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Mixing State Parameterization

Particle Diversities - Effective number of species within a particle

1.4 D;=19 D;=2

O Dao = average per particle diversity

O Dy = bulk population diversity Dot

Dy—1

Oy = mixing state index L=

v = 30% -2 30% internally mixed, 70% externally mixed

N. Riemer and M. West [2013], Atmos. Chem. Phys., 13, 11423-11439
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Mixing State Diagram
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STXM Mixing State

HER 11
HER e E
3.0 -
2 2.5 -
a
I 5 T0: Average y = 60%
o 2.0 -
=
-
m
1.5 7 Cares TO
1.0 -
| | | | |
1.0 15 2.0 25 3.0
HER
1T Da

Per-particle diversity



Time Series and Correlations

See decrease in the middle = y is anti correlated with OC from EC/OC
Emission + condensation
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STXM Mixing State TO vs. T1

Bulk diversity
M
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Composition TO vs. T1

Pictorial Do = Mass fraction per particle
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SEM/EDX
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What 1s Pure?

Values around x = 80%
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Conclusions

O Mixing state (y%) is ~40-60% for STXM and ~80% for SEM
Comparing across different techniques is non-trivial

O Trends at TO consistent with an OC buildup

O Cares T1 has lower Da, Dy, and y values = primarily driven
by higher Organic

O  Future Work
O Looking at the Mixing state as a function of size

O Looking at correlations with concurrent optical, hygroscopic,
etc. measurements
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Conclusions

O Mixing state (y%) is ~40-60% for STXM and ~80% for SEM
Comparing across different techniques is non-trivial

O Trends at TO consistent with an OC buildup
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Composition TO vs. T1

Pictorial Do = Mass fraction per particle

T0 T1

OC
IN
EC

Mass fraction
Mass fraction

2001 4001 6001
Particle

1 2001 4001 6001 8001 1
Particle

More organic particles + more OC in mixed particles



Composition TO vs. T1

Pictorial Do = Mass fraction per particle
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STXM/NEXAFS

O Scanning Transmission X-ray Microscopy (STXM):

~25-40 nm resolution from zone plate
Sample raster scanned in fixed beam

“Stack”
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Primary and Secondary Aerosols
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Population Diversities

Masses Estimated from Microscopy Techniques:

STXM-> Two dimensional Area and Optical Density

SEM -  Two dimensional Area and assume Hemisphere






Time Series and Correlations

See decrease in the middle = y is anti correlated with OC from EC/OC

Other correlations- to be determined...

Photochemical age, hygroscopicity,
scattering




What are aerosols?

Solid and liquid particles suspended in air
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Climate Effects of Aerosols
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Radiative Forcing
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STXM Data

Chemical Map:
composition and
morphology
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SEM/EDX Data

Measure Characteristic x-rays
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Sources + Aging

Aerosol lifetime
~1 week '

Condensation
Coagulation



Aerosol Mixing State
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. Chemical Composition
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Conclusions

Mixing state (x%) is ~50% for STXM and ~80% for SEM
Comparing across different techniques is non-trivial

Different particle populations can have very similar mixing
state parameters.

Cares T1 has lower Da, Dy, and ¢ values - primarily driven
by higher OC, lower IN

Correlations are complex




Population Diversities

——— " Da = average per particle diversity
. B | " Dy = bulk population diversity

mm == mm | ¥y = mixing state index
me BN

__Da-1
K= Dy—1

v = 30% -2 30% internally mixed, 70% externally mixed

Calculated using:
® Mass fraction of particle i in the population

® Mass fraction of species a in the population

N. Riemer and M. West [2013], Atmos. Chem. Phys., 13, 11423-11439



Mixing State Diagram

Equal bulk amounts
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Composition TO vs. T1

Pictorial Dy = More OC and less IN at T1
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Mixing State Diagram

Equal bulk amounts
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Aerosol Mixing State

O Atmospheric impact of aerosols depends on the mixing
state of individual particles

O Aerosol mixing state evolves with atmospheric aging
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