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Heterogeneous iceHeterogeneous ice nucleation mechanismsnucleation mechanisms

•• Deposition nucleation (deposition nuclei)Deposition nucleation (deposition nuclei)

•• Freezing nucleationFreezing nucleation
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•• Two important mechanisms for upper Two important mechanisms for upper 
tropospherictropospheric cirrus: cirrus: 
immersion and deposition nucleationimmersion and deposition nucleation

•• Potential effective ice nuclei:Potential effective ice nuclei:
soot particles soot particles 
((DeMottDeMott et al., 1999; et al., 1999; StrStröömm and and OhlssonOhlsson, 1998; , 1998; 
Chen et al., 1998)Chen et al., 1998)
mineral dust mineral dust 
(Chen et al., 1998; (Chen et al., 1998; DeMottDeMott et al., 2003;et al., 2003;
SassenSassen et al., 2003; et al., 2003; 
ZuberiZuberi et al., 2002; Hung et al., 2003)et al., 2002; Hung et al., 2003)



Surface sootSurface sootSO4SO4

Aircraft sootAircraft soot DustDust
0.10.1--1 cm1 cm--33

0.50.5--5 cm5 cm--33

0.50.5--5 cm5 cm--33



Mass fraction (%) of SO4 onof SO4 on
dust bin 1 (0.05-0.6 um radius)

> 900 > 900 mbmb 470470--220 220 mbmb

hydrophilic



Mass fraction (%) of SO4 onof SO4 on
dust bin 2 (0.6-1.2 um radius)

> 900 > 900 mbmb 470470--220 220 mbmb

hydrophilic



Adiabatic parcel model to study immersion Adiabatic parcel model to study immersion 
nucleation on mineral dustnucleation on mineral dust

•• Include ice nucleation and Include ice nucleation and 
initial growth of ice crystals in initial growth of ice crystals in 
a constant updrafta constant updraft

•• Thermodynamics of sulfate Thermodynamics of sulfate 
aerosol: Kohler equationaerosol: Kohler equation

•• Parcel cooling rate:Parcel cooling rate:

•• Deposition growth rate of ice Deposition growth rate of ice 
crystal: crystal: PruppacherPruppacher and and KlettKlett
(1997)(1997)
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•• Homogeneous freezing of sulfate based on Homogeneous freezing of sulfate based on 
effective freezing temperature (effective freezing temperature (TTeffeff) approach) approach
((SassenSassen and Dodd, 1988)and Dodd, 1988)

•• Immersion nucleation on mineral dust based onImmersion nucleation on mineral dust based on
Classical theoryClassical theory ((PruppacherPruppacher and and KlettKlett, , 

1997). The ice nucleation rate per particle is1997). The ice nucleation rate per particle is
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ZuberiZuberi et al. (2002)et al. (2002)’’s Lab measurements:s Lab measurements:
The difference in heterogeneous and The difference in heterogeneous and 
homogeneous freezing temperature for ice homogeneous freezing temperature for ice 
in (NHin (NH44))22SOSO44--HH22O particles with O particles with kaolinitekaolinite
(mineral dust) immersions remains constant (mineral dust) immersions remains constant 
at 7 K. The at 7 K. The effective freezing temperatureeffective freezing temperature isis

so that
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Figure. Critical RHi as a function of 
temperature
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Comparison of model predicted ice number with Comparison of model predicted ice number with 
dust immersion using classical theory (with dust immersion using classical theory (with mmisis==--
0.1) and 0.1) and ZuberiZuberi’’ss effective temperatureeffective temperature
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SummarySummary

•• Mineral dust number in the UT is probably less Mineral dust number in the UT is probably less 
than soot number, but still than soot number, but still compariablecompariable. . 

•• Heterogeneous ice nucleation on mineral dust Heterogeneous ice nucleation on mineral dust 
based on classical theory suggests based on classical theory suggests mmisis= = --
0.2~0.0. (similar to Hung et al., 2003)0.2~0.0. (similar to Hung et al., 2003)

•• Ice number is quite insensitive to dust mass Ice number is quite insensitive to dust mass 
(number) from classical theory with (number) from classical theory with 
mmisis = = --0.1, but becomes more sensitive when 0.1, but becomes more sensitive when 
using using ZuberiZuberi’’ss effective temperature.effective temperature.
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