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Reactive Uptake of Nitric Acid into Aqueous Sodium Chloride Droplets Using Real-Time
Single-Particle Mass Spectrometry
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The kinetics and rate-limiting mechanism of reactive uptake of nitric acid into submicron, deliquescent sodium
chloride aerosols are determined. The reaction was performed in a flow tube with a real-time single-particle
mass spectrometer connected to the outlet to determine the chloride-to-nitrate ratio of the transformed particles.
Pseudo-first-order conditions were maintained by keeping the nitric acid pressure constant, as measured with
a chemiluminescence analyzer. Experiments were performed withZZIDnm diameter droplets at ca. 80%
relative humidity and nitric acid concentrations between 60 and 380 ppb. Rate constants and uptake coefficients
were determined from time-dependent changes in the chloride concentration of individual particles that traversed
the reactor. The initial reactive uptake coefficient for 100 nm droplets was found to Be2LBx 102 and,

to a first approximation, independent of the nitric acid concentration. The uptake coefficient also was found
to increase linearly with increasing droplet size over the size range studied. These dependencies suggest that
transport phenomena (diffusion of HN@ to the droplet surface, accommodation of HNfto the droplet,
diffusion of HNOjy(aq)and HClag inside the droplet, and transport of HCI across the droplet surface into the
gas phase) do not limit the reaction rate. Instead, reactive uptake of/jiN@mited by formation of molecular

HCI in the aqueous phasa thermodynamically controlled process. The results are consistent with related
measurements that show uniform chloride/nitrate/sodium mole ratios in submicron-size aerosols, a large uptake
coefficient for aerosols in the low micron-size range, and decreasing chloride-to-nitrate ratios (because of
transport limitations) in supermicron-size aerosols.

Introduction numbers of fine particles produced by anthropogenic activities.

Sea-salt is the second largest component by mass of theSea-salt aerosols also serve as vehicles for transport and reaction

atmospheric aerosol global burden, a smaller load than mineralOf organic componenﬁs.For exa_lmple, Middlebrook et al.
dusts but greater than sulfates, products of biomass burning,ObserVGd organic components in over half the particles that

and secondary organiésn the marine boundary layer, sea- contain sea-salt in clean air and more than 60% during pollution
salt aerosols are produced by breaking waves and burstingevems' The influence of acid displacement on these processes

bubbles on the ocean surface. Particulate salts exist as concen likely to be greatest where marine air interacts with polluted
trated aqueous droplets above their deliquescence point aenvironments, such as the southern California coastline, the Gulf

common occurrence in the marine environment. These dropletC0ast region, and the eastern seaboard of the United States.
sizes range from less than 100 nm to aboutfdin diameter. In the atmosphere, reaction 1 can proceed on solid particles
The reactions of sea-salt particles with gas-phase species haver in concentrated droplets, depending on whether the relative
garnered interest because of their importance in the cycling of humidity is below or above the efflorescence/deliquescence
halogens in the atmosphetdor example, acid-displacement points. In the laboratory, this reaction has been studied on
has been proposed to explain the depletion of chloride and powder§ and crystal$in Knudsen cells, on pressed powdéid

enrichment of nitrate in marine boundary layer aerosols: and airborne particlé$ 4 in flow tubes, and on single crystals
in ultrahigh vacuunt® The reactive uptake coefficient);
NaCl+ HNO;, — NaNGQ; + HCl g, 1) defined as the fraction of HNgXollisions with the surface that

) . ) result in a reaction, varies by more than 2 orders of magnitude
The nitrate salt produced by reaction 1 will eventually return (10-4-10-2 range) in experiments with nominally “dry” solids.
to the ground by precipitation (e.g., rainfall), contributing to  Thjs variation arises from strong dependencies on the residual
hitrogen saturation in the coastal ecosysfeth.may also \ater content of the sodium chloride surf&&&!516and the
substantially influence the radiative properties of the marine HNO; pressuré? 1 Experiments performed with liquid droplets

boundary layer. Murphy et dlhave found that almost all fine  ahoye the deliquescence and/or efflorescence relative humidities
particles above 0.13m in diameter at a remote southern ocean give much higher values for, 0.2 or greatet314

region contain sea-salt. Aerosols in this size range efficiently
scatter solar radiation and act as condensation nuclei. Coars%
. . . 0
sea-salt particles facilitate the removal of airborne pollutants
by counteracting the precipitation suppression effect of the large

In the work described here, a new detection approach is used
study reaction 1; it facilitates experimentation above the
deliquescence relative humidity for submicron droplet sizes,
where the changes in the marine aerosol chemical composition

* Author to whom correspondence should be addressed. Telephone: 302-C@n strongly influence light scattering. In addition, the reaction
831-8014. Fax: 302-831-6335. E-mail: mvj@udel.edu. is performed under constant HNQpressure to facilitate
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Figure 1. Experimental setup.

investigation of the pressure dependence. The detection approachistribution is nearly monodispersg, < 1.2 for a single charge

is based upon real-time single-particle mass spectrom&tfy.  state, and the ratio of singly to doubly charged particles is
This method has been used for over a decade to characterizaypically 5:1 (number density). All kinetic calculations are based
individual particles, including those undergoing chemical reac- upon the combined size distribution of singly and doubly
tion.1%20Semiquantitative measurements of particle composition charged particles. The particle number concentration varies by
are also possible in some instanées* For reaction 1, single-  less thart-5% throughout an experiment.

particle mass spectrometry provides the opportunity to monitor  Njtric acid vapor is generated by bubbling compressed air
changes in the particle phase composition as a function of through a solution of concentrated (15.8 M) HN®he resulting

contact time with HN@ vapor. air stream is diluted using humidified air. A chemiluminescence
) ) analyzer (Thermo Environmental model 43, Franklin, MA)
Experimental Section measures the HNQpartial pressure entering and exiting the

The experimental apparatus to study reactive uptake is shownfloW tube reactor. The HNEpressures in the reactor are within
in Figure 1. The main components are a flow tube reactor, a £10% of the predictions based on Henry's Law and dilution

chemiluminescent nitrogen oxide analyzer to monitor the HNO  factors. Measurements of the HN@ressure before and after
partial pressurés26 and a real-time single-particle mass spec- the flow tube reactor confirm that it remains constant under

The flow tube reactor is constructed from a 2.54/2.22 cm Minimal.
o.d./i.d. 125 cm long Teflon-coated stainless steel tube. The The real-time single-particle mass spectrometer has been
(laminar) flow velocity in the tube is 4 cm/s, corresponding to described in detail elsewhefeThe aerosol is sampled through
a total residence time of 31 s. The length of the central injection an inlet at 150 crfimin. The inlet contains an aerodynamic lens
tube determines the contact time between the reactants. The flowsysteni® to focus particles into a collimated beam. The particle
tube pressure is maintained near atmospheric pressure (760 Torpeam passes through three differential pumping stages before
and is measured with a capacitance manometer (Pfeiffer entering the ion source region of a linear time-of-flight mass
Vacuum, CMR271, Nashua, NH). Particle losses to the walls analyzer that is operated in the negative ion m&ides shown
are insignificant, as expected from previous restiitg below, negative ion detection permits simultaneous detection

A polydisperse aerosol is produced using a constant outputand quantification of chloride and nitrate in a single particle.
generator (model 3076, TSI, Inc., St. Paul, MN) to atomize a The particle beam intercepts an excimer laser beam (193 nm,
0.1 g/L solution of sodium chloride in deionized (1&M water 3—8 mJ/pulse, 10 ns pulse width). The laser fires continuously
from a Millipore Simplicity 185. The relative humidity of the  at 20 Hz. If a particle is coincident with the laser pulse, then it
aerosol is regulated by dilution air that passes through bubblersis ablated and ionized. The particle is considered “detected”
containing pure water. In these experiments, the relative and a mass spectrum is recorded if the ion current exceeds a
humidity in the flow reactor is set to 80% as measured with a threshold value (50 mV) within a set time window that
NIST-traceable hygrometer (model 11-661-7B, Fisher Scientific, corresponds to 15 nvz < 50. This threshold value is set to
Pittsburgh, PA). Because the relative humidity is above the the lowest signal level such that no spectra are recorded in the
deliquescence point, the sodium chloride particles exist as liquid absence of particles. While particles in the flow tube reactor
droplets with an approximate concentration of 53MThe exist in the form of liquid droplets, dry particles must be
droplet size (106250 nm diameter) is selected with a home- analyzed by the mass spectrometer to eliminate measurement
built radial mobility analyze?* The aerosol size distribution is  artifacts?>38-40 This is accomplished by passing the droplets
measured with a scanning mobility particle-sizing instrument through a Nafion diffusion drier (Perma Pure, MD-110, Toms
(model 3936, TSI, Inc., St. Paul, MN). In all cases the River, NJ) prior to entering the mass spectrometer. The residence
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Figure 2. Mass spectra of NaCl/NaNOparticles generated from oo, . | . | . | . L . T
standard solutions. 0.0 0.2 0.4 0.6 0.8 1.0

time in the drier is ca. 300 ms. The ratio of the wet droplet Ser/ SetSyox
diameters to the dry particle diameters are within experimental Figure 3. Relative ion response plotted versus the mole fraction of
error of tre 5 M concentration of NaCl in the droplets expected chloride. Error bars indicate one standard deviation.
from thermodynamic&®

To quantify the relative amounts of chloride and nitrate in
the droplets, standard solutions of NaCl/Naj\&e atomized
and analyzed. Figure 2 shows the negative ion spectra of
standard particles containing different relative amounts of NaCl ~ -0-2
and NaNQ. Each spectrum is the average of 100 single-particle
spectra. Prominent peaks in the spectra of pure NaCl particles 4
include Na (or possibly NQ?~, m/z= 23), CI- (m/z= 35 and
37), and NaCt (m/z = 58). As the NaN@ content increases,
peaks corresponding to gnv/z = 16), NO (m/z= 30), NG~
(m/z= 46), and N@~ (m/z = 62) grow in intensity. A relative [ | [HNO.], ppb
ion response (RIR) is obtained from the integrated signal 08 g %78

0.0

In[CIl[Cl],

corresponding to the chloride present in the dropet 6um Ll o 189
of signals atm/z = 35 and 37) divided by the signal corre- ao0k| & 95 |
sponding to the chloride plus nitrate present in the drofet, ' v 63
+ &, sum of signals at/z = 35, 37, 46, and 62):
1.2 L 1 n 1 " 1 "
Sy 0 5 10 15 20 25 30 35
RIR = So Sy 2 Time, sec
o, |

Figure 4. Loss of chloride ion concentration versus time. Each data
set is fit to a first-order exponential decay to determine the rate

The RIR is related to the mole fraction of chloride in the particle .o icient.

by a third-order polynomial fit:

the result of a single droplet interacting with HN@apor as it
moves through the flow tube reactor. Accordingly, the average

. chloride concentration in a single droplet emerging from the
whereA, B, C, andD are constants. For each mole fraction, the flow tube can be calculated from the mole fractiotc] as

mean_RIR is obtain_ed by avgraging the RIRs from three Separatedetermined from eq 3 and Figure 3:
experiments, 100 single-particle spectra each. The results, shown
in Figure 3, include repeat measurements made over a several 3
month period, illustrating the robustness of the calibration. The [CI]= dpprCl (4)
nonlinear relationship between mole fraction and RIR in Figure diNaCI

3 indicates that the relative response factors for chloride and

pitrate are different.. Fitt!ng the plot.in Figure 3 to a standard whered, is the dry particle diameter before exposure to HNO
on response functiGfi gives a relative response of 0.48 for , "is the density of sodium chloridely is the (wet) droplet
chIond_e to nitrate. Whllt_e the standard ion response function iameter before exposure to HNGiNdWyac is the formula
doe; f_'t the data, the third-order polynomial pr.owdes greater weight of sodium chloride. The chloride concentration remaining
preC|S|on.ar)d accuracy for S“bseqqem calculations. The p.Iot Nin the droplet is then plotted versus contact time in the flow
Figure 3 is invariant with particle size over the range of sizes e reactor. Figure 4 shows chioride concentration vs time plots
included in this study. for 100 nm diameter droplets. Because the HN@essure
remains constant during the reaction, these plots can be fit to
first-order exponential curves to obtain the pseudo-first-order
In this experiment, individual particles are analyzed. Although rate constant at each HN@ressurél~# Figure 5 shows that
chemical composition measurements are averaged over 10Che pseudo-first-order rate constaky]) (ncreases with increasing
particles to improve precision, each individual measurement is HNO3z concentration, as expected. For the discussion below, the

Xo = A(RIR)® + B(RIR)* + C(RIR) + D ©)

Results
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0040 ——F——F———T7T T T T denominator of eq 6 increase linearly with Hh@essure. This
i result is consistent with the prediction by Ghosal and Hem-
0.035 - I minger!s

In principle, several processes could affect the measured value

—A—]

0.030 - T of ve. First, HNG; could be incorporated into the droplet without
0.025 K ] displacement of HCI vapor. Based on the Henry’s Law constant
’ for HNO3,%> the maximum concentration of HN@ the droplet
> 0020 | i is 0.08 M, which is only ca. 2% of the initial sodium chloride
Q | | concentration at 80% RH (ca. 5 M). This dissolved nitric acid
0015 | i is likely to be removed during the particle drying step. Drying

I T | should result in expulsion of an equivalent amount of {gCl
0.010 i] i causing an apparent increase in the chloride-to-nitrate ratio in
the droplet. Since the initial sodium chloride concentration is
0.005 |- 7 % - large, any changes due to this phenomenon during drying are
L j - small and within the measurement uncertainty. Second, our
O'OO% o 051 . 052 . 0:}3 . 054 . OBS . 056 . 057 . o;)s calculations for the corrections associated with Io_ngltudlnal
: ’ ' ) ’ ’ : ' ' pressure drop and axial diffusion suggest they are unimpdftant.
HxP Third, modification of measured uptake coefficients due to radial
Figure 5. The first-order rate coefficient vs droplet concentration of  diffusion must be considered. Following previous approathés,
HNO;. Line is an error-weighted fit to the dat&(= 0.95). the calculated uptake coefficients change<i0%, assuming
_ ] _ a diffusion coefficient of HN@in air of 0.135 crd/s!®
TABLE 1: Experimentally Determined Pseudo-First-Order While the precision of thks measurement is quite googt%%
Rate Constants and Initial Uptake Coefficients rsd), the uncertainty of, is much larger because of the bimodal
[HNOg], ppb ki (x 107?) Yo (x 1079) particle size distribution (singly and doubly charged particles)
378 —3.73+0.19 6.9:4.1 for both dy (the droplet diameter) and, (the dried particle
189 —1.184+ 0.07 44+26 diameter). Other factors in the, determination include
95 —0.520+0.028 3.9+23 uncertainties in the nitric acid concentration, flow calibrations,
63 —0.304+0.011 4.582.7 and chemical composition measurement by single-particle mass
average 4.9 29

spectrometry. Together these factors give overall uncertainties

dependence in Figure 5 is assumed to be linear. This assumptio®n the order of 4660% rsd. The accuracy of the measure-
is revisited at the end of the paper. ment_vv_ould _be most stror_lgly influenced by systematic error in
For a series of single-particle measurements at a givendANO the nitric acid concentration.
pressure, the time-dependent loss rate of chloride ions in a_. )
droplet (mol L1 s71) is given by Discussion
Reactive uptake is often viewed in the context of a resistive
d[CI] _ _ model#1424751 where the net uptake ) is approximated by
T T ot KICI] = kyHPuno [C1 ] ®) a series of steps that include diffusion of the gas-phase reactant
to the droplet surfacely), accommodation of the gas-phase
wherek, is the pseudo-first-order rate constant obtained from reactant on the droplet surface)( reaction inside the droplet
the plot in Figure 4, [Cl] is the chloride concentration  (I'xn), and solubility/diffusion of the gas-phase reactant inside
remaining in the droplet at the particular tinkg,is the second-  the droplet ['so):

order rate constantl is the Henry’s Law constant, arf®lino, 1 1 1 1

is the (constant) partial pressure of nitric acid vapor. The reactive e S T . R (7)
uptake coefficienty) is given by Yt To o DIyt T
3[CI ] 2d, The gas-phase diffusion terhig is given by the rate of diffusion
y = (6) to the droplet surface normalized by the collision rate:
ot 3u[HNO4]
_ Kn(1+Kn)
where the reac_tior_1 rate is no_rmalized by the cgllisi(_)n rate of = 0.75+ 0.28Xn (8)
HNO;3; with an individual particle. In this equatiody is the
droplet diameteny is the average molecular speed of nitric acid, where
and [HNQy] is the gas-phase concentration. These equations
assume first-order kinetic gain to the particle; that is, the Kn:% )
observation of nitrate in the particle is coincident with loss of ud,

chloride.

Equations 5 and 6 show that the reactive uptake coefficient andDy is the gas-phase diffusion coefficient. For diffusion of
is a maximum at the beginning of the reaction and decreases agiNO; molecules to a 100 nm diameter NaCl droplel;d~
chloride is converted to nitrate. The initial uptake coefficient 0.37, which is much less than 1% of the net uptakeg.i = 5
(vone) is obtained by substituting the initial chloride concentra- x 1073. In fact, this is an advantage of studying small-diameter
tion into eq 5. The results are shown in Table 1 for 100 nm particles: uptake is not significantly limited by HN@ transport
diameter droplets. The initial reactive uptake coefficient is to the droplet surface.
approximately 5x 1073, independent of HN@concentration The accommodation or sticking coefficiert)(is the prob-
over the range studied. Inspection of eqs 5 and 6 shows theability that a gas-phase reactant molecule striking the droplet
reason for this independence: both the numerator and thesurface crosses the interface into the condensed phase. Typical
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values fora are on the order of 0.1 or greaf@’3 which
indicates that uptake is not significantly limited by accommoda-
tion of HNOg(g) on the surface.

If it is assumed that the HN{Qq)is initially in Henry’s law +
equilibrium only at the droplet surface and then diffuses into
the bulk until equilibrium is achieved,so can be written:

4HRT /Dy '
Lo = u \/; (10) o

wheret is the contact time between the gas-phase reactant and
droplet. Att =0, 1Mo is zero and therefore does not contribute
significantly toy. As time increases, L, also increases. For
the reaction studied here, Ity = 4 at 31 s, which is still
insignificant relative to L/ne; at this time. (Note thatynet
decreases with increasing reaction time.)

The above discussion suggests that o, andT'sq; do not
contribute substantially to the observed reactive uptake coef-
ficient. The main contribution tgeis then given by thé ..
Recently, Baé®* and Worsnop® have derived reaction rate
expressions for specific physical mechanisms of reactive uptake.
Table 2 gives adaptations of these expressions for the reaction
in eq 1. A logarithmic dependence of concentration vs time
(integral of eq 5) applies, for example, when the rate is limited
by reaction at the droplet surface, reaction in the bulk of the
droplet (where the diffuso-reactive length is larger than the
droplet radius), or condensed-phase diffusion. A logarithmic
dependence does not apply when the rate of uptake is limited
by gas-phase diffusion or reaction in the bulk where the diffuso-
reactive length is smaller than the droplet radius.

Which of the mechanisms in Table 2 limits reactive uptake?
The gas-phase and condensed-phase diffusion mechanisms are
inconsistent with the 100 nm diameter droplet data. Gas-phase
diffusion is inconsistent with a logarithmic dependence of
concentration vs time (see Figure 4 and Table 2), while
condensed-phase diffusion is inconsistent with Figure 6, which
shows a linear relationship between In[Cl]/[€lls exposure
(PHN03 X t).

Distinguishing the remaining mechanisms requires knowledge
of how uptake depends on droplet size. The droplet-size
dependence was studied with a sufficiently high precision by
keeping the reaction time and nitric acid concentrations constant
and switching back and forth very quickly between two sizes.
Pseudo-first-order conditions were maintained as before. Figure
7 shows the results of one such experiment in which the droplet
size was switched between 100 and 175 nm diameter while
keeping the reaction time (15.5 s) and nitric acid concentration
(300 ppb) constant. Within experimental error, the mole fraction
of chloride remaining at the end of the reaction period is equal
for the two sizes. The lack of a droplet-size dependence is
consistent with the reaction in the particleX r) mechanism
but not with the surface or reaction in the particle< r)
mechanisms. The latter two mechanisms require that the mole
fraction of chloride remaining in the dropléncreasewith
increasing particle size. The expected increase for these mech-
anisms and the conditions in Figure 7 (from a mole fraction of
0.55 at 100 nm to 0.71 at 175 nm) would have been easily
detected within the precision of the measurement if these
mechanisms had limited uptake.

Additional experiments with other combinations of droplet
sizes between 100 and 250 nm and with other reaction times
gave the same restithe mole fraction of chloride remaining
in the droplet is independent of droplet size. Because of
limitations in the experimental setup, droplet sizes outside these

)Alt
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a[ClI7] is the chloride concentration in the droplét,is the Henry’s Law coefficient of nitric acidR is the gas constant, is temperatureny is the gas-phase number concentration of nitric acid molec

available to reactD, is the diffusion coefficient of the reactants in the dropieis the droplet radius is the average molecular speed of nitric acid vapgris an equilibrium constant used to determi
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TABLE 2: Concentration and Uptake Expressions for Different Mechanisms that Limit Uptake?
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Figure 6. Chloride ion loss as a function of HNfg) exposure. Figure 8. Uptake coefficient fone) versus droplet size for this work
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1.0 T T T T T T T T T T propogation of error foly, calculation. (As explained in the text, the
r A reaction rates are determined with much higher precision.) For the
08 T referenced workY-error bars designate uncertainty in the measurement,
08 L ] while X-error bars indicate the particle size distribution.
07| ] is apparently limited by formation of Hgly
L ‘|' _|_ 4
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T 11 r 7 % 1 g H g T Cl' 2 = HCleg) 11
505 f RO I 1 T A . - |
x 3 X At equilibrium, the reaction in eq 11 lies far to the left as the
04 - 1 . pKa of HCl(aq)is approximately—6.5° If one assumes equilibrium
03 L ] concentrations of ions in the droplet based upon Henry’'s Law
L for HNOs; and the solubility of NaCl at 80% RH, then the
02 100 . Hendersor-Hasselbalch equation predicts an initial concentra-
Y nm 1 tion on the order of 1 molecule of Hdyin a 100 nm diameter
01t A 175nm - . .
I j droplet. The rate of H{) release into the gas phase is low
0.0 — ) because there are few Hg molecules available to be
0 2 4 6 8 10 displaced.
Experiment Number If the number of HG}) molecules released into the gas phase

Figure 7. Sequential measurementsXy by switching back and forth is determined by the number of Hgg} molecules in the droplet,
between 100 and 175 nm droplets. The time required to complete eachthen the number of Hi) molecules released increases linearly
measurement and switch to the next droplet size was 20 min. with the droplet volumedy®). However, the number of HNg,
collisions increases linearly with droplet surface agd)(The
bounds could not be studied. However, the results are consistenhet effect is the fraction of HNg, collisions with the droplet
with those of ten Brink who found in a smog chamber surface that produce Hgl increaseslinearly with droplet
experiment that the chloride/nitrate/sodium mole ratios remained diameter. This concept is illustrated in Figure 8 where the
constant for droplet sizes between Qi and 2.2um in reactive uptake coefficieny§ ne) is plotted vs droplet diameter.
diameter. Since uptake onto larger droplet sizes was measured relative to
Taken together, these results suggest thattive uptake of 100 nm diameter droplets, the valuesygf.etare scaled to the
HNO; is limited by formation of HCI in the condensed phase. absolute measurement at 100 nm. The reactive uptake coef-
Nitric acid uptake can be thought of as a two-step proéess. ficients obtained in this work are consistent with the uptake
Initially, HNO3 rapidly enters the droplet as it equilibrates coefficient measured by Abbatt and Waschewsky6f2 for
between the gas and droplet phases, acidifying the droplet. Thisa droplet size distribution spanning-5 um in diameter?
process occurs much faster than the time scale of our measureAbove about Z«m in diameter, uptake will become limited by
ments. Indeed, calculations suggest.a« of 4 s°° (or perhaps the rate of HNQ(g diffusion to the droplet surface, and the
less, ca. 0.4%) for establishing equilibrium across the gas  mole fraction of chloride remaining in the droplet will begin to
liquid interface. Once equilibrium is established, further (reac- increase with increasing droplet size. This prediction is con-
tive) uptake of HNQ(, requires displacement of an equal sistent with recent ambient sea-salt measurements. Yad%t al
amount of HC{). This second step is much slower. The results found that as the particle size increased from ca. 0.8 teri0
presented above show that diffusion of Hj@to the droplet the depletion of chloride in sea-salt aerosols decreased. Likewise,
surface, accommodation of HN@to the droplet, and diffusion ~ Wall et al®! observed increasing chloride depletion for smaller
of HNOs@q) and HClyq inside the droplet do not limit the  particles within the coarse size model(.8 um diameter).
reaction rate. Also, it is highly unlikely that transport of HCI It should be noted that the results presented here are
across the droplet surface into the gas phase is limifing. inconsistent with Guimbaud et &'.who report a reactive uptake
Therefore, the reaction rate, and hence further uptake of4gNO  coefficient of 0.5+ 0.2 for supersaturated (55% RH) 70 nm



Reactive Uptake of Nitric Acid into Aqueous NaCl

diameter sea-salt dropletB{no, < 100 ppb). The reason for

this discrepancy is not clear, although the droplet chemica
compositions are different in the two experiments. (The higher
chloride concentration in supersaturated droplets will give larger

reaction rates and uptake coefficientee eq 5.) The results of
Davies and Co¥ suggest that at relative humidities and nitric
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