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Direct Observations of Atmospheric

Aerosol Nucleation
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Small clusters and Critical size Growing
molecules for clustering clusters

* No direct connection to NPF

* Sulphuric acid and amines
= Very slow growth

» Stabilizing organic compounds
« Slowly growing (<1 nm/h)
« Determines J,

a2 @ @ ® . =
@ @ ‘ ol 9 2 “Q
5 s @ ° 5 2 .9
] 8 * o @ o o‘
. ®° . 60
@ e..a @ J‘ s o 9 O
‘ ‘33 .;""a% o JJ. a"
220 o, @ e
?
e @ @
30 QJ =
> * 5

Key processes:

300 ...

500 amu

* Organics start to dominate
* Rapidly growing (~2 nm/h)
 Nano-Koéhler

« Determines J,

1.1 ... 1.3 nm

Kulmala et al.,

2013, Science



A high-resolution mass spectrometer to Atmes. Meas. Tech. Disouss., 3, 509-638, 2010
measure atmospheric ion composition _
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Negative ion spectra from Hyytiala
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Negative ion spectra from Hyytiala
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The short life of an ion

lons In Air:  few minutes



The short life of an ion

CIMS: High NO;" fraction of a second

lons in Air: Low NO;” few minutes
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CI-APi-TOF for neutral compound measurements
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Gas phase formation of extremely oxidized pinene reaction products
in chamber and ambient air
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A large source of low-volatility secondary
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Auto-oxidation
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A-pinene + O3 addition of (NH4)2504 seed
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PAUL SCHERRER INSTITUT
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APi-TOF data confirm:
Organics participate in cluster formation from
the very beginning
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lonization Techniques
Electron Impact (“hard”)
R+ e 2 R+t +2e- > R+ universal
Chemical lonization (“soft”)
proton transfer
PTRMS R + H30+ = RH+ + H20 hydrocarbons

Acetate RCOOH + C2H40- - RCOO- + C2H502 (carboxylic) acids

clustering
lodide R+1-> R.I- polarized species
Nitrate R + NO3- > R.NO3- highly oxidized organics

[ H2SO4 + NO3- - HSO4- + HNO3 ]



Particle-phase ON

Gas-phase ON
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PAM Reactor Components
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PAM Reactor
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e UV Ilamps: A = 185 and 254 nm wavelength
 Humidifier, Autovalve, RH/T, Photodiode
e Electronics box with ballasts and control board
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Result 2b — Proof of Concept
isoprene + “high OH”
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Result 4b
o-pinene + “high OH”
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36 ppb isoprene + “high” OH, low NOx
comparison with Krechmer et al.
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Hyytiala NO ;- ToF-CIMS
PMF Mass Spectral Factors
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