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INTRODUCTION

In recent years, much attention has been directed towards
understanding the effect of aerosols on a vanety of processes in
the earth’s atmosphere. Atmospheric aerosol particles play an
important, but still poorly understood role mn cloud formation. The
Kohler theory 1s often used to describe the critical super saturation

4<¢

CPC-1

ey i e MU S mne ST }
L i | 5 I

e e N By BRECUG T NE E J L ,__,

TEC-2

/{::w::}

A
q,

DRY
DMA

\

An

CPC-2

CENTRE NATIONAL
! DE LA RECHERCHE
' SCIENTIFIQUE

------1

S.1.A.

r
!
1
Ul
i
i
8
J ]
- f
: : , : : . E ByP-1
at which a Cloud Condensation Nucler (CCN) of known size 1s : : _
activated, 1.e. grows mto a cloud droplet. ' ! @
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Theoretical calculations of sub-saturation growth mamly mvolves 2 Lok }
the solubility of the particle bulk, however 1t 1s not yet known how : : (v ps-1
the surface of the particles influences their growth rate when they 8 :
are exposed to a humid environment. - @ :
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METHODS : e
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A novel mstrument based on a Tandem Differential Mobility 0 o o
Analyser (TDMA) combining volatilisation and humidification : i Satured Air e
conditioning of particles was developed to test the effect of surface ) Heatad e '
properties on thewr hygroscopic growth, and it has been named : S
IHES
Aerosol Surface and Intemmal Analyser (ASIA). " Air \ D /
The system can be broken down mto three main steps (Figure 1): fevocsscssnsovsessseossosnsssesensosbeanenees | TE R ——
1-particle selection, 2-particle conditioning and 3-measurement of @ %RH ; Mass i —
: : 2 2 : ! 5 5 F it ambrane i t
modified particle number size distribution. i Controller ZI e ( ) Mo @ sy —_
In order to study the role of the surface of these particles, the Temperature Pressure Vecuum Silica Gel \ / —
-l . ' Sensor Flow g () O
volatilisation should be gentle enough so that the size of the heated Meter o T,
particles do not change significantly. A complete charactenization - ol w retpatoo < ok T oo s

of a particle of a specific diameter (Dp) consists in first measuring
the change obtammed after slight heating (close to T=100°C)

(Volatility-Scan), then the size change due to exposure to a humid TDMA.
flow (RH=90%) (Humidity-Scan), and finally the s1ze change due

to heating followed by humidifymng (Volatihity-Humidity-Scan). In

Figure 2 a,b,c are summarised three possible results from ASIA

samples.

] B Case a: The

hygroscopicity of the
surface and the core

are similar.
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Case b: After heating,
the particle
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surface
layer 158 removed or
decomposed and

reveals a less
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hygroscopic mode.
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When the

surface 183 modified a

Case c:

:f new class of more
2 hygroscopic cores
appears. The
explanation can be

1lustrated igure 3.
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pure 2 (a, b and ¢) Schematics of the size distributions obtamned after a particle
s1ze selection (dry), a heating treatment (V-scan), a humidifymg treatment (H-
scan) and a heating followed by humidifying treatment (VH-scan).

Fipure 1. Schematic of the Volatihty & Hygroscopicity
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Fpure 4. Time evolution of the aerosol size distribution i Hyytidld on

21th Apnil 2005 (Data acquamted from continuous measurements
performed at the SMEAR Station, M. Kulmala)

Results presented mn the present work were performed durmng the
BACCI/QUEST campaign i April 2005 at Hyyhidld, Finland. Figure 4
shows the particle size distribution as a function of time during 21th of
Aprnil obtamed from the DMPS of the Research station in Hyytidla
forest.

The examples represented on [ipure 5 are relative to a series of
hygroscopicity measurement that took place at the SMEAR II Station
with ASIA between 21:00 on 21th to 03:00 on 22th of April 2005 with

regular intervals.

In these data both volatility and hygroscopicity distributions of 100 nm
particles are not changing significantly during sampling. The “H scan”
changes only when the surface is modified.

Relative mcreases or decreases m H-GF following thermal conditioning
are measurable on several occasions during the campaign for a wide
range of particle diameter.

Because the working temperatures are generally less than or equal to
100°C, we can hypothesise that the volatility scan leads to the
evaporation of semi-volatile organic matenal present onto the particle
surface. The removal of this surface coating has very little effect on
either the si1ze or the mass of the particle but leads to sigmficant change
n 1its H-GF.
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Figure 5. Core
The conditions leading to higher or lower hygroscopic growth are still

under mvestigation.. This demonstrates, however, that prediction of

FAge Illustra‘an hygroscopic growth based on bulk aerosol composition may lead to at 90 ° ¢
HEATIHGI HEATIHGI HEATIHGI of  the  possible srsaans fasdlis
explar.lgtmn oL Iae These results mndicate that surface properfies are not sufliciently
Q . . Appention. of & less o accounted for by the Kohler theory. Additional studies on the particle
— — ;ril;erty aﬁ}gg}f::f;;m surface properties are requured to better predict CCN concentrations. CONTACTS
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