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Research Overview

Research that was supported by this contract has contributed substantially to progress in our 
understanding of new particle formation in the atmosphere.  Objectives included the 
development of new measurement methods, the application of those new instrument systems in 
atmospheric field studies, and the interpretation of results from those studies.  All objectives 
were achieved and have been (or will soon be) described in the peer reviewed archival literature.

Development of New Measurement Methods 
(Reference citations apply to archival journal articles mentioned previously)

We developed the “Nano TDMA” to measure the hygroscopicity and volatility of 4-20 nm 
particles (Sakurai et al., 2003).  We used this instrument system to characterize properties of 
atmospheric particles in the Atlanta atmosphere in July/August 2002 (Sakurai et al, 2005) as well 
as to study properties of diesel exhaust particles (Sakurai et al, 2003). 

We also developed the thermal desorption chemical ionization mass spectrometer (TDCIMS) 
to measure the chemical composition of nanoparticles as small as 7 nm with a time resolution of 
10-20 minutes (Voisin et al, 2003; Smith et al, 2004). The TDCIMS is currently the only 
instrument that can perform such measurements. A paper that described the performance of the 
unipolar charger that is used to charge particles as they enter the TDCIMS is in the final stages of 
preparation (Ghimire et al., 2005).

Atmospheric Field Measurements

Atmospheric field measurements were carried out in Atlanta (July/August 2002; we refer to 
this as the ANARChE study) and in Boulder, CO (2003/04).  The Atlanta study we operated 
more or less in a routine manner, 24 hours/day throughout the study.  The Boulder study is being 
conducted over more extended periods of time, and involves more work on technique refinement 
than was done in Atlanta.  Data from the University of Minnesota instrumentation are 
downloaded on a daily basis.  Routine maintenance operations on Minnesota equipment are 
conducted by the NCAR personnel.

Results of the ANARChE study have been written up in four papers that should appear as a 
Topical Collection in JGR-Atmospheres.  These papers describe the results of nano-TDMA 
(Sakurai et al, 2005) and TDCIMS measurements (Smith et al., 2005) on freshly nucleated 
particles.  They also summarize our efforts to reconcile measured and calculated growth rates of 



freshly nucleated particles.  Two of the papers focus on interpretation of particle formation and 
growth rates (see below).

We also carried out laboratory studies on the properties of diesel exhaust particles in the 
Center for Diesel Research at the University of Minnesota (Sakurai et al., 2003). We found that 
diesel exhaust particles that were formed by nucleation in the exhaust plume had properties 
similar to lubricating oils (i.e., C28-C32 alkanes).  In contrast, freshly nucleated particles 
measured in Atlanta were found to have hygroscopicity and volatility that was similar to 
laboratory-generated ammonium sulfate.

Interpretation of Data from Atmospheric Field Measurements

The Minnesota-NCAR team carried out an intensive DOE-supported study of new particle 
formation in Atlanta, GA (July/August, 2002; ANARChE study). In this study we measured, for 
the first time, the composition of freshly nucleated particles as small as 7 nm using the TDCIMS. 
The ANARChE study also included the first nano-TDMA measurements of the volatility and 
hygroscopicity of freshly nucleated particles as small as 4 nm. Other parameters that were 
measured included particle size distributions (3 nm-2 µm), and sulfuric acid and ammonia 
concentrations. Papers on this work have recently been submitted for publication (McMurry et 
al., 2005; Sakurai et al., 2005; Smith et al., 2005; Stolzenburg et al, 2005). Several key 
discoveries were made during ANARChE, among these are:

 
•McMurry et al. (2005) demonstrate a criterion that determines whether or not nucleation 
occurs on any given day.  A single dimensionless parameter, L, which gives the relative rates 
at which clusters are lost by coagulation scavenging to preexisting particles and at which they 
are lost by condensational growth to the next larger size, determines whether or not 
nucleation can occur. We found that, consistent with theory, nucleation occurred when L was 
less than 1, and that nucleation almost never occurred when L was significantly greater than 
1.  We also showed that the number of new particles produced was equal to or less than the 
theoretical maximum number that could have been produced if nucleation were 
collision-controlled.

•Smith et al. (2005) analyzed TDCIMS measurements during ANARChE.  These results can 
be summarized as follows.  During the period in which the TDCIMS was operating and 
properly calibrated, 9 individual nucleation events were characterized for the chemical 
composition of size-selected particles in the 7 to 13 nm diameter range.   Prior to a new 
particle plume impact or regional growth event, the concentration of ammonium and sulfate 
in 7 to 13 nm diameter particles is lower than that which would be expected for a pure 
ammonium sulfate aerosol, with ammonium and sulfate comprising 25 to 50% by volume.  A 
new particle formation event always coincided with an increase in volume fractions of these 
compounds, usually to values of equal to or slightly exceeding 100%.  Following these 
events, sulfate volume fraction in 13 nm diameter particles returned to values smaller than 
100%.  This suggests that the sulfur-enriched air mass that encouraged new particle 
formation probably passed by the sampling site after new particles were formed.  The 
observations of ammonium following nucleation events showed the same general trends as 
sulfate, but are probably also closely correlated with the mixing of air masses of different 



origins.  With one exception, higher concentrations of ammonium were observed in 7 nm 
diameter particles compared to 13 nm diameter particles.  These measurements suggest that 
freshly nucleated particles consisted primarily of ammonium sulfate during this study.

•Sakurai et al. (2005) measured water uptake and volatility of freshly nucleated particles.  
They found that freshly nucleated particles in Atlanta have hygroscopicity and volatility 
similar to that of ammonium sulfate, but that nanoparticles sampled before or after nucleation 
events are less hygroscopic and more volatile.  Consistent with the composition 
measurements reported by Smith et al. (2004), these measurements support the conclusion 
that freshly nucleated particles in Atlanta during ANARChE consisted primarily of 
ammonium sulfate.

•Stolzenburg et al. (2005) compared growth rates of freshly nucleated particles during 
ANARChE with expected values assuming that sulfuric acid vapor was the primary growth 
species.  Reasonable agreement between measured and calculated growth was found for 
growth rates observed in the mornings when particles were still smaller than ~20 nm, 
provided that the effects of intermodal and intramodal coagulation are taken into account.  
Observed growth rates at midday when particles were larger than ~20 nm, however, were 
typically significantly greater (~5X) than calculated rates, suggesting that a species in 
addition to sulfuric acid was contributing to growth. Again, this paper is consistent with the 
results of Smith et al. (2004) and Sakurai et al (2004): if sulfuric acid is the primary growth 
species when particles are smaller than 20 nm, then the freshly nucleated particles should 
consist primarily of sulfates.  We do not yet understand why particles grow as fast as they do 
later in the day.

This contract also supported TDCIMS and aerosol physical property measurements 
performed at NCAR’s Mesa Laboratory in Boulder, CO, intermittently since the Spring of 2002. 
The TDCIMS measurements were made on sub-20 nm diameter atmospheric particles, and have 
uncovered many intriguing questions that warrant further investigation (Smith et al, 2004). For 
example, unlike the case in Atlanta where primarily ammonium was observed in the positive ion 
spectrum for ambient aerosol, Boulder aerosols appear to be composed of a variety of 
compounds most of which have not been identified. In the negative ion spectrum, Boulder 
sub-20 nm diameter particles are characterized by large nitrate peaks, with integrated areas up to 
3 orders of magnitude greater than aerosol sulfate. While it is true that a directly evaporated 
compound such as nitrate would be observed more sensitively than sulfate that originates from 
ammonium sulfate, the large nitrate peaks are nonetheless significant. Laboratory-generated pure 
ammonium nitrate aerosol at diameters smaller than 20 nm were seen to quickly volatilize in the 
TDCIMS electrostatic precipitator, thus suggesting the presence of cations other than NH4

+ in the 
ambient aerosol in order to stabilize the observed nitrate. Nitrate was continuously monitored in 
Atlanta during ANARChE, however it was not observed in the particles in significant amounts. It 
is also interesting to note that both sulfate and nitrate are minor constituents in the aerosol at 
times corresponding to the peak in volume concentration (noon to 4:00 pm).  
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