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S0O,:H,0 Surface Complex Found at the Vapor/Water Interface
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In recent years, it has become clear that the air/water interface

plays a much larger role in gas adsorption and reaction kinetics of neat H,O
— SO, H,0

many atmospheric processes than scientists had previously antici-
pated. Recently, surface complexes have been invoked to explain
the initial step in a number of surface reaction mechanisrhs,
including the reaction of gas phase S@th water® Understanding

SO, interactions at aqueous surfaces is essential due to the central
role of sulfur species in many atmospheric aerosols.
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There is an ongoing debate about the existence and composition =
of SO, complexes in the interfacial regién® SOx:water surface
complexes were first proposed by Jayne €t 8ince the S@- 2 3000 3200 3400 3600 3800

water reaction is facile, Jayne et®ahssigned the predominate
interfacial species as H3O—H™ to account for the greater SO

uptake than that predicted by kinetic models of bulk solution at Figure 1. Sum-frequency spectra of $Qas at the vapor/water interface
low DH.5 However more recent measurements sugaest the uptake” the OH stretching region witesppolarization. (a) S@gas is flowing
pri. ! 99 p (black); neat vapor/water spectrum (gray). (b) Immediately after &3

coefficients can be determined from the bulk reaction rate corftant. s turned off (black); neat vapor/water spectrum (gray).
Surface second harmonic generation studies of sodium bisulfite

solutions suggested evidence for a surface compubsequent OH bond (~3460 cnt?), which the hydrogen can act as a proton
MD simulationg suggest that a 1:1 S®,0 surface complex is  donor and/or the oxygen as a weak electron pair donor with other
not stable enough to be this species. Recent studies using-ATR gyrface water moleculé&-23 Other weakly interacting water
FTIR did not show evidence of a hydréte. molecules in this topmost layer are predominately oriented with

The present studies report results of vibrational sum-frequency theijr dipoles nearly parallel to the interfacial plahéand appear
spectroscopy (VSFS) experiments that directly address the issuejn the spspolarization spectra near 3600 th Intensity below
of the existence of SOspecies in the interfacial region. VSFS is 3400 cnt corresponds to somewhat deeper interfacial water
a second-order nonlinear optical spectroscopy that probes themplecules that strongly bond with tetrahedral coordination to their
vibrational resonances of molecules in anisotropic environniénts. neighbors. The orientation and bonding of these deeper interfacial
It is a unique way of determining surface structure, chemical water molecules are very sensitive to surface dipole and electric
identity, and molecular orientation in the interfacial region, field effects that extend the surface region to allow more tetrahe-
distinguishing between SGdsorbate products and surface active drally coordinated water molecules to contribute to the VSFS
organic contaminates commonly found in aerosols. In this study, response.
changes to the interfacial water structure in the presence ef SO  The change in the VSF spectrum found on exposure oft8O
gas are examined. The results indicate that both apn s8@ace the water surface is also displayed in Figure 1a. The vapor/water
complex and dissolved S@eaction products are present in the interface was under an atmosphere o8@h the gas continually
interfacial region upon exposure of the vapor/water interface 0 SO flowing maintaining~1 atm pressure. Due to the nature of the
gas. spectral interferences, detailed interpretation of the spectra requires

A considerable effott!7 has been devoted to elucidating the data fitting routines that have been previously establighatie
structure, depth, and orientation of water molecules in the interfacial summarize the results here with more quantitative fitting information
region. For example, it is generally accepted that the depth of the in a later publication. The most striking change is a shoulder on
interfacial region is smal¢6—9 A),1417the water dipole is oriented  the free OH peak, which appears here as a broadening of that peak.
close to the interfacial plar&;!”8and water molecules with few  Fits to the spectra indicate that in the presence of@additional
hydrogen bonding interactions are present in the topmost surfaceOH vibrational resonance occurs-a8675 cntl. We attribute this
layer. to a weak bonding interaction between S@as and the water

A sum-frequency spectrum of the neat vapor/water interface is molecules in the top surface layer, an SQO surface complex.
shown in gray in Figure 1a for a selected polarization that probes The lower peak frequency of the surface complex suggests a
modes with transition dipoles perpendicular to the surface. The bonding interaction, and the breadth of the peak is indicative of a
assignment of the interfacial OH stretching modes has beenrange of bonding environments between,SMd surface water.
described in previous publications of detailed interfacial isotopic Interestingly, we easily observe the 88,0 complex even in the
dilution experiments/:192%and the current data are fit with similar ~ presence of surface organic contaminants.
parameters. The topmost surface water molecules with the weakest Figure 2 shows a cartoon of the two possibilities for bonding in
hydrogen bonding interactions occur in the 353300 cn region a 1:1 SQ:H,0 surface complex, the oxygen of $onding to the
of the spectrum. The sharp feature at 3700 tworresponds to hydrogen atom of water (A) or the sulfur atom of Slabnding to
the free OH bond that points into the air with its companion “donor” the oxygen atom of water (B). In the first case, water acts as a
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peak. However, the spectral changes attributed to ionic species in
solution remain. More detailed studies of this complex and its
stability are in progress.

These studies clearly demonstrate the presence of a weak SO
H,O complex at the water surface prior to reaction and dissolution
into the aqueous boundary layer. These results are important in
) elucidating the structure and composition of aerosol particles, of
which sulfur species play a key role. Since aqueous aerosol particles
have a very large surface area relative to their bulk volume,
observing this complex at the vapor/water interface has important
implications for understanding the formation and composition of
sulfur-containing aerosols.

»
«
A

S

9 .‘(
\
i

Acknowledgment. We thank the National Science Foundation
(CHE 0243856) for supporting this research, and the Office of Naval
Research for instrumentation.

Figure 2. A cartoon of the S@air/water interface. Possible S@ater
complexes are depicted: the oxygen of;30nding to the hydrogen atom
of water (A) and the sulfur atom of SGonding to the oxygen atom of
water (B).
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