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detected by the AMS, and as temperature decreases in the cool-
ing region these molecules may efficiently recondense onto the
surface of a nearby particle (uptake coefficient y ~ 1) before
they have had time to reach the charcoal adsorbent. This phe-
nomenon was also observed for sulfate at 200°C (not shown).
Since the sulfate size distributions were similar at the different
concentration levels, the effect discussed here is likely not re-
lated to reduced evaporation at high concentrations. This latter
effect may be important in some cases. Overall this qualitative
analysis suggests that recondensation is typically not a large
problem for our TD under the relatively high ambient concen-
trations of Mexico City, and its effects can be diagnosed with
the analysis technique just described.

The ambient data analyzed so far indicate that the effect of
varying E; (or Ejy), if present, is small. For example, qualita-
tive difference in thermograms in Figure 8 for the total organics
and sulfate indicates that the chemical difference in volatility
is indeed the most significant factor for the appearance of the
curves; i.e., if changes in E;, were the dominant mechanism lead-
ing to the observed thermograms in the TD-AMS system, the
sulfate and organic thermograms would be very similar, given
that much of the sulfate and organic mass is in aged internally
mixed particles in Mexico City (Salcedo et al. 2006). The dif-
ference between these curves, as well as the similarity of the
sulfate thermograms to the laboratory data indicate strongly
that, while changes in E;, may be a contributing factor in the
shape of the curves, the dominant effect of the technique is
volatility separation. As discussed previously, £, change may
play a role at a 10-20% level for sulfate between 90-175°C.
Future studies should address this question by directly compar-
ing Ej, and E; in the AMS using the internal light scattering
unit (Cross et al. 2007) and beam width probe (Huffman et al.
2005) for ambient particles that have gone through and bypassed
the TD.

It should also be noted that the use of the charcoal denuder,
while necessary to strip volatilized material away from the par-
ticles when mass concentrations are high, can also cause par-
ticle evaporation not due directly by increased temperature. In
other words, semivolatile species which have a significant frac-
tion of their concentration in the gas-phase in equilibrium may
partially evaporate as the gas-phase is denuded at ambient tem-
perature without and heating. This will be seen by unreasonably
high volatility at ambient temperature, and while rare, we have
qualitatively observed it during some very high concentration
experiments (fresh diesel exhaust sampled under low dilution).
The denuder section filled with fresh charcoal also appeared to
strip material from laboratory-generated pure ammonium nitrate
aerosol at ambient temperature. This effect disappeared after
conditioning the charcoal by flowing air with ammonia (gen-
erated by passing the incoming air over an ammonia solution)
through the TD for a short period. We did not observe changes
on the ammonium nitrate evaporation curve with time in ambi-
ent studies, which would have suggested variation on this effect
with time.

CONCLUSIONS

We have built upon the thermodenuder designs of Wehner
et al. (2002) and Burtscher et al. (2001) to develop a technique
to quickly measure chemically-resolved ambient aerosol volatil-
ity in the field for the first time. The TD design presented here
has been optimized to reduce thermal mass and implement rapid
temperature control, and a computer-controlled valve system has
been designed to achieve fast ambient/TD switching. The lon-
gitudinal temperature profiles are comparable to the previous
designs. Particle number losses were characterized experimen-
tally as a function of size and TD temperature and are also close
to both calculated losses and those from previous studies. The
total mass loss for typical ambient submicron particle size dis-
tributions was estimated to increase from approximately 5%
at 54°C to 20% at 230°C. These additional losses are mostly
due to thermophoretic forces at the boundary of the heating
stage to the cooling stage and are within experimental and cal-
culated losses for other similar systems. The TD response to
lab-generated chemical species was also characterized. Example
ambient data are presented in which the volatility of the different
species varies as expected. Positive artifacts due to gas reconden-
sation can be a potential problem for TD measurements, but are
significantly reduced by the addition of a charcoal diffusion de-
nuder. The effect has been investigated for operation in the field
and is both small and diagnosable (potentially post-correctable).
Variations in AMS collection efficiency after the TD may be re-
sponsible for thermogram variations of the order of 10-20%
for sulfate between ~90-175°C. Further design improvements
are needed to further flatten the longitudinal temperature pro-
file at the beginning and end of the heated zone and minimize
thermophoretic losses and effects, especially at the transition
between the heating and cooling sections. It may be possible to
change temperatures more rapidly, but this may require a more
complex control system and/or active cooling to allow the tem-
perature to stabilize before the next data point. Adding more
heating control sections (for example, from three used here to
five, each with shorter sections and more concentrated power ca-
pacity per unit length of the TD at the entrance and exit) would
help achieve this objective and thus provide a longer residence
time near the temperature set-point in the heated section.
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