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What are surfactants?

“Surfactants are chemicals that reduce surface tension of medium where it dissolved
and/or interfacial tension with different phases”

RH =90% RH =70%

» Surfactants are partitioned to surface.
» Full cover as organic films; partially engulfed inorganic core.
» Surfactants can impact CCN activity of aerosols.

McNeilletal., Top Curr Chem, 2013
Freedman, Chem Soc Rev, 2017
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Activation process for different particle mixing rules
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Particle-resolved aerosol model PartMC-MOSAIC

& Partmc

» A Lagrangian box model.

» PartMC simulates the dynamics of
an aerosol with a stochastic Monte A
Carlo approach.

» MOSAIC simulates the change of
composition of each particle during .
the evolution.

BC
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Our goal of this research

& Partmc

» Implement a method into
PartMC-MOSAIC to consider

surfactants

» Quantifying impact of surfactants

on CCN activity

X. Xu (University of lllinois)
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How to represent surface tension for each particle?

Surfactants impact surface tension of each particles, thus not constant surface tension (CST)
anymore.
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Effective surface tension (EST) method

a) Morphology Assumption
Liquid-Liquid Phase Separation (LLPS)
Core: inorganic-rich phase a
Shell: organic-rich phase f

b) Minimum Shell Thickness
phase f# must be at least of a

certain thickness
8g min €[0.16,0.3] nm

TRy

O'(D) = (1 - Cﬁ)O’a + CBO'Ig
Effective surface tension

c) Surface Coverage
— min | VB
Cpz = min [Vs'1]

Shell volume: Vg = gn[(r + 85, min)*—7?]

Ovadnevaite et al, Nature, 2017
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Finding root for new critical supersaturation
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Comparison of Kohler curve with/out EST
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Impact on per-particle quantities for a single hour

A 24h idealized urban plume scenario simulation considering a population of 10000
computational particles. Time = 12h here.

Critical supersaturation S¢ (%)
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» Comparison of S; as a function of Dy, with CST and EST for t = 12h.
> Relative error in critical supersaturation with an average of 57%.

» Activation ratio at 0.3% is 0.73 for EST, while 0.6 for CST.
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Impacts on regional scale - near surface

Apply EST method to WRF-PartMC simulation results. ~ CCNggr — CCNcsr
ECCN = CCNgst

(b) CCN relative error
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» The average relative error is ~24%.
» The highest relative error is ~85%.
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Impacts on regional scale — different locations
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Impacts on regional scale - vertical level
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Impacts on regional scale — PDF

Apply PDF to CCN concentration relative error for whole simulation region
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» PDF for all diameter: largest frequency occurs at ~10%.
» The greatest relative error in CCN concentration occurs within the 40 — 70 nm size interval.
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Conclusions

1072
s EST \
0.20
‘ — — = CsT = 0.6 //
gPartmc : ==
0.151
s ~~ 8 o] \ 0.6
o ~
©* @ o 0@ | M cst
© I ~o :
& I "'""-- . .
Q ‘ . ‘ . L 005{ 1 — 0.0l Single population
> T T T T
@ ] | 102 10~ 0.3 10° 10t
. . ‘ . . 0.00 L . . . Supersaturation (%) .
¢ ‘ @ ¢ Q -20 ¥
S
¢ e A 9 e 40 5
()]
: — . Z
1 2 3 4 N —60 ©
Model development Wet diameter (um) B _ o
=2
. . 2 - — (@]
Single particle scale . - 80 o
Regional scale %W—J
| ~100

X. Xu (University of Illinois) Surfactants impact on CCN activity Dec 7th, 2023 15/17




»Previous k-Kohler theory provides upper limit.

»Current effective surface tension method provides lower limit.
»Apply O:C ratio to replace LLPS assumption.

»Refine SOA scheme to capture species with high O:C ratio.
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Thank you! Questions?

Xiaotian Xu 7N ASR
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xx24@illinois.edu oo P Atmospheric
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