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* Introduction
* New particle formation (infl. on particle number concentration)
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Emission pathways
and structures of
biogenic VOCs
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Significance of VOCs for organic aerosol formation

VOC from natural sources ~ 90%

ORVOC
monoterpenes ovocC

anthropogenic

Isoprene (mainly aromatics)
~ 1150 Tg C/a
~100 +140 Tg C/a
A 4 6o

Emission rates of biogenic VOCs
[g C m2 month -]
Gunther et al. 1995
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Evolution of the size distribution and number concentration of Diesel soot and
organic aerosol formed upon ozonolysis of alpha-pinene

— Size distribution
e ne-pinena
— — Particla number

= natural VOCs show a much higher new patrticle
formation potential than anthropogenic VOCs




Comparison of experiments (a-pinene/O;) and results from the MCM coupled with a
representation of gas-to-aerosol transfer based on equilibrium absorptive partitioning
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Time dependence of ozone (circles), pinene (triangles) and aerosol mass

= Inclusion of very low volatile products into
absorption models improve model performance
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formation of diacyl peroxides ?

Ziemann (2002) J. Phys. Chem. A

— depends from reaction conditions
(concentrations, scavanger used)

stabilized Criegee radical reactions ?



Field studies
Field observations of new particle formation in rural areas

DMPS Hyytiala 2m 8980520
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Monthly distribution of particle
Formation events 1998-2002

Varrio, northern Finland
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= increasing biological acitvity
might produce the precursor gases




Pulse height analysis

of ultrafine particles
Hyytiala, Finland
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O'Dowd et al. (2002) Nature

— actual nucleation mode particles have a
solubility in butanol which is similar to
biogenic SOA products

diid log O jem-9)

Normmalized counts

Diameter inm)

10° 10! 10°
H T TTTTT] T T TTTTT] T T TTT1T1[]
- Before nucleation -

Curing nucleation

' /,_, =
e =
L] L1111 | |\|||||
(11 e e ey s s B B B e ] T o
- - - Non-svent Etfiallt:.rathn pu!ses Z0nm - 3
- Evert —cis-pinonic acid & nm —
——— Pinic acid E Ammonium E
10-2 = cis-pinonic acid -

10-?

107

— Ammonium sulphate

200
PH& channe

10-?

10-?

10-4



3 concepts to explain atmospheric new particle formation

A) Kulmala, Pirjola and Mékela (2000) Nature, Kulmala et al. (2004) JGR

<

1) Formation of TSCs ‘ 2) condensation of low volatile organics
activation (,nano-Kohler)

~1nm

B) Zhang and Wexler (2002) JGR e.g. alkyl sulfates

1) Formation of TSCs ‘ 2) heterogeneous rEactlons ‘ 3) coln(iklensatlon of low .
e.g. alkenes volatile organics

= growth and lowering surface tension

C) Zhang et al. (2004) Science

condensation of low volatile organics
heteromolecular

homogeneous v\
nucleation

bonding energy ~ 20 kcal mol!

H,SO, — H,0O ~ 10 kcal mol*
H,SO, — H,0 — NH; ~ 25 kcal mol2




Conclusions |
(new particle formation)

= biogenic VOCs - higher new particle formation than anthropogenic VOCs

— small amounts of very low volatile products are essential to explain
chamber observations

= In the ambient atmosphere probably ,inorganic seeds* are involved
In the early steps of particle formation — however — particle growth is
governed by secondary organic aerosol components
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Chemistry of SOA formation

Chemical pathways to condensable species
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Physicochemical properties of condensing organics

Pi = P;

vapour
pressure
of i

[m* ng~]

M, absorbing organic aerosol
° mass [ug m3]

A: concentration of product i

in the aerosol-phase [pg m]
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Odum et al. model
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Instantaneous secondary organic aerosol yields (IAY)

Odum et al. (1996)
Environ. Sci. Technol.

dMy (32, %Koms/(1 + KomiMp))®  Jiang (2003)
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Comparison of OAY (Odum) and IAY (Jiang)
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Conclusions i
(SOA process modelling)

= there exists a general understanding of the physico-chemical
processes leading to SOA formation (gas/particle partitioning)

— integration into coupled models appears to be not satisfactory
(need for precise laboratory data on K’'s and o's)

= small amounts of very low volatile products are also essential
for the model predictions under ambient conditions




Quantification of biogenic and anthropogenic

SOA contributions
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Aerosol sampling set-up
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Sample preparation

extraction

internal methanol
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HPLC-ESI-MS-method

split column

: RP18 polar endcapped ion-trap-
1:20 150 x 0.3 mm2 | ESI (-) \ MS P
@ =—>r- 3 | €]

10 pL/min 3.5 kV
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Eluent A: 10 mmol HCOOH in H,0, 2.5% CH,CN
Eluent B: CH,CN, 2.5% H,O




relative abundance (%)

Base peak chromatogram of an aerosol sample from Hyytiala
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Calculating secondary organic aerosol (SOA) from

concentrations of marker compounds

Calculation of SOA derived from ozonolysis of different terpenes in the
troposphere by:

- using low volatile products as markers

- using the gas particle partitioning model after Pankow (1994) and Odum
et al. (1996)

- using product yields of ozonolysis after Yu et al. (1999)




Scheme for calculating SOA from concentrations of

marker compounds measured in the particle phase

Conc. of marker compound in the
particle phase (e.g. pinic acid)

Organic mass (M), " 1

partitioning coefficient

Conc. of marker compound in the
particle and gas phase (e.g. pinic acid)

Molar yield = 1

Imaginary amount of
’reacted terpene“

Molar yield I 1

Conc. of all products
in the particle and gas phase

Organic mass (M),
partitioning coefficient

Conc. of all products
in the particle phase




mean . 15%
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and. . 6%
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What is the missing SOA-mass?

» other important precursors

» second generation products

» polymers




Polymerisation and SOA
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Conclusions il
(relative contributions from biogenic and anthropogenic

= acidic oxidation products of biogenic VOCs are suitable tracer
compounds for biogenic SOA formation (= unique and low volatile tracers)

— for anthropogenic VOCs less obvious SOA marker compounds exist

— only a few percent of the atmospheric SOA can be explained by the
known biogenic oxidation products (marker approach)




Final conclusions

— general understanding of SOA formation has tremendously improved,
especially during the last decade (lab, field, modelling)

— due to the complexity of the chemical and physical processes involved
(number of VOCs, number of products, different oxidation pathways, heterogeneous processes etc.)
there are still important gaps in our knowledge about natural and
anthropogenic SOA formation

— better analytical strategies for species analysis (time resolution,
highly polar and higher molecular organics) are needed for future
studies (lab and field)
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