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the free acid pressure and measured total acid pressure) under
these conditions. These factors are predicted to be independent
of the actual values of N, (¢f. Egs. 1, 5, and 6). In the absence
of hydrates, classical binary nucleation theory predicts a
nucleation rate of order J =1 ¢ s°! under these conditions for
RA = 0.005, corresponding to N, = 2.3x10° cm™. (If there
were no hydrates, this would be the total acid concentration
required for nucleation to occur.) According to the liquid drop
model the total acid concentration required to achieve the same
free acid RA, and therefore about the same nucleation rate, is
actually an order of magnitude higher. Alternatively, for a fixed
total acid measurement, any model overestimate of the degree of
hydration translates to an underestimate of free acid RA,
entering the classical expression for the nucleation rate, resulting
in a much larger underestimate of the rate itself. Thus for j* =
10, a typical value under atmospheric conditions [McGraw,
1995], a half order of magnitude underestimate of S, corre-
sponds to a factor of 10% underestimate of J.

Field measurements [Weber et al., 1997] suggest rates of
nucleation that greatly exceed predictions based on binary
sulfuric acid-water nucleation theory. The differences, however,
are apparently too large to be accounted for by uncertainties in
the hydrate distribution - even if all of the measured total acid
molecules were free. Recent measurements suggest that addi-
tional trace species (perhaps ammonia) can act, via a ternary
nucleation mechanism, to enhance the binary nucleation rate
[Weber et al., 1998]. The ternary nucleation rate follows as an
extension of the binary case. Thus J e (Sw)' (Sa)] S,
where x is the third component and k* is the number of
molecules of x in the critical nucleus. Computation of the rela-
tive acidity, S, and its coupling to RH through hydrate forma-
tion, is unchanged from the binary case.

In this letter we have shown that the departure of CIMS vapor
pressure measurements observed by Marti et al. (1997), from the
free-acid predictions, are consistent with hydration of sulfuric
acid in the vapor phase. The CIMS data suggest that the liquid
drop hydrate model tends to overestimate the extent of hydrate
formation and that more sophisticated models of hydration are
required. For example, an ab initio study of gas-phase sulfuric
acid hydrates containing 1 to 3 water molecules has recently
been completed [Arstila et al., 1998]. These results, although
limited to calculation of hydration enthalpy, rather than free-
energy, are indicative of less hydration than expected from the
capillary drop model, in direction with the experimental compar-
ison of Figure 1. In a very recent study, Kusaka et al. (1998)
used Monte Carlo simulations based on a parameterized ab initio
potential to obtain the hydrate distribution. For their adopted ab
initio potential these authors found extensive hydration -- the
probability that an acid molecule is unhydrated at 298K is
smaller by 3-4 orders of magnitude (depending on RH) than the
capillary drop model prediction. This trend is in opposite direc-
tion from the experiments profiled in Figure 1 and would
suggest that the drop model underestimates hydration. Kusaka
et al. point out, however, that the hydrate fraction is highly
sensitive to the intermolecular potential parameterization used in
the model. Using a different set of ab initio results, the acid
molecules showed no significant hydration [Kusaka et al.,
1998]. In the present letter we have shown that it is now feasible
to compare hydrate models with experiment. Measurements
over more dilute acid solutions would be especially valuable for
guiding the development of improved hydrate models for geo-
physical applications. These applications include the conversion
from total acid to free acid that will be required in models repre-
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senting formation of atmospheric aerosols from oxidation of
SO,. In a future study we will present a parameterization of the
hydrate distribution suitable for use in such models.
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