Observation of the Suppression of
Water Uptake by Mixed Organic
Sulphate Aerosol Particles

R. L. Modini, Z.D. Ristovski, G.R Johnson and C. He

International Lab. for Air Quality and Health,
Queensland University of Technology, Brisbane, 4000, Australia

QUT
CRICOS No. 000213J



Introduction

How can organics affect the hygroscopic
growth of atmospheric aerosol?

* Introduce Agnes Water measurements
» Define water uptake suppression
 Why does it occur?
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Instrumentation
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Results: Nucleation events
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VHTDMA scans

Nucleation mode (16 nm) Aitken mode (40 nm)

e 2 dominant components in aerosol
e 1St component was likely organics
« 2" component was likely sulphates




VHTDMA scans + ZSR predictions

« ZSR assumption: particle components act independently of
each other

« Commonly used assumption to predict the hygroscopic
growth of mixed aerosol particles (e.g. ADDEM model:
Topping et al. ACP 2005)
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VHTDMA scans + ZSR predictions

Nucleation mode (16 nm) Aitken mode (40 nm)
ZSR valid if X ZSR not valid
HGFOlrg 1




Water volume uptake

* The ratio of water volume uptake of residual particles at a
given temperature to water volume uptake of untreated
particles
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« Similar variable defined by Cruz and Pandis ES&T (2000) and Chan and Chan
ES&T (2003) to describe how much hygroscopic growth deviates from ZSR
predictions
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Water volume uptake
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Water volume uptake

* 40 nm Aitken
mode particles at
Agnes Water
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e IfWVU>1, ZSR is not valid




More examples where WVU>1

18 VH-TDMA scans in total, 3 showed WVU significantly greater than 1

 These 3 scans were of Aitken mode particles
« Always occurred after nucleation event. Possibly aged nucleation mode
particles




More examples where WVU>1
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Why does water uptake suppression occur?

How can a small amount of organics (~17%) cause
such a large difference between measured and
predicted HGF (~20%)?

* Kinetic effects due to films or particle morphology: Is 6.5
secs enough time for particles to grow to their
equilibrium size?

e Solute-solute interactions (Cruz and Pandis ES&T 2000; Chan and
Chan ES&T 2003; Svenningsson et al. ACP 2006; Zardini et al. ACP 2006)
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Conclusions

We have observed apparent water uptake suppression
by mixed atmospheric particles

We cannot determine the mechanism behind these
observations

Other atmospheric studies have observed something
similar (Villani et al. ACPD 2009; Chuang et al. JGR
2003)

Further research is required in biogenic and
anthropogenic environments to identify:

1. Mechanism behind water uptake suppression

2. Abundance: Are these particles climatically significant?
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