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[1] The hygroscopic growth factors of NaCl particles
having dry mobility diameters of 6 to 60 nm were measured
using a tandem nano-Differential Mobility Analyzer. The
growth factors steadily decreased within detection limit for
dry sizes below 40 nm. The decrease is quantitatively
predicted by a model that includes the Kelvin effect and a
size-dependent shape factor. This factor is not tuned to the
data but rather is grounded in theoretical predictions from
literature. Agreement in growth factors for particles
generated by two independent methods (namely,
vaporization-condensation and electrospray), as well as
observations of prompt deliquescence, indicates the absence
of significant chemical impurities. Citation: Biskos, G.,

L. M. Russell, P. R. Buseck, and S. T. Martin (2006), Nanosize

effect on the hygroscopic growth factor of aerosol particles,

Geophys. Res. Lett., 33, L07801, doi:10.1029/2005GL025199.

1. Introduction

[2] Atmospheric nanoparticles include ammonium sulfate
[Zhang et al., 2004], iodine oxides [O’Dowd et al., 2002a],
secondary organic aerosol [O’Dowd et al., 2002b], and sea
salt [Clarke et al., 2003]. By processes of coagulation and
condensational growth, atmospheric nanoparticles are im-
portant precursors to the accumulation-mode particles that
influence cloud formation [Russell et al., 1999; Anastasio
and Martin, 2001]. The aerodynamic diameter of hygro-
scopic particles, which partially determines the rates of
coagulation and condensation, depends on relative humidity
[Tang et al., 1997]. For nanoparticles, the hygroscopic
growth factor at a fixed relative humidity is predicted to
decrease with smaller sizes because of the Kelvin effect
[Chen, 1994].
[3] A further nanosize effect on hygroscopic growth,

beyond the Kelvin correction, could also result from a
dependency of a particle property on size. For instance, as
particle size decreases below a threshold, surface tension
decreases due to the increased curvature. A typical estimated
threshold is 2 nm as the particle size approaches bond
distances [Lu and Jiang, 2005], although the relationship
has not been tested experimentally and could begin at larger
sizes. Density increases by approximately 1% below a
critical size of 1 to 5 nm for typical materials [Cheng et
al., 1993; Gilbert et al., 2004]. The shape factor of
nonspherical particles is expected to become size dependent

when the Knudsen number (given by 2l/d) lies in the
transition regime of 0.1 < Kn < 10, where l is the mean
free path of a gas molecule 66 nm in 1 atm of air) and d is
particle size [DeCarlo et al., 2004]. Nonspherical particles
have a shape factor to account for the difference in drag
force compared to a spherical particle.
[4] In addition to nanosize effects on intrinsic particle

properties, predictions of hygroscopic growth have in-
creased sensitivity in the nanosize regime to parameter
uncertainties. Figure 1b shows a sensitivity of 1 to 10% in
the predicted hygroscopic growth of NaCl particles for
potential uncertainties in aqueous-particle surface tension,
dry-particle density, and dry-particle shape factor. The
impacts of the uncertainties are greatest for nanoparticles.
[5] Despite their possible importance, experimental

investigations of nanosize effects are few, and related results
in these previous studies of prompt and nonprompt deli-
quescence and efflorescence are difficult to rationalize
[Hämeri et al., 2000, 2001; Djikaev et al., 2001]. Contam-
ination of the nanoparticles may have affected the results.
Biskos et al. [2006] recently reported prompt deliquescence
and efflorescence for nanoparticles believed to have low
levels of impurities.
[6] In this paper, we report new measurements of the

hygroscopic growth of nanoparticles and evaluate how well
existing models predict the observations. The test system is
6- to 60-nm NaCl aerosol particles. The inorganic compo-
sition of desiccated sea water is 86 wt% NaCl. Based upon
the discussion above for size dependencies of properties, the
test aerosol particles may be expected to have large-particle
values of aqueous-gas surface tension and aqueous-/dry-
particle densities. A size dependency in the dry-particle
shape factor, however, may be expected.

2. Theory of the Nanosize Effect on the
Hygroscopic Growth Factor

[7] The observable of our experimental method is particle
mobility diameter dm. The mobility-diameter growth factor
g is given by:

g RHð Þ ¼ dm RHð Þ
dm;dry

; ð1Þ

where dm,dry is the mobility diameter of the dry particle (viz.
RH < 5%) and dm(RH) is the mobility diameter at increased
relative humidity (RH).
[8] The growth factor can be predicted by equation (1)

when the relationship between dm(RH) and dm,dry is known
or modeled. We consider four models. In each, we assume
that NaCl deliquesces at the RH of dm(RH) so that a
spherical (i.e., unity shape factor) aqueous particle forms.
As a result, dm(RH) = dve(RH) where dve is the volume-
equivalent (i.e., spherical) diameter.
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