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Single Aerosol Particle Mass Spectrometry
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Homogeneous Ice Nucleation in Aqueous Solution Droplets
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lce nucleation studies in AIDA chamber Mohler et al.
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lce nucleation studies in AIDA chamber Mohler et al., ERL 2008
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When dry air is too humid: the clear-air puzzle
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Inside cirrus clouds
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Inside cirrus clouds
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Inside contrails
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When dry air is too humid: the inside-cloud puzzle

Altitude (km)

Altitude (km)

Altitude (km)

RHI (%)

N
N

_—

\ Suppressed nucleation

threshold

Suppressed growth

Conventional nucleation and growth

Ll

Time (minutes to hours) —>

Peter, Marcolli, Spichtinger, Corti, Baker, Koop, Science 2006



Potential solutions to the inside-cloud puzzle

Subresolution patchiness of cirrus clouds

Average implies supersaturation within clouds




Potential solutions to the inside-cloud puzzle

Subresolution patchiness of cirrus clouds

Dynamical instability!

Average implies supersaturation within clouds




Potential solutions to the inside-cloud puzzle

Formation of o : . +. Differences in
cubicice Ic ' ; . 1+ X-ray diffraction
"' patterns

Vapor pressure of cubis ice Ic is ~10% larger than hexagonal ice |h

Murray et al, Nature 2005
Shilling et et., GRL 2006



Potential solutions to the inside-cloud puzzle

Mass accommodation coefficient of water on ice
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Potential solutions to the inside-cloud puzzle

Mass accommodation coefficient of water on ice
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Potential solutions to the inside-cloud puzzle

« Measurement uncertainties?

HNO3?

Cubic ice?

Small O, of water on
ice crystals?

Small scale patchiness?

no, probably not large enough

no evidence from lab
or thermodynamics

yes, but only ~10% effect

probably yes, but only at
low supersaturations

yes



Potential solutions to the clear-air puzzle

 Lack of preexisting aerosol particles no evidence

« Small O, also on aerosols?

24 ———rrr————rr————rrrr 5 100.0
R '--.I..\~
2.2 — ~~~+ c\::g
i S. 410.0
8 =
Dol moderate . 2
x . =
® - updraft ¢
& | :
i E 1.0 L
1.8 |- i
1070 1074 10-3 1072 10-1

Aerosol accommodation coefficient

Jensen et al., ACP 2005



Dan Murphy
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Upper tropospheric aerosols
contain 60-80% organics!
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Organics and Ice Nucleation
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Homogeneous Ice Nucleation in Aqueous Solution Droplets

stable
\\\\ liquid
240 B \\ "
metastable \\ -

Temperature [K]

“no man's
180 B Iandu

1 ®, . I .1 \n_
1.0 09 08 0.7 06 0.5

Water activity a,,

iInorganic solutes
organic solutes (ethylene glycol, glycerol, glucose, urea)

—> nucleation rate coefficient parameterization also works for organics



Solute mass fraction in aerosol droplets at 80% RH:

iInorganic solutes:
NaCl
H,SO,
(NH,),S0,

organics:
oxalic acid
glycerol
succinic acid
glucose
octanetetrol
levoglucosan
sucrose
HMMA

0.23
0.27

0.43

0.50
0.51
0.61
0.65
0.69
0.70
0.70
0.80

more water
— larger

less water O
— smaller

=> organic aerosol particles exhibit
larger solute mass fractions



Solute mass fraction in aerosol droplets at 80% RH:

iInorganic solutes: more water
NaCl 0.23 — larger
H,SO, 0.27
(NH,),SO, 0.43
organics: less water
oxalic acid 0.50 — smaller O
glycerol 0.51
succinic acid 0.61 . : _
glucose 0.65 => organic aerosol particles exhibit
octanetetrol 0.69 larger solute mass fractions
levoglucosan 0.70
sucrose 0.70
HMMA 0.80

Marcolli et al., J.Phys.Chem.A, 2004

In multi-component organic aerosol particles,
solutes are less likely to preciptate

=> likely in a liquid state



Liquids can show quite different
mechanical properties
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Viscosity [cP]
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The pitch drop experiment
started by Thomas Parnell in 1927

at the University Of Queensland in Brisbane, Australia

Current custodian: John Mainstone
Photo taken 1990

Experiment Timeline

Date

Event

1927

1930

December 1938
February 1947
April 1954

May 1962

August 1970

April 1979

July 1988
November 28, 2000

Experiment set up
The stem was cut
1st drop fell
2nd drop fell
3rd drop fell
4th drop fell
Sth drop fell
6th drop fell
7th drop fell
8th drop fell
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Experimental Determination of Glass Transition Temperature

Various binary organic systems
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Zobrist et al., ACP 2008 organic / inorganic
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Polymers in Secondary Organic Aerosols

Intensity

Photooxidation of 1-3-5 trimethylbenzene
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Ice nucleation studies in AIDA chamber
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Ice nucleation studies in AIDA chamber
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Ice nucleation studies in AIDA chamber
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lce nucleation studies in AIDA chamber Mohler et al, ERL 2008
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Ice nucleation studies in AIDA chamber
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lce nucleation studies in AIDA chamber Mohler et al, ERL 2008
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Potential solutions to the clear-air puzzle

« Measurement uncertainties? probably not large enough

« Small O, of water on unlikely
nucleating ice crystals?

« Glass forming aerosols? likely candidate



Potential solutions to the clear-air puzzle

« Measurement uncertainties? probably not large enough

« Small O, of water on unlikely
nucleating ice crystals?

« Glass forming aerosols? likely candidate

Glass formation in aqueous organic aerosol particles

« Depends primarily on molar mass of solutes (My, > 150 g mol'1)

* Inhibition of water uptake and heterogeneous chemistry

* Inhibition of ice nucleation and growth See Poster P111 by Zobrist

=> Enhanced lifetime of organic aerosols





