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Methods. Environmental chamber. Several chamber experiments
were carried out using SO, mixing ratios between 0 and
20 ppb and trimethylbenzene (TMB) mixing ratios of
70-1,200 ppb, while keeping other parameters, such as tempera-
ture, relative humidity (RH), TMB-NO,-ratio virtually constant.
Details of the indoor PSI chamber, the experimental setup and
the instrumentation are described elsewhere (1). Briefly, photo-
oxidation experiments were carried out in the 27-m* Teflon cham-
ber (DuPont Teflon fluorocarbon film, FEP) at approximately 20
°C and 53 £ 5% RH. The chamber was first humidified before
introducing NO, NO, and SO,. A known amount of 1,3,5-tri-
methylbenzene (Fluka, 99.5%) was evaporated in a heated glass
sampling bulb and flushed with pure air into the chamber where it
was allowed to equilibrate for 30 min. Four xenon arc lamps
(4 kW each) were used to simulate the solar light spectrum
and start the photochemistry.

A SO, monitor (Monitor Labs 9850) was used to measure the
input concentration of SO,. A wet effluent diffusion denuder—
aerosol collector (WEDD-AC) coupled to an ion chromatogra-
phy—mass spectrometry (IC-MS) system was used to measure
concentrations of organic and inorganic acids in the gas and aero-
sol phase as well as the initial gas-phase-concentration of SO, (2).
The SO, is taken up by the denuder and rapidly oxidized to
H,SO.. The sum of SO,* and SO;* measured in the denuder cor-
responds to the SO, (+H,SO,) concentration in the chamber,
whereas particulate H,SO, is measured in the aerosol collector.
The resulting uncertainty in the SO, input concentration is con-
servatively estimated at about 50% and is considered in the error
calculation of H,SO.,.

TMB and its oxidation products were monitored using
proton-transfer-reaction mass spectrometry (PTR-MS, Ionicon
Analytik GmbH, Austria). The sensitivity of the instrument
was determined using standards (Apel-Riemer Environmental
Inc.; Denver, CO). For TMB an uncertainty of 5% was attributed
to the data.

A condensation particle counter (CPC, model 3025, TSI Inc.,
USA) was used to monitor total particle number concentrations
of particles with a minimum diameter of 3 nm. Number-weighted
particle size distributions between 15 and 700 nm were obtained
using a scanning mobility particle sizer (SMPS). The SMPS sys-
tem consisted of a long column differential mobility analyzer
(DMA, model 3071, TSI Inc., USA) and a TSI 3022 CPC. A
“nano”-SMPS system, composed of a short DMA column and
a TSI ultrafine water based condensation particle counter
(UWCPC, Model 3786) was used to derive particle size distribu-
tions between 4 and 100 nm. Due to technical problems data are
only available for a limited number of experiments. To reduce
particle losses in the sampling lines the two SMPS systems and
the CPC were mounted at the same inlet line close to the cham-
ber. The measured size distributions were corrected for particle
losses in the sample lines and for reduced CPC counting effi-
ciency at small particle sizes prior to data analysis (1).

The aerosol mass produced (shown in Fig. 1, main text) is
derived from measured number size distributions, assuming
spherical shape and a density of 1.4 g cm™ (3).

The CPC 3025 data were also corrected for particle losses in
the sample lines and for reduced CPC counting efficiency at small
particle sizes. If no size information was available from the
nano-SMPS the number concentration in the diameter range
of 3 to 15 nm particles, N;_i5, was estimated from the difference
in the number concentration between the CPC and the SMPS
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integrated total. The mean diameter of the distribution, including
the 3-15 nm size range, was then calculated and was used as a
proxy for the size information needed.

Loss of particles to the chamber wall. The determination of the
particle wall loss (WL) rate is based on the inverse-modeling
procedure particle growth and nucleation (4) (PARGAN) (online
version is available: http://iacweb.ethz.ch/php/pargan/), which
is predicated on nonlinear regression analysis of the general
dynamic equation (GDE) to fit the measured change of the
aerosol size distribution due to wall losses, coagulation, and
condensation.

It was shown in a number of studies that particle WL occurs as
a result of Brownian diffusion and gravitational settling across a
quasi-laminar layer adjacent to the chamber walls and thus
depends on particle size (5-8). The first order rate constant
for diffusional WL, kyaam is proportional to the square root
of the (size dependent) particle’s Brownian diffusion coefficient,
D(r) (5). Thus kya, a is given by

Kvatt giff (r)= Covairairr VD (r ), [S1]

where Cyaiarr is @ proportionality constant in cm™ s'2. The
value of Cyanair is dependent on the dimensions of the chamber
and amount of mixing in the chamber. Its value has to be empiri-
cally determined by fitting the decay in particle concentration
after nucleation has stopped.

The first order rate constant for WL by gravitational settling,
Kerav, 18 given by

S
kwallgrav (r) = mpurtB (I’)G VFS ’ [SZ]

where m,,,. is the particle mass, B(r) is the particle mobility, G is
the acceleration by gravity (9.81 ms?), §/Vis the surface to volume
ratio of the chamber (0.02 cm™), and F, is the ratio of the
projected horizontal surface area to the total surface area in
the chamber (1/6 = 0.167).

If the particle formation rate is zero (or as long as no particles
grow into (or out of) the measured size range, i.e. as long as the
particle growth does not influence their number) the decrease in
particle number is caused by wall loss, dilution and coagulation,
and can be described by summing up their contributions to each
size bin in the GDE and integrating it over a certain time interval.
The value of the proportionality factor, C,uqp is then found by
fitting the observed change in number (from 20 experiments
typical values for C,yqi¢r = 0.013 & 45% were found).

If Coanair and thus the overall (size dependent) wall loss rate is
known, the measured size distribution can be corrected from the
time of particle formation for the loss of particles to the walls.

Calculation of the H,SO, and NucOrg concentrations. The concentra-
tion of H,SO, and NucOrg in the chamber were calculated using a
simple kinetic model by considering the relevant production and
loss terms represented in Eq. S3. Wall loss (with rate constant
kyanmso.) and condensation onto particles [with rate constant
keonarusos also called condensation sink, CS (9)] are the dominant
sinks for condensable vapors like H,SO.,.
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P kot+so, [OH][SO,] — k4;[H,SO4]

= Kyair 1,50, [H2SO04] = keonam,s0,[H2 S04 [S3]

The dilution rate (ku) (derived from the dilution flow divided by
the chamber volume) is typically in the range of 5 x 107%s~! and
negligible. k4150 is the (time-dependent) pseudo-first-order
loss rate of H,SO, due to condensation onto existing particles
[i.e., also called the condensation sink (9)], calculated from
the measured aerosol size distributions using the Fuchs-Sutugin
equation (4).

The above described theory of particle losses in chambers can
be extended to calculate wall deposition rates of molecular
species (10). Thus the wall loss rate for H,SO, was estimated
using the same dependence as found for aerosol particles (4):

Kyai11,50, = Cuattaisr VD [S4]

where C,aap is derived from the observed aerosol wall loss
and the H,SO, diffusion coefficient is assumed to be 0.1 cm?* s™
(11, 12). This implicitly assumes that H,SO, will always stick to
the surface upon impact and that release from the surface to the
gas phase after uptake does not occur (i.e., that the accommoda-
tion coefficient equals one) (10).

The wall loss rate and condensation sink for NucOrg are
slightly smaller than the calculated rates of H,SO, because of
the larger molecular mass (assuming 200 amu). Thus kyanucor =
kwall,HZSOa/3 and CSNuc()rg = CSuso/3 (13).

In the atmosphere, aerosol nucleation always competes with
the uptake of condensable gases on the already existing aerosol
particles. As there is no pre-existing aerosol present in our cham-
ber the loss of H,SO, to the wall competes with nucleation. It is of
similar magnitude as the typical loss due to condensation during
continental boundary layer nucleation events [e.g., 0.002 s (14)].

Berndt et al. (15) hypothesized that SO, oxidation products
other than H,SO, (i.e., a peroxy type radical formed during
the SO, oxidation) may be more efficient in producing particles
than H,SO; itself. A modeling analysis shows that under our con-
ditions with high NO, concentrations this formation is unlikely.
However, the existence of such a formation pathway would
not change our conclusions.

Uncertainty in the H,SO, and NucOrg concentrations. The largest
sources of uncertainty regarding the determination of the gas
phase concentrations are the ill-defined wall loss rates of both
H,SO, and NucOrg. By assuming an accommodation coefficient
(omso.zm0n) €qual to one the upper limit of the H,SO, wall loss is
calculated (= base case). However accommodation coefficients
for gases on Teflon walls are likely to be less than unity.

The uncertainties in the wall loss stemming from unknown ac-
commodation effects are captured in a sensitivity study in order
to investigate its influence on the concentrations of H,SO, and
NucOrg. The determined wall loss rate (au:so.zm. = 1) was low-
ered by a factor of 4 (arbitrarily) and 200 (assuming the same
accommodation coefficient as found for HNO; on Teflon
walls (10).

The results are shown in Fig. S4 for H,SO, (4) and NucOrg (B)
for experiments with different concentrations of SO, and TMB.
The dashed lines show the concentration traces if wall loss and
condensation onto particles is neglected. For the other cases wall
loss and condensation onto particles was considered. The solid
line represents the wall loss base case resulting in the lowest con-
centrations of H,SO4 or NucOrg. Reducing the wall loss rates
(base) by a factor of 4 and 200 systematically shifts the calculated
H,SO, and NucOrg concentrations to higher values (up to 1 order
of magnitude).
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Assuming an accommodation coefficient of HNO; the concen-
trations are similar to the case if WL were completely neglected
and thus can be regarded as the lowest (highly unrealistic) limit.
At the beginning of an experiment, when no or only very small
particles are present, WL is the dominant loss process for
H,SO.. As soon as particles are formed condensation onto par-
ticles overcomes the WL and limits the H,SO, or NucOrg concen-
tration resulting in a strong dip in the concentration.

In summary: Reducing the WL by a factor of 200 would lead to:

* Increase of the threshold of the H,SO, concentration when
3-nm particles start to appear from 5.0 x 10° to 3 x 107 mole-
cules cm”.

* The H,SO, concentrations in Fig. 2 would be shifted by about
an order of magnitude to higher concentrations. However,
since the WL does not vary in time, it merely serves as scaling
factor and thus does not influence the dependency of the
nucleation rate from H,SO, and NucOrg.

* Condensation of H,SO, may explain up to 70% of GR; s if
wall losses are neglected (Table S1).

Besides the uncertainty in the WL rates (due to unknown ac-
commodation coefficients) the errors in the H,SO, concentration
was estimated to be 65%, assuming an uncertainty of the SO, in-
put concentrations of 50%, an uncertainty of C,.uq, the conden-
sation sink and the dilution rate of 50% each. An uncertainty
of 15% is attributed to the reaction rates (TMB + OH and
SO, + OH). In order to calculate the OH radical concentration
the TMB decay had to be fitted to reduce noise in the derivation.
The quality of the fit greatly affects the H,SO, concentration
calculated, but mainly in the beginning of the experiment. This
was estimated to cause an additional 25% in the error.

Calculation of the particle formation rates (J;, J,5) and GR;s_;. The for-
mation rate of 3-nm particles, J;, was deduced from the CPC data
(5). J5 is by definition the rate at which particles grow beyond
3 nm. This can be approximated by the measured rate of change
in the CPC number concentration, d/Ns/d¢, correcting for other
processes that influence the number concentration, such as
coagulation, wall loss, and dilution:

dN

="

+ kcoag(r) (NS (r))2 + kwall(r)NS (}’) + kdilN3 (r)v [Ss]

where N; is the number concentration of particles with diameter
larger than 3 nm, as measured by the CPC. The dilution rate (k)
is independent of particle size. It is derived from the replenish-
ment flow divided by the chamber volume and is typically in the
range of 5x 1077 s7! and thus negligible.

The wall loss rate constant (ki) is derived as discussed above.
Typical wall loss rates for 3-, 10- or 50-nm particles are around
6x107%, 2x 107, and 4 x 107> s~!. The wall loss rate is calcu-
lated based on the mean diameter from the SMPS and CPC.
When no size information from the nano-SMPS is available
and for times when the particles are below the size cut of the
SMPS, ki, is calculated for 6.7-nm particles (the log mean be-
tween 3 and 14 nm, k,,,; = 3 x 10~* s™). This would cause a factor
of two error in the wall loss rate if all particles are close to 3
or 14 nm.

In the beginning of our experiments no pre-existing aerosol
was present in the chamber thus coagulation scavenging—losses
with larger sized particles—is negligible. During the initial
nucleation most particles are of a similar size, and the effect
of coagulation on J; can be approximated by (16)

(dN/dt)coag = kcoag (NS)zv [Se]
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where N; is the number of particles and k.., is the second order
rate constant for coagulation of monodisperse aerosols. At each
time step K.oq is estimated for particle sizes corresponding to the
mean diameter determined from the SMPS. For times when the
particles are below the size cut of the SMPS it is calculated for
6.7-nm particles. Calculation of J; is only affected at high particle
loadings as typical coagulation rates are low: e.g., between 3-nm
particles or between 3- and 20-nm particles they are in the range
of 10? and 10% s™.

We define At as the time that the particles spend growing from
their nucleating cluster (assumed to be 1.5 nm, at time #) to a size
where they can be measured (3 nm, at time #'). Then the growth
rate from 1.5 to 3 nm (GR;s.;) can be expressed as

1.5 nm
At

GR1.5_3 = [S7]

The GR, 53 values (in nm h™') were estimated from the time delays
between the rise in H,SO, and the rise in J;. A similar method has
been used by e.g., refs. 17-19).

The atmospheric nucleation rate J; s at time ¢ = £ — At was
estimated from the J; values by integrating the loss processes
(coagulation, wall loss, dilution) that have occurred between time
of formation and time of measurement (20).

cs’ 1 1

Jis(t) =J5(t) eXP[}’m(m I

)] [S8]

Here CS'is the “reduced condensation sink” (in m™2) and y is a
coefficient with a value of approximately 0.23 m* nm* h™". Under
atmospheric conditions CS’ describes coagulation scavenging
whereas here also wall loss is included. The times ¢ and ¢' are re-
lated as ¢ = ' — At, where At = 1.5 nm/GR; 5 ;. This equation was
applied in a running window [¢, #' + At] throughout each analyzed
experiment. For GR;s; and ¢ we used the fitted time delay
estimate from the time delays between the rise in H,SO, and
the rise in J;, and for CS' the median value from the interval
[t, ¢ + Af]. A similar expression connecting J; s and J; has recently
been used by (21 and references therein ) using a slightly different
notation.

The macroscopic particle growth rate (dD,/dt, nm h™) can be
estimated directly from the temporal evolution of the mean
(Dpmean) and modal (D,uia) diameter of the nucleation mode.
To determine the modal diameter, the size distributions were
parameterized by a least square log-normal fitting, yielding the
parameters of the log-normal modes.

The growth rate can be related to the concentration of the con-
densing species by

dD, 2m,p,,DC
@ Dy (591

P
where D, is the particle diameter, m, is the molecular mass of
condensable vapor, f3, is the transitional correction factor of mass
flux, D is the diffusion coefficient and p is the particle density (5).
C is defined as the difference between the actual and the satura-
tion concentration. Note that the relation between growth rate
and vapor concentration depends on assumptions of the proper-
ties of the condensable vapor, such as molecular mass (assumed
to be 200 amu for organics), diffusion coefficient and mass
accommodation coefficient (a = 1).

The fraction of growth rate GR;s; that could be explained by
the condensation of H,SO, can be estimated by comparing the
measured GR; s to the growth rate calculated from the H,SO,
concentration, using Eq. S9. However this equation is derived
for spherical nucleation mode particles from macroscopic con-
densation theory, and these assumptions do not hold anymore
for 1.5--3-nm sized particles. Condensation is enhanced at these
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small particle sizes compared with the macroscopic treatment by
as much as a factor of 2-3 (22, 23). Therefore the contribution of
H,SO, to the growth rate was calculated according to Eq. S9 with
a condensation enhancement factor of 2.5. It can thus be under-
stood as an upper limit of the contribution of H,SO, to the overall
growth.

Modeling. The GLOMAP aerosol microphysics model was used to
simulate the impact of different nucleation mechanisms on atmo-
spheric aerosol. The GLOMAP model is an extension to the
TOMCAT 3D global chemical transport model (24) and has been
described in detail elsewhere (25, 26). Here we run the model
with a horizontal resolution of 2.8° x 2.8° and 31 vertical levels
between the surface and 10 hPa. The model is forced by Eur-
opean Centre for Medium-Range Weather Forecast (ECMWEF)
analyses. GLOMAP includes sulfate (SU), sea salt (SS),
elemental carbon (EC), and organic carbon (OC) aerosol compo-
nents. We treat two externally mixed distributions, each described
by a two-moment sectional scheme with 20 sections spanning
3 nm to 10 pm dry diameter. One distribution, representing
freshly emitted primary carbonaceous aerosol, contains OC
and EC, is treated as hydrophobic and is not wet scavenged.
The other distribution contains SU, SS, EC, and OC, is hydrophi-
lic and is wet scavenged. Hydrophobic particles age to become
hydrophilic through condensation of soluble gas-phase species
and coagulation with hydrophilic particles. Aerosol and aerosol
precursor emission are as described in Spracklen et al. (27). All
model simulations have the same description of primary particle
emissions (27). We assume that the first-stage oxidation products
of monoterpenes form hydrophilic secondary organic aerosol
(SOA) with a yield of 13% (27). We ran six different simulations
with different descriptions of particle formation:

1. Binary homogeneous nucleation of H,SO,-H,O (BHN) using
the parameterization of Kulmala et al. (28).

2. Traditional cluster activation scheme (29) implemented
throughout the atmospheric column (J;5 = 5x107 s'[H,SO.]).

3. Traditional cluster activation scheme restricted to the model
boundary layer (BL) and at higher levels the BHN rate of Kul-
mala et al., (28) is used. This is the model setup that is de-
scribed in detail in Spracklen et al. (27).

4. Traditional kinetic nucleation involving only sulfuric
acid (30) implemented throughout the atmospheric column
(]]_5 =4x 10-13 Cl'n3 S-I[stodz).

5. Traditional kinetic nucleation involving only sulfuric acid (30)
restricted to the BL and at higher levels the BHN rate of Kul-
mala et al. (31).

6. Binary homogeneous nucleation of H,SO4H,O and kinetic ac-
tivation involving organics implemented throughout the atmo-
spheric column. The formation rate of molecular clusters is
calculated according to Eq. 5§ using a prefactor of 5 x 10
cm’ s, We assume that the organic vapor in Eq. 5 can be re-
presented by the first stage oxidation products of mono-
terpenes.

We compared simulated total aerosol number concentrations
with observations made during the INTEX-NA experiment,
which occurred over North America during July-August 2004
(31). In Fig. 3 (main text) we show the average of all observations
made during the campaign over two different domains; the con-
tinental United States (28-53°N, 240-269°E) and US outflow
(32-52°N, 290-323°E). We averaged all the available observa-
tions in each region to a 1-km altitude resolution and ran the
model for the same period and averaged over the same domain
as the observations.

Fig. 4 (main text) shows simulated surface mean particle num-
ber concentrations for these different simulations during spring-
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time (April). Fig. S3 shows the ratios of simulated particle num-
ber between the different simulations. Over oceans sulfuric acid
will be the dominant contributor to growth. In regions of conti-
nental outflow there are condensable organics resulting in simu-
lated particle formation.

Discussion. Further insights into SOA formation and SOA yield-macro-
scopic particle growth. Insights into the general mechanism of
SOA formation and growth kinetics is gained by plotting the
amount of SOA formed per hydrocarbon reacted, known as
growth curves (32). Fig. S5 A shows the time dependent growth
curves from TMB photo-oxidation in the presence of different
amounts of SO,. The amount of TMB reacted at the time of nu-
cleation decreases with increasing SO, mixing ratio (see Table S1).
In the presence of SO,, nucleation occurs earlier (Fig. 1, main
text), but there is only little build-up of SOA mass in the early
stages of these experiments. The SOA yield is practically the same
for the different experiments suggesting that the most abundant
condensing product is produced by the TMB oxidation (Fig. S5B).
The mass of aerosol formed when TMB, ... below approximately
450 pg/m’ is substantially higher in the presence of SO, (Fig. S54).
This could be explained by the earlier presence of nuclei (due to
the earlier nucleation induced by H,SO4 — NucOrg clusters) pro-
viding the surface for condensable species to condense on. If
there is no “seed aerosol”, SOA formation is suppressed until
the NO concentration approaches zero. Therefore part of the or-
ganic vapors might be lost to the chamber wall, until nucleation
starts, reducing the yield in the early stages (33-35).
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aerosol (acidity through presence of H,SO,) (e.g., for isoprene
and a-pinene [36, 37)], either through direct formation of orga-
no-sulfates (38) or by enhancing aerosol phase reactions such as
oligomerisation (39). As shown in Fig. S5 we found no evidence
of higher SOA yields in the presence of SO, and thus H,SO,
acidity.

Fig. S5C shows the derived (macroscopic, >15 nm) GR for the
five experiments shown in Fig. 1 (main text). GRs correlate ne-
gatively with SO,. The negative correlation with SO, is heavily
influenced by the fact that SO, determines the number concen-
tration N of particles so strongly, and GRs correlates negatively
with N because the particles act as a sink for the condensing va-
por. As discussed in the main text, H,SO, can explain up to 20%
of the GR; 5_; (or up to 70% if wall loss were neglected). However,
its contribution to the growth above 15 nm is typically less than
5%. Therefore, we can estimate the condensable vapor concen-
trations from the observed growth rates of the aerosol size
distribution (e.g., organic vapors that participated in SOA forma-
tion; C-Cy, Eq. S9; MW 200g/mol and a = 1).

The vapor concentration needed to initiate nucleation
depends on the H,SO. concentration. Without any SO, (or
H,SO,) about three times more organic vapor is needed to start
new particle formation. Even with 0.4 ppb SO, the needed
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plausible under atmospherically relevant concentrations.
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Fig. S1. Typical evolution of the major gas phase species for five individual experiments with similar initial concentrations of TMB and NO, but SO, mixing
ratios varying between 0 to 20 ppb (Fig. 1, main text). The experiment to experiment variability is indicated by the shaded area. The repeatability of the 5
independent experiments is excellent. The reaction of OH with TMB leads to formation of RO, radicals, which rapidly convert NO to NO,. Ozone is formed from
the photolysis of NO,, and its concentration increases rapidly after NO concentration has dropped below 5 ppb. Methylglyoxal, a major primary oxidation
product, is formed slowly in the beginning and increases more pronounced concurrent with TMB reacting away. A clear increase in particle number concen-
tration is observed with increasing SO, mixing ratio whereas the overall gas phase chemistry is unaffected.
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Fig. S2. Isopleth plot of J;5 (cm®s™) as a function of log[H,5S0,] versus log[NucOrg]. The iso-lines are drawn to guide the eye. If J; s depended on either H,SO, or
NucOrg alone the iso-lines would need to be horizontally or vertically, respectively. The diagonal iso-lines clearly show that our data can only be explained with
a dependence of J;5 from both H,SO, and NucOrg.

Metzger et al. www.pnas.org/cgi/doi/10.1073/pnas.0911330107 5o0f 7


http://www.pnas.org/cgi/doi/10.1073/pnas.0911330107

SIS

yd

80°N
30°N
00

30°8

60°S

120°W 60°W

0°

60°E 120°E

180°
10 16 25 40 63 100
(c)
60°N Pl R W =,
30°N }eeeeenn... T PR Ve
00 e o Y ORERE
30°S
|
60°S J-ereeeeneafoenne O e b
180°  120°W 60°W  ©0°  60°E  120°E
10 16 25 40 63 100

30°8

60°S

120°W  60°W 0° 60°E 120°E

180°
1.0 16 25 40 63 100
(d
60°N
30°N
oQ
30°S
60°3
180° 120°W  60°W 0° 60°E 120°E
0.50 0.75 1.00 1.25 1.50

Fig. S3. Ratios of April surface mean total particle number concentrations (Dp > 3 nm) simulated using different nucleation mechanisms: (a) Activation
mechanism restricted to the BL only (simulation 3): binary homogeneous nucleation (BHN, simulation 1); (b) Kinetic mechanism restricted to the BL only
(simulation 5): simulation 1; (c) Kinetic nucleation involving organics (simulation 6): simulation 1; (d) simulation 6: simulation 3.
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Effect of the assumed wall loss rates on the concentrations of H,SO, and NucOrg. The base case assumes that the wall loss is limited only by diffusion,
with a mass accommodation coefficient («) of unity (highest possible a and therefore lowest possible H,SO, concentrations). In order to test the sensitivity the
gas phase wall loss rates were reduced by a factor of 4 and by a factor of 200 which systematically shifts the calculated H,SO, and NucOrg concentrations to
higher values (up to 1 order of magnitude). The factor of 200 is in accordance with the reported wall loss rate of HNO; in smog chambers (i.e., a = 0.005). At the
beginning of an experiment, when no or only very small particles are present, wall loss is the dominant loss process for H,SO, and NucOrg. As soon as particles
are formed condensation onto particles overcomes the wall loss and limits the H,SO, and NucOrg concentrations resulting in a strong decrease in the con-

centration.
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Fig. S5. (A) Influence of SO, on the real time aerosol yield: comparison of aerosol mass as a function of TMB reacted (growth curve). (B) Real-time aerosol yield

as a function of aerosol mass concentration Coa. (C) Time dependence of the radius growth rate (GR) and corresponding condensable vapor concentration
(C-Csa). With a lower SO, mixing ratio, a higher concentration of low vapor pressure organics needs to build up before nucleation kicks in. Initial mixing ratios:
250 ppb for TMB and 0-20 ppb for SO,.

Table S1. Concentrations of TMB,.,ctea, H2S04, and NucOrg at the time of particle appearance (ToPA) for a selection of experiments with
similar initial TMB (experiments shown in Fig. 1, main text) or similar initial SO, mixing ratios

TMB reacted at

Contribution of

H.SO,4 at ToPA

NucOrg at ToPA

TMB (ppb)  SO,(ppb)  Time* (min)  ToPA (ppbx16)"  GRiss(nm/h)  H,SO, to GRis3 (%) (molecules/cm?) (molecules/cm?)
Constant Organic

250 0 124 72+ 4 —_ — — —_

250 0.4 39 11 £ 35 2.4 8 (21; 42) 8.5E5 (2.3E6; 4.5E6) 1.7E7 (3.0E7, 4.0E7)
250 2 23 6.2 +4.7 4.3 8 (24; 47) 1.6E6 (4.6E6; 9.0E6) 8.0E6 (1.4E7,1.8E7)
250 5 21 55+49 5 22 (58; 84) 5.0E6 (1.3E7; 1.9E7) 1.0E7 (1.4E7, 1.5E7)
250 20 9 33+54 10 24 (44; 62) 1.1E7 (2.0E7; 2.8 E7) 8.0E6 (1.0E7,1.0E7)
Constant SO,

79 0.4 39 3+4 2.3 7 (21, 48) 7.6E5 (2.2E6;5E6) 5.0E6 (1.0E7;1.3E7)
127 0.4 36 + 4.7 2.5 11 (29; 52) 1.2E6 (3.3E6; 5.8E6) 1.4E7 (2.4E7;2.9E7)
250 0.4 37 11 +£35 24 8 (21; 42) 8.5E5 (2.3E6; 4.5E6) 1.7E7 (3.0E7, 4.0E7)
603 0.4 36 16 + 14 2.5 4 (12; 26) 5.0E5 (1.4E6;2.9E6) 2.6E7 (4.8E7; 6.4E7)

Also listed is the growth rate from 1.5 to 3 nm (GR:s3) and the percentage contribution of H,SO,~GR 5.

Values in brackets show the sensitivity to changes in the assumed wall loss rate (rate reduced to 25% and 0.005%). The H,SO+/NucOrg concentration is
described by production - loss. If the wall loss rate is overestimated the H,SO/NucOrg concentration will be underestimated, especially for the experiments
with lower SO, mixing ratios (more time passing before nucleation occurs and thus more time where loss processes affect the concentration).

*Time equals time of particle (>3 nm) appearance, ToPA, in minutes after the start of the experiment.

"Moving average over 15 min and standard deviation of this 15-min interval.
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