© 00 N O o B~ W N P

e T e i e o
o N o o0 W N R O

WWWWWWWWNDNDNDNNDNNNDNDN P
~NO OB WNPFPOOO~NOUUIAAWDNE OO

Supplementary material to articl®elationship between aerosol oxidation level and
hygroscopic properties of laboratory generated rsgaxy organic aerosol (SOA) particles
(paper #2010GL045258 to Geophysical Research sgtter

Massoli, P, A.T. Lambé? A.T. Aherr?, L. R. Williams, M. Ehr?, J. Mikkil&®, M. R.
Canagaratria W. H. Bruné, T. B.Onasch, J. T. Jaynk T. Petijd M. Kulmal&, A.
Laaksonen C. E. Kold, P. Davidovit and D. R. Worsndp™

! Aerodyne Research Inc., Billerica, MA, USA

2 Chemistry Department, Boston College, Chestnut Hill, MA, USA

% Division of Atmospheric Science, Department of Physics, University of Helsinki,
Helsinki, Finland

* Department of Meteorology, Pennsylvania Sate University, University Park, PA, USA

® Division of Physics, University of Eastern Finland, Kuopio, Finland



© 00 N O WNE

W W W W N NN DN N D DNDNDNDNDNDNPFP P PP PP PP R PR
W N PP O © 0N OO O A WO NP O O OO NO O W N P+ O

1. Experimental methods
1.1 Secondary organic aerosol (SOA) particles generation

Secondary Organic Aerosol (SOA) particles wereegated via OH oxidation of
precursor species followed by homogeneous nucleatidhe Boston College Potential
Aerosol Mass (PAM) aerosol flow reactor, a 1glass cylindrical chamber (46 cm length
and 22 cm diameter) developed at the Pennsylvaaia Sniversity Kang et al., 2007].

In the PAM, OH radicals were produced at RH of 2@% by the reaction of excited
oxygen [O{D)] atoms with water vapor, which was introducethgsa Nafion membrane
humidifier (Perma Pure LLC). D) atoms were produced from situ UV photolysis of
Oz atA = 254 nm using four mercury lamps (BHK Inc.), mtadhin teflon-coated quartz
cylinders inside the chamber. The cylinders wenatinoally purged with N to prevent
O3 formation and remove outgassing compounds.wW@s generated by passing O
through a mercury lamp. (= 185 nm) outside the reactor, and was measuredamit®
monitor (2B Technologies); typical;Qevels inside the reactor were 5-13 ppm. Both O
and OH will oxidize organic species; however, OHsvaways the principal oxidant.
Prior to an experiment, the reactor was conditiometi OH radicals until a near-zero
particle background was attained. Carrier gas flofxepproximately 8.5 liters per minute
(Ipm) N; and 0.5 Ipm @were used, with 8.5 Ipm of flow pulled through tRAM and
0.5 Ipm of excess flow removed prior to the reactdr these flow conditions, the
residence time was 110 s. Wall effects were redbgediverting 15 % of the flow at the
exit through an internal perforated ring that sasapair near the PAM reactor walls
[Lambe et al., 2010]. Mixtures ofa-pinene, m-xylene, and 1,3,5-trimethylbenzene
(TMB) in N2 were synthesized in compressed cylinders anddated to the reactor at
controlled rates using a mass-flow controller (MKStruments). An annular diffusion
dryer loaded with silica gel desiccant was placedrstream of the reactor to reduce the
RH to < 15% prior to measurements. Routine chedssired that all the flow systems
reaching the various instruments were balanceditfirout the study.
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1.2. Chemical composition measur ements

The bulk submicron condensed-phase chemistry walsed with the Aerodyne
Research, Inc., High Resolution Time of Flight Asgls Mass Spectrometer (HR-ToF-
AMS) [DeCarlo et al., 2006, and references therein]. In addition to plog a
guantitative measurements of the composition andsns&e distributions of the SOA
particles, atomic O:C and H:C ratios were obtaibhgdmeans of elemental analysis
[Aiken et al., 2008] performed on the low resolution, higher genty “V mode” data
[DeCarlo et al., 2006]. Descriptions of the AMS measurement priespand data
analysis are available in other publicatiodayhe et al., 2000;Allan et al., 2004].

Table 1S reports the average SOA mass loadinggeasured by the HR-ToF-AMS
for each of the experiments described in the artidVe used organic precursor mixing
ratios between 40 and 80 ppb resulting in SOA cotmagons of 0.05 - 13Qg m>
depending on precursor species, concentration, @ddexposure. For the same OH

exposure and precursor amount, the TMB SOA yietdedowest mass loadings.

Table 1S

Table 1S: HR-ToF-AMS average SOA mass loadinggnt®) generated in the PAM

reactor at the various experimental conditions dlesd in the study.

1.3 Sizedistribution measur ements

The size distributions of the generated SOA paticlvere routinely measured
with a dedicated TSI scanning mobility particleesitfSMPS). For all SOA systems, the
peak of the generated size distribution was usuadiyveen 25 and 50 nm (mobility
diameterDm) at the highest and lowest OH exposure, respéygtiv@is corresponded to
an AMS vacuum aerodynamic size,@y, [Jayne et al., 2000;DeCarlo et al., 2006] of
80 to 150 nm. Figure 1S shows two different HR-TAMAS mass size distributions
obtained in the particle time of flight (PToF) mofla a-pinene SOA generated at
4.3x10" and 1.1x1¢? molec cni® s. Also shown are the m/z 44-to-m/z 43 ratios $eimo
as a proxy for changes in chemical compositionrganic particles). Since the particle

composition remained constant across the AMS siggillition, we infer that all the
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submicron polydisperse particles generated at ang®H exposure were chemically
similar, making the coupling of the chemical infaton (O:C) with the hygroscopic

properties (HGhoy, Korc,ccy meaningful.

Figure 1S

Figure 1S: PToF size distributions @fpinene SOA particles generated at OH exposure
of 4.3x10* (left) and 1.1x1& (right) in the PAM flow reactor. The m/z 44-to-m43

ratio across the AMS size distribution is reporsdvell.

1.4 HTDMA measurements

Particle growth in water was measured with the W©rsity of Helsinki
hygroscopic tandem differential mobility analyzefTOMA) described in detail ifehn
et al. [2007]. The HTDMA measured hygroscopic growth fastbllGF by size-selecting
a dry (~ 10%RH) particle diametelDd) with a Differential Mobility Analyzer (DMA,
Winkimayr et al., [1991]), passing dry aerosols through dry air arder-humidified air
(conditioned to 90% RH in this case) into two DM#@gerating in a voltage scanning
mode with a Condensation Particle Counter (CPQ),ra@asuring the wet-to-dry particle
diameter ratio, e.g. HGhy, = Dw/Dy. The high RHvalue was determined by means of
accurate dewpoint measurement with a chilled mgearsor. HG§ne, were measured for
Dg = 50 nm; such size was typically at or right aftee peak of the SMPS size
distribution (c.f. paragraph 1.3), allowing to nmze the effect of doubly charged
particles. Each full HTDMA scan (5 to 200 nmDbm) was 3 minutes long. The HGf
data were obtained via inversion algorithm taking full HTDMA transfer function into
account GGysel, et al., 2009]. Based on calibration results at < 10% RHJra size
correction to the HGJgo, data was applied. The HGk, values were not corrected for
Kelvin effect (a negligible adjustment comparedtte dry size correction). The absolute
uncertainty in the RH measurement is estimated8b,#which roughly propagates to an
absolute uncertainty of 5% in the HGF valu&aiiktlicki et al., 2008]. We did not
perform scaling to a fixed 90% RH as the RH vasiativas only +0.5%; measurement
precision in the HGF values was 2% or less.
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1.5 CCN activity measurements

Cloud condensation nuclei (CCN) activities were suead with a Droplet
Measurement Technologies DMT CCN Counteolerts and Nenes, 2005]. The CCN
activity was expressed by the single parameatg¢Petters and Kreidenweis, 2007] as

defined in Equation 1

: 4A3 _ _ 4o, M,
KCCN - 3.2 ' A=
27D;In* S, RTp,

[1]

where & is the critical supersaturation (supersaturatiewel where 50% of
particles are CCN-activated)q is the dry diameter in nm, arMd,,, gy and g, are the
molecular weight, density, and surface tension efew @, = 0.072 J 7). A DMA
upstream of the CCN and CPC was used to seleadidmyeterdDy in the range 50-150
nm. The fraction of particles activating to form B@vas determined by measuring total
particle concentrations with a co-located CPC (3&2A). At each OH exposure level,
typically 3 or 4 differenDy were selected. Despiiose et al. [2008] showed that small
doubly charged particles will not affect the accyran determiningDc, the effect of
multiply-charged particles was minimized by selegtilry sizes at or after the peak of the
SOA size distribution measured by the SMPS. ForivengDy4, the CCN column
supersaturation was systematically varied (stepfhiegcolumn temperaturd] scanning
mode) between 0.1-1.5% supersaturation in wateintk 100% was reached, whichever
occurred first. Data were acquired after the sydtewh reached equilibrium after change
in column temperature. Ac value (and thereby & value) was obtainefbr eachDy. As
there was no evident correlation betweeand Dy, the x value reported for each SOA
system is the average of tkevalues estimated from multipl2y.

The CCN instrument was routinely checked and caldnt with ammonium
sulfate particles. Based on the precision inSbeneasurements, the error estimated for

Kcen'Was 15%. Example CCN activation curves are showkigure 2S.

Figure 2S
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Figure 2S: CCN-activated fraction plotted as fumtof water supersaturation for 50, 75
and 100-nma-pinene particles generated in the PAM flow reactdhe critical

supersaturatiosc (50% of the particles activated) decreases fgelaselecteddm

References

Aiken, A. C., et al. (2008), O/C and OM/OC ratidspoimary, secondary, and ambient
organic aerosols with high-resolution time-of-fligherosol mass spectrometBnviron.
Sci. Technol., 42(12), 4478 - 4485, doi:10.1021/es703009g.

Allan, J.D., et al. (2003), Quantitative Samplingityy an Aerodyne Aerosol Mass
Spectrometer. Part 1. Techniques of Data Interpogtand Error Analysis). Geophys.
Res.,, 108, No. D3, 4090, doi:10.1029/2002JD002358.

DeCarlo, P. F., et al. (2006), Field-deployablgghhiesolution, time-of-flight aerosol
mass spectrometehnal. Chem., 78(24): 8281-8289, doi:10.1021/ac061249n.

Ehn, M., et al. (2007), Non-volatile residuals @wihy formed atmospheric particles in
the boreal fores#tmos. Chem. Phys., 7, 677-684

Gysel, et al. (2009), Inversion of tandem differ@ntmobility analyser (TDMA)
measurements, Aerosol. i, 40, 134 - 151.

Jayne, J.T., et al. (2000), Development of an Adrdsass Spectrometer for Size and
Composition. Analysis of Submicron Particlégyosol Sci. Technol., 33, 49-70

Kang, E., et al. (2007), Introducing the concepPoftential Aerosol Mass (PAMAtmMos.
Chem. Phys., 7, 6131-6144.



© 00 N O o A WODN P

N N NN R B R R R R R R R
W N P O © 0 N O 0 W N PP O

Lambe, A.T., et al. (2010), Characterization of s Photooxidation Flow Reactors:
Heterogeneous Oxidation, Secondary Organic AeroBormation, and Cloud

Condensation Nuclei Activity Measuremerismnos. Meas. Techn. Disc., in press

Petters, M. D., and S. M. Kreidenweis (2007), Agnparameter representation of
hygroscopicity growth and cloud condensation nulactivity, Atmos. Chem. Phys., 7,
1961- 1971.

Roberts, G. C., and A. Nenes (2005), A continudos-fstreamwise thermal-gradient
CCN chamber for atmospheric measuremekdspsol Sci. Technol., 39:206—-221.

Rose, D., et al. (2008), Calibration and measurémeeertainties of a continuous-flow
cloud condensation nuclei counter (DMT-CCNC): CGitiveation of ammonium sulfate
and sodium chloride aerosol particles in theory asgperiment, Atmos. Chem.
Phys., 8, 1153-1179.

Swietlicki, E., et al. (2009), Hygroscopic propest of submicrometer atmospheric
aerosol particles measured with H-TDMA instrumemtsvarious environments — a
review, Tellus B., 60, 432-4609.

Winklmayr, W., et al. (1991), A new electromobilispectrometer for the measurement
of aerosol size distributions in the size rangenftbto 1000 nmJ. Aerosol ci., 22, 289—
296



