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We report here the first experimental determination of the mass accommodation coeftigiehtH>'’O(g)

on aqueous sulfuric acid solutions. The uptaké’®Flabeled gas-phase water was measured as a function of
temperature (256295 K) and acid concentration (582 wt % HSO;) using a droplet train flow reactor.

The mass accommodation coefficient exhibits a negative temperature dependence and increases with increasing
H,SO, concentration. For 50 wt % sulfuric acid solution, the mass accommodation coefficient ranges from
0.50+ 0.05 at 250 K to 0.44 0.07 at 278 K, and for 70 wt % solution, it ranges from 069.07 at 252

K to 0.54 + 0.05 at 295 K. The dependence of the mass accommodation coefficient on the sulfuric acid
composition correlates with surface coverage of water. The uptake coefficien{OofvBs measured to be
unity on 70 wt % HSO,, independent of temperature between 263 and 293 K. TikUptake coefficient

is larger than the mass accommodation coefficient fgf® because BH isotope exchange opens another
channel for the disappearance of@from the gas phase. TheD uptake coefficient of unity implies that

the thermal accommodation coefficient of water on sulfuric acid surfaces is also unity.

Introduction reported the mass accommodation coefficients for water on

The amount of solar energy scattered, reflected, or absorbedwater' This work on the mass accommodation coefficient of

. . ) : - water on sulfuric acid builds on the measurements of Li &t al.
by clouds is determined by “cloud optical properties,” a term

; p ; L
that encompasses size and number distributions of cloud dropletsIn the work of Li et al.; the mass accommodation coefficient

. . S - of water vapor on water was determined by measuring the
as well as chemical composition. The ability to predict both untake ofi7O-labeled gas-phase water under near-equilibrium
short-term meteorology and long-term climate change rests Oncgnditions The valuesgmaf fcl)or water vapor on water wer% found
detailed understanding of the dynamic processes governing ) p

R to range from 0.1 0.03 to 0.32+ 0.04 between 280 and
aerosol activation and growth to form cloud droplets. By far

the largest uncertainty in quantifying the driving forces of 258 K. .

anthropogenic climate change is attributed to man-made sub- N the work presented here, we report the first measurements

micron aerosol particles capable of cloud nucleation. of the mass accommodation coefficient of water vapor on
The now classic Kbler theory of cloud droplet formation ~ Sulfuric acid droplets as a function of temperatufe 250~

and growth relies on the assumption that the particle size is 292 K) and sulfuric acid concentration (582 wt %). The

always in equilibrium with the local supersaturation of water Values of the mass accommodation coefficient are in the range

vapor2 According to Kihler's equation, cloud droplets grow ~ ©f ~0-4 to unity depending on acid concentration and temper-

spontaneously after they have reached a critical diampter, ~ &ture. In addition, the uptake ofD by 70 wt % HSQ, solution

which corresponds to a critical supersaturati&n,Hence, the was measured to be unity within experimental error at 263 and

highest supersaturation attained in an ascending air parcel?93 K. From the results of theD uptake measurements, and

defines the total number of activated aerosol particles that will following the analysis presented in Li et &kye conclude that

grow to cloud droplets. However, this equilibrium relationship e thermal accommodation coefficient of water on 50 to 80

is not always valic5 For example, if the mass transfer of Wt % sulfuric acid solutions is unity.

gaseous water into pre-existing aqueous aerosol particles is Uptake of Gases by Liquids. The mass accommodation

kinetically hindered, a higher supersaturation will build up in coefficient,a, governs the maximum possible fluk(molecule

an air parcel, activating a greater fraction of available aerosol m~2s™%), of gas molecules into a liquid in the absence of surface

seeds. reactions
The parameter representing the interfacial rate for-¢jgsid
mass transfer is usually designated as the mass accommodation nyCo
> . " A J=3" 1)
coefficient, a, i.e., the probability that a molecule impinging 4

on a liquid surface penetrates that surface and becomes

incorporated into the bulk liquid. In a previous pafene HerenyC/4 is the gas-surface collision rate from gas-kinetic

o .
* Author to whom correspondence may be addressed. E-mail: Wiliams@ theo_ry thelre.ng (molecule n) is the ga&‘f m0|eCUIa.r density
aerodyne.com. andc (m s is the average thermal velocity. If reactions occur
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the flux of molecules disappearing from the gas phase canwhered, (m) is the diameter of the droplet-forming orifice. Note
exceed that determined fay. that the effective Knudsen number defined by eq 5 for
The flux of gas-phase molecules into a liquid can be calculating the gas-phase diffusion correction in the droplet train
controlled by several other processes in additiom &md surface experiments depends on the orifice diameter and not on the
reactions: gas-phase diffusion, Henry's law saturation, and diameter of the droplets. Expression 5 for the effective Knudsen
liquid bulk-phase reactions. In the case of water uptake by number was determined empirically from droplet train flow
sulfuric acid droplets, gas-phase diffusion and Henry’s law reactor experiments over a wide range of Knudsen numbers,
saturation are important, but no liquid-phase reactions are gas mixtures, and uptake coefficieAtsRecent theoretical
expected. The flux limitation due to gas-phase diffusion arises calculations of gas-phase diffusion in a droplet train flow reactor
if the diffusion rate of the trace species is not fast enough to by Morita et all® support the conclusion that the effective
counteract the concentration gradient near the surface create&nudsen number depends on the orifice diameter rather than
by uptake by the liquid. Henry's law saturation refers to the the droplet diameter.
fact that some fraction of the molecules that enter the liquid  The expression foFsa in the droplet train apparatus is
can evaporate back into the gas phase due to the limited 1 & [nt\2
solubility of the species. As the exposure time increases, the .= 8RT}-(5) (6)
liquid-phase concentration reaches saturation and the evaporating I
flux increases, thus decreasing the net flux into the liquid. The yhereR (L atm mol K1) is the gas constanT, (K) is the
net flux of molecules given these limitations is described by a gas-phase temperatuté(M atm~1) is the Henry’s law constant,
measured uptake coefficientneas Dy (m? s7Y) is the liquid-phase diffusion coefficient of the trace
species, and (s) is the gasliquid interaction time. Note that
1Tsa is time-dependent so that the effect of Henry's law
saturation is a decrease with time of the overall uptake
) i coefficient, ymeas
Sinceymeasrepresents a convolution of several processes, the  \1ass accommodation can be viewed as a two-step process
experimental challenge is to separate the contributions of thes%volving surface adsorption followed by a competition between
processes to the overall gas uptake. The droplet train flow reaCtordesorption and solvatiol:2°First, the gas molecule strikes the
allows direct control of many of the factors contributing to gas ¢;rface and is thermally accommodated. The adsorption rate
pptake and thereby enables deconvolution of the uptake into .qngtant id0s= Sd4, whereSis the thermal accommodation
its component processés.’ , coefficient, defined as the probability that a water vapor
The time, temperature, pressure, and concentration dependgjecyle striking the liquid will thermally equilibrate with the
ences of the measured uptake coeffiCighbas can be analyzed g tace. The adsorbed surface species then either enters the
to y|quI mformanon about_the c_hem|ca_l and physical processes liquid (ko) OF desorbsKed from the surface. Evaporation of
occurring during the gas/liquid interaction. These processes aréjhe species out of the bulk liquid is taken into account separately,

coupled, and general solutions for the coupled differential \ij the termlg,in eq 3. Solving the rate equations for the mass
equations describing the gas/liquid interaction are not available, 5commodation process lead$’to

although exact solutions exist for a few limited ca¥es.

However, to a very good approximation, the processes can be a Kso 7
decoupled and treated separately with linear approximations to S—a kTes ™
the differential equation®12y,casis then described in terms of

dimensionless conductanc®ss, o, andls;; 3 representing gas- ~ Note that definitions ofoc and S differ from those used in

phase diffusion, mass accommodation, and Henry's law satura-analogous discussions of gas sticking on ice surfacgpecif-
tion, respectively, as follows ically, the definition ofa given in Brown et al?! takes into

account the flux of gas molecules desorbing from the surface;
1 _ 1 1_1 3) their definition of Sis referenced to the incoming flux of gas

Tgr @ Ty molecules rather than to the maximum theoretical rate of-gas

surface collisions predicted by gas kinetic theory.

Analytical equations for gas-phase diffusive transport of a  In the DO uptake experiments, £H isotope exchange at
trace gas to a train of moving droplets do not exist. However, the surface opens a new channel for the disappearance of the
an empirical formulation of diffusive transport to a stationary gas-phase species. In the presence of a surface reaction, such
droplet developed by Fuchs and Sutddinas been shown to ~ as isotope exchange, the expression jfgr i.e., the uptake
be in good agreement with measuremé&nits and can be coefficient corrected for gas-phase diffusion, is giveA?by

sat

n,Cy
Jneas™ =4 @

Vmeas

modified for use with a train of moving droplets. By use of the 1 1 1 1 1
Fuchs-Sutugin formulation,I'yi for a single droplet is ex- —= - r=§ S — (8)
pressed d$ Yo Vmeas 1 diff : -
1 _0.75+0.28%n Lk
— -2 oTLOR] 4 b ol
Ly Kn(1 + Kn) “) Sk?es—l— I

where the Knudsen numbétn = 24/d;, A(m) = 3D/, is the Herel's corresponds to reactive loss of®@ at the_ surface_due
gas-phase mean free path,(m) is the droplet diameter, and  t0 isotope exchange ard, corresponds to reactive loss in the
Dy(m? s73) is the gas-phase diffusion coefficient. In a train of bulk of any DO that gets incorporated into the liquid.
moving droplets, the FuchsSutugin expression is modified by ) )
setting Experimental Technique

A schematic of the droplet train flow reactor is shown in
Kn = /d, ®) Figure 1 (see Worsnop et 4hnd Robinson et &B for details).
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Filter ensures that no evaporation or condensation of water occurs
Wi and that the temperature and composition of the droplets are
2 ’ stable. Typical volume flow rates of the carrier gas wer€/4
‘:_é*;%PGaS x 1076 m3 s7! at standard temperature and pressure, giving a
linear gas velocity of 2.64.4 m s,
Vibrating |~ ¥ greon%‘raélion Uptake coefficients are measured by switching the droplet-
Orifice £ Region generating frequency apd thus the surface area of Fhe drople_ts.
Fhotodiods B—= He-Ne A measured decrease in the trace gas concentration resulting
=31 Laser from an increase in the exposed droplet surface area corresponds
- N Loop to uptake of the gas by the droplet surface. The number density
H,'70 or D,0 in He —> w> £/ Injectors of the trace gasny (molecule n3), is measured downstream
- PTOPH{GE’S of the flow tube by infrared absorption using a leashlt tunable
Tunable T\ ggz;}gﬁ“on diod_e laser coupled to a multipass absorption ¥eH;1’O was
diode laserM  Protodiode . monitored at 1632.1667 cthand DO at 1239.0457 cm2>20
- L:éef The measured uptake coeff|C|_ent is obtained from the experi-
Multiple mental parameters as shown in €q 9
pass cell > pump AF 0
ik Droplet Vimeas™ Gaa N oy (9)
Collection CAA" I
Detector Chamber
whereFq (m® s7%) is the carrier gas volume rate of flow through

the systemAA (m?) is the change in the total droplet surface
area in contact with the trace gas when the driving frequency
Gas-uptake coefficients are measured by passing a fast-movings switched, anahy andn’  are the trace gas densities at the two
(30 m s'1), monodisperse~2 x 10~* m diameter) collimated surface areas. Typical éifferences betwegr:mdn’g are in the
train of liquid droplets through a 0.3-m long, 17 1072-m range of 16-30%.

Figure 1. Schematic of the droplet train flow reactor apparatus.

diameter longitudinal low-pressure 533066-Pa (4-8 Torr) Measurements of the mass accommodation coefficient for
flow tube. The trace gas of interest, in this casg,’@ or D,O, H>0(g) were made by determining the uptake of the isotope
is introduced through one of three loop injectors located along H2*’O(g) on 50, 70, and 82 wt % sulfuric acid droplets over

the flow tube at a density of 18-10?° molecule nT3. By the temperature range 25@95 K. Interactions between,B-

selecting the gas inlet port and the speed of the droplets, the(g) and the sulfuric acid/water liquid surface are likely to depend
gas-droplet interaction time can be varied between 2 and 15 on hydrogen bonding, and thus the mass accommodation
x 1078 s, coefficient is not expected to change due to isotope substitution
The droplet stream is produced by forcing the sulfuric acid/ of the oxygen. The natural abundance@ is 3.7 x 1074,
water solutions through a 70m diameter platinum electron  and there is therefore a background oft#0(g) in the flow
microscope aperture surrounded by a donut-shaped piezoelectritube from the water vapor in equilibrium with the droplets.
ceramic. For a given liquid flow rate (typically 10 m? s7%), Depending on the temperature and composition of the droplets,
the number of droplets produced per second and their diameterthe H*’O(g) background is on the order of-8 x 10'® molecule
is determined by the driving frequency applied to the piezo- m~2. Additional H,*’O(g) on the order of 18—10°° molecule
electric ceramic. The driving frequency was switched between m~2 is introduced into the flow tube by flowing He through a
around 10 kHz and around 50 kHz, generating droplets with bubbler containing 20% $1’O in HO. The HO entrained in
diameters of 2.8< 1074 and 1.6x 104 m, respectively. The  the He causes a 0-30% increase in the background water
sulfuric acid was cooled to the desired temperature before vapor in the flow tube. The perturbation of the water vapor
entering the vibrating orifice. concentration in the flow tube leads to an increase of the droplet
The droplet velocity 30 m s1), shape, and uniformity were ~ temperature by 033 K due to the release of the heat of
monitored by measuring the light intensity from two cylindri- condensation as the droplet reaches equilibrium with the
cally focused He-Ne laser beams passing through different surrounding water vapor. The background concentration of
heights along the droplet stream. Each time a droplet interrupts H,2’O(g) was monitored and was taken into account in calculat-
the light beam, the decrease in intensity is measured by aing ymeas In the experiments with fD, the natural abundance
photodiode. The relative intensity of the signal reflects the of D is on the order of 107 and can be neglected.
relative droplet diameter. The measured time delay between the A small amount of CHlis introduced with the trace gas and
signals detected by two diodes separated by a known distanceused as an inert tracer to monitor changes in pressure in the
is converted to droplet velocity. Furthermore, a time trace of flow tube. The CH concentration is monitored by infrared
the HeNe signal provides a measurement of the quality of absorption at the 1632.1093 and 1632.1167 tmioublef®
droplets. It has been shown that for a single well-defined simultaneously with the trace species. Methane is expected to
spherical droplet, the signal shape is Gaussian; significant be insoluble in sulfuric acid, and any changes in concentration
deviations from a Gaussian indicate low quality of the droplets upon switching the droplet frequency reflect changes in flow
(for details see Worsnop et 3l. tube pressure. The measured uptake coefficient was corrected
Carrier gas enters the flow tube at the top, giving a total flow for the observed ClHchanges. The correction due to pressure
tube pressure of 5331066 Pa (48 Torr). The carrier gasisa  variation was usually around 3% and always less than 10%.
mixture of helium and water vapor, with the water vapor Loss of the gas-phase trace species to the flow tube walls
concentration set to match the equilibrium water vapor of the was small in these experiments. In the(experiments, we
sulfuric acid at the temperature of the droplets. The precise measured the wall loss by turning off the droplets and testing
match of the water vapor pressure in contact with the droplets for any change in the £D concentration when changing loop



1570 J. Phys. Chem. A, Vol. 108, No. 9, 2004

and O
o o
o o

Ymeas
N
-
[
1 I 1

02 ]
ool L o+ L o 1 111y
0 2 4 6 8 10 12 14

t (ms)
| LA NN RNLEN DL NRNLEN NN L B
1.0 —
R % (b) -
P_O.B— —
T | J
0.6 - ]
©, 13 2 + — |
© 0.4 —
g L J

>

0.2 —
ool L o+ L o 1 111y
0 2 4 6 8 10 12 14

t (ms)

Figure 2. (a) Measured uptake coefficientneas for H,’O(g) on 70
wt % sulfuric acid at 263 K®) and fit to the data with eq 3 (solid
line). Extrapolation of the time dependence (eq 6) badk+a0 gives
the O, and correction for gas-phase diffusion (eq 4) gises 0.70+
0.07+0.06 (). (b) Measured uptake coefficient for,O(g) on 70 wt
% sulfuric acid at 263 K@®). Correction for gas-phase diffusion gives
yo = 0.91+ 0.1/~0.08 Q).

injectors. No change was observed. The uncertainty in #& D
concentration measurementi%) gives an upper limit for the
wall loss ofk, < 0.06 nT1, where the wall-loss coefficient is
defined asn(2)/n(0) = exp(—ky2). In terms of the gaswall
interaction time, the wall-loss coefficientkg_: < 0.3 st where
kw andky— are related by the gas-flow velocitl,—« = kyus
(vr = 4.9 m st in this case). The value df, < 0.06 n1t
corresponds to a wall uptake coefficientygf < 1075, 2 orders
of magnitude smaller than the smalleseasurable with the
droplet train flow reactor. In the O experiments, wall loss
was also below our detection limit.

Results and Analysis

Figure 2a shows the measured uptake coefficient ff®+
(g) on 70 wt % sulfuric acid at 263 K as a function of gas

Gershenzon et al.

The coefficientHnyeas can be calculated from the product
HmeaD1 Y2 using an estimateD, for water in sulfuric acid. The
liquid-phase diffusion coefficient is estimated from the equation

D, =cTly (20)
wherey (cp) is the liquid viscosity andis a constant calculated
to bec = 6.5 x 10712 m? cp s K~ from the experimental
data on water viscosity and water self-diffusf@@nFor the
conditions of the data in Figure 2a, the viscosity of the sulfuric
acid is 29.8 cff and the estimated liquid-phase diffusibnis
5.7 x 1001 m? s71, yielding Hyneas= 5.7 x 10* M atm™™%,

When eq 6 is applied to trace gas uptake, the pararhkier
the Henry’s law coefficient defined in the limit of the solute
concentration approaching zero. However;B®(g) enters
sulfuric acid solutions that contain water at high concentrations
(18—40 M). In this case, thel value extracted from eq 6 cannot
be considered as a true Henry’s law coefficient. H obtained here
is simply a fitting paramete®®

Fitting the time-dependent data in Figure 2a with eq 6 gives
a value fory att = 0 shown with the open circle. The error
bars are the statistical uncertainty from the fit8%). The
correction for gas-phase diffusion is applied using eq 4 to
calculate Wgi. Dg for H,O in He is 8.4x 10°° atm n? s ! at
293 K30 andDyg for H,0 in H,O is 1.5x 107° atm n? st at
293 K?2* both with a temperature dependenceTdf. Dy for
D-0 is a few percent smaller than the correspondhgfor
H,0 32 and this difference was neglected. Values of the effective
Dy for the conditions in the flow tube were calculated using
the standard formula for mixtures of gasés.

The value foro. obtained by correcting att = 0 for the
effect of gas-phase diffusion is 0.7400.07/~0.06 and is shown
with the open square in Figure 2a. The error bars inclutt&%
uncertainty inDgy as well as the uncertainty inatt = 0 and
are slightly asymmetric because the gas-phase diffusion cor-
rection is nonlinear.

Figure 2b shows the uptake data fox@on 70 wt % sulfuric
acid droplets at 263 K. The data exhibit no time dependence,
and the open circle @ = 0 is the average of the three data
points. After correcting for gas-phase diffusion, = 0.91 +
0.09/-0.08 for this particular data set. Note that the gas-phase
diffusion correction was larger for the,D data in Figure 2b
than for the H’O data in Figure 2a because the total flow tube
pressure was higher. Averaging over three different experimental
runs gaveyo = 0.93+ 0.11/-0.10. No temperature dependence
was observed for the uptake coefficient o§@on 70 wt %
sulfuric acid droplets between 263 and 293 K.

The mass accommaodation coefficient for'FD(g) on sulfuric
acid solutions was measured as a function of temperature for
three different sulfuric acid concentrations, 50, 70, and 82

droplet contact timeymeaswas calculated (using eq 9) from the  wt %. The results are shown in Figure 3, along with previous
observed change in trace gas density upon switching the dropletdata for the mass accommodation of¥D(g) on watef (Note

generation frequency. Multiple measurements{pwere made
at each contact time, and the error bars show thechtter in
the data. The overall experimental uncertainty iRasis £8%

that the 82 wt % data points have large error bars due to the
difficulty of forming droplets with such a viscous solution.) The
mass accommodation coefficient decreases as the temperature

based on the scatter in the data. This is consistent with theincreases. A negative temperature dependence fuas been

estimated experimental uncertaint¥ {%) obtained by propa-

previously observed for a wide variety of hydrophilic gas-phase

gating the errors in each of the measured quantities in eq 9. species interacting with aqueous surfate¥.The temperature
The data in Figure 2a show that the measured uptake dependence can be expressed as

coefficient decreases by about 25% during the 10-ms-bgqsid

contact time. Time-dependent uptake coefficients suggest that o [~AGgg A8y —AH,p .
the uptake process is affected by the solubility constraints (via 1 — o~ ex RT | ex R ex RT (11)

T'sa) of the trace species in the liquid. The solid line in Figure

2a shows the fit to the data using eqs 3 and 6. The fit yields a where AGops = AHgps — TASps is the Gibbs energy of the

value forHmeadi¥? of (4.3 £ 0.6) x 1001 M m atnr? 5712

transition state between the gas-phase and the aqueous solvated
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Figure 3. Mass accommodation coefficiera, for H,*’O(g) on 82

(a), 70 (@), and 50 wt % M) sulfuric acid solutions and on wated)®

as a function of temperature. The solid lines are from eq 12, and the
dashed line is a fit to the water data with eq 11.
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o or Y,

wt % H,SO,

Figure 4. A plot of interfacial uptake coefficientsa(or yo) as a
function of sulfuric acid concentration for,HO(g) @), D-O(Q) (a),
and NH(g) (O) at 285K. The dashdot line is the surface reaction
model for NHy(g) uptake. The solid line is eq 12 for the mass
accommodation of K1’0O(g), and the dashed line is a guide for the eye
at unity.

TABLE 1: Calculated Surface Density of H,O at 298 K,

phase. The dashed line drawn through the water data pointsN}, o, Calculated Fractional Surface Coverage of HO,

(open circles) in Figure 3 is the fit to eq 11, yieldidddons =
4.8 & 0.5 kcal/mol andAS,ps = 20.3 + 1.8 cal/mol K.

As can be seen in Figure 3, the mass accommodation
coefficient of H’O(g) on sulfuric acie-water mixtures in-
creases with increasing sulfuric acid concentration. We modeled

this increase as a linear combination of mass accommodation

coefficients on a two component liquid systém

o= 0y, o X(Yn,0 T y,50.X(Yn 50, = A, 0X(Sn,0 T
Ay 50,1 = X(y,0) (12)

whereay,o is the mass accommodation coefficient foi* FD-
(9) on wateron,sq, is the mass accommodation coefficient for
H270O(g) on sulfuric acid,X(s)n,0 is the fractional surface
coverage of water, anX(S)n,sq, is the fractional surface
coverage of HSOy. The fractional surface coverage of water
was calculated from the following two equations

Dyo=

SHZO B NIS-|ZSO4XHZO/ tzso4 (13)

where I'ijo is the Gibbs surface excess ob®| Ni,zo and

32804 are the surface concentrations ob(H and HBSO,
(molecule M?) and Xp,0 and Xu,sq, are the bulk phase mole
fractions, and

S S —
A,0NALo T AnsoNiso, = 1 (14)
whereAy,0 and Ay,sq, (M?) are the molecular areas, afAd,o
N, o is the fractional surface coverag¥(s)u,o. Phillips cal-
cufated values foFu,0 from surface tension dad.Values for
Ao = 0.97 x 10719 m? and A,so, = 1.9 x 1071° m? were
calculated from data in Phillip%.
The solid lines in Figure 3 show eq 12 plotted for the sulfuric

X(sf)Hzo, Measured a. at 285 K, and the Value ofa
Calculated from eq 12

W% HSOr N6, M2 X(9mo a, 285 K a, eq12
0 1.05x 10'° 1 0.16+ 0.02 0.16
50 7.7x 108 0.73 0.35+ 0.05 0.38
70 5.5x 108 0.52 0.59+ 0.07 0.55
82 3.4x 108 0.32 0.85+ 0.2 0.71

The nature of aqueous sulfuric acid surfaces has been the
subject of recent spectroscopic studies. Sum frequency genera-
tion, a surface specific technique, indicates that the amount of
free water at the surface decreases with increasing sulfuric acid
concentratior’® A decrease in free water is consistent with
calculations of molecular hydrate (i.e.p$0y-nH,O with n =
1, 2) formation at the sulfuric acid water surface by Phiflips
and with infrared spectroscopy measurements of un-ionized
molecular hydrates in sulfuric aclThe presence of molecular
hydrates has been suggested to play a role in the formation of
atmospheric sulfate aeroséfand in the heterogeneous reactiv-
ity of sulfuric acid surfaced’-*8 However, our ability to model
o in terms of the total surface water concentration (eq 12)
suggests that the mass accommodation process is unaffected
by the formation of molecular hydrates at the surface of sulfuric
acid solutions.

Discussion

Figure 4 compares the behavior of the uptake of several
different species on sulfuric acid/water solutions. The values
of the mass accommodatioa)(and uptakeyp) coefficients at
285 K for H,1’0O(g) and BO(g) on sulfuric acid solutions are
shown as a function of $$0, concentration (open squares and
triangles, respectively). Figure 4 also includes previously
published data for the uptake coefficients gf#D(g) and BO-

(g) on wate? and the uptake coefficient of N¥t) on sulfuric
acid and watef%41

acid concentrations used in our experiments. We have assumed The measured uptake coefficient foy@is unity, independent

oH,so, = 1, based on the increase of toward unity with
increasing sulfuric acid concentration. Table 1 gives values for
the calculated\li,20 and X(s)n,0, the experimentally measured
a, and thea calculated from eq 12. The agreement between
the measured and modeled valuesxaf quite good.

of sulfuric acid concentration while the uptake coefficients for
H,’O are significantly smaller than unity. Because the mass
accommodation coefficients ofHO and DO are expected to
be the same, the enhanced uptake gDDs attributed to the
fast isotope exchange reaction@®+ H,O — 2HDO at the
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