Initial steps of aerosol nucleation and
growth: field observation in Nanjing
and laboratory experiments
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Adapted from Raes (2000)
(courtesy, K. Pringle)
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Typical new particle formation events
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Two critical steps In New Particle Formation
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Particle Sizers scanning 1 nm-1000 nm
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The effect of Biogenic VOCs on the formation of sub-3 nm particles

Aerosol Lifecycle IOP campaign 2011

Yu H., etal., JGR-Atmosphere, 119(2), 2014.

PSM >1 nm particles
Nano-SMPS | 3-64 nm particles
Long-SMPS 10- 478 nm particles
NO3-CIMS H,SO,

PTR-TOF-MS | VOCs

Gasanalyzer

$O,, 03, NO,/NO,, CO




PINOT NOIR campaign (2012)

Yu, H.* et al., Aerosol Science and Technology, 2014.
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Prticle size distribution: :
NSMPS+OPC - ~7nm-3 um |




field observation in Nanjing (urban atmosphere)
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How to get Growth Rate and Nucleation Rate ?

---conventional method

333343}

Normalized concentration
o o o o o

Appearance Time method

Kulmala, Science, 2013
Lehtipaloetal. 2014
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Problematic for rapid growth of
particles (Feb 18 2015, Nanjing)




Size- and time dependent nucleation rate calculation
--- Aerosol Dynamic Balance method

General Dynamic Equation
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Fast and non-monotonically increasing growth rate
with size
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Kchler curve nano-Kchler curve
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Table 1. Primary Differences Between the Traditional Kohler Theory [Kohler, 1936; Laaksonen et al., 1998] and the Nano-Kdhler

Theory™
Theory Binary Koéhler Nano-Koéhler

Activating particles

Identity Cloud condensation nuclei Inorganic clusters

Size (diameter) =50 nm -3 nm
Activating vapor

Identity water soluble organic compound

Gaseous concentration 10'°-10"" molecules cm 10°-10® molecules cm

Saturation ratio (S) <1.01 not limited

Factors influencing S ('S, air cooling rate, fluctuations in cooling rate CS, Q, Py, fluctuations in Q. CS, and Py
Secondary vapor

Identity e.g., HNO;, HCI, NH; waler

(Gascous concentration 107~ 10" molecules cm ™3 10'° 10" molecules em 3

*Here O is the production rate of condensing vapour, Py is its saturation pressure and CS is the condensation sink.



A modified nano-Kdnler curve to explain GR behavior
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Measured GR vs. fitted GR at an instance 1n time
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Low Volatility OC (ELVOC) concentration may be
the key factor of growth patterns

Type Date Dy act GRmax 1.43 GRj 43 GR350 NI T CS Mikkonen
(nm) (nm h1) (Mmh?)  (mh-l) (em3sl) (°C) (1025 | H,S0,proxy (cm  C c*
1) %) (cm3) (cm3)

Al May15,2014 24 6.4 3.6 77 30X10° ,9g 16 8.7 X 107 51X107 6.3X108
Al  Augl5,2014 24 14.5 7.1 77 20X102 9671 18 9.3X 107 1.1X108  2.5%X107
A2 Mayl6,2014 24 3.8 1.9 95 253 1.9 1.4X 108 3.0X107 4.0%X108
A2  May20,2014 2.2 2.9 16 92 241 19 3.8X 107 2.3X107 2.5X108
Bl  Feb18, 2015 16 25.9 4.4 6.0 11X10° g2 3.3 3.9%X 107 1.7X108 3.5X107
Bl  Dec27,2014 16 17.7 4.2 55  19X102 76 2.8 3.5% 107 1.2X108  2.8X107
B2  Feb19, 2015 1.9 25.0 8.9 10.1  8.0X102 74 3.2 3.7X107 2.0X108  5.7X107
B2  Mar4, 2015 1.9 18.0 5.8 8.7 25X10° 39 22 4.8% 107 1.4X108  2.0X107
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H.Yu*etal., ACPD, 15, 18653-18690,
2015



J; 4 vs. H,SO, proxy in the urban atmosphere
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Summary

Size- and time- dependent growth rate and nucleation rate using ADB method
Strong temperature dependence of J vs. [H,SO,] correlation
Growthrate is fast and not monotonically increasing in 1-10 size range

A modified nano-Kohler theory framework is proposed to explain ELVOC

condensation

Future work

More observationson NPF characteristics and the influences of VOCs



Multicomponent Nucleation Setup @ NUIST
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Binary Homogeneous Nucleation (BHN)
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Seasonal variation of J, , vs. H,SO, can not be
simply explained as temperature change
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2015 H,O nucleation



EF

Enhancement factors (EF) of amines in particle
formation rate
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1. Amines promote nucleation more effectively than ammonia.

2. EFis related to basicity (not proton affinity)
3. Amine-ammonia mixture has highest enhancement.

Yuet al. GRL 2012, EC 2012



Jvs. [H,SO,], RH, and [dimethylamine]
(PSM results, residence time =35 s, 278 K)
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1. Our lab quasi-BHN particle formation

rate reproduced boundary layer
nucleation rate observations.

2. Slopes do not vary between BHN and

multicomponent nucleation.

Yuet al. GRL 2012, EC 2012
22



Summary

Temperatureand H,SO, alone can not explain seasonal variations of new particle

formation
Evaporation must be consideredto evaluate particle growth

Strong enhancementfrom 5 differentamines and synergistic effect for ammonia

and amines.

Isoprene suppression effect on NPF from a-pinene ozonolysiswas observed ina

flow tube system



