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Effective Diffusion Coefficients for Methanol in Sulfuric Acid Solutions Measured by
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The diffusion of methanol into 0—96.5 wt % sulfuric acid solutions was followed using Raman spectroscopy.
Because methanol reacts to form protonated methanol (CH;0H,") and methyl hydrogen sulfate in H,SOy
solutions, the reported diffusion coefficients, D, are effective diffusion coefficients that include all of the
methyl species diffusing into H,SO4. The method was first verified by measuring D for methanol into water.
The value obtained here, D = (1.4 4 0.6) x 107 cm?/s, agrees well with values found in the literature. The
values of D in 39.2—96.5 wt % H,SO, range from (0.11—0.3) x 1073 cm?/s, with the maximum value of D
occurring for 61.6 wt % H,SO.. The effective diffusion coefficients do not vary systematically with the viscosity
of the solutions, suggesting that the speciation of both methanol and sulfuric acid may be important in

determining these transport coefficients.

Introduction

The diffusion of volatile species into atmospheric aerosols
containing sulfuric acid is an important step in atmospheric
chemical processing that directly affects aerosol scavenging.!
Sulfuric acid is the predominant aerosol component in the free
troposphere,? and H,SO, concentrations of 10* to 107 molecules
cm ™3 have been measured in the upper troposphere.?

Recent field measurements show that aerosols and cloud
droplets can also contain significant amounts of organic
compounds,* ¢ some of which are neutral alcohol species.’ In
particular, large concentrations of methanol have been detected
in both remote and urban regions.”~!! These volatile organic
compounds are more likely to condense on pre-existing particles
than to nucleate new ones, contributing to the growth of these
particles.!%13

Currently, there are few measured diffusion coefficients for
species of atmospheric importance into sulfuric acid solutions!415
and none for the alcohols. The diffusion of an alcohol into
sulfuric acid is complicated by the reactions that occur to form
secondary compounds.'® In particular, reactions a—f indicate
that, in the presence of sulfuric acid, alcohols may be protonated
and react to form sulfate esters.

H,SO,+H,0=HSO, +H,0" (a)
HSO,” + H,0=S0,” + H,0" (b)
ROH + H,0" = ROH," + H,0 (©)

HSO,” +ROH + H;0" =ROSO,H+2H,0  (d)
ROSO,H + H,0=R0S0,” + H,0" (e)
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ROSO,H + ROH = (R0),S0, + H,0 )

Although the neutral alcohol and the reaction products are
expected to have different diffusion coefficients, by focusing
on the diffusion of a common functional group, an overall or
effective diffusion coefficient can still be measured.

In this article, we present the effective diffusion coefficients
measured for methanol in 0—96.5 wt % sulfuric acid solutions
that were obtained by conducting Raman spectroscopy experi-
ments. Bardow et al.!” recently used position-resolved Raman
scattering measurements to determine composition-dependent
binary diffusion coefficients in the well-characterized ethyl
acetate—cyclohexane system. Our experiments and analysis
method are less sophisticated than those of Bardow et al.,!” due
in part the complexity of these reacting mixtures. Thus, we
consider this study to be a first step in understanding diffusion
processes in complex alcohol—H,SO4 systems. Given the
paucity of available data, and the difficulty of accurately
predicting liquid diffusion coefficients, these measurements
should still prove useful to the atmospheric chemistry com-
munity and help assess the reliability of commonly used
estimation methods for diffusion coefficients.

Our measurements were made by continually flowing a
methanol vapor/N»(g) carrier gas mixture over a given solution
to maintain a constant surface concentration and observing the
appearance of the methanol species at a fixed depth below the
surface. The reliability of the method was confirmed by first
measuring the diffusion coefficient of methanol into water and
comparing the result with values found in the literature. While
the experiments presented here are performed at 295 K, the
experimental design lends itself to operation at colder temper-
atures and measuring diffusion coefficients under upper tropo-
spheric conditions may be possible.

Experimental Section

Chemicals. Methanol (HPLC grade, Fisher Scientific), sul-
furic acid (redistilled, 96.5 wt %, GFS), and nitrogen gas (N.F.
standard) were used as received. Deionized water was obtained
from a Millipore Nanopure system (18.1—18.2 MQ cm).
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Figure 1. Experimental setup used for Raman experiments.

The H,SOy4 solutions were prepared by diluting 96.5 wt %
H,SO, with deionized water and determining the concentrations
by titration to £0.1 wt % with a standardized sodium hydroxide
solution. The concentrations used in the Raman diffusion
experiments were 96.5 wt %, (79.3 £ 0.3) wt %, (61.6 = 0.1)
wt %, and (39.2 + 0.1) wt %.

A Thermo Nicolet FTIR spectrometer (Avatar 370, Thermo
Electron Corporation) measured the concentration of gas-phase
methanol using the absorbance of the ¥CO-ss at 1052 cm™!.1819
The N,/CH30OH mixture flowed into an open-ended cell placed
in the FTIR sample compartment, and spectra were collected
with a spectral resolution of 4 cm™! and 200 scans.

Experimental Setup and Procedures. The experimental
setup used is shown in Figure 1. A Petri dish, 1.5-cm deep with
a surface area of 19.6 cm?, was filled to a depth of 1.2 cm with
the appropriate solution and placed inside the flow cell. The
N»/CH30H mixture was produced by bubbling nitrogen through
methanol at a constant flow rate (Mass Flow Controller
1479A51CS1BM, powered by PRF4000-F2VIN, MKS Instru-
ments). FTIR measurements showed that the methanol concen-
tration in the N, increased linearly with the carrier gas flow
rate. At a flow rate of 25 SCCM, for example, the CH;0H
concentration was (1.3 & 0.1) x 10'7 molecules/cm?, whereas
at 100 SCCM it was (4.8 £ 0.1) x 10'7 molecules/cm?.

The N»/CH30H mixture enters the cell through the sidewall
at a height of 5 cm above the solution surface and exits through
an outlet on the opposite side of the cell. As the methanol vapor
passes over the solution, it is adsorbed onto the surface and
diffuses into the solution. We previously investigated the uptake
of methanol at the surface of sulfuric acid solutions by sum
frequency generation spectroscopy?? and found that the CH;0H
surface coverage reaches steady state within 15 min of starting
the CH3;0H/N; flow. By flowing methanol into the cell during
the entire experiment, the surface concentration remains con-
stant. We also conducted experiments using different N, flow
rates (25—100 SCCM) to confirm that the liquid-phase diffusion
was independent of the changes in the gas flow rate and
concentration and, thus, that gas-phase diffusion was not limiting
the diffusion of CH30H into the solutions (data not shown).
The experiments presented in this work were conducted with
an N, flow rate of 25 SCCM.

To determine the liquid-phase concentration of the diffusing
species, a Raman probe was inserted in the side of the cell and
rested against the wall of the dish. By rotating the probe in its
holder, the probe depth could be varied between 0.15 and 0.85
cm below the surface. Most of the experiments were conducted
at a probe depth of 0.35 cm.

Raman spectra were obtained using 150 mW from a 785-nm
continuous wave laser (Raman Systems, Inc.) The backscattered
light was collected by a fiber optic probe (InPhotonics) coupled
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to the entrance slit of a 500-mm monochromator (Acton
Research, SpectraPro 500i), using a 600 groove/mm grating
blazed at 1 um. The slit width was set at 50 ¢m, and the band-
pass was 4 cm™! for the H,SOy solution experiments. The slit
width was set at 100 um, and the band-pass was 5.5 cm™! for
the water experiments.

Ideally, the peak used in the analysis does not have interfer-
ence from solvent peaks. To minimize the error in the measured
peak area, the most intense peak with the least solvent
interference was used for analysis. In this work, peaks that had
minimal overlap with sulfate vibrational modes were used to
follow the concentration of methanol (and its reaction products).
In particular, the diffusion of CH30OH into water was monitored
using the C—O symmetric stretch present at 1020 cm™! and
also with the CH3 symmetric and asymmetric stretches at 2850
and 2955 cm™!, respectively. Because of the overlapping of
H,SO, vibrational modes with the CO stretch of reacted CH30H,
the diffusion of CH3;0H into 39.2 to 79.3 wt % sulfuric acid
solutions was monitored using the CHj3 stretching region (2800
and 3200 cm™ ). The diffusion of CH30H into 96.5 wt % H,SO4
was monitored using the O—S—O symmetric stretch present at
800 cm™! since the CH3;OH is converted to methyl hydrogen
sulfate (MHS) on timescales much shorter than the diffusion
time.20

In the diffusion experiments, spectra were collected as the
average of three 30-s exposures every 10 min for several hours
with a liquid nitrogen-cooled CCD camera (Roper Scientific,
LN400EB, 1340 x 400 pixel array, back-illuminated and deep
depletion CCD). The electronically controlled laser shutter
(Princeton Instruments, ST-133 Controller) only opened when
collecting spectra to prevent heating the sample. For each set
of experiments, the CCD camera was calibrated using the
435.833-nm line from a fluorescent lamp and by measuring the
spectrum of crystalline naphthalene and comparing the experi-
mental peak positions with the accepted literature values.?! The
CH3;OH—water and the CH3OH—H,SO, diffusion experiments
were conducted at 22 & 1 and 23 + 2 °C, respectively.

Spectra were fit using the software package IgorPro 4.05.
To determine the peak areas, the spectra were fit with Voigt
line shapes using the IgorPro multipeak fitting function with
the baseline subtraction enabled. Care was taken to keep the
Voigt shape constant for a given peak by fitting the most intense
spectrum and then applying that Voigt shape when fitting the
other spectra.

Data Analysis. In a one-dimensional diffusion experiment,
when there is no variation in the diffusion coefficient or the
solution density, Fick’s second law, eq 1, relates the change in
concentration, ¢, as a function of time, ¢, to the second derivative
in concentration, 9%c/dz> through the diffusion coefficient D
(cm?/s)
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In our experiments, the spatial variable z is the distance from
the surface of the solution, the initial condition is pure solvent,
and the boundary conditions include a constant concentration
of methanol at the liquid—vapor interface (z = 0) and zero mass
flux at the bottom (z = L) of the dish.?? That is,

atr=0,c=0for0<z<L
at1>0,c=c,forz=0
and dc/dz=0atz=L
Under these conditions, the solution to eq 1 is given by??23
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In eq 2, c(z,1) is the concentration (molecules/cm?), ¢ is the
constant concentration at the solution surface, v is an integer,
and L is the solution thickness (cm). D is assumed to be
independent of concentration, and this assumption is valid if
the change in the diffusion coefficient is minimal for the increase
in solution concentration during the measurement.?>>* Raman
spectroscopy can be used as a quantitative method after careful
consideration of transition moment strength. From our calibra-
tion curves (Supporting Information), there is a linear relation-
ship between the solute concentration and the measured peak
area. To determine the diffusion coefficient, it is, therefore,
equally valid to simply fit the peak areas after adjusting these
for any nonzero intercept observed in the calibration. Thus, we
used IgorPro to do a weighted nonlinear fit of the data to eq 3,
to where A is the peak area, Ajy is the intercept found from
calibration, and Ay is the peak area at the solution surface. Six
terms were required to fit the data properly (Vimax = 6).
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In fitting the data, the probe depth, z, and the solution
thickness, L, were held at the measured values. A nonlinear
weighted regression was performed to determine the values of
the diffusion coefficient, D, and A, from provided initial guesses.
For the CH30OH—H,O and the 39.2—79.3 wt % H,SOy solutions,
the diffusion coefficient was determined by using data containing
up to 5 mol % total methyl species (CH;OH, CH;0H,", and
MHS) based upon Raman intensity-concentration calibration
curves. These data correspond up to the first three hours of
collection. For the CH;0H—96.5 wt % H,SO, experiments,
spectra corresponding to up to 12 mol % MHS were used
(Supporting Information). These data correspond to up to the
first four hours of collection.

Results and Discussion

To date, only a few reports of measured diffusion coefficients
for atmospherically relevant species in sulfuric acid solutions
are available in the literature.'%!> These coefficients are
necessary to understand the processing of atmospherically
relevant chemical species by aerosols. In this article, we focus
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Figure 2. (a) Uptake of CH3OH into H,O, following the increases in
peak area as a function of time of the CH3OH CH3 asymmetric stretch
(a), the CH3;0H C—O stretch (@), and the CH;OH CH3 symmetric
stretch (¥) at a probe depth of 0.35 cm. (b) Uptake of CH30H into
H,0, following the increases in peak area as a function of time for the
CH30H CO stretch monitored at probe depths of 0.35 cm (@) and 0.57
cm (H).

on estimating the effective diffusion coefficient of CH30H in
sulfuric acid solutions.

Diffusion Coefficient of CH30H into Water. Before deter-
mining the diffusion coefficients of CH3OH into H,SO, solu-
tions, we validated our measurement and analysis methods by
measuring the diffusion coefficient for CH30H into water, a
value that is well reported in the literature.>>~3% In this work,
the diffusion was monitored at two different probe depths and
using three different vibrational modes. The peak intensity vs
time data using vCO-ss, vCH3-as, and vCH3-ss are shown in
Figure 2a for a 0.35-cm probe depth, and the vC—O peak
intensity vs time data are shown in Figure 2b for both 0.35-
and 0.57-cm probe depths. At a fixed probe depth, the three
curves in Figure 2a are reasonably parallel with the CH3-ss/CO
ratio equal to ~0.8 and the CH3-as/CO ratio equal to ~1.2. This
is expected since all three curves correspond to the same
diffusing species and should only differ by fixed calibration
constants. Likewise, the position resolved data exhibit the
expected time lag that stems from the increased distance of the
observation point to the surface.

The solution to Fick’s law used here assumes a diffusion
coefficient that is independent of concentration. Other
experimental methods showed that the diffusion coefficient
of methanol in water decreases to a minimum value as the
concentration increases from the infinite dilution limit to 25%
mol fraction CH3OH.2527:29 Indeed, when we fit the entire
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TABLE 1: Measured and Estimated Diffusion Coefficients
for CH30H into 0—96.5 wt % H,SO4 Solutions and the
Viscosities of the Different H,SO, Solutions Used in This
Study

solution viscosity estimate of D measured D
(wt %) H,O/H2SOs (1, cP)  (cm?/s) (x1073) (cm?s) (x1079)
96.5 0.2 22233435 0.049 0.15 £+ 0.06
79.3 1.4 18.6 (295 K)* 0.094 0.11 £ 0.04
61.6 34 6.0 (295 K) 3¢ 0.29 03+0.1
39.2 8.4 2.4 (295 K)% 0.80 0.19 £0.08

0 (water) o 0.890 (298 K) 1.7 14406

data set, up to ~10 h of data, we observed significant
deviations of the data from these curves at later times. Thus,
only data from the first three hours were used to calculate D
where we estimate the maximum total methyl species
concentration was <~5 mol %.

Sources of Error. We identified several sources of error in
our experiments. First, during the time required for measuring
the diffusion coefficient, some water will evaporate. We can
estimate the water loss by determining the amount of water that
is removed by N leaving the system assuming that this stream
is now saturated with water vapor. At 23 °C, the partial pressure
of H,O vapor above pure liquid H,O is 0.023 atm. Thus, in 3 h
the maximum water loss is roughly 8.3 x 1072 g. Given a
surface area of ~20 cm? and a liquid water density of 1 g cm ™3,
this corresponds to a height change of 4 x 1073 cm. The greatest
water loss will occur when measuring the diffusion of methanol
into water, because in the CH;OH—H,SOy, diffusion experiments
the vapor pressure of water above the solution is lower by at
least a factor of 2.3!

Second, the choice of peak may also affect the final value of
the diffusion coefficient somewhat. Ideally, the monitored peak
is free of interference from other vibrational modes. This is the
case for the CO stretch at 1020 cm~!. However, D was also
determined using the CH3; symmetric and asymmetric modes
centered at 2850 and 2954 cm™!, respectively. There is overlap
between modes in the CH stretching region, and therefore, there
is more uncertainty associated with the peak areas in this region.
The value of D using the CO stretch is (1.41 £ 0.04) x 1073
cm?/s, and that using the symmetric and asymmetric stretches
is (1.3 & 0.2) x 107> cm?s. Thus, there is a much greater
uncertainty associated with D when the CH stretching peaks
are used, and the values appear to be somewhat lower although
the error bars do overlap.

Finally, there is error in the measured probe depth and the
solution height. If the measurement error is 0.05 cm, the error
on the solution height is 4%. Recalculating the diffusion
coefficient using the upper and lower limits for the solution
height (1.25 and 1.15 cm, respectively) results in up to 5%
difference in the values obtained for D. The measured error on
the standard probe depth (0.35 & 0.05 cm) is 15%, and changing
the value of the probe depth by this amount changes D by up
to 40%. Clearly, our ability to measure the probe position
relative to the liquid surface is the largest systematic source of
error in the reported diffusion coefficient, although the variability
between the diffusion experiments was less than 40%. The error
bars reported in Table 1 are, therefore, set at 40% of the
determined diffusion coefficient.

To compare the value D found here with the values found in
the literature> 3 that were obtained at different temperatures,
we plotted the diffusion coefficients for CH3OH into H,O as a
function of temperature in Figure 3. From the graph, the value
obtained in this study is quite consistent with previous
measurements.
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Figure 3. Diffusion coefficients for methanol into water as a function
of temperature. The symbols correspond to data from the following
references: (¥) Jost,?? (A) Derlacki et al.,?® (O) Hao and Leaist,?° (@)
Lee and Li,?’ (W) Mathews and Akgerman,?® (O) Price et al.,”” and (&)
Reid et al.** (®) is D measured in this work.

Diffusion of Methanol into Sulfuric Acid Solutions. Ex-
periments were then conducted to follow the diffusion of the
methyl species into 39.2 to 96.5 wt % H,SO4 solutions. The
peak areas vs time data are presented in Figure 4, and the values
obtained for D are summarized in Table 1. The effective
diffusion coefficients range from (0.1 to 0.3) x 107> cm?s,
values that are up to a factor of 10 smaller than the diffusion
coefficient of CH3;0H into HyO (1.4 x 107> ¢cm?/s). The quoted
errors correspond to +40% and are largely due to the uncertainty
in the probe depth. The effective diffusion coefficients do not
vary systematically with composition, and there appears to be
a maximum in D that corresponds to diffusion into 61.6 wt %
H,SOy, solution. Examining Figure 4b—d where concentrations
were monitored using the same CH3; symmetric stretch, at a
fixed time point, for example, t+ = 10 000 s, confirms that
diffusion is 1.5—2 times more rapid at the intermediate
concentration (61.6%) than in the other two cases.

As noted in the Introduction, despite the atmospheric
relevance, there are very few measured diffusion coefficients
in systems where sulfuric acid is the solvent. Instead, D is often
estimated using an approach such as the Wilke—Chang
method,?® where the dependence of the diffusion coefficient on

temperature T and solvent viscosity # is given by!43233
D= g (4)
n

In eq 4, and expanded in eq 5, C is a constant that depends
on the molecular weight of the solvent Mg, the association factor
used to account for solute—solvent interactions ¢, and the molar
volume of the solute V.

1
oo (7.4 x 105 (@Mp)2

0.6
VA

&)

For the diffusion of a number of solutes ranging from HC1
to DMSO; into H,SO4 solutions ranging from 30—72 wt %,
Klassen et al.'* found that ¢ is constant and that k = ¢*Mp =
64. This is the value we use for all of our H,SO4 concentrations
including, for lack of other information, our highest H,SO4
concentration. The viscosities, 77, of H,O and 96.5 wt % H,SO4
are known,**35 and the viscosities of the 39.2, 61.6, and 79.3
wt % HSOj4 solutions required by eq 4 were calculated using
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Figure 4. Diffusion of the total methyl species (CH;OH, CH;0H,", and MHS) into 39.2—96.5 wt % H,SO. solutions, following the increases in
peak area as a function of time of (a) the O—S—O symmetric stretch and (b—d) the CH; symmetric stretch.

TABLE 2: Calculated Distribution of Methyl Species
(Percent of CH;0H, CH;0H, ", and MHS) in 0—96.5 wt %
H>SO, Solutions

wt % HaSO4 CH;0H CH3;0H,"™ MHS
96.5 ~100
79.3 36.2 43.0 20.8
61.6 57.7 22.9 19.3
39.2 85.5 8.5 6.0
0 100

eq 1 in ref 36. The viscosities of all the solutions are summarized
in Table 1. Values of V4 used in eq 5 were calculated using
LeBas additivity with the percent of CH;OH, CH;0H,", and
MHS found in Table 2. The molar volume of CH3;0H," was
assumed to be equal to that of CH;0H, 37 cm/mol.3? The molar
volume of MHS was calculated by assuming the density of MHS
is equal to that of dimethyl sulfate, 1.33 g/cm?.

Before we compare our data to the predictions of eq 4, we
must account for the fact that in our experiments methanol is
protonated by H,SO4 to form CH30H,™ and can react with
H,SOy to form MHS.323337.38 Tn water, the methanol is present
as CH30H only, whereas in 96.5 wt % H,SO4 the conversion
to MHS is (95 4 5)%.3 On the basis of previous work,? the
protonation to form CH3OH," and the reaction to form MHS
occur at the air—liquid interface is less than 60 s. This is a time
scale shorter than our detection method can measure. Thus, our
experiment measures the diffusion coefficient of MHS into 96.5
wt % H,SOy, and the effective diffusion coefficient of three
species, CH;0H, CH3;0H,™, and MHS, into the 39.2 to 79.3
wt % H,SOy solutions. Table 2 summarizes the change in the
speciation as a function of the H,SO4 concentration that we

determined using a pKpp+ of —2.05%° with the acidity functions
measured for alcohols, Hrop.*® The equilibrium constants used
are based on those found in the literature.?” Previous work?
studying the uptake of CH3OH at the surface of and into H,SO4
solutions showed a blue shift in peak positions with increasing
wt % H>SOy, indicating that the methyl species change with
H,SO,4 concen-
tration.

Despite the complexity of the problem, the Wilke—Chang
equation predicts diffusion coefficients close to those observed
at 0, 61.6, and 793 wt % H,SO4. At the lower H,SO4
concentration of 39.2%, the prediction is close to a factor of 3
higher, while at the highest concentration, 96.5%, the prediction
is a factor of 2 lower. For the 39.2% and 96.5% sulfuric acid
solutions, the Wilke—Chang equation over- and underpredicts,
respectively. However, for the pure water case, the 61.6% and
79.3% sulfuric acid solutions, the Wilke—Chang equation is
consistent with our observed results. It is not completely clear
what solution properties are driving the inconsistency with the
two different solutions, 39.2% and 96.5%.

Others have also observed deviations from the Wilke—Chang
method for viscous solvents.’® For example, the diffusion
coefficients for CO, into various solvents remained nearly
constant for a range of viscosities (1—27 cP). In contrast, but a
study by Kleno et al.! using a pulsed gradient spin—echo NMR
technique did find that the diffusion coefficients of dimethyl
sulfoxide and dimethyl sulfone decreased with increasing HySO4
concentration, as predicted by eq 4.

The speciation of sulfuric acid in the different solutions may
also be affecting the observed diffusion of the methanol species.
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In H,SO4 solutions greater than 80 wt %, ionization is
suppressed because of insufficient water*! and the dominant
species is H,SO4. Therefore, the 96.5 wt % H,SO4 solution is
uncharged (or only very weakly charged) and molecular
interactions will be weak (van der Waals interactions).*! Below
80 wt % H»SO4, H,SO4 is fully dissociated into
(H3;0™)(HSO47)*?* and ionic interactions become important.*!
On the basis of the second dissociation constants for the three
different H,SOj solutions,*>*3 HSO4~ will be further dissociated
to (H;0™)(SO0427). In 39.2 wt % H,SOy, 40% of the sulfate
species are SO42~, whereas in 79.3 wt % H,SOs, ~9% of the
sulfate species are present as SO4>~. (These values are higher
than would be expected simply using the dissociation constant
of 1072 since the activities for HSO4~, SO42~, and H,O must
be considered.)*> The different sulfate species may interact
differently with the different methyl species diffusing into the
solutions. Referring to Table 2, methanol is present as uncharged
(CH;0H, MHS) and charged (CH;0H," and possibly MHS ™)
species. The interactions between the charged species and the
H,SO4 solutions may be different from that between the neutral
species and the H,SOy4 solutions. Clearly, more work needs to
be done to understand these systems. From our results, it appears
that estimations of D based solely on the viscosity of the solvent
work well for intermediate weight percent sulfuric acid solutions,
but are not accurate at the low and high range of concentrations
studied here. Protonation, reaction, and the resulting intermo-
lecular forces in acidic solutions are likely key factors in the
ability to accurately predict diffusion coefficients.

Conclusions

Raman spectroscopy offers a straightforward method for
obtaining diffusion coefficients critical for understanding the
chemical processing of volatile organic compounds by atmo-
spheric aerosols in the upper troposphere and lower stratosphere.
A diffusion coefficient of (1.4 + 0.6) x 1073 cm?s at 23 °C
was obtained for methanol into water, in agreement with values
found in the literature. Values for D were also measured for
39.2,61.6, 79.3, and 96.5 wt % H,SOy solutions. For the 39.2%
and 96.5% solutions, the diffusion coefficients do not appear
to depend on the viscosity of the H,SO4 solutions in an obvious
way, indicating that speciation of both methanol and sulfuric
acid may be important. This result may be important for uptake
studies of organics into acidic solutions that rely on empirically
calculated diffusion coefficients.
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