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This paper shows that previous measurements suggesting that the deliquescence of
ammonium sulfate nanoparticles is “nonprompt” are an artifact of experimental pro-
tocol. The authors show clearly that deliquescence of ammonium sulfate particles in
the 6 to 60 nm range is “prompt” (i.e., occurs at a well defined relative humidity rather
than over a range of relative humidities.) This is a very nice result that brings closure
and clarity to an important fundamental question of aerosol science. The paper also
provides guidance for improving TDMA measurement protocols. The paper is clearly
written and is suitable for publication in Atmospheric Chemistry and Physics. | recom-
mend that it be accepted after the authors respond to the following comments.

The first two paragraphs of the Introduction may mislead readers who are not familiar
with the literature on atmospheric new particle formation:
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(2) It is true that progress has been made in measuring the chemical composition of
atmospheric nanoparticles, but the paper is misleading when it states “the chemical
composition of atmospheric aerosol nanoparticles can now be determinedE” The AMS
does a reasonable job for particles larger than about 20 nm. For particles as small
as 7 nm the TDCIMS can measure sulfates and ammonium quantitatively, and Smith
and coworkers are making progress at measuring organics with this instrument. The
amount or composition of organics on such small particles, however, can not yet be
quantified.

(2) The first paragraph points out correctly that in some locations, measurements sug-
gest that freshly nucleated particles consist primarily of ammonium sulfate. The au-
thors should also point out, however, that organics are also frequently important con-
stituents. Supporting evidence for this includes direct measurements of composition
by the AMS (Allan et al., 2006), indirect measurements of composition by the pulse
height analysis method (O’'Dowd et al., 2002), and the observation that actual growth
rates are typically much higher than can be explained by the condensation of sulfuric
acid vapor and its associated water and ammonia (Stolzenburg et al., 2005).

(3) “Ammonium sulfate nanoparticles form in the atmosphere by homogeneous nu-
cleation in the presence of gas-phase sulfuric acid, water, and ammonia.” In fact, the
process responsible for nucleation remains a current area of research. There has been
speculation that this ternary nucleation process is responsible, but no one has shown
this definitively. The atmosphere contains many trace compounds that could partici-
pate in nucleation, and it is likely that the nucleation mechanism varies with time and
location. To avoid misleading the reader, this language needs to be softened.

The TDMA technique (Rader and McMurry 1986) includes the TDMA apparatus
(DMA1, aerosol conditioner, and DMA2) as well as the basis for analyzing data from
this apparatus (i.e., for interpreting N2(V2)). Assumptions made by Rader and Mc-
Murry (1986) regarding the effect of aerosol conditioning on the mobility distribution
were subsequently relaxed to allow for the interpretation of data from particles that are

S2065

ACPD
6, S2064-S2067, 2006

Interactive
Comment



http://www.atmos-chem-phys-discuss.net
http://www.atmos-chem-phys-discuss.net/6/S2064/2006/acpd-6-S2064-2006-print.pdf
http://www.atmos-chem-phys-discuss.net/6/7051/2006/acpd-6-7051-2006-discussion.html
http://www.atmos-chem-phys-discuss.net/6/7051/2006/acpd-6-7051-2006.pdf
http://www.egu.eu

not entirely uniform chemically (Stolzenburg and McMurry 1988), such as atmospheric
particles. The paper under review makes use of the apparatus but neglects the sub-
tleties of TDMA data analysis. This paper would benefit somewhat if more attention
were paid to that early work. For example, by using TDMA data analysis techniques
the authors could have quantified the extent to which N2(V2) measurements are broad-
ened by overlapping peaks. Those methodologies also provide a rigorous methodol-
ogy for quantifying the relative proportions (and the uncertainty in those proportions)
of particles in each of the overlapping peaks. Indeed, if the full power of the TDMA
technique had been employed earlier, it is possible that more skepticism might have
arisen regarding claims for nonprompt deliquescence.

When referring to the N2(V2) data shown in Figures 2 and 3 the authors use the ter-
minology “number size distributions.” This is confusing. Readers who are familiar with
TDMA data analysis methodologies will think in terms of the aerosol size distribution
function (dN/dDp, dN/dZp or a variant) when they read “number size distributions”. The
authors need to use different language when discussing the N2(V2) data.

In Appendix it is stated that (Zelenyuk et al., 2006) reported that ammonium sulfate
has a dynamic shape factor of 1.0. In fact, Zelenyuk et al. reported that the dynamic
shape factor of ammonium sulfate particles in the free molecular regime decreases
from 1.07 to 1.03 as particle size decreases from 500 nm to 160 nm. Although they did
not carry out measurements on nanoparticles, it would appear that their results are not
inconsistent with those reported by Biskos et al.
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