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Abstract. Surface active organic compounds have been ob-are expected to be less structured due to their chemical in-
served in marine boundary layer aerosol. Here, we inveshomogeneity, it is likely that their inhibitory effect on HNO
tigate the effect such surfactants have on the uptake of niuptake is smaller than that observed here for the C15 and C18
tric acid (HNGs), an important removal reaction of nitro- fatty acid monolayers.

gen oxides in the marine boundary layer. The uptake of
gaseous HN@on deliguesced NaCl aerosol was measured

in a flow reactor using HN®labelled with the short-lived 1 |ntroduction

radioactive isotopé3N. The uptake coefficieny on pure

deliquesced NaCl aerosol was=0.5+0.2 at 60% relative  In this study, we address the effects of fatty acid films and of
humidity and 30 ppb HNgI(g). The uptake coefficient was water soluble organic aerosol constituents on the uptake of
reduced by a factor of 5-50 when the aerosol was coateétmospheric nitric acid (HNg) to deliquesced NaCl aerosol
with saturated linear fatty acids with carbon chain lengths ofthrough (R1).

18 and 15 atoms in monolayer quantities. In contrast, nei-

ther shorter saturated linear fatty acids with 12 and 9 carbortiNOs(9) + NaCliag) — NaNGz(aqg) + HCI(g) (R1)

atoms, nor coatings with the unsaturated oleic acid (C18, cis; : . I .
double bond) had a detectable effect on the rate of HNO HNOs is the end product of the atmospheric oxidation of ni

take. Iti luded that it is the struct fih | trogen oxides (N¢) and a major acidifying species in the
uptake. ftis concluded that itis the structure of the mono ay'troposphere. Heterogeneous loss to sea-salt aerosol has been
ers formed, which determines their resistance towards §INO

. . . suggested to play an important role in the removal path-
uptake. Fatty acids (C18 and C15), which form a highly or- way of nitric acid in the marine troposphere via the acid-

dered film in the so-called liquid condensed state, represent;. : )
S ; . I R1 ki ., 2000; [, 1998;
a significant barrier towards HNQuptake, while monolay- glrsi’&zlceecrggge( anc)j gsggei;gg 000; Gard et al., 1998

erstogsr}o_rter-c_r(;z:!n fatty Iamds (dC9, g%lz) e_mdthof lt_he_gnsat- Under many conditions in the marine troposphere, sea-salt
urag do ?i act q ?;m at issdor t?]re |trrl1(|n S‘e 'Ilqull ﬁ.x'haerosol is present in the form of deliquesced aerosol parti-
panded state and do not hinder the uptake. simiarly, Nigh; g However, the majority of laboratory experiments deal-
contents of humic acids in the aerosol, a structurally inho-

: . . . ing with the HNQ; sea-salt interaction have mainly provided
mogeneous, quite water soluble mixture of oxidised hlghkinetic information for solid NaCl exposed to HN@RossI,
molecular weight organic compounds did not af_'fect HNO 2003). The measured uptake was found to be strongly depen-
uptake. As surfactant films on naturally occurring aerosol

dent on the humidity (Ghosal and Hemminger, 2004; Davies
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and Cox, 1998; Beichert and Finlayson-Pitts, 1996; Rossi,
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The investigations performed with deliquesced sea saltveight oligomers or humic-like complex structures (Jang et
aerosol (Liu et al., 2007; Abbatt and Waschewsky, 1998;al., 2003; Jang et al., 2002; Kalberer et al., 2004; Nazi
Guimbaud et al., 2002; ten Brink, 1998; Tolocka et al., 2004;and Esteve, 2005; Gelencser et al., 2003), which may also
Saul et al., 2006) generally show a very high reactivity of thehave the ability to partition to the surface of mixed organic
aerosol towards HN® inorganic particles.

Organic compounds represent a significant percentage of Surfaces of organic aerosols interact with gas phase oxi-
the composition of atmospheric aerosols. Even in marinedants and radicals, as well as with additional organic and in-
sea salt aerosol, organics may represent a large fraction afrganic (like atmospheric water vapour) atmospheric species
the composition; up to 60% of the dry mass may be organiqRudich, 2003). Therefore, the chemical and physical prop-
components (Cavalli et al., 2004; Middlebrook et al., 1998; erties of the surface will determine to a large extent the envi-
O’Dowd et al., 2004). Amphiphilic organics (surfactants) ronmental roles played by particles. Organic surface layers
are a significant fraction of the organic content found in at-on aqueous aerosol can have a strong impact on the phase
mospheric aerosol samples (Latif and Brimblecombe, 2004transfer kinetics of atmospheric chemicals and hence can in-
Alves et al., 2002; Barger and Garrett, 1976; Fraser et al.fluence the rate of heterogeneous reactions. Fatty acid coat-
2003; Mochida et al., 2003; Blanchard, 1964). Surfactantsngs have been shown to alter the deliquescence rates of
are molecules that contain two regions with different polari- purely inorganic core particles and possibly affect the equi-
ties, hydrophobic tails, and hydrophilic head groups, result-librium uptake of water (Xiong et al., 1998; Hansson et al.,
ing in an innate ability to partition to an aqueous interface 1998). Such coatings have the potential to decrease the ki-
where they can form a self-assembled film (a monolayer).netic flux of water vapor to the aqueous phase during the
Recent experimental work has verified the prediction thatprocess of CCN formation and growth (Chuang, 2003).
marine sea salt aerosol could have an exterior film of sur- A number of recent studies have addressed the effects of
factants; palmitic, stearic and oleic acids were found pre-organic coatings on the phase transfer of atmospherically rel-
dominantly (Tervahattu et al., 2002; Mochida et al., 2002). evant molecules (Bumer et al., 1992; Jefferson et al., 1997,
The oceans are a physically large source of sea salt aeroséblkers et al., 2003; Thornton and Abbatt, 2005; Glass et al.,
particles produced at the unsettled sea surface, where wind006; Gilman and Vaida, 2006; McNeill et al., 2006; Park
and waves create bursting bubbles ejecting fine droplets oét al., 2007; Clifford et al., 2007; Cosman et al., 2008). The
surface ocean water into the marine boundary layer (Ellisorobserved effects different surfactants have vary substantially
et al., 1999; Sicre et al., 1990; Blanchard, 1964). Marineand depend on the substrate, the monolayer properties and
aerosols formed by this sea spray have an aqueous, saliraso on the type of trace gas and its sink process in the con-
core but could carry an organic surface layer consisting ofdensed phase. The results suggest that therefore many het-
organic material accumulated at the sea surface. During @&rogeneous atmospheric processes may depend on detailed
cruise on the eastern Mediterranean, Red Sea and Indiastructural features of mixed organic/inorganic particles.
Ocean, Romano (Romano, 1996) reported that thick, visible In this study, we investigate the effect of C9 to C18 fatty
organic layers covered about 30% of the coastal waters andcids and of humic acid to the uptake of H) deliquesced
11% of the open sea. This organic material originates fromNaCl aerosol particles. The observed reduction of the uptake
decomposition of marine biota. coefficient is related to the monolayer forming properties of

Surfactant layers are shown to concentrate, orient, selecthe fatty acids used.
and stabilize certain surfactant molecules while equilibrat-
ing (Gilman et al., 2004). Therefore, the coating is called
self-assembling. The occurrence, structures and atmospher

implications of organic films on aerosols have been reviewedThe experimental technigues employed here are similar to

initially by Gill et al. (1983) and most recently by Donald- . .
son and Vaida (2006). The atmospheric roles and structuretshose reported previously (Ammann, 2001; Kalberer et

of fatty acid monolayers have been specifically reviewed b al., 1999; Guimbaud et al., 2002; Vlasenko et al., 2005;
Seid| {2000) y P Y YWiasenko et al.,, 2006). Nitrogen oxides labelled with

! . L . __the short-lived radioactive isotop€N are mixed with the
Besides organic substances originating from marine biota . . .
: ) ; ) . aerosol particlesina 0.8 cmi.d. PTFE flow tube reactor. Gas-
also terrestrial biogenic and anthropogenic organic com- :
. -~ . phase and particulate products are trapped downstream of the
pounds partition to pre-existing particles or form new par-

ticles (Secondary Organic Aerosol, SOA). Many of thesereactor in S(_electwely coated dengders and in a particulate fil-
. . . .ter, respectively. The concentration of each gaseous and par-
organics are degradation products of the atmospheric oxi-

dation of Volatile Organic Compounds (VOC). Field stud- ticulate 153pe(_:|es is calculated by. countl_ng the numper of_de
) X ) . cays of °N in each trap and using a simple data inversion
ies (Zappoli et al., 1999; Gelencser et al., 2000; Krivacsy_.~: .

) : -’ similar to that used by Rogak et al. (1991). The experimen-
et al., 2000; Cappiello et al., 2003) and laboratory stud|estall rocedure to generate HN@nd the mixed organic-NaCl
showed that such oxygenated VOC'’s do only partly persist P 9 9

there as monomeric structures, but tend to form higher moIaParthleS is described hereatter.

% Experimental
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2.1 Production of labelled HN§ efflorescence point of NaCH45%). The humidity in the
flow tube was kept below 75% in order to minimize the effect
The procedure to provide the radioactive isotopiN of HNOj3 retention on the walls. The aerosol surface con-
(r1/2=10 min) in the form of3NO in a flow of 20% Q in He centration was measured with a Scanning Mobility Particle
as carrier gas has been described in detail elsewhere (AnSizer (SMPS) consisting of a differential mobility analyser
mann, 2001; Guimbaud et al., 2002; Vlasenko et al., 2006)(DMA) and a condensation particle counter (CPC) collecting
In the laboratory a small fraction of thi$NO was mixed  the aerosols at the exit of the flow tube. It was typically in the
with the buffer gas (1 slpm of y, and a large excess #tNO  range of 1-%10~2m?m~3, and had a variability of 10% dur-
(i.e. NO containing the stable isotope of nitrogiN, for ing the experiments @l precision). Since the aerosol liquid
simplicity we refer to'*N as N later on) was added from a water content and the particle diameter are strongly depen-
certified cylinder containing 10 ppm of NO inoNhrough a  dent on the relative humidity, the same relative humidity was
mass flow controller, in order to provide total NO concentra- maintained in both the DMA sheath air and in the aerosol
tions in the low ppb-range!>NO and NO were oxidized to  flow tube (RH=60%) by using filtered carrier gas from the
3NO, and NG over solid CrQ (Levaggi et al., 1972). The flow tube as the sheath gas in the DMA and by thermostat-
CrO;s surface was prepared by immersing firebrick granulesing both the aerosol flow tube and the DMA to°Z3using
into a 17% aqueous Ceg3olution and drying at 10% in air. cooling jackets connected to the water cycle of a liquid ther-
The gas flow was humidified to 30-40% relative humidity by mostat.
passing it through a vertically mounted 0.5cm i.d. porous The average diameter of the particles used in most of our
Teflon tube (Goretex®) partially immersed in water, before experiments was 70 nm to 90 nm depending on the NaCl con-
it entered the reaction chamber containing the £s@face.  tent of the nebulised NaCl solution, and the size distribu-
This procedure led to a complete conversion of NO to;NO tion was lognormal. Although the size of the synthesized
as routinely checked with a commercial NO/NOx-Analyser NaCl aerosol was smaller than the average size of sea salt
(Monitor Labs ML 9841). aerosols occurring in the atmosphere (O’'Dowd et al., 2001),
HNOs was produced from the gas phase reaction ofNO for aerosol flow tube experiments, the small particle size is
with OH radicals: the humidified Nflow containing NQ more convenient because, (i) uptake of trace gas molecules is
was irradiated with 172 nm light emitted by an excimer lamp less affected by gas-phase diffusion and (ii) particles are less
in order to produce OH radicals by the photolysis of gaseoussubject to impaction losses in a flow system.
H>0. The hydroxyl radicals rapidly convert Ninto HNO3
with a yield of 70%. As noted in our earlier studies, this 2.3 Flow reactor for kinetic experiments
procedure also leads to some i@ the ppb range from pho-
tolysis of the low amounts of £n the system and eventually Aerosol and HNQ flows were mixed in the aerosol flow
some KO, (not quantified) from radical recombination re- tube. This flow tube consisted of a PTFE-Teflon tube (0.8 cm

actions (Guimbaud et al., 2002; Vlasenko et al., 2006). i.d. x45cm). The flow tube was operated under laminar flow
conditions (Reynolds number = 125) at atmospheric pressure
2.2 Production of the sodium chloride particles (970-980 mbar). HN@was admitted through a 4 mm inner

and 6 mm outer diameter PTFE tube used as a sliding injec-
The deliquesced sodium chloride particles were produced byor. At the tip of this injector the HN@flow was dispersed
nebulising a solution containing 1 or 5gL sodium chlo-  through pinholes in the injector wall. The aerosol was intro-
ride. The resulting droplets were initially dried by pass- duced to the flow tube through a T-connector into the annu-
ing them through a 1.2 m long silicagel diffusion drier, fol- lar space between the injector and the flow tube. The flow
lowed by anf®Kr source (a bipolar ion source) to establish tube assembly was thermostated t6@8vith a water cooled
an equilibrium charge distribution. An electrostatic precipi- jacked, which corresponded to the room temperature in the
tator removed all charged particles so that only neutral partidaboratory. A new reactor PTFE-tube is installed approxi-
cles were passing on through the experiment to avoid unconmately every three hours to minimise the effect of HNGll
trollable transport losses of charged particles through Teflorlosses due to aerosol particle deposition on the walls.
tubing. At this point a selector valve allowed to either pass
the dry NacCl particles through a fatty acid evaporator to coat2.4 Coating of sea salt particles with fatty acid films
the particles with a thin organic film (see below) or to by-
pass the coating system to produce pure NaCl aerosol. Thebry NaCl aerosol with a flow rate of 300 mlnih of N»
the aerosol flow was re-humidified above the deliquescencevas passed through an evaporator consisting of 26om
humidity of NaCl & 75%) to deliquesce the aerosol. To com- glass tube enclosed in a heated metal-block. A T-junction
plete the deliquescence also in presence of organic coatingspnnected the glass tube with a vertical dead end tube, which
the aerosol was passing through a conditioning chamber witfheld a small sample (0.5 g) of a fatty acid. The temperature
1 min residence time before entering the aerosol flow tubepf the fatty acid sample was measured with a thermocou-
where the final humidity was 60%, which is well above the ple, which controlled the heating power applied to the metal
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or condense as a separate droplet attached to the NaCl par-
—40 ticle. Therefore, the estimates of organic volume based on
—gg the changes in the equivalent mobility diameter without any
shape corrections will carry a significant uncertainty.

55
2}1 NacCl aerosol containing humic acids, as a model for wa-
68 ter soluble organic compounds, were produced by nebulis-
_;}1 ing solutions composed of a mixture of NaCl with a variable
amount of humic acids (humic acid sodium salt, Aldrich).
The pH of the nebulised solutions was adjusted to pH=6.5 by
addition of HCI.

Particle Number

—75
—78
—83

Evaporator temperature [°C]

70 80 90 100 110 120 130 140 150

Particle diameter [nm] 2.5 The detection system and its calibration

_ 25 b 20
g () ° B After passing through the flow tube, the gas entered a nar-
g 20 1 ° 115 9 row parallel-plate diffusion denuder with three compart-
s © § ments, each lined with parallel plates coated to selectively
215 @ 710 S absorb HNQ(g), HONO(g) and N@(g), respectively, fol-
g 9 o® £ lowed by a particle filter collecting the particles. To each
@ 101 = e oo 5 8 denuder compartment and to the filter a Csl scintillation
% ® 3! counter (Caroll&Ramsey Associates, Model 105) was at-
;% 50 1o g tached. For HN@, the walls of the first pair of denuder plates

s 2 (10 cm long) were wetted with a saturated solution of NaCl in

o @O0 ‘ ‘ methanol and then dried inJN For HONO, the second pair

0 10 20 30 40 50 60 70 80 90
Evaporator temperature [°C]

of denuder plates (10 cm long) was wetted with a 1.4% so-
lution of N&CO;3 in 50% methanol/water and subsequently
dried in Nb. A small amount of HONO (several % relative to
Fig. 1. (a)Particle size distributions of a monodisperse dry aerosolHNO3) was always produced from the reaction of OH with
exposed to C18 acid in the evaporator at different temperaturesiraces of NO during HN@ production. We note that also
The additional modes appearing at larger sizes are from multiply4C| released from the particles is absorbed on this section of
charged particles having the same electrical mobility. We Onlythe denuder. For N§ the third pair of denuder plates (20
consider the main mode in this analys{®) Growth of dry NaCl cm long) was coated with a solution of 1% N-(1-naphthyl)
seed particles of different initial diametersg7 nm,e:85 nm, and ethylenediamine dihydrochloride (NDA), 1% KOH and 10%

¢:126 nm) due to the coating with C18 acid (right axis) and C15 . h | his d d h .
acid (left axis). The mean increase of the particle radii versus thevater in methanol. In this denuder system, the gas passes in

evaporator temperature is shown. The increase of the particle radiu@ Iaminar flow profile. The absorption of molecules capable
was used to estimate the thickness of the organic coating on the dr9f being taken up on the denuder plates is controlled by lat-
aerosol. eral diffusion, whereas the particles pass through the parallel

plate denuder with close to 100% efficiency due to their very

low diffusion coefficient. Under the flow conditions applied,
block. At the exit of this evaporator the aerosol flow was the characteristic time for the separation of HNf@om the
directed through a thermo-isolated glass tube (gas residenceerosol was about 20 ms. The performance of this system had
time 55) to allow for gradual cooling of the gas. To be able been demonstrated previously (Ammann, 2001). The EINO
to detect the film of fatty acid condensed on the aerosol, aiptake coefficient was derived from the concentration change
monodisperse aerosol was generated by selecting a specifaf HNOs in the gas phase at the end of the flow tube when
particle size with an additional DMA (between the nebulizer the aerosol was admitted to the flow tube, and from the con-
and the coating apparatus) set to the respective selector voltentration equivalent of HNgtaken up by the particles. Ata
age. With the SMPS system, then the sizes of coated andiven flow rate, these concentrations were obtained from the
uncoated particles were measured, respectively, to estimatitux of 13N-labelled molecules into the corresponding trap,
the load of the organics on the aerosol. In Fig. 1a the sizanultiplied by the ratio of labelled to non-labelled molecules.
distribution of a coated NaCl seed aerosol is shown as ahe concentration of non-labelled molecules was measured
function of the temperature of C18 acid in the evaporator.with a chemiluminescence detector. The flux into tjag;,
Figure 1b shows the increase of the film thickness on seedan be derived from the difference between two consecutive
aerosol coated with C18 acid and C15 acid as a function ofactivity measurements ;; 1 and A; ;, recorded at times
the evaporator temperature. We do not know, whether the;_; ands;, as shown in Eq. (1), wheveis the decay constant
organics form a homogeneous coating on the dry particle®f 13N (1=0.0011651). Each activity,A ;, was recorded
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Fig. 3. Experimental result for the phase transfer of gaseous £INO
to deliquesced NaCl aerosol coated with C18 acid &€C7&s a func-

tion of the reaction time. The orange and green circles depict the
ratio of the HNG(g)-13N and particulate!3N signals at a given
reaction time to the HNg(g)-13N signal at injector position O.

Fig. 2. Detector signal of the HNg{g)-denuder (orange circles)
and the particle filter (green circles) for a typical experiment. The
detector signals were modified according to Eq. (1) to show the flux
of 13N into the denuder or filter, respectively. The black vertical
lines symbolize the change of the experimental conditions accord-

ing to the entries in the table at the bottom of the figure. The errorcorresponding to the longer retention time offNO; at the
bars represent the borders of the 95% confidential interval for thgreactor walls and its concurrent radioactive decay. This indi-

mean value of the detector signals. cates that the net residence time of HN®olecules is much
longer (several minutes) than that of the carrier gas or the par-
ticles (2 s at maximum), even for a clean PFA tube, which is
with an integration time of 1 min. the typical behaviour of HN@In a flow tube, see also Guim-
A e imti1) baud et al. (2002) and Vlasenko et al. (2006) for a discussion
JiTA)iz1€ (1) of this issue. Finally, the NaCl aerosol was introduced lead-
1—eH(ti~ti-1) ing to another drop in the HN$Dg) signal and the appearance
of the 13N signal on the particle filter, indicating that a part
of the labelled H3NOs molecules had been taken up by the
f'ierosol. In the experiment shown, first a C18 acid coated
NaCl aerosol was introduced, and after 30 min, the vapour
oven was bypassed to have an uncoated NaCl aerosol in the
reactor. As can be seen from the rising signal at the particle
3 Results filter and the concurrently decreasing signal fdNOs(g),
the pure deliquesced NaCl aerosol has a higher reactivity
In a first series of experiments the uptake of gaseous £HiINOthan the coated aerosol. The injector position was changed
on pure (uncoated) deliquesced NaCl particles was comparetb study the reaction at a different contact time and the same
with that on particles coated with a thin film of C18 acid. procedure was performed but in reverse order. The determi-
These experiments usually involved the measurements of theation of the wall loss rate of INO3 at the end of an exper-
uptake of HNQ at four different contact times in the range of iment often yielded a somewhat higher loss of t# tracer.
0-1.9s (0-45 cm reactor length). For each contact time a disually, the PFA-reactor tube was replaced after such a re-
rect comparison of the HNfuptake on coated and uncoated action sequence to avoid a further increase of the wall losses
aerosols was performed by either directing the NaCl aerosobf H13NOs. Any impurity, even when not directly consum-
through the C18 acid vapour oven or by-passing it. Figure 2ing HNOs (such as deposited, fully processed aerosol par-
illustrates this procedure for an experiment and shows the reticles), could enhance the retention of HNGn the reactor
sponse of the/-detectors (evaluated according to Eq. (1) for walls and consequently increase the apparent wall loss. Fig-
gaseous and particle-bourt@N). A typical experiment in-  ure 3 shows the relative change of the detector signals with
volved the following steps. First, the injector was pulled all varying HNGs-aerosol contact times for an experiment. With
the way into the reactor, to measure the initidPNO3(t=0) increasing reaction time an increasing fraction of'tté sig-
concentration after mixing downstream of the injector tip. nal was received from the aerosol phase. The tracer specific
No aerosol was introduced into the reactor at this and at theletector signal was attributed to a Hil©oncentration by
following stage. Next, the injector was pulled out to a certain scaling the initial signal at=0 to the initial HNG concen-
reaction length leading to a drop in thé<dMO3(g) signal,  tration (30 ppb), which was derived from the concentration

Ii=

The relative counting efficiency of eagh detector is ob-
tained by accumulating a certain amount&fO, on a pair

of denuder plates and then moving those plates in front o
each other detector.

www.atmos-chem-phys.net/8/5127/2008/ Atmos. Chem. Phys., 8, 51212008
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Table 1. Reproducibility of the measured uptake coefficieptfor the reaction of HN@(g) with C18 coated and uncoated deliquesced
NaCl-aerosol. The coating was roughly 50% of a monolayer on the deliquesced particles.

Exp. # y on pure NaCl (aerosol  y on pure NaCl y on stearic acid coated  y on stearic acid coated
phase accumulation (loss of HNCg(g)-13N)b>C NaCl (aerosol phase accu-NaCl (loss of HNG(g)-
of 13N)ac mulation of13N)2.¢ 13N)b.c

1 0.50£0.14 0.7@:0.28 0.23:0.10 0.36:0.06

2 - - 0.26£0.02 0.14:0.15

3 0.44+-0.15 0.3720.06 0.2@:0.07 0.1240.03

4 0.48£0.19 0.79£0.05 0.35:0.08 0.23:0.19

5 0.55t0.24 0.3@0.16 0.35:0.12 0.120.11

6 0.68+:0.20 0.62:0.15 0.18-0.08 0.4@:0.21

7 0.46£0.20 0.4%0.23 0.18:0.07 0.22:0.14

8 0.30£0.07 0.49:0.11 0.14:0.07 0.26:0.08

mea!  0.49£0.11 0.53:0.18 0.23:0.08 0.25:0.09

asee Egs. (4) and (5).

bsee Egs. (3) and (5).

¢ the reported error for the individual experiments represents the standard deviatjaf (the 4y determinations within each experiment
and includes no systematic errors.

d the reported mean for is a non weighted average and the reported error represents the standardografitiie mean of the results of
the individual experiments and includes no systematic errors (which are at30%).

of NOs introduced into the reactor and the N@ HNO3 kw. The kinetics of appearance of'#NOs in the particu-
conversion efficiency. The latter was determined from thelate phase is given by:

. 3 . . -
change in thé3NO; signal observed when switching on and [HNOs()] (1) _1_e*(kw+kp)l

off the UV lamp. =
P [HNOz(9)] (r = 0) 1+’,z—g

3.1 Calculation of the uptake coefficient where [HNG(p)](¢) is the concentration of H¥NO;3 in the
particulate phase.

The uptake coefficient is defined as the ratio between the ~ The first order loss rate coefficiekg for the reaction of
net flux of molecules from the gas phase to the particle phasé"NO3 with the aerosol is related to the net uptake coefficient

and the gas-kinetic collision rate of the molecules with theVia EQ- (4), where Sis the aerosol surface concentration mea-
surface of the particles. The observations from the individ-Sured during the experiment andis thelrgea}n thermal ve-

ual experiments as shown in Figs. 2 and 3 allow the deterloCity of HNOs, given as=(8RT/(x M)) /2 with R, T, and
mination of the rate of change of gas-phase and particulatd! P€ing the gas constant, the absolute temperature, and the
phase concentrations and calculating the uptake coefficierfi’olar weight of HN@, respectively.

as reported earlier (Guimbaud et al., 2002). The equation fo;{ _ySw 4
the depletion of radioactively labelled'BNO3(g) in the flow Pm g )

tube is given by Here no correction of for limitation by the gas phase dif-
fusion of HNG; was applied. As discussed earlier (Guim-
baud et al., 2002) based on an estimated mean free path of

2) 130 nm for HNQ in the reactor angk=0.5, such corrections
would change the rate of uptake by about 8% for the reac-
tion of HNO3; with a monodisperse 100 nm aerosol. Inte-

wherek, is the first order wall loss rate of ¥INOs(g) and grated over atypical polydispgrse_aerqsql size spectrum with

ko the first order loss to the particle phase. This approacht00 "M mean diameter the diffusion limitation affegtdy

assumes a constant uptake to the aerosol during the residen@gMmaximum 20%.

time of the aerosol in the flow reactor.

®)

(ANO@I() _ k) s
[HNOs(9)1(r=0)

3.2 Uptake of HNQ@ to neat NaCl particles
kw is determined from the decay of-BNOs(g) in absence

of aerosol fp=0). The loss rate of FNOs(g) in presence  Table 1, column 2 and 3 show the uptake coefficient of
of the aerosol then allows determining the sumkgfand gaseous HN@ on neat deliguesced NaCl aerosol derived
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from seven individual experiments. The aim of these experwhich seems to come into better agreement with the other
iments was to repeat an experiment under almost identicabrevious studies. To further investigate the discrepancy be-
conditions to capture the day-to-day reproducibility and alsotweeny derived from the transfer of HN§into the partic-
to compare with our earlier results (Guimbaud et al., 2002) inulate phase (this study) and derived from the chlorine de-
view of other more recent studies on this reaction with differ- pletion in single particles, an ion chromatographic analysis
ing kinetic results (Tolocka et al., 2004; Saul et al., 2006; Liu of CI~ and NG; was performed of the aerosol (mean sur-
et al., 2007). The initial HN@concentration of the experi- face concentration 2:810~2 m? m~3) collected on the parti-
ments was 30-32 ppb, except in experiment #5 where the iniele filter during 1 hour in one typical experiment. The results
tial concentration was 10 ppb. The deliquesced NaCl aerosahdicated an exchange of Clagainst NG of 1.9%, 3.5%,
had a log-normal size distribution and the mean diameter wag.8%, 4.6%, and 6.4% after 0.2, 0.4, 0.85, 1.25, and 1.7 s re-
70nm in experiments 1-4, and 90 nm in experiments 5-8action time in presence of 25 ppb HN@). This HNG; up-
Each experiment involved the measurement of the uptake cotake is based only on a single experiment with 5 data points,
efficient at four reaction times between 0.35 and 1.9 s. In col-but would support a high uptake coefficient of 823 which
umn 2 the uptake coefficient derived from the accumulationcorresponds to the value determined by the radioactive tracer
of 13N in the particle phase is shown (see Eq. 4), whereas theéechnique and is in contrast to the aerosol mass spectromet-
uptake derived from the loss of gaseous H{) is shown ric analysis by Tolocka et al. (2004). Based on the arguments
in column 3 (see Eq. 3). As can be seen in Table 1 the meaalready stated by Guimbaud et al. (2002), the uptake on pure
sured uptake coefficient varied significantly between the ex-deliquesced NaCl particles in this size range seems to be lim-
periments (20-40% standard deviation). This relatively lowited by bulk accommodation into the aqueous solution. We
degree of reproducibility results from several difficulties in have not performed a detailed analysis of the flow patterns in
such an experiment. First a stable production rate ofiNe  our flow reactor. Given the short interaction times, we have
isotope has to be maintained, which was reached only durto rely on fast mixing of the gas and aerosol flows, which we
ing about 50% of the allocated proton beam periods. Furthermight overestimate. In case mixing is slower than we antici-
the online aerosol and HNsynthesis have to be constant, pate, this would lead to an even higher uptake coefficient, as
which involves the control of several flows and relative hu- the effective interaction time would be below that used in the
midities within the system, and the coatings of the parallel-analysis. Therefore, remaining uncertainty regarding mixing
plate diffusion denuder had to be renewed daily to guaranwould allow us to rather constrain the bulk accommodation
tee a reproducible performance. And last, as the wall lossoefficient to values between 0.5 and 1.0.
of HNOj3 in the reactor increased during extended exposure
to aerosol flow, the reactor had to be replaced several timeS.3 Uptake of HNQ to coated NaCl particles
during a series of experiments to keep the reaction conditions
reproducible. All absolute determinationsyofeported here  Columns 4 and 5 in Table 1 represent measured uptake coeffi-
are additionally affected by a systematic error of the aerosotients of HNQ on deliquesced aerosol particles coated with
surface measurements by SMPS in the ordet830%. a thin film of C18 acid. The values given in column 4 are
Our experimental result for the uptake of HY©n un-  derived from the accumulation 8#N in the particle phase,
coated deliquesced NaCl aerosols)yaf0.5+0.2 is identi-  the values in column 5 from the loss of HN(@). In all cases
cal with the value previously obtained by the same methodhe coating was produced by passing the aerosol through the
(Guimbaud et al.,, 2002). As discussed previously, itevaporator containing the C18 acid and held &Zrhis re-
compares well with the data measured by Abbatt andsults in an approximately 3 nm thin layer of C18 acid on the
Waschewsky (Abbatt and Waschewsky, 1998), who derivedry NaCl aerosol (Fig. 1). The length of the C18 backbone of
a lower limit for y of 0.2 for the uptake to deliguesced mi- stearic acid is approximately 1.5 nm, hence the amount could
crometer sized NaCl particles at 75% relative humidity. Sim-cover the dry aerosol by more than one monolayer. In the ex-
ilarly it seems to be consistent with the most recent studyperiments deliquesced aerosol at a relative humidity of 60%
by Liu et al. (2007), who found effective uptake coefficients was used. At this humidity the aerosol diameter is about a
up to about 0.2 under partial diffusion control. However, a factor of 1.6 larger than under dry conditions and its surface
more significant discrepancy exists betweereported here by approximately a factor of 2.6. The amount of stearic acid
and that reported by Tolocka et al. (2004) for the same re-on the deliquesced aerosol surface is then estimated to corre-
action. They derived=4.9 +0.27)x10~2 from the deter-  spond to about 75% of a monolayer. As the quantification is
mination of the depletion of Cl(aqg) in 100 nm deliquesced based on various assumptions, this value should be taken as
NaCl aerosols at 80% relative humidity by single particle an approximation with an uncertainty of about a factor of 3.
mass spectrometry under rather similar conditions as in thiSThe results presented in Table 1 and all direct comparisons
study. In a recent study (Saul et al., 2006) the same groupf coated and neat aerosol as shown in Fig. 2 indicate that
reinvestigated the reaction with an improved experimentalthe reactivity of the coated aerosol is significantly lower than
set-up and repost as 0.11 at 60% and as 0.06 at 75% relative that of a pure deliquesced NaCl aerosol by a factor of about
humidity based on the chloride depletion in 100 nm aerosol,2. The direct comparison of the reactivity of C18 acid coated
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and pure NaCl aerosol, i.e. when the only change in the ex- o1 o to2 &

periment was that the aerosol was either passing through the o ™ vo

evaporator or not, is shown in Fig. 4, where the ratidpf 0 1 2 3 4 s e 7 s

for coated to that for uncoated particles was calculated for Oven temperature [°C]

each injector position, averaging the results obtained from
HNO3(g)-13N and particulaté®N through Egs. (2) and (3). It  Fig. 5. Uptake coefficieny for the reaction of HN@(g) with del-
can be seen that this ratio was constant{@2) within the  iquesced NaCl aerosol coated with varying amounts of stearic acid
experimental precision over a range of contact times from 0.3C18) (a) and pentadecanoic acid (C1@). In each panel the up-
to 1.9 s. This indicates that the presence of the coating did no@ke coefficieny is depicted as filled circles (left axis) and the ra-
induce a time dependence. Such a time dependence migHP of the re.activity qf coatgd vs. that of pure NaCl aerosol is shgwn
have been expected in view of a possibly complex proces§3 empty circlesd right z_ms). _The values next to the symbols give
of uptake of HNQ, including adsorption on the surfactant our estimate of the coating thickness on the dry aerosol.
films and transfer accross it to the aqueous phase. The lack
of time dependence is important for the first order analysis of
the data for the coated particles. cent experiments, as shown in Fig. 2. In Fig. 5a the reactiv-
In a next set of experiments it was investigated how theity of C18 acid coated aerosol is shown for different coating
reactivity of coated NaCl aerosol depends on the amounthicknesses. It is evident that the reactivity decreased with
C18 acid on the aerosol surface and how other types of nonincreasing amounts of C18 acid reaching a valugrs0.1
branched fatty acids affect the uptake of gaseous EINGe  at a C18 acid content, which approximately corresponds to
experiments have been performed with an initial concentrathe amount of a monolayer on the deliqguesced aerosol, and
tion of 30 ppb HNQ@ and at 60% relative humidity and with y <0.1 for larger stearic acid loadings. This effect manifests
a fixed contact time of 1.7s. The temperature of the fattyin both they coefficients derived from the individual mea-
acid in the vapour chamber was varied to condense differensurements with coated aerosol, as well as in the ratios of reac-
amounts of the fatty acids on the seed aerosol. The expetivity of the coated to the uncoated aerosol from two adjacent
iment was performed with a series of saturated linear fattyexperiments. For the C15 saturated fatty acid (see Fig. 5b),
acids (C18, C15, C12, and C9) to detect trends in the bea similar reduction of the uptake coefficientjte0.14 was
haviour of the coatings and with a monounsaturated Cl8mneasured at a fatty acid amount, which is estimated to still
fatty acid, oleic acid (cis-9-octadecenoic acid), which hasbe less than a monolayer on the deliquesced aerosol. For
a non-linear conformation, for comparison. The amount of C15 fatty acid loadings corresponding to one monolayer or
fatty acid in the aerosols was approximated as described ian excess of that, uptake coefficients in the order=0.01
Sect. 2.3 and Fig. 1. Again the reactivities of the aerosolare obtained. As shown in Fig. 6a, no significant inhibitory
coated under the various conditions were directly comparecdffect on the HNQ@(g) uptake was observed, when either the
with that of uncoated seed NaCl aerosol measured in adjashorter chain C12 and C9 acids or the non-linear oleic acid
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were condensed on the aerosol in amounts ranging from sub- 1,4
monolayer quantities to amounts in excess of a monolayer ong @
the deliquesced aerosol. 2
The observed variability is within the reproducibility of 0%
the experiment described above. We also note that as men=g .
tioned earlier, the larger the apparent coating thickness is, theg 8 °
more likely is it that a change in shape was accompanyingthe 2 os |

+14

+ 12

to uncoat

- 10

al

Approx. coating thickness on dry aerosol [nm]

coating process, which is not accounted for. > 0s

A large fraction of the organic content of aerosol are high £ B
molecular mass, oxygenated species (Zappoli et al., 1999;$ o2 12
Gelencser et al., 2000; Krivacsy et al., 2000; Cappiello et al., o ‘ o ‘ .
2003; Mayol-Bracero et al., 2002; Cavalli et al., 2004; Gra- 0 20 40 60 80 100
ham et al., 2002; Facchini et al., 2000; Mukai and Ambe, Oven temperature [°C]
1986) with humic-like complex structures. Such materi- o )
als also show surface-active properties and can be consid- _|(b) 1., 23
ered as anionic surfactants (Ma et al., 2007; Cavalli etal., l,, T8
2004; de Moraes and Rezende, 2004; Facchini et al., 2000). _ 1. 83
As a model compound for such water soluble oxidised or- £ "¢ ° ' §§
ganic matter we have chosen a humic acid (Aldrich Humic 2 °° ° T+ 23
Acid) and investigated if large amounts of this humic acid ¢ *° to2%
in NaCl aerosol have an effect on the uptake of HXD. £ 7% %
The humic acid containing aerosol was produced by nebuliz- > ** 1%z
ing NaCl solutions containing variable fractions of the humic ~ °?] Tt 8
acid as described in Sect. 2.4. Figure 6b shows the measured °*] 702 &
uptake coefficients on deliquesced NaCl aerosol containing T 0a on a1 o e
dry mass fractions of 0-40% of humic acid. No significant Mass ratio humic acid/NaCl

change in the uptake coefficient of HN@) was observed

due to the presence of the humic acid.
P Fig. 6. Uptake of HNG(g) to deliqguesced NaCl aerosol coated

with different amounts of lauric acid (C12), pelargonic acid (C9),
oleic acid (C18:1) and to NaCl aerosol containing humic adidy.
ratio of the reactivity of aerosol coated with C1®,(C9 (o), and

) ) C18:1 ) to that of uncoated NaCl aerosol. The lines represent our
The observation that the saturated C18 and C15 acids leagktimate of the coating thickness on the dry aerosol with increasing

to a significant depletion of the reaction rate of HNG)  fatty acid temperatures in the coating oven for Ci)and C18:1
with aqueous NacCl particles, but that no effect was observeq-x-).(b) uptake coefficieny for HNO3(g) to humic acid containing

for the saturated C12 and C9 acids nor for the monounsatuaerosol as a function of the mass ratio of humic acids to NaCl. The
rated oleic acid (C18:1), can not be explained simply by theuptake coefficieny is depicted as filled circles(left axis) and the
amounts of the organic compounds deposited on the partitatio of the reactivity of humic acid containing NaCl to that of pure
cles. Therefore, it can be concluded, that it is the capability of N@Cl aerosol is shown as empty circles iight axis).

the specific compounds to form an organic monolayer with a

specific structure, which leads to the reactivity reduction. Ta-

ble 2 shows some physical properties of the fatty acids invesity of the fatty acids, and hence we conclude that none of
tigated here that determine their ability to form monolayersthe C9-C18 would be too soluble to prevent the formation
on aqueous surfaces. The properties of the fatty acids deperaf a stable surface film under the given experimental condi-
on the length of their carbon chain. It determines their solu-tions. On the other hand, the conjugate base ions could form
bility in water, their gas-patrticle partitioning, the state of the micelles within the particles (Tabazadeh, 2005), leading to
film, which they form on the water surface and the thicknessincreased effective solubility. However, in absence of basic
of a monolayer they form. The water solubility of the inves- cations in our pure NaCl particles, wihk ; values between
tigated saturated fatty acids decreases with increasing alkyl and 10, the fatty acids remain protonated in a monolayer
chain length. For the C9 acid exhibiting the highest wateron an aqueous subphase (Kanicky et al., 2000; Kanicky and
solubility of the fatty acids investigated less than 1% of a Shah, 2002). Also the vapour pressure of fatty acids is an
monolayer amount is soluble in a pure aqueous particle ofimportant property to judge the stability of a fatty acid film
the size as used in our experiments. The high ionic strengtkas the organic molecules may evaporate from the surface. In-
of NaCl aerosol (at 60% relative humidity they contain about vestigations of the longevity of binary C12 and C18 films
10 mol NaClkg1) is expected to further reduce the solubil- on aqueous subphases showed the C18 acid monolayer being

4 Discussion of effects of fatty acid coatings
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Table 2. Properties of fatty acids related to monolayer formation and stability.

f.g,h

Melting poinf Vapor pressure Solubility at 2@ €  pKy ESPat23C! F;at23C!

[°C] at 25°C [PaP [weight %] MmN [mMNm—1
c9 12 (8x10-2)b.d (1x10-1yed 0.0284
C12 44 (4<10-3)P.d (3x10-3)cd 0.0055 75 23.4 435
C14 58 2.0104P 3.2x1074¢ 0.0020 8.1-8.2 16.5 18
C15 51 1.%104P 1.8x1074¢ 0.0012 21.0 6.2
C16 63 1.1x10790 2, 7x105¢ 0.00072 8.6-8.8 11.8 ~0
ci18 69— 71 5.610° 7P 2.8x10-6¢ 0.00029 10.15 3.7 ~0
Oleic acid 16 9.85 31 100

& (Rompp-online, 2006)

b (Chattopadhyay and Ziemann, 2005)

€ (Tao and McMurry, 1989)

d The data given in brackets are extrapolated values from the measurements of the higher homologue fatty acids (C13-C18)

€ (Handbook-of-Chemistry-and-Physics, 2006)

f pKa of fatty acid in a monolayer on water

9 (Kanicky et al., 2000)

M (Kanicky and Shah, 2002)

I'ESP: Equilibrium spreading pressurg;: Film pressure of the transition from liquid expanded to liquid condensed film on wate? @t 23
(Seidl, 2000; Kellner et al., 1978)

stable over at least 16 h, whereas they showed a significardf C9, C12 or oleic acids are apparently not capable to slow
loss &50%) of the C12 acid either due to evaporation or sol- down the uptake of nitric acid even in presence of an excess
ubilisation in the subphase after 10 min of storage (Gilman etoulk phase, which exhibits a significant pressure on the films.
al., 2004). In our experimental system the fatty acid coatedTherefore structural differences between the films formed by
aerosol travel 1 min before they are exposed to H{pin these compounds and those formed from C15 and C18 must
the reactor. Therefore, for the C12 compound, we can asexist. These differences are discussed here by means of the
sume that it was stable during the short time scale of the exmonolayer phase diagrams (Harkins and Boyd, 1941; Seidl,
periment, while for C9 we might have lost a fraction due to 2000; Kellner et al., 1978; Langmuir, 1917, 1933) of the in-
evaporation. dividual compounds at the experimental temperature &€23
(see Fig. 7). The phase diagrams are constructed as described

The “equilibrium spreading pressure (ESP)” is the film by Seidl (2000). The phase diagram of the C15 acid shows
pressure exhibited by an excess bulk phase on the monolayenost of the typical features of such phase diagrams and is
films of a specific surfactant or in other words the film pres- used to explain the diagrams. The C15 monolayer is in the
sure, at which the polar groups of the surfactant film detacHiquid expanded state at film pressures from close to zero up
from the surface to form a bulk phase (a liquid lense, a solidto 6 mN n1 (Langmuir, 1933). The model understanding of
structure or multilayers) in equilibrium with the surface film this phase is that the fatty acid molecules exist in a densely
(Harkins and Boyd, 1941; Seidl, 2000; Gaines, 1966; Boyd,packed layer with the acid group directed towards the aque-
1958). In the temperature range typical for the atmospheregus surface, but the alkyl chains are likely neither straight
the ESP is a linear function of the temperature and the dataor parallel to the neighbouring alkyl chains. A molecule
collected in the fatty-acid-monolayer-model by Seidl (2000) covers a surface area typically 2—3 times as large as its axial
is used calculate the ESP for different fatty acids at the ex-molecular diameter. The expanded film can be compressed
perimental temperature (23). All compounds exhibitingan up to a film pressurd-j. At this critical film pressurer]
ESP-0mN ni ! spontaneously spread over the aqueous sur{6.2 mN n1 1 for C15 at 23C) the discontinuity in the molec-
face, when coming in contact with water and form a self- ular area vs. pressure diagram indicates a phase transition.
assembled monolayer. As shown in Table 2 all fatty acidsThe critical pressure§j and their temperature dependen-
investigated here do form self-assembled monolayers at theies have been compiled (Kellner et al., 1978; Seidl, 2000)
experimental temperature. However, for higher homologuefor the fatty acids discussed here and are shown in Table 2.
saturated fatty acids>(C20) no spontaneous spreading on At Fj a transition region between the liquid expanded and
the aerosol surface is expected. As can be seen in Figs. 4 arible liquid condensed state starts, in which increasingly fatty
5 the formation of a monolayer of a fatty acid does not nec-acid clusters (micelles) are formed on the aqueous surface,
essarily hinder the uptake of gaseous nitric acid. Monolayers
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which represent already the condensed state of the film, until
the monolayer gets completely to the liquid condensed state
(Langmuir, 1933; Gaines, 1966). In the liquid condensed
state the alkyl chains are thought to be in parallel order and =
the surface area covered by a molecule approaches the ax£
ial molecular diameter of the fatty acid molecule. From the

phase diagrams of the fatty acids shown in Fig. 7, we con-
clude that at the ESP, i.e. in presence of an excess amount o
the fatty acids, films formed by C15 and C18 fatty acids are

Film Pressure

in the liquid condensed state. This hardly compressible, or-

dered film structure appears to effectively hinder the uptake ‘ :

of HNOs(g). In contrast, the monolayers formed by C12, C9 20 25 30 35 49 45 50
or oleic acid are in the liquid expanded state and these less Areaper molecule [A’]

ordered, more compressible films are apparently not capable
to hinder HNQ(g)-uptake. The dependence of ESP &jid Fig. 7. Phase diagrams for monolayers of lauric acid (C12), pen-
on the chain length of saturated fatty acids (Table 2) showsadecanoic acid (C15), stearic acid (C18) and oleic acid (C18:1) at
that at 23C saturated fatty acids with chain length€15  23°C according to the model of Seidl (2000). The diagram corre-
exhibit a sufficiently high ESP to form a liquid condensed lates the average surface area of a single molecule in the monolayer
film, whereas for shorter fatty acids the ESP does not reacl{ith the film pressure. For C12, C15 and C18 the phase transition
the phase transition presstfg Therefore, only monolayers Petween expanded and condensed monolayers is within the range
of linear, saturated fatty acids with chain lengths above c14d f this plot and is marked by a star. The dotted arrows 'T“?'Cate the
. spreading pressure of an excess bulk phase of the individual fatty
are expected tq _hmder the uptake Pf HNG). Bl_Jt among  ,cigs. This quantity determines the film pressure in presence of an
these are palmitic (C16) and stearic (C18) acid, which are,,oss amount of the n-alkanoic acids.
the most common fatty acids in biological membrane lipids.
For C18 and C15 coatings consisting of sufficient amounts
to ensure a complete monolayer4nm on dry aerosol) a rate by more than 90%, 2—-3 monolayers were sufficient for
deactivation of the aerosol reactivity by a factor of 3—10 anda nearly complete suppression of the heterogeneous reaction.
50+15 was obtained, respectively. The stronger deactivationThe same experiments with coatings produced from terpenes
by the C15 coating may be related to its more compressedhdicated surprisingly that-pinene films (thickness3 nm)
monolayers due to its higher equilibrium spreading pressureform an effective barrier for ammonia, whereas limonene and
Similar to the shorter chain homologue fatty acids also non-camphene were only weakly lowering the uptake. The up-
linear fatty acids such as oleic acid (containing a cis dou-take of SOy on solid NaCl particles was reduced by a thin
ble bond) are incapable to form a condensed film and cannastearic acid layer (some nm thick) by a factor of three, but
lower the uptake of HNg(g). Similarly, humic acids used surprisingly a thicker film was a less effective barrier (Jef-
here as a model for a mixture of water soluble surfactantderson et al., 1997). The uptake of HCI and HBr was ei-
do not form structured monolayers and have no measurabléher slightly enhanced or slightly impeded by a hexanol film
effect on the reaction. on concentrated sulphuric acid, depending on how densely
A number of studies have addressed the effects of organipacked the film was (Glass et al., 2006). The enhancement
coatings on the phase transfer of other atmospherically relwas suggested to be due to additional interactions of the al-
evant molecules. Since long, evaporation of water throughcohol headgroup with HBr and HCI in the interfacial region.
monolayers of a variety of surfactants (Rosano and LamerSimilar to the results presented here, the uptake of acetic acid
1956; Garrett, 1971) had been studied, showing that surfacthrough monolayers of saturated C18 to C30 alcohols into an
tants in expanded monolayers did not reduce water evapaqueous subphase was strongly reduced, while it was not af-
oration, in contrast to surfactants in condensed monolayefected by the unsaturated C18 acid oleic acid (Gilman and
states. This was also confirmed for butanol films on su-Vaida, 2006), which was also related to the pressure area
percooled sulfuric acid that appeared to be porous to wateisotherms of these surfactants.
(Lawrence et al., 2005). Similarly, Xiong et al. (1998) ob-  There has been only one study with HliDto this aspect
served that a C18 coating reduced the hydroscopic growtt{Clifford et al., 2007), which shows no inhibition of the over-
rate of sulphuric acid aerosol, while coatings of oleic acid all uptake by a monolayer of octanol, even though some sup-
had no effect, even though they also saw an inhibition by thepression of transient acidity probed by a surface sensitive pH
C12 acid, which should not have been in a condensed monandicator was observed. When comparing our data to these
layer state. The uptake of gaseous ammonia to sulphuric acidther related reports, we may conclude that in case of ex-
droplets was shown to be strongly hindered by coatings ofpanded monolayers, sufficient amounts of aqueous phase is
hexadecane or hexadecanoBf{ner et al., 1992). A mono- still exposed at the particle — air interface to allow HNO
layer of these compounds was found to reduce the uptakée taken up and dissociate (and acid displacement to occur),
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