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This project involved studies pertinent to the formation of new particles by
homogeneous nucleation in the atmosphere. The research focused on (1) the development
of instrumentation to measure size distributions of freshly nucleated particles in the 3 to
10 nm diameter range, (2) laboratory studies of particle thermodynamic and transport
properties relevant to nucleation in the atmosphere, and (3) field measurements of new
particle formation by homogeneous nucleation. We completed all of our proposed
objectives, and have published peer reviewed articles on all of this work. A complete list
of publications and presentations supported by this grant are given at the end of the report.
Highlights of our achievements are briefly summarized below.

Highlights of our work funded by DE-FG02-91ERG] 205

Instrumentation Development:

*We developed the PHA-UCPC technique for measuring size distributions of freshly nucleated
3-10 nm aerosol size distributions. This technique utilizes the observations that as particle size
decreases from10 nm, the droplet size formed by condensation in the ultrafine condensation
particle counter also decreases. Therefore, by measuring the final droplet size it is possible to

infer the initial size (Saros, Weber et al. 1996). We also showed that the pulse height
distribution formed by a polydisperse aerosol in the 3 to 10 nm diameter range can be

mathematically inverted to determine the size distribution of the measured aerosol (Weber,
Stolzenburg et al. 1998). We showed how the commercial TSI 3025 could be modified to
permit PHA measurements (Marti, Weber et al. 1996). With separate funding we developed
these modifications. This modified instrument is now available commercially. Based on
measurements carried out in the Arctic Ocean on the Swedish icebreaker Oden, we compared
the performance of four different approaches (including the PHA-UCPC) for measuring 3 to
10 nm particle size distributions (Wiedensohler, Aalto et al. 1994).
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*As a result of his instrumentation development research on this DOE project and other

related atmospheric aerosol research, Peter McMurry was invited to write a major review

article on atmospheric aerosol measurements, as a part of the NARSTO assessment
(McMurry 2000).

Laboratory Research:

Theoretical predictions of particle nucleation rates require information on
thermodynamic and transport properties including vapor pressures, mass
accommodation coefficients, etc. We measured the vapor pressure of sulfuric acid over
aerosol solutions consisting of sulfuric acid and ammonium in known ratios and at

known relative humidities (Marti, Jefferson et al. 1997). These represent the first
reported vapor pressures of sulfuric acid over neutralized or partially neutralized
solutions.

Atmospheric Observations:

*We showed that sulfuric acid almost certainly participates in new particle formation
(Weber, McMurry et al. 1995) and that terpenes may also play a role (Marti, Weber
et al. 1996).

*We showed that rates of new particle formation in the atmosphere greatly exceed
nucleation rates that are predicted by the binary theory for sulfuric acid-water nucleation

(Weber, Marti et al. 1996; Eisele and McMurry 1997; Weber, Marti et al. 1997).

*We showed that freshly nucleated particles grow by factors of 2 to 10 faster than can-
be explained by the condensation of sulfuric acid vapor and its associated water and

ammonia (Weber, Marti et al. 1997).

*We also showed that care must be taken when measuring ultrafine particle size
distributions near clouds with aircraft. This is because cloud droplets can easily be
shattered near the sampling inlet, leading to apparent high concentrations of ultrafine

particles (Weber, Clarke et al. 1998).
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