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Aerosol water 1s 2-3 times dry aerosol mass.

Dry Water associated with
sulfate/nitrate/ammonium sulfate/nitrate/ammonium
aerosols aerosols
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Increased particle water impacts visibility,
climate, and atmospheric chemistry
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Shenandoah National Park, National Park Service

* Particles must be aqueous before growth

Slide from AM Carlton,2016
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Phase transitions in this talk
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Optical Levitation Setup




An upward oriented Gaussian beam
facilitates initial trapping -«

Trapping site




The Bessel beam supplies additional gradient force
and can trap 350 nm particles (or less)
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Sizing:Evaporation of a Glycerol Droplet
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Homogeneous Phase Transitions of
Hygroscopic Salts




Ammonium Sulfate Deliquescence

® |

 water uptake by 79% RH
e fully deliquesced by 81% RH



AS Homogeneous Efflorescence

Lower RH >



Far-Field
Imaging:

Homogeneous

efflorescence of
Na,S0,




Bright-field imaging of trapped crystals

(NH,),SO, NaCl

The rigidity of the crystalline surface make it difficult to trap



Comparison with Literature Values
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Contact




Global Hi-Res Aerosol Simulation
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Internally Mixed Particles Common in Atmosphere

: silicate 500nm

Sulfate-salt

Na2S04 NaCl
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Li etal. (2003) J. GeoPhys. Res., Buseck and Posfai (1999) PNAS



What happens to the water upon contact?
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Contact Efflorescence: PSL on AS




NH/NO; assumed always aqueous

NH,NO;,




NH,NO; . does not homogeneously effloresce
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Contact efflorescence of NH;NO; .,
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Single-collision contact efflorescence
can occur at > 20% RH
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moles HyO/moles NH4NO;

Single-collision contact efflorescence
can occur at > 45% RH
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Single-collision contact efflorescence
can occur at > 50% RH
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Single-collision contact efflorescence
can occur at > 59% RH
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Contact impacts phase
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Always liquid NH,NO; Mostly solid NH;NO;,



(NH,),SO, CERH (%)

Contact Efflorescence RH vs lattice match
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(NH,),SO, CERH (%)
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(NH,),SO, CERH (%)
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(NH,),SO, CERH (%)

Contact Efflorescence RH vs lattice match
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Contact nucleation using functionalized
amorphous organic particles
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PSLs are not expected to be effective
heterogeneous nuclei

Amidine PSLs:
« NH,NH/NH,NH," surface groups
* Positive net surface charge

Carboxyl PSLs:
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Polystyrene latex spheres (PSLs)

functionalized with carboxyl (-) or amidine (+)
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Homogeneous Efflorescence/ PSL Immersion
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Contact with 400 nm amidine (+) PSL

1.0{+e- T A sodium
chloride .
0.8+
o
0.6 ot
L §:
0.4- S
S 3 “ Cr
3 0.2- : Cr Na* =
2 Na* Nat
S 0.0 T T T T T T i
% 45 50 55 60 65 70 75
L'a 1.0{+e- B ammonium?
> chloride
= 0.8 :
S i
s 067
= o
=¥ 0.4 i=r
a:
0.2- :
0.0 :_H T T T T
45 50 55 60 65 70 75

Relative humidity (%)
e contact with amorphous spheres raises ERH

o similar contact induced ERH for both salts (with Cl counter ion)



Probability of efflorescence

Contact with 400 and 800 nm carboxyl (-) PSL
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Contact Nucleation with Mineral Dust

Solid mineral
!

e Compare contact with immersion



Contact more effective than immersion
Very similar to (-) PSLs
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Contact more effective than immersion

Particle Size (A.U.)

Very similar to (-) PSLs
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Heterogeneous ERH of NaCl by Single Particles
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* Contact and immersion ERH higher than homogeneous ERH
* Single collision contact ERH higher than immersion ERH
* Similar behavior for illite, montmorillonite, (-) PSL



NaC(l lifetimes wrt collision in atmosphere
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Conclusion

Particles collide in the atmosphere
Lattice match one factor in contact efflorescence

Contact more effective than immersion
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Atmospheric contact: more solid particles
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