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We use dynamic mass-balance equations to treat the role of organic composition in driv-
ing net condensation to atmospheric particles. We consider the growth of newly formed
nanoparticles that may have very different composition (volatility) than the pre-existing
aerosol. Production of vapors much less volatile than the background aerosol enhances
the growth of nanoparticles by the re-partitioning of semi-volatile vapors to the growing
nanoparticles. In contrast, production of more-volatile vapors suppresses the growth of
nanoparticles because the background aerosol draws down the semi-volatile gas-phase
concentrations. The background aerosol thus serves as either a source or a sink of addi-
tional organic material. For fresh nanoparticles, the implication is that net condensation
depends significantly on any imbalance between the produced organic vapors and their
equilibrium (vapor) distribution over the background aerosol. This phenomenon may be
important during nucleation and growth events, where relatively rapid growth of newly
formed particles is difficult to explain.

Introduction

Gas-particle partitioning is among the domi-
nant physical processes controlling the size and
composition of sub-micron (< 1 ym in diameter)
atmospheric particulate matter. A large fraction
of particulate nitrate, ammonium, and sulfate
originates from the gas phase (Tsimpidi et al.
2007), and it has recently become clear that
the same is true for an equally large fraction of
organic aerosol (OA) (Donahue et al. 2009).
While the partitioning of the inorganic species
is relatively well understood (Nenes et al. 1998,
Wexler and Clegg 2002), OA is another matter: it
is comprised of a complex mixture of thousands
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of compounds having a wide range of volatilities
(Marcolli et al. 2004, Robinson et al. 2010).
Organic compounds play an important role in
the early stages of growth for nucleated particles
(Riipinen et al. 2011). At the boreal forest site in
Hyytidld, Finland, for example, it is evident that
the rate of particle growth is related to monoter-
pene concentrations (Hirsikko et al. 2005, Yli-
Juuti et al. 2011); however, gas-phase production
rates alone do not explain the magnitude of the
observed particle growth rates (Riipinen et al.
2012). Processes such as organic salt forma-
tion and oligomerization likely explain part of
this “missing” growth. Additionally, as we shall
demonstrate, OA equilibration with the pre-ex-
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isting aerosol likely enhances particle growth.

While gas-phase organic molecules con-
stantly encounter particulate matter in the plan-
etary boundary layer (Westervelt et al. 2013),
only a fraction of those molecules contribute to
net growth. Any net condensation to or evap-
oration from a particle is driven by deviations
from thermodynamic equilibrium (Marcolli et
al. 2004, Vehkamiki and Riipinen 2012). The
final equilibrium state that the particle is trying
to reach is characterized by the equilibrium con-
centrations (also expressed as vapor pressures)
of the condensing or evaporating species in the
particle and gas phases. The equilibrium concen-
tration of an individual organic compound on a
particle is controlled by the aerosol composition
(the Raoult effect) as well as the curvature of
the particle’s surface (the Kelvin effect) (Sein-
feld and Pandis 2006). These properties change
dynamically during the course of the condensa-
tion process and vary significantly among par-
ticles in the atmosphere (Donahue et al. 2011).
It is thus not at all obvious what part of the par-
ticle size distribution organic condensation will
favor. Our objective was to investigate whether
different conditions might lead to dramatically
different organic condensational growth rates for
nanoparticles.

Marcolli et al. (2004) showed that OA equil-
ibration is accomplished via gas-phase diffusion
and that the rate at which an organic species par-
ticipates in equilibration depends on its volatility.
This finding suggests that transfer of semi-vola-
tile organics from the background aerosol to dis-
equilibrated target particles (“Marcolli mixing”)
can be a key part of the equilibration process.
The situation is especially dramatic for freshly
formed or emitted nanoparticles that may have
very different composition than the pre-existing
background aerosol. The most extreme example
is freshly emitted, completely uncoated nanopar-
ticles. Consequently, we shall use these as an
example of the general case by which particles
evolve from a unique, external mixture to a
homogenous internal mixture corresponding to
the final equilibrium state.

In this work we applied a dynamic mass-trans-
fer model (Vesala et al. 1997, Vehkamiki and
Riipinen 2012) to treat the role of organic com-
position and particle size in driving the net con-
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densation of semi-volatile organics to particles
suspended in the atmosphere. We investigated
the interactions between two aerosol populations:
one consisting of freshly emitted ultrafine parti-
cles, and one representing the pre-existing back-
ground aerosol. Specifically, we investigated a
situation in which the background aerosol con-
sists of organics in the presence of additional
sources of organic vapors — either from chem-
ical aging reactions or direct emissions. We con-
sidered a monodisperse population of nanopar-
ticles (representing the ultrafine particles) that is
initially completely free of organic compounds
and thus has a composition that is quite different
from the background aerosol. We were interested
in the net growth of those nanoparticles, specif-
ically how the growth is influenced by the com-
position of the background particles as compared
with the volatilities of the condensing vapors.
The composition (volatility) of condensing
organics likely differs from the composition of
the organics on the background aerosol parti-
cles, and this can have important implications
for nanoparticle growth (Fig. 1). To demon-
strate this phenomenology, we considered two
limiting cases that represent conditions likely
encountered in the atmosphere. In each case we
introduced a source of organic vapors that leads
to significant condensation onto and growth of
the background aerosol; however, in one case
the vapors are relatively less volatile than the
equilibrium distribution that would normally
exist over the background particles, while in
the other case the vapors are relatively more
volatile. The first case (less volatile vapors) is
a reasonable model for gas-phase aging chem-
istry in the absence of fresh emissions (Lanz et
al. 2007, Huffman et al. 2009). In this case the
vapors can condense onto the nanoparticles and
“prime” those particles to receive further con-
densation from more volatile organics associated
with the background aerosol. The second case
(more volatile vapors) is a reasonable model for
“fresh” emissions in the presence of relatively
aged background particles, which tend to be less
volatile (Jimenez et al. 2009, Cappa and Jimenez
2010). When the new vapors are relatively vol-
atile, the less-volatile background aerosol can
serve as a sponge, preventing any significant
condensation onto the nanoparticles.
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Fig. 1. Interaction of
freshly formed particles
with the pre-existing aer-
osol during organic con-
densation events. The
background aerosol can
serve to enhance growth
if it contains relatively vol-
atile organics. Conversely,
a background aerosol
containing relatively aged
organics can serve to
suppress the growth of
newly formed particles.

Background
particles

Our results indicate that the interactions
between emitted (fresh) nanoparticles and the
background aerosol can strongly affect the
amount of nanoparticle growth that occurs via
reversible condensation of organics (the same
compounds that form bulk secondary organic
aerosol). Because the volatility of atmospheric
organics varies over orders of magnitude, it is
the volatility spread and not other effects such
as particle curvature (the Kelvin effect) that
dominate this behavior for all but the very small-
est particles. Furthermore, we investigated how
these condensation processes are influenced by
the assumptions we make about the sizes and
concentrations of the two particle populations.

Model description

We used the volatility basis set, introduced
by Donahue et al. (2006), as a framework for
describing the myriad of organic species found in
the atmosphere. Organic species are grouped into
logarithmically spaced bins based on their effec-
tive saturation concentration, or C* (unit g m).
Here, we treat each C* bin as a lumped chemical
species and describe the organic composition
in terms of C*. It is the difference in volatility
between the organics constituting the background
aerosol and the organics coating a fresh nanopar-
ticle that drives the processes we shall describe.
We calculated the condensed mass for two
distinct particle populations: a monodisperse
nanoparticle mode consisting initially of non-vol-
atile inorganic material and a larger-diame-

ter background aerosol mode consisting of an
organic mixture. The purpose of this study was
not to model a specific set of ambient conditions,
but rather to qualitatively demonstrate the influ-
ence of the background aerosol on nanoparticle
growth. Nevertheless the population properties
are roughly constrained based on an atmospheric
size distribution from Hyytidld (Riipinen et al.
2011). The Hyytidld distribution (Fig. 2) contains
a mode of freshly formed particles, which served
as a basis for the monodisperse nanoparticle pop-
ulation. In our base case (Cases 1A—C), a popu-
lation of 28-nm inorganic nanoparticles is intro-
duced to an atmosphere containing a pre-existing
background aerosol and in which vapor-phase
emission occurs. We represent the background
aerosol as a log-normal mode that initially con-
sists of 50% organics by mass. This gives an
initial background organic mass of 1.8 ug m=.
We are not overly concerned about accurately
representing the background size distribution; in
these simulations the background aerosol serves
as either a source or a sink of additional organic
material depending on the conditions, as we shall
demonstrate. To isolate the effect of condensation
dynamics on the organic growth and composi-
tion of the ultrafine particles, we also omit other
dynamic processes (such as coagulation and depo-
sition) that would be shaping their distribution in
the real atmosphere. The simulated environments
contain vapor-phase organics that are initially in
equilibrium with the background particles.

We represent the atmospheric organics as
a mixture of “fresh” and “aged” components.
In the real atmosphere this will include a broad
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distribution of volatilities (Cappa and Jimenez
2010), but to isolate the physics we reduce this
to two constituents with volatilities differing by
two orders of magnitude. For the fresh, relatively
unoxidized (semi-volatile) organics, an effective
saturation concentration of 1 ug m~ (log, C* =
0) is used; the C* of the relatively aged, low-vol-
atility organics is 0.01 ug m” (log C* = -2)
(Jimenez et al. 2009). We assume that the fresh
and aged organics exist in a single, well-mixed
condensed phase (Koo et al. 2003, Hildebrandt
et al. 2011) that is separate from and does not
interact with the inorganic species (Pathak et al.
2008, Bertram et al. 2008). We do not explicitly
represent the inorganic portion of the aerosol,
as it would not substantially affect OA conden-
sation in our simulations. Moreover, we do not
describe the condensation of inorganic vapors
that would contribute to nanoparticle growth
in the real atmosphere. This representation of
atmospheric species is greatly simplified, yet it
is sufficient to illustrate the influence of organic
composition on nanoparticle growth.

Organic vapors are added to the model atmo-
sphere for the first three hours of the simulation;
after this, the vapor production rate is instanta-
neously set to zero. The added vapors are “fresh”
if they are less oxidized (more volatile) than the
organics in the background atmosphere. Vapor-
phase aging of organics may occur, resulting in

100 1000
Dy i (nm)

an effective influx of “aged” organic vapors; thus,
the added vapors in this model are used as a proxy
for either actual emissions or for gas-phase aging
reactions resulting in lower-volatility vapors. We
choose a vapor addition rate of 0.72 g m= h!
— this gives a growth rate of 10 nm h™' for the
background particles, which is roughly consistent
with observed particle growth rates in Hyytidld
(Riipinen et al. 2011). Because organic produc-
tion is less aggressive in many cases, we also
consider vapor addition rates of 0.36 and 0.18
pg m™ h™'. We present these results as sensitivity
studies (Cases 6A and C and 7A and C).

The ability of a nanoparticle to grow via
organic condensation is dependent on the com-
position of particles in the background atmo-
sphere. To illustrate this, we vary the volatility of
the condensing vapor as compared with the vol-
atility of the background aerosol. The “A” cases
correspond to fresh condensing vapors, while
the vapors in the “B” cases are relatively aged.
In the “C” cases, both the added vapors and the
background aerosol are aged. Furthermore, we
study the sensitivity of the condensation process
and the resulting nanoparticle growth rates to the
properties of the two aerosol populations. We
vary the diameter of the monodisperse nanopar-
ticles to consider the growth of 10- and 60-nm
particles (Cases 2A and B, and 3A and B). We
also consider nanoparticle growth in the pres-
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ence of background OA masses of 0.18 and 18
pg m= (Cases 4A and B, and 5A and B). Finally,
we consider the growth of 10-nm nanoparticles
using reduced vapor addition rates of 0.36 and
0.18 ug m™ h' (Cases 8A and 9A). The assumed
properties for the populations in each simulation
are summarized in Table 1.

Model calculations

We use dynamic mass balance equations to pre-
dict the mass of each organic species in both par-
ticle populations (Eq. 1) as well as in the vapor
phase (Eq. 2):

o (1)
7
dc;”
— i _=p_ 3 2
a —hm2e, @

In these equations, C, represents the vapor (C,'*)
or particulate (C,?) phase concentration of spe-
cies i (units gg m™), P, is the rate of vapor-phase
production (units yg m= s'), and @, is the net
gas-to-particle mass transfer of species i to pop-
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¢ij — CS/. (Cvap _ C;urf)

=Cs,(C"-X,CK,,) 3)
=CS,C/(S,-X,K,,)

where CSj is the condensation sink caused by
the particle population j (units s) (Dal Maso et
al. 2002), CUSurf is the equilibrium concentration
at the particle surface, which is the effective
saturation concentration of a species modified
by both the mass fraction of the species in the
particle (XU) and the Kelvin term (Kw,). The mass
fraction accounts for thermodynamic mixing
effects (modified Raoult’s Law), the Kelvin term
accounts for surface curvature effects, and S, is
the saturation ratio.

We approximate the Kelvin term for each
particle population based on the modal diameter
DPJ. Ke,j is also a function of the molar mass of
the condensed species (M), particle temperature
(Tp), average density of the condensed phase
(p), the gas constant (R), and the surface tension
of the condensed species (0). We estimate the
organic surface tension as ¢ = 0.03 N m™ and
write K, expressed in terms of a Kelvin diam-

ulation j (units #g m~ s™') (Seinfeld and Pandis  eter, D,:
2006, Donahue et al. 2011). For an organic D
species: K, = exp( X ] )]
’ D .
Py
Table 1. Simulation descriptions and results
Case Vapor Added Background Nanoparticle Initial OA in Nanoparticle
addition rate organic organic D, (nm) background growth rate
(ugmh)  (log,,C*) (log,,C") (ug M) (nm h-)
1A 0.72 —2 0 28 1.8 22
1B 0.72 0 -2 28 1.8 0
1C 0.72 -2 -2 28 1.8 10
2A 0.72 —2 0 10 1.8 18
2B 0.72 0 -2 10 1.8 0
3A 0.72 -2 0 60 1.8 22
3B 0.72 0 -2 60 1.8 0
4A 0.72 -2 0 28 0.18 35
4B 0.72 0 -2 28 0.18 0
5A 0.72 —2 0 28 18 6.7
5B 0.72 0 -2 28 18 0
6A 0.36 -2 0 28 1.8 18
6C 0.36 -2 -2 28 1.8 5.7
7A 0.18 -2 0 28 1.8 13
7C 0.18 -2 -2 28 1.8 2.8
8A 0.36 -2 0 10 1.8 13
9A 0.18 -2 0 10 1.8 6.2
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D, = 2M.0 )
RT p
For an organic aerosol having a molecular
weight of 200 g mol™" and a density of 1.4 g cm™,
D, =7 nm at 300 K (Donahue ez al. 2011). Mass
transfer to the background aerosol mode, which
contains many particles having diameters greater
than 100 nm, is thus not significantly affected by
the Kelvin term. Moreover, because the driving
force for organic condensation depends on X X
K, the growth rate of the nanoparticle mode,
which has an organic composition that differs
greatly from that of the background aerosol, is
only weakly sensitive to the Kelvin term. How-
ever we shall explicitly explore this sensitivity by
varying the diameter of the nanoparticle mode.
The condensation sink caused by particle
population j is the loss frequency of vapors to the
particle surface area:

v 2
CS, = 2N, ;7D,p, (©)

where k refers to a particle size bin in a popula-
tion j, N, is the number concentration of particles
in this bin, v_is the mean thermal speed of the
gas phase molecules, and 3 is the transition
regime correction factor (Seinfeld and Pandis
2006):

f= 20Kn(1+Kn)
"~ Kn®+Kn+0.283Kna +0.750

As shown, (8 is a function of the accommoda-
tion coefficient (o) and the Knudsen number
(Kn). Kn is a function of the mean free path of
the organic vapor in air (4, ), which is generally
defined as 3D, /v, where D, is the diffusivity
of A in air. For organic species, & = 1 and 4, =
100 nm are used. We assume that the nanoparti-
cle is coated perfectly (i.e., the mass accommo-
dation coefficient of the “naked” nanoparticle is
unity). The condensation sink sets the scaling for
this mass transfer problem by establishing the
collision rate of vapors with particles. We dis-
play an example of the differential condensation
sink dCS/dlogDp’k Vs. logDp 4 In an atmospheric
size distribution to give a visual indication of
which part of the particle size spectrum exhibits
most molecular exchange with the gas phase
(Fig. 2). We also indicate our model representa-
tion of the distribution. The distribution contains

(N
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a nucleation mode (centered at Dp = 28 nm) that
is distinct from the background aerosol mode.

We consider the rate at which an initially
inorganic nanoparticle would grow in the simu-
lated environments (see Table 1). The growth is
described by change in diameter (twice the rate
at which any coating thickens), which is related
to the mass flux to the particle:

dD,  2J, q
dr prD;, ®
0.
J=Y- 9
sy ©

Here Jj is the average total molecular flux to a
single particle in population j, D, . is the modal
diameter of the population, and p is the average
density of the condensing species. The molecular
flux can also be formulated as the sum of the net
condensation rates of each organic species to the
monodisperse nanoparticle mode.

Our model explicitly tracks both the modal
diameter (Eq. 9) and the total mass (Eq. 1) of
both aerosol populations. However, we make
simplifying assumptions regarding the back-
ground aerosol population in order to calculate
CS using Eq. 6. These assumptions are that a)
the particle size distribution remains log-normal
throughout the simulation and that b) the geo-
metric standard deviation of the lognormal dis-
tribution is constant at 1.74.

Results and discussion

Aged vapor emissions (Case 1A):
Accelerated nanoparticle growth

This case represents an atmosphere having an
influx of vapors that are aged relative to the
background aerosol. The background aerosol in
this case is semi-volatile (“SV-OOA”, Jimenez
et al. 2009), and the vapor influx may be caused
by direct emission or by oxidation of back-
ground vapors. We show the time-dependent
mass composition of the monodisperse nanopar-
ticles (Fig. 3: 1A.1) and the background aerosol
(Fig. 3: 1A.2), along with the vapor-phase con-
centrations of the organics, expressed in terms
of saturation ratio (Fig. 3, subplot 1A.3). In this
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Fig. 3. The mass of the nanoparticle mode and the background mode (ug m=2) is plotted against time for Cases
1A, 1B and 1C. In Case 1A low-volatility organics (dark green) are added to the simulation for three hours (dashed
blue vertical line marks end of vapor production). Here the inorganic nanoparticles (grey) are coated with both low-
volatility and semi-volatile (light green) organic species (subplot 1A.1). In Case 1B semi-volatile vapors are added
to the simulation, and the inorganic nanoparticles are not coated (subplot 1B.1). In Case 1C low-volatility organics
are added to the simulation and coat the nanoparticles. The evolution of the background particle mass (ug m=) and
the vapor-phase saturation ratios are also shown for each respective case. The inorganic portion of the background

particle mass is shown in red.

case aged organic vapors (log C* = -2) are
added to a background atmosphere initially con-
taining relatively volatile organics (log, ,C* = 0).
The vapor phase is very quickly saturated with
the aged organics (S, > C* X X, X K , see Eq. 3)
and growth begins as vapors condense onto both
the background aerosol and the bare nanoparti-
cles. When the aged organics begin to condense,
the composition of the background aerosol is
essentially unchanged (Xlogm -, ~ 0), while the
organic portion of the nanoparticles is comprised
entirely of low-volatility organics (Xlogmc* L=
1). As a consequence, the equilibrium mass con-
centration of semi-volatile (log C* = 0) vapors
over the nanoparticles is essentially zero while
over the background aerosol it is 1 #g m=. There
is thus a strong driving force for additional con-
densation to the nanoparticles, while the back-

ground aerosol serves as a reservoir to maintain
the semi-volatile vapor concentration. This leads
to substantially enhanced nanoparticle growth
(see Fig. 4). Case 1C (also shown in Fig. 3)
shows the nanoparticle growth rate in absence
of this composition driving force; the enhance-
ment for Case 1A is a factor of two (22 nm h™!
vs. 10 nm h™'). If some portion of the background
organic mass is characterized by delayed evapo-
ration, whether due to slow decomposition of
oligomers or to diffusive limitations, the growth
rate is somewhere in between (14 nm h™' when
50% of background is effectively non-volatile).
In Case 1A the organics condense very
quickly, bringing the compositions of the two
particle populations into balance. As vapor-
phase emission continues, additional log, C* =
0 and log,,C* = -2 vapors condense in propor-
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tion to their equilibrium concentrations. In Case 100r—— Coce 1A
1A, 2.2 pg m> of low-volatility organics are 90} .- .- Case 1C
produced, with 80% condensing onto the back- - - -Case 1B
. .. 80

ground particles. An additional 0.48 pg m= of S
semi-volatile (log C* = 0) vapors re-partition 701 q/o&
to the condensed phase, with 85% condensing g go} v 5 ST
onto the nanoparticles. The partitioning thermo- E; 50l ’\,«""'
dynamics directs this additional condensation Q ,f’(‘\{(\\“‘
preferentially to the nanoparticles. 407 //"J "0

One situation where this phenomenon may ol
be important is during nucleation and growth 20l 0 nm/hr
events, where relatively rapid growth of newly
formed particles is difficult to explain (Dona- 1% y > 3 1 5
hue et al. 2011, Riipinen et al. 2011, Pierce et Time (hr)

al. 2011). In that case, the nanoparticles in this
simulation are the nucleated particles in the
atmosphere, and the low-C* vapors are produced
via gas-phase oxidation.

Aged background aerosol (Case 1B):
Inhibited nanoparticle growth

The background aerosol in this is less vola-
tile (lower C*) than the added vapors. This
case represents an atmosphere that is charac-
terized by fresh, relatively unoxidized vapors
and a relatively aged (and therefore less vola-
tile) background aerosol (“LV-OOA”, Jimenez
et al. 2009). Here, organic condensation does
not cause the nanoparticle population to grow;
this is true even though significant OA is formed
via gas-particle partitioning (the total amount
of OA produced is comparable to Case 1A, as
shown in Fig. 3). The added log, ,C* = 0 organ-
ics do interact with the nanoparticles; however,
because the molecules are relatively volatile they
do not remain condensed on the particle. Rather,
the semi-volatile organics are free to distribute
amongst particle populations in the most thermo-
dynamically favorable way. In this case, that is
almost exclusively deposition to the background
aerosol. Because the background initially con-
tains lower-volatility organics, X, .. _, remains
low enough in the background aerosol to keep the
equilibrium mass concentration of the log, ,C* =
0 vapors relatively low; this drives condensation
toward the background aerosol throughout the
simulation and sharply reduces any net conden-
sation to the nanoparticles. Because this driving

Fig. 4. The condensational growth of the monodisperse
nanoparticle mode is shown for three sets of condi-
tions. In Case 1A the nanoparticles grow (22 nm h™") as
the added low-volatility vapors condense; the growth is
enhanced by relatively volatile organics from the back-
ground atmosphere that selectively condense onto the
nanoparticles. The nanoparticles in Case 1C also grow
(10 nm h™") as low-volatility vapors condense. In Case
1B the nanoparticles do not grow. The blue vertical line
marks end of vapor production.

force exists, and because the condensation sink
of the background aerosol is sufficiently high,
the background aerosol absorbs almost all of the
added log,,C* = 0 vapors (see Fig. 3, subplots
1B.1 and 1B.2). As shown, the growth of the
nanoparticle mode is extremely limited (Fig. 4).

Sensitivity studies

We explore the sensitivity of our results to
nanoparticle size (and thus the Kelvin effect) by
varying the initial diameter of the monodisperse
mode. In addition to the base-case (Dp =28 nm),
we consider modes having initial diameters of
10 and 60 nm. As summarized (Table 1), the
calculated nanoparticle growth rates are rather
insensitive to the initial particle size. In all cases
having relatively aged added vapors, the growth
of the nanoparticle mode is rapid; and when the
background is relatively aged, the nanoparticle
mode does not grow. In Case 2A (10 nm nano-
particles, aged vapors), the nanoparticle growth
rate is slightly lower than the growth rate for
the nanoparticles in the corresponding base-case
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simulation (Case 1A). This is because a higher
saturation ratio is required to drive initial con-
densation to the nanoparticle mode.

We also explore the sensitivity of our results
to the initial mass of the background OA by var-
ying the mass over two orders of magnitude (we
consider background OA mass of 0.18, 1.8, and
18 ug m™). In all cases having relatively aged
added vapors, the nanoparticle mode grows;
however, its growth rate depends on the mass
concentration of the background OA. When
the magnitude of the background OA mode is
increased (Case 5A), the background receives a
greater fraction of the OA condensation, result-
ing in reduced growth for the nanoparticle mode
relative to Case 1A. The nanoparticle mode does
not grow in any of the cases having a relatively
aged background OA.

We further consider the sensitivity of our
results to the vapor production rate (we consider
rates of 0.18 pg m= h™', 0.36 ug m= h!, and
0.72 ug m= h"). All of the associated “A” cases
exhibit nanoparticle growth that is enhanced by
the presence of the background aerosol popula-
tion. The enhancement factors for the lower
production rates are 3 and 5 (corresponding to
Cases 6A and C, and 7A and C, respectively).
For lower production rates, greater amounts of
semi-volatile organics must transfer to the nano-
particles in order to equilibrate the population
with the background aerosol. Finally, we con-
sider sensitivity to particle size when the organic
production rate is reduced (Cases 8A and 9A).
We find that organics contribute to the growth
of 10-nm particles at the given production rates.

Conclusions

These simulations are not designed to model
the real atmosphere but rather to illuminate the
underlying physics driving net condensation of
organics over a complex mixture. However, as
long as the equilibrium thermodynamics at the
heart of all partitioning treatments of organic
aerosol is valid, the essential dynamics described
here will have an important role in organic
condensation onto atmospheric particles. The
essential feature is that composition differences
can drive substantial net fluxes onto or off of dif-
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ferent particles, so that net growth may be quite
different than for the relatively simple case of an
essentially non-volatile gas-phase species like
sulfuric acid.

For fresh nanoparticles, the implication is
that coating will depend significantly on any
imbalance between the produced organic vapors
and their equilibrium (vapor) distribution over
the bulk background organic aerosol, which is
generally in the accumulation mode. There is
strong evidence for gas-phase production of at
least some very low volatility organics, so it is
likely that situations similar to Case 1A will be
frequently encountered in the atmosphere. Our
results indicate that the growth rate of nanopar-
ticles having D_ > 10 nm may be enhanced due
to vapor-phase equilibration of the nanoparti-
cles with the background atmosphere. However,
these simulations also show that the enhance-
ments depend strongly on the volatility dif-
ference between the condensing vapors being
produced in the gas phase and the compounds in
the background aerosol; thus, whether condensa-
tion proceeds as “semi-volatile”, “non-volatile”
or even “enhanced” will depend on the specific
conditions during an event. Nonetheless, the
“enhanced” condensation caused by transfer of
semi-volatile material from the accumulation
mode could help to explain observed nanopar-
ticle growth rates and should thus be considered
when studying the organic contribution to nano-
particle growth.
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