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Figure 3. SPLAT-MS results on humidified (dry-200 nm)
lest aerosols; (a) aerodynamic size. (b) mass spectrum of
less hygroscopic particles, (c) mass spectrum of more
hygroscopic particles.
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Figure 4. Mass spectra of less hygroscopic particles with
different thickness of AN layer on them.

ammonium nitrate layer must be on the order of a few
nanometers only. The blue spectrum (Figure 3c) of the more
hygroscopic particles in exhibit a large NO+ peak indicating
that the particles were composed of ammonium nitrate.

[19] Figure 4 is a composite of four averaged mass spectra
all of which correspond to PSL/AN particles representing 4
different selected dry sizes by DMA I and with DMA2 set to
transmit the maximum number of particles in the less
hygroscopic mode. As before, the peaks labeled Cr, Cr,
and C; are due to the presence of PSL while the NO+ peak,
also shown in the insert in an expanded view, is attributed to
nitrate. The four spectra represent raw data and no rescaling
was applied. The amplitude of the PSL peaks remains
constant from one spectrum to the next consistent with a
fixed size PSL sphere. In contrast, the amplitude of the NO+
peak, corresponding to ammonium nitrate, increases as the
size of the particles selected by DMAl increases. This trend
is consistent with the fact that the larger PSLlAN particles
have thicker ammonium nitrate layers (quantitative analyses
of the relationship between peak intensity and nitrate mass is
beyond the scope of this briefletter). Similarly, as shown in
Figure 2, the thicker the ammonium nitrate layer is, the more
hygroscopic the particle is.

[20] To illustrate the applicability of the HTDMA/
SPLAT-MS system to the ambient atmosphere we present
here an example of results from experiment carried out at
Cheju Island, Republic of South Korea during the Aerosol
Characterization Experiment (ACE) Asia.

[21] The ambient aerosol experiment followed the same
procedure described above for the laboratory-generated
particles. The size distribution presented in Figure 5a was
obtained by setting DMA I to select dry ambient particles
250 nm in diameter (black dotted triangle), humidifYing the
monodisperse output to above 90% RH and scanning
DMA2 with the number density of particles exiting
DMA2 indicated. During this run the 250 nm ambient
aerosol exhibited 'less' and 'more' hygroscopic modes with
growth factors of 1.1 and 1.4, respectively. The red and blue
triangles in Figure 5a indicate the ranges of sizes sampled
by SPLAT-MS.

[22] Sixty-one mass spectra were obtained over a period
of 12 minutes of data collection when DMA2 was set to
transmit particles from the more hygroscopic mode. Anal-
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imum number of either PAN or PSL/AN particles to
SPLAT-MS.

[17] The insert in Figure 3a repeats the data shown in
Figure 2 for the case when DMA I was set to transmit 200
om particles. The position of the red and blue vertical lines
indicate the growth factors of the particles selected by
DMA2 to be transmitted for analysis by SPLAT-MS; red
for PSL/AN and blue for PAN particles. The body of Figure
3a shows two aerodynamic size distributions obsetved by
SPLAT-MS in red and blue corresponding to the red and
blue lines in the insert. When DMA2 was fixed to transmit
PAN (blue) the aerodynamic size distribution observed by
SPLAT-MS clearly shows three modes corresponding to
singly, doubly and triply charged particles. The red size
distribution, corresponding to PSL/AN, shows a single
narrow peak at virtually the same size as that selected by
DMA I consistent with particles containing only a small
amount of ammonium nitrate and with a density close to I g
cm-3 No multiply charged particles were observed when
DMA2 selected the less-hygroscopic PSL/AN particles
because multiply charged particles containing PSL would
necessarily have a very thick ammonium nitrate coating; the
resulting particles would be just as hygroscopic as PAN
particles and consequently would not be selected by DMA2
at this voltage.

[IS] Figures 3b and 3c show mass-spectra of singly
charged particles in red and blue, corresponding to PSLI
AN and PAN particles, respectively. Each spectrum is an
average of approximately 200 individual particle spectra
corresponding to sampling times of 1-2 minutes. The red
spectrum of the less hygroscopic particles is dominated by a
progression of carbon atoms, labeled C~, C;, and ct.
associated with the carbon-based polymer composition of
the PSL spheres. A very small ammonium nitrate signature is
seen as the NO+ peak at a mass-to-charge (mlz) of 30. Since
DMAI in this experiment was set to select 200 nm and the
PSL spheres are 204 ± 10 nm in diameter the thickness ofthe
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Figure 5. SPLAT-MS results on humidified (dry-250 nm)
ambient aerosols; (a) analogues to Figure 2, (b) mass
spectrum of more hygroscopic particles, (c) mass spectrum
of less hygroscopic particles.
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4. Conclusions

[25] We presented an experimental system that provides
for simultaneous determination of individual ambient par­
ticle size, hygroscopicity and composition. It uses an
HTDMA to select particles according to their size and
hygroscopicity and a single particle mass spectrometer to
characterize their aerodynamic size and their composition.
The capability of the system was demonstrated on lab
generated internally and externally mixed aerosol consisting
of ammonium nitrate coated PSL spheres and pure ammo­
nium nitrate particles.

[26] One of the challenges in this field has been to
develop methods that can quantifY the relationship between
composition and hygroscopicity for internally mixed par­
ticles. The results demonstrate that the system is clearly
capable of providing detailed information linking individual
particle internal composition with their hygroscopic proper­
ties. The observations substantiate that the mass spectral
peak amplitudes are related to the relative mass fractions of
the two components of the internally mixed aerosol.

[27] We were able to demonstrate that the system sensi­
tivity is sufficiently high to allow for experiments on ambient
aerosols within a reasonable acquisition time. The ambient
data showed that sulfate was present in most of the particles
of the more hygroscopic growth mode, while the less
hygroscopic mode was mostly of crustal origin.
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ysis of the mass spectra of these particles showed that 41
(67%) were internally mixed sulfate and organic containing
particles, while nine were sulfate-enriched sea salt particles.
Therefore, roughly 82% of the more hygroscopic particles
exhibited spectra dominated by water soluble compounds.
Figure 5b shows an average spectrum, described below, of
two atypical particles from the more hygroscopic mode
composed of soluble and insoluble organics and a small
amount of sulfate.

[23] Spectra of 25 particles from the less hygroscopic
mode were recorded during a five minute data collection
period. These particles were dominated by crustal material
with 21 out of 25 (84%) of the particles containing K with
various minerals like Fe, Na, AI, and Si. The majority of the
less hygroscopic particles therefore exhibited spectra repre­
sentative of insoluble compounds. In Figure 5c we present
the spectrum of one particle belonging to the less hygro­
scopic mode with a composition that closely resembles that
shown in Figure 5b.

[24] We chose to present the spectra in Figures 5b and
5c, despite the fact that they do not represent the typical
composition for the two modes, because they strongly
resemble the spectra of the laboratory generated internally
mixed particles shown in Figure 3b and 4. In each of
these figures, the carbon peaks represent the insoluble
fraction and the other labeled peaks correspond to organic
acid and sulfate compounds. A comparison between
Figures 5b and 5c shows that is the relative fractions of
soluble and insoluble components is what determines
particle hygroscopicity.




