Hygroscopicity of sub-30 nm DMA-sulfuric acid mixture particles in sub-saturated
conditions — comparison of model predictions and measurements
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Hygroscopicity, i.e. the ability to take up water, regu-
lates particles' capability to act as condensation nu-
clei for cloud droplets. Hygroscopicity can also rest
on the water content of particles in sub-saturated con-
ditions and thereby affect on the uptake of various
vapors along the growth of secondary aerosol parti-
cles towards climate relevant sizes. Since the hygro-
scopic properties of the particles depend on the parti-
cle composition, hygroscopicity can offer indirect in-
formation about the composition of ambient or labo-
ratory aerosols.

Dimethylaminium and sulfate ions have been
found in the particle phase during the growth of sec-
ondary aerosol particles (e.g. Smith et al, 2010).
Therefore, knowledge of the hygroscopicity of
dimethylaminiumsulfate (DMAS) nanoparticles is
needed for simulating the growth of DMAS contain-
ing nanoparticles and, if hygroscopicity measure-
ments are used, for interpreting the composition of
such particles. While the thermodynamics of DMAS
containing aerosol is included in thermodynamic
models, the models are tested against large particles
or bulk systems (e.g. Clegg et al, 2013). Here we test
the performance of a state of the art thermodynamic
model in capturing the hygroscopicity of spherical
DMAS particles whose dry diameter is between 10
and 30 nm.

We used the nano-HTDMA system (i.e. Hy-
groscopic Tandem Differential Mobility Analyzer
which is designed for sub-50 nm particles) to mea-
sure the hygroscopic growth factors (HGF, wet-to-
dry particle diameter ratio) of DMAS particles in
sub-saturated conditions. Measurements were per-
formed with varying DMA and sulfuric acid molar
ratios of the atomized solution. Particle dry diameters
between 10 and 30 nm and RH between 20-90%
were selected for the experiments. Particle composi-
tion was measured with a HR-ToF-AMS to reduce
the uncertainty in experimental results due to e.g.
DMA evaporation. The uncertainties of the measure-
ments will be discussed more in detail in our presen-
tation.

The measurements were compared to model
calculations done with E-AIM (Clegg et al, 1998). E-
AIM is a bulk thermodynamic equilibrium model of
the gaseous and particulate phases which has the par-
ticle phase acid-base chemistry built in it. E-AIM
represents the current state of the art thermodynamic
modelling of amine containing aerosol particles.

In figure 1, we show two examples of our pre-
liminary results where the measured and modelled
HGFs are plotted as a function of the particle compo-
sition. The initial dry diameter of the particles was

15 nm in both RH. As the RH increases and the parti-
cles take up more water the difference between the
modelled and measured hygroscopic growth factors
increase. The model captures the HGF dependence
on the RH quite well, however it does not seem to
capture the composition dependence correctly. For
the most acidic particles, the model overestimates the
HGF, while for the least acidic particles at high RH
the model underestimates the HGF.
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Figure 1. Preliminary results showing the measured
and modelled HGF at 40% and 80% RH as a function
of the particle composition. The initial dry diameters

of the particles were 15 nm.

Acknowledgements

This work was supported by The Academy of Finland
(272041, 259005), European Research Council (ERC
Starting Grant 335478), University of Eastern Fin-
land Doctoral Program in Environmental Physics,
Health and Biology and strategic funding from the
University of Eastern Finland.

References
Clegg, S. L., Brimblecombe, P., and Wexler, A. S.

(1998) J. Phys. Chem. A, 102, 2137-2154.

Clegg, S. L., Chong , and Renyi, Z. (2013)A4tmo-
spheric Environment 73, 145-158.

Smith, J. N., Barsanti, K. C., Friedli, H. R., Ehn, M.,
Kulmala, M., Collins, D. R., Scheckman, 1J.,
Williams, B. J. and McMurry, P. H. (2010).
Proc. Natl. Acad. Sci. U.S.A. 107(15), 6634-6639



