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1 Introduction text. The range of values predicted from the uncertainty in
the measure8; during this period was used to represent the
The supplementary material aims to quantify the uncestaint range of supersaturations. The rangeSgfpredicted using
associated with the measured growth fact@Eo.r+ ) and  the -model from the uncertainty in the measured values is
critical supersaturation$§() in the context of the models and illustrated in Supplementary Figs. 1-3 (shaded red to blue)
model sensitivities presented in the manuscript for the un-The range of values calculated from the uncertainty in each
seeded experiments. The measurement uncertainty is showdTMDAs measured growth factor at %6RH ( yrpma ) are
in Fig. 2 of the original manuscript. The uncertainty in the shown in Figs. 1-3 (shaded red to brown) for each instru-
measured growth factor occurs mainly as a result of the -ment.
nite ability to accurately and precisely control and measur
the ow, voltage and relative humidity (RH) applied to the
DMAs (Massling et al., 1999) as well as the nite resolution
of the DMA's transfer functions (Cubison et al., 2005; Gysel 2 Supplementary Figure 1 - Hjan 's measurement sen-
et al., 2009). When operated un-humidi ed the uncertainty  Sitivity to
of the growth factor measured by a TDMA~s 0:02. Hu-
midifying the system increases the uncertainty depending o Supplementary Figure 1 shows the sensitivity to the measure
the accuracy and precision of the RH measurement and temment uncertainty in for Hyan as described in the introduc-
perature control of the DMA (Duplissy et al., 2009).val-  tion. The range of as a function of RH (yellow symbols)
ues were derived from the unseeded SOA humidograms fofs within the range of uncertainty in4,,, at90% RH.AD-
each individual HTDMA. The full range of values derived  DEM predictions including the effect of bulk to surface par-
from each HTDMA was then used to predict the CCN activ- titioning (pink symbols) also fall just above the upper limi
ity thus bounding the ranged of predictions possible froen th of the measure8; values. The ADDEM predictions assum-
HTDMA measurements. The uncertainty of the measuredng the surface tension of water (red symbols) are above the
Sc(Do) presented in the paper is most signi cantly due to range ofS, predicted from the HTDMA. The sensitivity of
the ability of the operator to set adequate supersatusation the ADDEM predictions assuming the surface tension of wa-
the CCN counter to constrain the critical point. Only when ter to varying the molecular weight (red crosses) and the den
the properties of the sample aerosol remained constant digity (red squares) over the realistic range is small contpare
the precision/repeatability of the CCN counter's supensat  to any of the fundamental changes in the model. ADDEM in-
tion settings limit the measurements. corporating the parameterised proxy for organic aerosel su
The values calculated from the CCN counter's data face tension (green symbols), resultsSg lower than the
( cen) measured simultaneously to the growth factor hu-range ofS, predicted from u,,, - Again the sensitivity
midograms after approximately 8 hours of photo-oxidationto varying molecular weight (200-500gmadl) and density
were~0.1. It was from this period that the ADDEM water ac- (1200-180@&gm 2) (green crosses and squares respectively)
tivity parameterisation was derived, as described in themma is relatively small compared to more fundamental changes in
the models. The ADDEM predictions with the proxy sur-
Correspondence tds. McFiggans face tension tend towards the measured values with increas-
(g-mc ggans@manchester.ac.uk) ing Do.
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3 Supplementary Figure 2 - Hoyr 's measurement sen-  the rst DMA (DMA1) should be dry, that is in equilibrium
sitivity to at an RH of less than 20% RH. The dry mobility selected
sample is then humidi ed to a set RH. The number size dis-
The data from Kyt (shown in Figure 2) for the AD- tribution of the humidied sample is then measured by a
DEM partitioning case (pink symbols) giv&; at or slightly  second DMA (DMA2) operated at the same RH as the hu-
above the upper limit of the measurggs uncertainty. AD-  midi ed sample coupled to a condensation particle counter
DEM including organic surface tension proxy (green sym- (CPC). The designs of HTDMAs differ in a number of poten-
bols) givesScs which tend to the measured values at highertially signi cant respects. The manner in which the aerosol
Do. The difference between Thesrpma and ccn de-  sampled by the rst DMA is dried is not always the same.
rived S; is even larger than for fan . The ppwa @and  The DMASs can be operated with closed loop or open sheath
ADDEM predictions assuming the surface tension of water ows. Closed loop sheaths recirculate the sheath air toeeef
signi cantly over-predictS;. gas phase equilibrium is similar to the sample's prior t@ent
ing the instrument. Open sheaths may draw the air from the
) _ same source as the aerosol sample therefore maintaining the
4 Supplementary Figure 3 - bbs| 's measurement sensi-  game gas phase composition as the sample. However open
tivityto . sheaths may draw their air from a different source poténptial
altering gas-particle equilibrium. The humidi cation die
sample after mobility selection can also be achieved by dif-
ferent techniques. Gore-Tex® membranes are used in some
instruments. Passing the sample along a Gore-Tex® tube
whilst surrounding it with humid air allows water vapour to
. e . o . diffuse across the membrane humidifying the sample. Simi-
porating pa_rtlt.lonlng (pink symbols) fall W'thm or just e larly Na on® tubes selectively allow water molecule to pass
the upper limit of the measureg’s uncertainty. The AD- across them to humidify the sample. Once humidi ed the

DEM predlc_tlons assuming the surface tension is that Wateh \mber size distribution of the sample is measured. The time
predictS, slightly below the measured values. The ADDEM the sample spends between the humidi er and the second

predictions incorporating the surface tension proxy (grge DMA is known as the residence time. It is important suf-
symbols) are below the measurements and their uncertainty. i o+ residence time is allowed so that the sample aerosol

reaches equilibrium at the new RH. The second DMA can
be humidi ed independently of the sample (a requirement in
open sheath systems) or it may allowed to reach equilibrium

Based on the uncertainties presented, the model predictionVith the sample aerosol's RH (possible only in closed loop
derived from each HTDMA and their consistency with the systems). In order to measure the size distribution of the hu
CCN measurements generally fall into distinct agreement™idi ed aerosolthe second DMA is operated as a differential
and disagreement depending on the formulation. FgaH, mobility particle sizer (DMPS) or a scanning mobility parti

Hpsi and Hour the ADDEM predictions incorporating the cle sizer (SMPS). Temperature control is very important in
surface tension proxy are on or around the upper limit ofthe second DMA. A constant temperature is required so that

the measure®,'s uncertainty. For Hs, the -model using t_he RH can _remair_l constant. The following sub-sectio_ns out-
Homa  gives good agreement, whilst forigr and Hyan line the main deS|g_n features _of thg HTMDAs used in this

itis over-predicted. There is a trend ofncreasing with RH ~ Study. Further details are provided in Duplissy et al. (9009

for each HTDMA, however this is also within the uncertainty Where the same 3 HTDMAS performance is analysed in de-

of the value at 986 RH, even for kyr which shows the (@il Note thatin Duplissy et al. (2009{uan is HTDMAS,

largest variability. The ADDEM predictions assuming the Hpsi is HTDMAL andHqur is HTDMAZ.

surface tension is that of water do not give agreement us-

ing thea,, derived from any of the HTDMAs. ADDEM in- 6.1 Hwan

corporating the organic surface tension proxy converges on . . . ]
the measure@ at larger diameters for iy and Hour | it The sample aerosol is generally not dried prior to entering
under-predicts, for Hps; . DMAL. DMAL's sheath air is dried to less than20%. A

diffusion drier was placed in front of DMAL for some short

periods to check the sample was suf ciently dried. Both of
6 HTDMA designs the DMAs are operated as closed loops. A Gore-Tex® mem-

brane is used to humidify the sample aerosol. The membrane
The basic principle of a HTDMAS design is as follows: A is 30cm long. A counter ow of humidity controlled air
single aerosol particle electrical mobility is selectedayif- is recirculated around the outside of the Gore-Tex® tube to
ferential mobility analyser (DMA). The aerosol selected by condition the aerosol. The humidi ed sample then has a resi-

For Hes) the range o derived from ., as aresult of the
uncertainty in Gbo.r lies within the range of; derived
from ccn (the dashed black line indicates the lower limit
of S; derived from ccn Which are otherwise obscured by
the HTDMA derived values). The ADDEM prediction incor-

5 Conclusions
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Fig. 1. Huan : sensitivity of the predictions to the measurement uncertainty.
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Fig. 2. Hqur : sensitivity of the predictions to the measurement uncertainty.
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Fig. 3. Hps : sensitivity of the predictions to the measurement uncertainty. An additional black dashedIshown in this gure to
indicate the edge of th€ccn  sensitivity hidden by th& yrpma
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6.3 Hour

The sample aerosol is dried prior to entering DMAL1. The
DMAs are operated in closed loops. A series of Na on®
membranes are used to humidify the sample aerosol and
DMAZ2's sheath air. The residence time of the humidi ed
aerosol prior to entering DMA2 is 4s. The humidi ers
and DMAZ2 are insulated in order to avoid fast temperature
changes. A dew point mirror in DMA2's sheath excess is
used to determine the RH.



