S1.
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In addition to water, we also estimated the mixing simfeorganic molecule@hixorg to assess potential diffusion
limitations within the particle matrix itself. This is particularly relevant under conditions wheresséichor glassy
states may impede equilibration. The diffusion coefficient of orgdiileg) was calculated using the classical
Stoke$ Einstein equation (Eq. S1.{4Evoy et al., 2019; Evoy et al., 2020)
. E4

$ 4k o5 2 (M2
wherek is the Boltzmann constant, is the temperaturandRH dependent viscosity of OfAnd Ryt is the
radius of the diffusing molecules. Wised 0.4 nm foRir, consistent with typical organic molecules of similar
molecular weight and densityJsing the estimated diffusion coefficients, the mixing time of organics was
calculated as:

(S1.4)

(SL.5)

A particle diameter of 200 nm was used in all calculations, consistent with the typical size of secondary organic
aerosol (SOA) particles observed in the atmosptRiipinen et al., 2011; Pdschl et al., 2010he Ghix orgvalue
represents thigme required for theeoncentration of the diffusing species atpha r t i ¢ | teditanl/e efthe e r
equilibrium concentration

The diffusivity coefficient of NOs in OA (Dn2os), which is needed in calculations ob®b uptakecoefficient,is
also determined using the fractional Steldsstein equatioS1.2 and S1.3). In Eq. S1.3, tiedrodynamic radius
of N2Os is set to be 0.25 nifGrzinic et al., 2015)
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S2. Viscosity parameterization of sucroseH20 droplets

We parameterizedhe viscosity ofsucroseH,O dropletsas a function of RH and temperatufellowing the
approach proposdaly Kiland et al.(2023)Experimental data at 298 1 K was fited using anole-fraction-based
Arrhenius mixing ruleEq. S2.)

1TL2wo+@ 11 Cs f p @ 119 (S21)

whered(RH, 293) is the viscosity of the mixture at room temperatudgyary is the viscosity of the organic
componentt0%RH (1x102P a), andd ho is the viscosity of pure watéix10°P a . s )

The mole fraction of organicomponers, @ , wascalculatedrom the massfractionusing:

@ - (S2.2)

whereworgis the mass fraction of the orgamemponentandMorg andMu,0 are themolecular weight of sucrose

and water, respectively.worg was determined from the water activitya( = RH/100Q using a masbased
hygroscopicity parametds as shown ifEq. S2.3

A (S23)

To evaluate the tropospheric distribution of predicted sutkbseO dr opl et phase state
utilized monthly mean reanalysis data for temperature and RH from the Copernicus Climate Data Store
(https://cds.climate.copernicus.p@Hersbach et al., 2023The dataset provides global coverage frorfNot

9(°S and 188W to 180 E, with temporal resolution spanning January 2020 to December 2024. The ahlifude (
corresponding to each pressure level was computed using the following equation derived from the barometric
formula:

Fitting the experimental data at2H yieldedthe valueof k = 0.06L £ 0.003. As shown in Figure S8, the model
provides a good fit to the experimental data, supporting the robustness of the parameteRe&tienand
Kreidenweig2007) reporteck valuesbetweerD.01and0.5for diverseorganiccompoundshighlighting variability

in hygroscopicity with moleculastructure

an


https://cds.climate.copernicus.eu/
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S3.Collection of global ambientzonaltRH and -temperature

=

®)

Ec

whereP is the pressure #te given level1000 hPd 100 hPa)n is the pressure at sea level (101325 Rag the

gas constant (8.314 J mbK'?), _ is the temperature lapse rate (6.5 K' RV is the molecular mass of the air
(28.97 g mdlh), andT,is themeantemperature at the surface (288.15 K).construct latitudialtitude profiles,

the monthly RH and temperature values were averaged across all longitudes at each latitude and pressure level.
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Figure Sl: Calibration line illustrating the relationship between mean bead speeds and viscosities sdficroseH20
droplets at varying relative humidity (RH) levels. A linear regression, shown by the red dotted line, fits the data with the
equation: o ¥ vdko Om+ 4 m+P—nm™ . The pink area denotes 95% prediction bands of fitting
to the data in this study The uncertainty in mean bead speed along axis is calculated fromstandardization of 27 5

beads within37 5 particles for each RH value.
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95 Figure S2 Optical images ofsucroseH20 droplets during a typical bead-mobility experiment at different temperatures.
96 Three labeled beads with tracked x and y coordinates were used to determine average bead spesitsg ImageJ
97 softwareThe size of the scale bar is 20 &m.
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Figure S3: (a) Mean bead speedand (b) resulted viscositiesrom bead-mobility experiments for sucroseH20 droplets
as a function oftemperature and relative humidity (RH). The x-axis error bars represent the uncertainty in RH from
the RH sensor during calibration at each temperature, whiley-axis error bars indicate the standard deviation of the
measuredbead speedand viscositycalculated from 31 5 beads across P 5 particles at each RH level.
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106 Figure S4 Optical images for experimental flow times {exp, flow) during poke-and-flow experiments at different
107  temperatures. White scale bar indicates 26m.
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Figure S5: (a) Mean experimentalf ow t i me

U(Cexp,

viscosity.

fl ow),

( U ( e x pand-flow emparimpntsfor socroseplaDldmplets as

a function of temperature and relative humidity (RH). The x-axis error bars represent the uncertainty in RH from the

RH sensor during calibration at each temperature, whiley-error bars indicate the standard deviation of the measured

cal cul at4epdrtickes abeach Rid levelbyRemaeihntt e dofvi 3cosi ties
flow) and the equation proposed by Sellier et a(2015)The y-error bars indicate the standard deviation of the measured
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Figure S6: Optical images of sucroseH20 droplets during pokei andi flow experiments at different temperatures.
Observations were made when particles cracked at certain relative humidity (RH), and they wetken monitored for
longer than 2 hours, with no evidence of flow restoration was detected. RH was consistently regulated throughout the

pre-poking, poking, and postp o ki n g

stages.
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