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Abstract. This study presents the first laboratory obser-the other hand, it may also impact the global budget of im-
vation of HNG; uptake by airborne mineral dust particles. portant trace gas compounds. Among the many potential re-
The model aerosols were generated by dry dispersion of Ariactions occurring, the reaction of mineral dust aerosol with
zona Test Dust (ATD), Si@ and by nebulizing a saturated HNOs might be very important as it affects the ozone bud-
solution of calcium carbonate. The uptake'dN-labeled  get of the upper troposphere, because there the photolysis of
gaseous nitric acid was observed in a flow reactor on the 0.2HNOj3 is a significant source of NO and N{Cto which ozone
2 s reaction time scale at room temperature and atmospherigensitively responds (Bauer et al., 2004; Bian and Zender,
pressure. The amount of nitric acid appearing in the aeroso2003; Dentener et al., 1996).
phase at the end of the flow tube was found to be a linear The heterogeneous reactions of mineral dust particles are
function of the aerosol surface area. igarticles did not  also of significant interest because they could change the par-
show any significant uptake, while the Cag@erosol was ticle surface properties, which can therefore affect the prop-
found to be more reactive than ATD. Due to the smaller un-erties of dust as cloud condensation or ice nuclei. The im-
certainty associated with the reactive surface area in the cagsortance of this issue on a global scale has been demon-
of suspended particles as compared to bulk powder samplestrated by several modelling studiesifi€¢her and Lohmann,
we believe that we provide an improved estimate of the rate003; Lohmann et al., 2004). Laskin et al. (2005b) reported
of uptake of HNQ to mineral dust. The fact that the rate of field evidence of complete, irreversible processing of parti-
uptake was smaller at a concentration of4than at 18> cles containing solid calcium carbonate and quantitative for-
was indicative of a complex uptake mechanism. The up-mation of liquid calcium nitrate particles, apparently as a re-
take coefficient averaged over the first 2s of reaction timesult of the heterogeneous reaction of calcium carbonate with
at a concentration of #8molecules cm? was found to in-  gaseous nitric acid. Such conversion of insoluble material to
crease with increasing relative humidity, from 0.822007  soluble material strongly affects the radiative properties of
at12%RHto 0.113:0.017 at 73%RH, which was attributed  these aerosol particles as well as their ability to act as cloud
to an increasing degree of solvation of the more basic minercondensation nuclei. Recent ambient studies have shown the
als. The extended processing of the dust by higher concenability of Saharan dust aerosol particles to form ice crystals
trations of HNQ at 85%RH led to a water soluble coating in cirrus clouds (DeMott et al., 2003; Sassen et al., 2003).
on the particles and enhanced their hygroscopicity. Currently, the question to what degree processing of dust par-
ticles by trace gases affects heterogeneous ice nucleation is
subject of laboratory and field investigations (Archuleta et
al., 2005).

Mineral dust is a complex mixture of different minerals,

Heterogeneous interactions between atmospheric trace gas@@d its reactivity with trace gases obviously depends on the
and aerosols are important in several issues of atmospherfgoMPposition. To understand the mechanism of the hetero-
chemistry. The processing of atmospheric particles might af9én€ous interaction with dust one could study the reactions

fect the chemical and physical properties of the aerosol; orfVith €ach of the components. However, the reactive be-
haviour of complex mixtures is not only a superposition of

Correspondence tdvl. Ammann the behaviour of their individual components. In addition,
(markus.ammann@psi.ch) in practice it would be a hard task to complete due to the

1 Introduction
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2148 A. Vlasenko et al.: Nitric acid uptake to mineral dust aerosol particles

aerosol SMPS —— phase and its irreversible uptake by the aerosol particle sur-
HNO, ’/ face are measured simultaneously. The scheme of the setup
HNO, * — 5 reaction } is given in. Fig. 1. Hygroscopic properties of dust particles
S zone were studied before and after HY@xposure in a separate

reactor using a HTDMA system described below.

NaCl
: trap e

Aerosol filter NDA Na,CO, NaCl

2.1 Production of HN@

The production of!®N in the form of 13NO has been de-
scribed in detail elsewhere (Ammann, 2001). In brief, the
13N isotope is produced via the reactidtO(p, «)1°N in a
gas-target, which is set up as a flow cell, through which 20%
O2 in He pass at 1l/min stp at 2.5atm, and which is con-
tinuously irradiated by 15 MeV protons provided by the ac-
celerator facilities at Paul Scherrer Institute. The radiation

the most reactive components, among which is CaG@d chemistry in the target cell also leads to the production of
assessing their reactivity (Fenter et al., 1995; Goodman e?on—!abellc_aq myogen oxujes at arounq 30 ppbv ffom nitro-
al., 2001; Hanisch and Crowley, 2001; Krueger et al., 2004;gen impurities in the carrier gas supplies. The primeiy

Frinak et al., 2004). In the present work, the heterogeneougnOIeclJIes and radicals, along with their non-labeled coun-

reactivity of CaCQ@ and SiQ has been compared to the re- terpgrts, are reduced 9N labelled NO over a T'.C cata—'
activity of the Arizona Test Dust (ATD) aerosol particles. lyst !mmed|ately after the target cell. The resulting gas is
These components are chosen since quartz is one of the maj Pntmuo_usly transported o the Ia_boratory_ through a 580m
(by weight) constituent of the dust in general and in the ATD ong capﬂlary. T_here, a sm.all fraction of th's flow (typ|ca||y
in particular; and calcite is suggested to be one of the mos?sml/mm). is mixed W't.h. hitrogen as carrier gas (1lpm) in
reactive constituents of the dust (Usher et al., 2003). While®U" experiments. Addltlon.a.l amognts of non-lapelled NO
many other studies focussed on Ca rich authentic dusts, ATDAN be added from a C?mf'Ed cylmc_jer_ (10 ppm ip) No
used in the present study is among the Ca poorer, though noY the total cgnce_nt_ratlon of NO within arange of 1 ppb
less abundant forms of dust. to 1ppm. NO is oxidized to N@by reaction with ozone

In this study, a dry dispersion generation method was used @ f!OW rea_ctor with a VO'U'T‘e c.)f.2 . .Ozone is generated by
to produce submicron mineral dust aerosol and to measurB2SSing a mixture of synthetic air in nitrogen through a quartz

the kinetics of the heterogeneous reaction with gaseous nit-Ube iradiated by a mercury penray UV lamp (185 nm wave-

tri id with th | particles i ion. T Ilength)._ HNG is produced _frpm the reacti_or_l _of NQwith
fic acid wi © aerosol particies in gas suspension. 1o OuOH radicals; the flow containing NGOs humidified to 40%

knowledge it is the first time that such a method was used for_ " . - . . .
the production of a surrogate for atmospheric mineral dus elative humidity and irradiated by a second 172 nm excimer
V lamp to produce OH radicals, which rapidly convert a

in combination with a kinetic flow-tube technique. This ap- ) .
. . . : large fraction of NQ to HNOs (see results section). The
roach is an alternative to th lish tudi f heteroge- ) .
proach is an alternative o the published studies of heteroge hotolysis of the HO/O,/N2 mixture also leads to the for-

neous interactions in a Knudsen cell or with single particleP . . )
techniques gep mation of HGQ radicals and @, the concentration of each of

This study concentrates on basic uptake data and its depe%hICh depends on humidity, Ocontent and light intensity

dence on relative humidity as well as the consequences on th schmutat etal., 1994). We have optimized theddntent

hygroscopic properties of the dust particles. Ongoing, moretO keep the @ concentrations below 30 ppbv. We have not

; o : ; determined the degree of contamination byQd resulting
detailed kinetic experiments will be reported elsewhere. . . .
P P from radical radical reactions of OH and HO

Fig. 1. Schematic diagram of the flow reactor and detection system

complexity of the dust composition. Therefore, in the case
of HNOs, many studies have concentrated on identifying

2 Experimental 2.2 Aerosol particle generation

The experimental method used is similar to the ones reporteth this study, two types of aerosol generation methods were
previously (Ammann, 2001; Guimbaud et al., 2002). Ni- employed: dry dispersion from a powder and atomisation of
tric acid labelled with a short-lived radioactive isotop#\ an aqueous solution. The dispersion of Arizona Test Dust
is mixed with the aerosol particles in a flow reactor. After a and detailed characterisation of the resulting aerosol is pub-
certain reaction time, gas phase and particulate phase prodished elsewhere (Vlasenko et al., 2005). Here only a short
ucts are separated and trapped in a parallel-plate denuder amigscription of the technique is given. In a first step, the sam-
in a filter, respectively. The concentration of each species iple powder is dispersed by a solid aerosol generator (Topas
measured by counting the number*8K decays in each trap GmbH, Dresden, Germany). Therein, a special belt feeds
per unit time. In this way, the loss of nitric acid from the gas the dust to an injector nozzle in order to provide a constant
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input. Shear forces created in the injector disperse and disag- 6

gregate the powder to form submicron particles. In a second 10 SiO
step, the remaining coarse particles are removed by a cyclonen 5 2
and a virtual impactor. This method is used to produce sub- £ 10

micron particles from Arizona Test Dust (Ellis Components, —_

England) and silica (Aerosil 200, Degussa, Germany). Cal- % 1()4

cium carbonate aerosol was generated by nebulizing a satu- O ATD
rated aqueous CaG@Qolution (Model 3075, TSI, USA). The No] 103

resulting droplets are dried by passing the flow through a dif- =

fusion dryer. Charged particles from both aerosol sources are 5 1 02 CaC03

removed by passing the flow through an electrical precipita-
tor. Finally, the aerosol flow is conditioned to a certain rel- , — ——
ative humidity. The humidifier is a vertically mounted tube 0.01 0.1 1
with a H,O permeable Goretex membrane (150 mm length, . .

6 mmi.d.) immersed in demineralised water. The relative hu- particle diameter, um
midity was measured by capacitance detectors at room tem-. o _
perature. The aerosol number concentration, size distribu_Flg. 2. Size distribution of aerosol particles used to study the het-
. ) ’ i ith itri id.
tion and total aerosol surface area are measured by a Scan. deneous reaction with gaseous nitric acid

ning Mobility Particle Sizer (SMPS, TSI, USA). The size

spectra of the aerosols obtained are given in Fig. 2. ONgyiying of the flows, which is critical for exactly controlling
can see that the particle concentra_mon was largest fo_r Silihe reaction time. The degree of mixing was checked by mea-
ica aerosol and lowest for the calcium carbonate particlesgrement of the aerosol particle concentration upstream and
As discussed in detail by Viasenko et al. (2005), the SMPSyqynstream of the injection point by extracting a small flow
system underestimates the tc_>ta| surface area of this aerosQlith a small capillary pushed in from the opposite end of the
due to lack of data for the size range above 800nm. Wegactor. The particle concentration after the mixing with the
therefore performed several measurements using an opticgss flow was in accord with the calculated dilution factor af-
particle counter (OPC, GRIMM Labortechnik GmbH, Ger- o1 g 2 5 mixing time. The results of this test suggest that the
many, Model 1.108) as described by Vlasenko et al. (2005)¢4ys are well mixed within 0.2 s contact time. The flow tube
A log-normal size distribution was then fitted to the com- js operated under laminar flow conditions (Reynolds number
bined SMPS and OPC data, normalized and then scaled to the 1 30)  and it is assumed that the laminar flow profile is es-
actual spectrum obtained by an individual SPMS scan, wheRgpished a few cm downstream of the injector. The outer
the SMPS was used on-line during the uptake experimentsyq,y type is replaced after each 6 hours of operation to avoid
This results in a reproducibly increased aerosol surface areg | |osses of HNGQ driven by particles deposited on the in-
by about 25% as compared to the surface area reported Byer \all. Note that due to the removal of charged particles
the SMPS system alone (Vlasenko et al., 2005). All surface,ior 1o the flow reactor (see above) the loss of particles to

area data reported hereafter were corrected this way. the walls are strongly reduced. Nevertheless, it was observed
o ) that HNG; was lost on the walls above the normal retention
2.3 Flow reactor for kinetic experiments losses (see Sect. 3.3 below) after extensive exposure of the

) - ) ) flowtube to aerosol particles. This led to the strict replace-
Mineral dust aerosol and nitric acid flows are mixed to reaCtmyent schedule to avoid any effect of particles on the wall to

in the flow tube reactor with cyIindricaI ggometry. The reac- ihe uptake on the aerosol. The system is kept at room tem-
tor is a PFA Teflon tube of 8 mm inner diameter and 10MM peratyre. The relative humidity of the flow is continuously
ou_te_r (_jlameter. The PFA Teflon_matenal has been chosen t@,a5sured downstream of the reactor.

minimise the losses and retention of HRONn the surface

(Neuman et al., 1999). Gaseous nitric acid is introduced viap 4 Detection system

an injector along the axis of the flow reactor. The injector

is a PFA tube (i.d. 4mm), which could be moved along the The flow leaving the flow reactor was directly entering
axis of the reactor. The position of the injector determinesthe parallel-plate denuder system. The latter captures the
the gas-aerosol contact or reaction time. When the injecgaseous species HNCHONO, NG on different chemically

tor is pushed all the way in to the maximum position inside selective coatings by lateral diffusion. Note that this denuder
the flow reactor then the reaction time is minimum (0.2 s) train also effectively scrubs HNfOreversibly adsorbed to
and vice versa (2s). The end of the injector tube is suppliedhe particles. The sub-micron aerosol particles have a small
with a special plug so that the gas enters the flow reactodiffusivity and pass through the denuder without being col-
through small openings at the end of the injector, perpendiciected. Gaseous nitric acid is taken up in the first denuder
ular to the flow of aerosol. This is used to facilitate rapid section coated with NaCl. HONO is collected in the next
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2150 A. Vlasenko et al.: Nitric acid uptake to mineral dust aerosol particles

section coated with N& Oz, while NO, is absorbed in the trogen through a bubbler, which contained a nitric acid so-
third section by reaction with NDA (N-(1-naphtyl) ethylene lution in H,O (0.1 M) at 12C. Half of this flow was di-
diamine dihydrochloride) mixed with KOH. These coatings rected to a molybdenum converter held at 4D&nd then
are freshly prepared after each 6 h of operation. As mento a NO chemiluminescence detector to monitor the concen-
tioned above, generation of HN®Yy reaction of NQ with tration of nitric acid in the gas phase (Joseph and Spicer,
OH is accompanied by ozone production under UV radiation.1978). The concentration of gaseous HiN#2tected in this
High concentrations of ©are not desirable because ozone way was 3103 molecules cm? at 298 K. The other half of
reacts with the NDA-coating and depletes the capacity of thehe HNGO; flow is mixed with the ATD aerosol flow (0.2 [pm)
coating to absorb N@ As also mentioned above, the param- prior to the reactor entrance. After the reaction chamber,
eters were optimized to keep the output concentrationzof O the aerosol flow was drawn through a NaOH coated de-
at minimum (below 30 ppb). After passing the denuder, thenuder tube to remove HN§from the gas phase. The hygro-
aerosol particles are captured by a glass fiber filter. To eaclscopic properties of the processed ATD aerosol were mea-
trap (the coatings and filter) a separate Csl scintillator crystakured by a Hygroscopicity Tandem Differential Mobility An-
with integrated PIN diode was attached (Carroll and Ramseyalyzer (HTDMA) system described elsewhere (Weingartner
USA) which detects the gamma quanta emitted after decay oét al., 2002). Briefly, in this instrument, the aerosol is first
the®N atoms. The detector signal is converted to the flux ofdried to a lowRH (<5%) and fed into the first differential
the gaseous species into the trap using the inversion procanobility analyzer (DMA) where a monodisperse particle size
dure reported elsewhere (Guimbaud et al., 2002; Kalberer efraction is selected (diameté»=D,). Then, the aerosol is
al., 1996; Rogak et al., 1991). This flux is proportional to the exposed to higheRH over a period of~60 s, and the result-
concentration of the species in the gas phase. ing new particle size distribution is determined with a sec-
An additional NaCl-trap is used to monitor the concentra-ond DMA combined with a condensation particle counter.
tion of gaseous HN@in a small side flow before entering This instrument is capable of measuring the hygroscopic
the reactor. The trap consists of a quartz-fiber filter, soakedyrowth factor (GF) defined as the relative particle diameter
with a saturated aqueous NaCl solution and dried. Also toincrease from dry to humidified stat®/D,. A prehumidi-
this trap, a scintillator device as that described above is atfier (RH=95%) is included or bypassed in order to measure
tached. This measurement provides a “reference” for théhygroscopic growth factors during dehydration or hydration.
generation of gaseous nitric acid and reduces the uncertainty
related to the instability of the flux 38N arriving in the lab-
oratory. The relative counting efficiency of each detector is3 Results and discussion
determined by accumulating a certain amount &#¥Ds in
the “reference” trap and exposing it to each of the other de3.1 Procedure of the kinetic experiments
tectors attached to the denuder sections and the patrticle filters
in a way that closely mimics the geometrical configuration at The time profiles of the N& HNOs(g), HNO; (g-reference)
each trap. The concentration of non-labelled NO ancsNO and HNGs(aerosol) concentrations during an individual up-
is monitored by a chemiluminescence analyser (Ecophysicgfl'ake experiment are illustrated in Flg 3 and described in de-
Switzerland). Further details of the preparation of the coat-tail below.
ings, trap and filter efficiencies, and the performance of the The experiment starts with equilibrating the system by
detection system are published elsewhere (Ammann, 2001running all gas flows without the admission'GN-labelled
Guimbaud et al., 2002). nitrogen dioxide (0—12 min time interval). At this time the
background signals of the gamma detectors are recorded.
2.5 Mineral dust processing and measurement of hygro- Then at 12min, a small flow dNO; is admitted to the
scopic properties main gas flow. The NDA coating of the denuder starts to ab-
sorb nitrogen dioxide from the gas phase, accompanied by
Apart from the kinetic experiments, ATD aerosol particles an increasing number of decays observed in this trap (panel
were also processed by gaseous HNE@ a laminar flow- A, dashed line). This growing signal is inverted to the flux of
tube reactor at room temperature and atmospheric pressuféN labelled molecules into this trap, which is proportional
over longer time scales. This flow reactor was a 88 cm longto the concentration of theNO, in the gas phase (panel A,
3.9cm inner diameter cylindrical Pyrex tube with the inner solid line). Because this flux is calculated based on the dif-
walls covered with Teflon PFA foil. The mean residence ference of two consecutive activity measurements only, the
time of the aerosol in this reactor was 3min at a flowrateinverted data (solid line) show more apparent scatter than
of 0.3Ipm. Relative humidity in the reactor was monitored the raw activity signals (dashed line). Prior to the reactive
by a capacitance detector. To vary the relative humidity inabsorption in the NDA-trap the nitrogen dioxide molecules
the reactor chamber, the aerosol flow passes through the hiravel along the NaCl and N&Os traps. Due to reversible
midifier (identical to the one described above). The flow adsorption and some slow conversion to HN&hd HONO,
of HNO3z was maintained by passing a 0.2 Ipm flow of ni- some of thé3N atoms are also being absorbed on these traps,
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which leads to a small increase of the corresponding detector
signals (panel B, solid line). For the same reason, the signal&
at the “reference” trap detector is increased (panel B, dashedS
line). The efficiency of the N@absorption in the NDA-trap
is not entirely 100%, so that a small fraction of N@hay
penetrate the denuder to the aerosol filter and manifests itselfs
as a slight increase of the signal (panel C). Note that this pen-
etrating fraction may be extremely low but may still allow a
detectable signal.

At 33 min of the experiment, the production of HN®
started by switching on the UV lamp for OH production to ———————————
convert NQ into HNOs. As a result, the detector signal of 0 20 4Otime miﬁo 80
the NDA-trap decreases by about a factor of three (panel A, '
solid line). It indica}tes that two thirds of the_ labelled l;\IO Fig. 3. Online record of an uptake experiment. Pagd: dashed
molecules were oxidized to HNO We use this conversion jine represents the signal gtdetector at the NDA-trap and solid
factor to calculate the overall concentration of nitric acid in jine corresponds to the concentration of nitric dioxide. P#Bl
the gas phase by applying the same factor for the conversiothe dashed line represents the “reference” gas phase concentra-
of non-labelled NG, the concentration of which is measured tion of HNO3 (concentration before entering the reactor) and the
by the chemiluminescence detector. The increase of th&olid line corresponds to the concentration after the reactor. Panel
HNOs concentration is detected at the NaCl denuder (pane(C): the solid line represents the concentration of nitric acid on the
B, solid line) and in the reference trap (panel B, dashed |ine)gerosol surface. The grey _bar (75—90 min) corresponds to the time

The mineral dust particles are introduced to the flow re-When aerosol was presentin the flow reactor. The K@ phase

i . .-~ concentration in the flow tube was¥am—3 andRH 33%.
actor at 75 min of the experiment. The gas phase nitric acid’
concentration drops (panel B, solid line) due to reaction with

the aerosol surface, while the concentration of the partiCUIat%roduct in the particulate phase can be very complex. Never-
HNOjs increases (panel C). As noted above, the signal asgyeess we are assuming a simple first order approach simi-

sociated with particulate HN§is due to HNQ irreversibly lar to that reported earlier (Guimbaud et al., 2002). Note that

taken up to the particles. HN@lesorbing from the particles s ahr0ach assumes a constant (quasi-steady state) uptake
faster than 0.1 s would be detected as gas phaseHiN@e 1, 1o aerosol during the residence time of the aerosol in the

first denuder. No increa_se of the signals in the other denuderﬁOW reactor. Because, as noted above, reversibly adsorbed
hgs pgen observed during the presence of aer.osol, so that ngNog is not detected in the aerosol phase, the uptake co-
significant arr_10unts of_HNQdesorblng on the t|m§ scale of efficient obtained this way is the probability that an HNO

a second while travelling along the denuder train had beeny, ,acyje colliding with the dust surface is irreversibly react-
assomaf[ed with the "’!’3“’30'- A 5|gn|f|cant loss O_f HNOmM ing with a dust component. Therefore, initial loss from the
the particles on the filter on the time scale of minutes WOUIdgas phase could be stronger than the quasi-steady state up-
have resulted in a lack of mass closure for HNO take coefficient assumed in this approach. The rate equation

Using the procedure given here, uptake to aerosol partizy, yhe gepletion of radioactively labelled HN@om the gas
cles can be measured as a function of reaction time, £INO phase in the cylindrical flow tube is given by

concentration in the flow tube and relative humidity. The al-
gorithm to derive the value of the uptake coefficient from the dCyq
measurements shown in Fig. 3 is described below. vl (kw + kp) Cq @)

n, arb.

ntra

Conce

3.2 Calculation of the uptake coefficient whereCy is the average concentration of Hy gas phase.
kw is the constant which describes the pseudo first order loss
The uptake coefficient is usually defined as the ratio be-of H13NO; from the gas phase due to its adsorption to the
tween the net flux of molecules from the gas phase to th&yalls of the reactor. k, is the constant, which describes
aerosol particles/ner, and the gas-kinetic collision flux of the heterogeneous reaction between gaseous nitric acid and
the molecules to the surface of the particlésy, aerosol particles. The presence of the wall-loss is rather
specific for the radioactively labelled molecules used in this
(1)  study and will be discussed in detail in the next section. Inte-
gration of the Eq. (2) with respect to time gives the concen-
Defined this way, the uptake coefficient is a reasonable wayration of H3NO3 molecules in the gas phase as a function
to obtain a normalized quantity related to the rate of uptakeof time:
observed in the experiment. In principle, the mechanism
leading to the net transfer of HNQo an irreversibly bound  Cy(t) = Cé=0 exp{— (kW + kp) t} (©)

Y= Jnet
Jeoll
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o 10 em particles more strongly than that to smaller particles. The
12 -3 diffusion correction was made using Egs. (6) and (Os@hl
0.0- = 10" cm etal., 2005).
1 1 0.75+ 0.28Kn
) —=— - (6)
Q y Veff Kn(1+ Kn)
S
c -0.21 6D
| Kn=— (7)
O where D is the diffusion coefficient of HNg d, is aerosol
-0.4 . . . . T particle diameter an#n is the Knudsen number. Note that

10 20 30 40

reaction zone length, cm

Fig. 4. Concentration of I-"13NO3 leaving the flow reactor in ab-
sence of aerosol at different injector positions, normalized by the

for the experiments reported in this study, the correction was
always below 5% as discussed below.

3.3 Retention of FBNO3 on the flow reactor wall

initial concentration. Circles and squares represent the data point&Ne observations show that there is a steady state drop of the

measured at 28 cm=3 and 132cm3, respectively, of HNG in

gas phase concentration of¥O3 during passage through

flow tube and 33%RH. Lines are fits to the data according to the the flow reactor even without aerosol. As already pointed

model explained in the text.

out by Guimbaud et al. (2002), this is not due to an irre-

versible chemical loss of HN§on the wall, but rather due
to retention driven by adsorption and desorption. When con-

where Cé=° is the initial concentration at time zeroky

sidering the non-labelled HNOmolecules, this effect leads

can be obtained from the measurement of the concentratiogy the well-known slow response time of this sticky gas mea-

of H3NO3(g) as a function of time in absence of aerosol
(kp=0). The loss rate of FNOs(g) in presence of the aerosol
then allows determiningp.

The kinetics of appearance oftfNOs in the particulate
phase is given by:

e—(kw+kp)t

Colt) = €502 (4)

whereCp(¢) is the concentration of BNOs in the particulate
phase.

sured at the reactor outlet when switching it on and off. At
low concentrations, the observed response time is directly
related to the average residence time of individual molecules
in the flow tube. If this residence time is comparable to the
half-life of the radioactivé-3N-tracer, 10 min, a drop in the
H13NO3 concentration along the flow tube can be observed,

while the concentration of the non-labelled Hil@oncen-

tration remains constant, if equilibrium with the wall is es-
tablished. The level of non-labelled HN@nd its response
time in PFA tubes had been checked in separate test experi-
ments related to this work but also to our earlier experiments

In practice, we used Eqg. (4) and not Eq. (3) to calculate the(Guimbaud et al., 2002).

constantp, because the experimental measuremelt ot
more accurate than that Gfy. The heterogeneous constant
kp is related to the effective uptake coefficigak according
to following equation:

_ YeftSpw
4

wheresp, is the aerosol surface to volume rauois the mean
thermal velocity of HNQ@ given byw=(8RT/(x M))Y/2, R
is the gas constanf; is the absolute temperature amtlis
the molar weight of HN@.

The value ofS, was obtained from the corrected SMPS

kp (5)

The details of lateral diffusion, adsorption, desorption,
and radioactive decay are lumped into the pseudo-first or-
der decay constarity,. Therefore, Eq. (3) withp=0, was
used to fit the experimentally observed®NOz(g) concen-
tration drop in absence of aerosol as shown in Fig. 4 for two
examples. Typical residence times of Hi@erived from
these loss curves are about 4 min, which seems comparable
to the response on a similar material reported by Neuman et
al. (1999).k,, obtained from these fits significantly decreased
with increasing HN@ concentration, possibly because sat-
uration coverage of HN®on the PFA Teflon surface was
reached above #®molecules cm3. k,, was also observed to

measurements as described in the experimental section ardcrease with increasing relative humidity. This might be re-

the values ok, andw could be calculated using the equations
listed above.
The value of the effective uptake coefficient, calculated in

lated to higher surface coverage by®molecules at higher
relative humidity.
Apart from these effectsk,, also varied to some degree

this way, depends slightly on the aerosol particle size, befrom tube to tube. Therefore, each time some parameter of
cause gas phase diffusion affects the rate of transfer to largehe experimental system was changed or a new PFA flow tube
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- Table 1. Flow reactor parameters and measurement conditions.
"t 9x10'

o Parameter Value

)

3 10 Reaction time 0.2-2s

Q 6x107 "

2 Concentration #3NO3 (labelled) ~108cm3

S Concentration of HN@ (not labelled) ~ 182-10'2cm—3

= 10 Pressure ~1atm

s 3x107 1 . .

3 Relative humidity 12-73%

@

©

S 0]

O('V)

z ; . . . Table 2. Conditions of the uptake experiments and the results of
T

0 1x10™4 %107 the fits to the data* The accuracy is calculated on the basis of the
measurement done for 2 s reaction time (contact timé{or

2 -
aerosol surface area, cm~ cm 3 —
parameter HN@ concentration in the gas phase

in flow reactor, molecules cm®

Fig. 5. HNOg3 reacted with ATD particles as a function of specific
g 3 P P (14051011 (10+1)x 101

aerosol surface area. The nitric acid gas phase concentration in the

flow tube was 182 cm—3 andRH 33%. RH, % 3341 33+1
Spx1075, cnmP em—3 942 13+3
kw, s 1 0.15+0.02* 0.114-0.04*
was installed, a new measuremenkgfwas performed. Ex- kp, 571 0.063:0.009 0.025-0.0T*
plicitly, a measurement as shown in Fig. 4 was performed 4 0.114-0.03 0.03:0.01
before each first aerosol admission into a new PFA tube. At y 0.1140.03 0.03:0.01

the end of a series of measurements at different injector po-
sitions, the wall loss was rechecked with the injector fully
pulled out, which was always consistent with the initial mea-

surement. As mentioned in the experimental section, they 118 cn3s? (Durham and Stockburger, 1986), which had
strict flow tube replacement schedule ensured that the upgeen measured in air at atmospheric pressure, 298 K and 5—
take measurement was not affected by particles residing 08504 rejative humidity. The “diffusion limitation” effect is
the flow tube wall. stronger for higher values of the uptake coefficient. Based
on Egs. (6) and (7), the maximum correctipfyes is 1.5 at
3.4 Effect of aerosol surface area and “diffusion resistance™ micrometer particle diameter fegs=0.1. When integrated
on uptake over the full aerosol spectrum of ATD, the correction is about
5% or less for smaller values gf

The dependence of the amount oF*NOs reacted on the
aerosol of the aerosol surface area was investigated at ag5 Uptake coefficient on Arizona Test Dust aerosol
HNOs concentration in the gas phase ofi4ém—3, RH of
33% and reaction time of 1.9 s. The aerosol surface area wagpe experimental data of the!BNO3(g) concentration drop
varied by changing the dust generator output, which resultgnd the corresponding gain of'BNOs (p) in the aerosol
ip a change of the particle number concentration but not Parphase shown in Fig. 6 was fitted using Egs. (4) and (5), with
ticle size. kp as independent variable. The constantvas varied us-

Figure 5 shows the number of HNGnolecules reacted ing the least square method to achieve the best agreement
per cnt as a function of the particle surface area pePcm between the data points of the concentration in the aerosol
The error bars represent the Heviation of data about the phase and model curve, calculated by Eq. (4), because, as
mean. The amount of nitric acid reacted on the surfacenoted above, the changes in the aerosol phase could be de-
should be a linear function of the particle surface area, asected with better accuracy than those in the gas phase. The
long as(kw+kp)r <1, so thatCp(t)~CCkpt, and for fixed  resultis given in Fig. 5 and Table 2. The fit and the data agree
reaction timer, CpocSp. This confirms that our experiment quite well. One should notice that within accuracy of the ex-
lies well within pseudo-first order kinetics and that the avail- periment the drop of the HN§g) concentration due to up-
ability of HNOg is not limiting the uptake. take to the aerosol corresponds to the growth of the BN

To estimate the limitation of uptake by the diffusion of signal. Most of the discrepancy between data and model has
HNOs in the gas phase we use the expressions (6) antheen assigned to the instability of aerosol generation. For in-
(7). The HNG diffusion coefficientD has been taken as stance, the deviation of the data points from the fit at 1.9s
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Fig. 6. Change of the HN@concentration in the gas (open circles) g ‘I/.../ \/‘“ -\. ‘n
and particulate (solid squares) phases as a function of reaction time. G n A ! "
Experimental data are represented as the concentrations normalizeo@ 0.0 1 ‘.f\!-.ﬂ
by the concentration in the gas phase at reaction zero time. The = L e S e e e e s B s s |
dashed lines are the model fits. The Hj@as phase concentra- 0 10 20 30 40
tion in the flow tube was 18- cm=2 andRH 33%. The error bars time. min

represent thed deviation of data about the mean.

Fig. 7. Online record of uptake experiments between gaseous

reaction time in the example shown in Fig. 6 is due to an in—HNO3 and aerosol par.t'des .Of different materials. Par(na)s(_t_)),

rease of the aerosol surface area recorded by the SMPS s c_) represent the reactions with the aerosol composed of silica, cal-
¢ ) . um carbonate and Arizona Test Dust, respectively. The time pe-
tem at that time and as a result a higher uptake to the aerosg,

i - d 0—20 min corresponds to the background readings of the detec-
phase and stronger depletion of the HiNEncentration in (o The grey bar (20-40 min) corresponds to the time when aerosol
the gas phase.

was present in the flow reactor. The Hjl@as phase concentration
The uptake coefficient is found to be a function of HNO in the flow tube was 1% cm~3 andRH 33%.

concentration in the gas phase (Table 2). At higher con-

centration of nitric acid in the flow tube the uptake coeffi-

cient drops by more than a factor of three. Previous workknown. Therefore, this apparent non-first order behavior of

on this and similar heterogeneous reaction systems indicatéhe rate of product appearance indicates that the simple ap-

that the HNQ+mineral dust reaction could be considered asproach adopted here is not sufficient to retrieve a reliable pa-

a two stage process: adsorption of HNGn the dust sur- rameterization of the kinetics. A more extended kinetic data

face followed by a reaction of the adsorbed HN\WIth a set associated with proper kinetic modeling is necessary to

basic surface site (surface OH-group on aluminosilicate oextract the parameters describing the elementary processes

similar minerals or bulk CaCg§). Therefore, the decrease Of the uptake process. This will be part of a follow-up study

of the uptake coefficient, which is an average over the twoof this, while here we concentrate on the humidity depen-

seconds reaction time, could be either due to the depletiolence.

of the reaction sites or due to saturation of the adsorbed pre-

cursor (Ammann et al., 2003). The available data points a3.6 Uptake coefficient on SiCand CaCQ aerosols

HNOs(g) concentration 1 cm2 still fit the model (which

assumes an average uptake coefficient over the time scale f an attempt to understand the mechanism of the hetero-

the experiment) reasonably well, so that depletion of the regeneous reaction between Hijl@nd the ATD and for the

actants during the early periods of the reaction time is likelypurpose of comparison with other studies, we also made ex-

not the reason for the concentration dependence. While thperiments of uptake of HN§to silica and calcite aerosol

amount of HNQ found on the particle surface after two sec- particles.

onds of about 2 10" molecules cm? could be considered Figure 7 shows the uptake of the gaseous nitric acid to sil-

close to a monolayer surface coverage, the degree with whickca and CaC@ aerosol particles. To simplify the discussion

components contained in the bulk of the particles can reacof this comparison, we show the raw data in the same way

and thus extend the capacity of the particles to react is noas discussed in Sect. 3.1 above. The experiment starts with
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recording the background detector signal, as shown in Fig. 3. 0.20 -————
After 20 min, the aerosol is introduced into the flowtube, ad- ]
justed to a reaction time of 1.9 s. One may see that the detec—f ] y
tor signal level does not change with the introduction of SiO 0.151
particles at a statistically significant level. This means that
silica aerosol seems rather inert with respect to reaction with
HNO3. Assuming the detection limit ab3of the background
noise level of the signal of the-detector at the aerosol filter
and taking into account the measured S#grosol surface
area of 1&tcnm?.cm=3, an upper limit to the uptake coef-
ficient of 5x10~* is obtained. This result is in agreement _ S
with the Knudsen cell study of Underwood et al. (2001) who 0 20 40 60
reported the uptake of HN{Xo a SiQ surface “too low to ) n

be measured”. Goodman et al. (2001) studied the heteroge- relative humidity, %
neous reaction of silica powder with gaseous nitric acid using

transmission FT-IR spectroscopy and classified the 8ka Fig. 8. Uptake coefficient of nitric acid to ATD mineral dust aerosol
non-reactive neutral oxide with respect to this reaction. The®S a function of relative humidity. _O_pen circle_s represent the experi-
authors also concluded that the adsorption of nitric acid Onmental_values of the u dp.takﬁ cgefﬂcnebnt (reaet%n time 1.hg S t:‘.g con-
silica surface is reversible at 296 K. This is also in agreemenﬁﬁgt::gfgsgn?s't';cBagr ilsnoihzm?V:Et: i’a\:\gs]‘or w”;ter).a-lt;sgr?t)i:)n
with the data of the present study because HN&ersibly .. o4'to match the uptake data. ' '
adsorbed to the Siparticles in the flowtube is desorbed in

the denuder and not detected in the aerosol phase. This re-

versible nature of HN@ adsorption on silica surfaces was g glpite and some could additionally release?¥gations.
also reported by Dubowski et al. (2004) who found no sig- Exposure of ATD to HN@ under humid conditions cer-
nificant amounts of covalently bonded nitrate on glass andgjnly helps promoting these hydrolysis processes by provid-
quartz surface after exposure to HNO ing protons. Even though these hydrolysis processes might
In contrast, CaC@particles are more reactive with respect not be complete on the surface, especially at relatively low

to nitric acid than ATD, as also shown in Fig. 7. The up- hymidity, partial solvation might be enough for providing a
take to CaC@is almost 4 times higher than to ATD. This is reactive site to HNG.

not surprising, since the reactivity of Cag@ith HNOs is
well known, while ATD contains only little CaCgbut much 3.7  Effect of humidity on uptake
more of the less reactive silica and alumino-silicates. This is
in agreement with the studies of Krueger et al. (2003, 2004),The hydrolysis Reactions (8) to (11), which might promote
which showed the formation of Ca(N®in single CaCQ the surface (and eventually also bulk) reactivity of dust to-
and authentic dust particles as a reaction product at condiwards HNQ, are directly suggesting that a significant hu-
tions close to the experimental conditions of this stugid(  midity dependence should exist. The effect of variation in
38%, HNG; concentration 4.6 10 molecules cm?). relative humidity on the uptake coefficient was investigated
To some extent the nature of the mineral surface under theising a fixed HN@ concentration of 1¥ molecules crm3
humid conditions of the present study could be rationalizedand a fixed reaction time of 1.9s. Note that in this case,
from the way how the major mineral constituents are ex-also the determination of, was based on the measure-
pected to dissolve in near neutral or acidic aqueous solutioment of HNG; in absence of aerosol at the positions 0 and
(Desboeufs et al., 2003; Schott and Oelkers, 1995) : 40cm only. This leads to relatively small precision uncer-
. . tainties of the data shown in Fig. 8. The systematic errors
SIO;(quarty + 2H0 < HaSIOs ®) due to issues discussed further %elow and ir{cluded in the er-
rors shown in Table 2 are not included in Fig. 8. The data
show thaty increases steadily from 0.02D.007 at 12%

icien

o o
o =
(3] o
| I T N N Y
number of H,O layers

uptake coeff

o
o
o

S » M W~ O O

Albite + H* < H1/3Al1/3Si0g/3(hydrogeneted albite

+Na' (K™) (9) RH to 0.113t0.017 at 73%RH. A possible explanation to

] this is the increasing amount ofoB® adsorbed on the sur-
H1/3Al1/3Si08/3 + H' + (n—2/3) H20 face of ATD particles, which may promote the hydrolysis
& (SiOp - NHL0) + 1/3A1%F (10)  processes. Some information on the amount of water associ-

. _ ated with ATD aerosol can be obtained from the hygroscopic
CaCQy(calcite +H' < HCO; + ca* 11) growth of ATD aerosol particles investigated in a previous
This list of reactions is not complete and one should also constudy (Vlasenko et al., 2005). The main conclusion was that
sider the dissolution of minor components of the ATD: mi- the ATD particles adsorb water under increasitid condi-
crocline, illite, etc. Most of these minerals dissolve similar tions, to some degree related to the presence of water soluble

www.atmos-chem-phys.net/6/2147/2006/ Atmos. Chem. Phys., 6, 21632006



2156 A. Vlasenko et al.: Nitric acid uptake to mineral dust aerosol particles

material. However, the small size changes did not allow re-pect the uptake coefficient to get into the range of3Lfbr
trieving a well resolved water adsorption isotherm. For bulk ATD, and a similar shift might be expected for the uptake
oxide materials it has been shown that several monolayersn CaCQ, if we would assume a similar dependence on hu-
of water can be formed on the surfaces of §i@l,03 and midity. On the other hand, in absence of data in this hu-
CaCQ; with increasing relative humidity (Al-Abadleh and midity range, one could also argue that the uptake coefficient
Grassian, 2003; Goodman et al., 2001, 2000). Similar be-does not decrease as suggested by the adsorption isotherm.
havior was shown for water adsorption on a borosilicate glassdanisch et al. (2001) report an about a factor of 2 change
surface (Dubowski et al., 2004; Sumner et al., 2004). Thesén the uptake coefficient on Ca@G@easured under dry con-
authors have adapted the BET equation (Adamson, 1982) tditions, when water remaining after evacuation was further
describe water adsorption on the surface of solids. We usedemoved by baking the dust powder. This indicates that also
the same approach to calculate the isotherm for the adsorpnore strongly bound water, which is not described by the

tion of water by BET isotherm shown in Fig. 8, is able to promote the reac-
tion with HNOgs, or might be even decisive for it.
cRH )
On,0 = (12) A second aspect relates to the issue of surface area to
(1-RH)(1-(Q-c)RH) normalize the uptake according to Eq. (2). The significant

One can see in Fig. 8 that this isotherm has a simi-disagreement between the values reported by Goodman et

lar shape in the relevant humidity range as the experi-2l- (2000) and by Johnson et al. (2005) on the one hand
mental data of the uptake coefficient of Hy®n ATD, and those reported by Fenter et al. (1995) and Hanisch et
even though this similarity is by no means a proof that al. (2001) on the other are due to different ways of taking into
the kinetics is directly related to this very general adsorp-a&ccount internal surface areas of the powders used. Good-
tion isotherm. This observation continues the suite ofMan etal. (2000) measured the specific area of G-
“BET isotherm like” humidity dependent heterogeneous re-der with a BET method and applied the Keyser-Moore-Leu
actions on solid surfaces: HNQ@)+NaCl(s) (Davies and model (Keyser et al., 1991) to account for the contribution by
Cox, 1998), HNQ(g)+CaCQ(s) (Goodman et al., 2000), the internal surface area, while Fenter and Hanisch referred
NO,+1,2,10-anthracenetriol (s) (Arens et al., 2002) and© the geometric sample surface area to calculate the colli-
NO,+borosilicate glass (Finlayson-Pitts et al., 2003), in all sional flux in the molecular flow regime to the external pow-
of which hydrolysis of the substrate provides the reactiveder surface. In our study with suspended aerosol particles,
components. This contrasts other heterogeneous processd¥e estimate the reactive surface area from the measurement
such as oxidation reactions (Adams et al., 2008sdPl et of the mobility diameter (measured by SMPS) and assum-
al., 2001), in which water adsorption competes with the ad-ing that the particles are spherical, even though it has been
sorbing gaseous reactant, so that humidity has an inhibitinghown (Vlasenko et al., 2005) that the ATD particles used in
or no effect on the overall process. this study are not perfectly spherical and could be to some
Furthermore, the increase of the uptake coefficient withdegree agglom.erates, especially for particle sizes larger than
humidity measured in this study is consistent with data from200nm. Experimentally, the relation between the surface of
the ACE-Asia field campaign, that suggested that the mas&erosol agglomerates_ available for reaction and the .su.rface
accommodation coefficient of HNfn ambient dust might measured by SMPS is only known for a perfectly sticking
increase with increasing humidity (Maxwell-Meier et al., (r=1) species, namel§*'Pb atoms. Rogak et al. (1991)
2004). Recently Umann et al. (2005) have published the regaxperlmen_tally proved that the mobility dlameter measured
sults from the field study of the heterogeneous interaction?Y SMPS is equal to the “mass transfer” diameter not only
between Sahara dust particles and HN@Ithough, the au-  for spherical particles put. also for cpmplex agglomerates,
thors reported no RH-dependence of the uptake coefficient}@mely soot. Other existing theoretical approaches to ac-
the absolute values gfino,, estimated from their field ob- count for the additional mt_e_rnal surface of aerosol agglomer-
servations, are in agreement with the values of this study foeS rely strongly on empirical parameters (Naumann, 2003;

the respective humidity range. Xiong et al., 1992). In the absence of a more accurate way to
evaluate the true dust surface area (available for reaction with
3.8 Comparison to literature data HNOs3) we used the surface area obtained from the SMPS

measurements to calculate the uptake coefficient. Bearing in
Several aspects should be considered, when comparing thaind that only part of all the particles are slightly agglom-
uptake data of the present study to those currently availablerated (particles larger than 200 nm) we guess a not more
in the literature as listed in Table 3. Our data suggest a signifthan 20% systematic underestimation of the dust surface area
icant humidity dependence of the uptake coefficient, at leasgiven by the SMPS. This is included in the overall error as-
for higher humidity, while the previously available kinetic sociated with the uptake coefficients shown in Table 2. We
studies were all performed under completely dry conditions.would also like to point out that all atmospheric field mea-
If we would extrapolate our data along the water adsorptionsurements either use a total dust mass or surface area assum-
isotherm to very low humidity (0.19%H) in Fig. 8, we ex-  ing spherical geometry, i.e. the measurements made in this

Atmos. Chem. Phys., 6, 214216Q 2006 www.atmos-chem-phys.net/6/2147/2006/



A. Vlasenko et al.: Nitric acid uptake to mineral dust aerosol particles 2157

Table 3. Uptake coefficient measured for aerosol particles of different composition. KC, DRIFTS and FT are abbreviations of Knudsen
Cell, Diffuse reflectance infrared spectroscopy and Flow Tube reactors, respectively. Only average values of uptake coefficients and orders
of magnitude HN@ concentrations are given for concisenes¥alues are given for nonheated and heated sample respectitelyptake

measured aRH 33%. 1 Uptake coefficient is calculated using geometric surface area of dust s@nupike coefficient is calculated using

BET data and pore diffusion model.

Study Reactor Sample HNO Composition
Conc, cn3
SiO, CaCQG ATD
Fenter et al. (1995) KE  powder 180-1013 0.15
Goodman etal. (2001)  DRIFTS powder 1fg10l° 1079
Goodman et al. (2000) KE  powder 182 2.5x10°%
Underwood et al. (2000) K&  powder 161 1.4x10°°
Johnson et al. (2005) KC  powder 161 2x103
Hanisch et al. (2001) KE  powder 161-1012 0.18, 0.F
1011-10'2 0.06
Seisel et al. (2004) DRIFTS powder Hg1012 0.016
this work** FT aerosol 182 <5x1074 0.11 0.03
101t 0.11
paper (also assuming spherical geometry) are well suited to
comparison to those that may prevail in the atmosphere. 100 (a) - (b) .
O nonprocessed / hydration_
3.9 Implications for the hygroscopic properties of ATD & 1067 | & mor et raion "
aer050| m  processed / dehydration oo
1.04 = [m]

One of the atmospherically relevant consequences of the het e
erogeneous interaction between HN@ and mineral dust is | o _D'D .,
the associated change of hygroscopic properties of the dust | RO ;M | &%g;@péfﬁw a@

1.02 B

Grdwth factor, D/D,,

particles. Figure 9 shows the hygroscopic growth of ATD - ‘
particles before and after reaction with gaseous nitric acid 0 20 40 60 & 100 0 20 40 60 80 100
and water vapor. When dust particles are exposed to +iNO Relative humidity, %

(3x 103 molecules cm?®) for 3min at 30% relative humid-

|ty. the hygroscopic propertlgs do npt change Slgnlflcantlyafter (squares) reaction with gaseous nitric acid{8'3 molecules
.(Flg' 9a). The exposure in this experlm_ent Corresponds to th%mfz) and water vapour(a): circles represent ATD particles with
integrated exposure of an_atmpspherlc dust particle to 0'1_1)02100 nm before reaction, squares represent particles of the same
1 ppb of HNGQ during a typical life-time of 1-10 days, even ;¢ after reaction with HN@at 30%RH. (b): circles represent
though we are aware that in view of the concentration de-aTp particles before reaction, squares represent ATD particles after
pendence observed this might be an over-simplification. Theeaction with HNQ at 85%RH. Dy is the mobility size of monodis-
ATD hygroscopicity is significantly changed after weather- perse particles at loweBtH at 20°C. Open and solid symbols cor-
ing the particles at the same concentration of HN&hd respond to hydration and dehydration curves, respectively.
85%RH. Figure 9b shows that after the exposure the particle
diameter is increased by 7% while increasing the humidity
from 10% to 78%. This finding is consistent with the kinetic al. (1999) studied the dissolution rates of different elements
data that show a strong effect of humidity on the speed androm Sahara dust at different pH and reported the increasing
extent of processing of the dust particles by HN®Big. 8). solubility sequence SiMg<Ca<K<Na. From these data
Even though the formation of a liquid phase is thermody-we concluded that the uptake of HYy@om the gas phase
namically not favored (for the pure HNigH,O system) un-  to mineral dust particles at 85®H increases the acidity of
der our conditions, we nevertheless assume that the concomihe adsorbed water layers and strongly promotes the dissolu-
tant exposure to nitric acid and high humidity of 85% over tion of major minerals. The weathering of silica is believed
longer time scales promotes the significant dissolution of theo be small on a time scale of our experiment (3 min). In our
particle surface material through Reactions (8) to (11) (Des-experiments, after the processing the aerosol was dried, and
boeufs et al., 2003; Schott and Oelkers, 1995). Desboeufs giossibly separate phases of Ca/Mg/Na nitrates are formed on

Fig. 9. Hygroscopic growth of ATD particles before (circles) and

www.atmos-chem-phys.net/6/2147/2006/ Atmos. Chem. Phys., 6, 2163-2006



2158 A. Vlasenko et al.: Nitric acid uptake to mineral dust aerosol particles

the particles. Laskin et al. (2005b) interpreted the increase Another atmospherically relevant outcome of the present
the O,N atomic content of the Ca-rich mineral dust particlesstudy is the experimental evidence that extensive processing
after HNGs3(g) exposure as formation of calcium nitrate. We of mineral dust by HN@(g) and possibly other acidic gases
use the assumption (that the reaction product is CafO results in significant hygroscopic growth. Recently, several
to calculate the amount of product built up after process-studies have been performed, which investigated the chemi-
ing of ATD with gaseous nitric acid. Using the approach of cal composition of mineral dust particles collected in differ-
Saathoff et al. (2003) and assuming spherical shape of partient regions. These studies reported evidence of morphology
cles and independent additive hygroscopic behaviour of theand composition modifications due to reaction with HNO
different components one may calculate the volume fractionin the atmosphere (Matsuki et al., 2005; Laskin et al., 2005a;
of Ca(NGs)2 coating on the processed particles according toHwang et al., 2005). The enhanced water uptake by dust

the following equation: particles increases their interaction with solar radiation. To
GF3  — GF3 iIIustratle this effect we estimatg an increase of the dust single
€ = proc nonproc (13) scattering albedo (SSA). SSA is the commonly used measure
GF&,(NOS)2 - GF,?onproc of the relative contribution of absorbing aerosol to extinction

whereG FoandG F are hvaroscobic arowth factors and is a key variable in assessing the climatic effect of the
proc nonproc vg pic 9 aerosol (Seinfeld et al., 2004). Assuming that the process-

qf the processed z_:md nonproces_sed ATD particles, respeclzﬁg does not change the refractive index{.52,k=0.00133)
tively. G Fcanos), IS @ hygroscopic growth factor of pure

" : L I of the dust shown on Fig. 9b and only increases the particle
calcium nitrate, which is quite similar to the other soluble _. ; .
) . . . . ) size we estimate 3% increase of the SSA for the aged dust at
nitrates in dust (sodium nitrate and magnesium nitrate).

Using the measured values of the hygroscopic growth fac-550 nm wavelength of incident light. This calculation is very

; . crude but indicates the potential of the dust aging process to
tors.(Flg. '9b) for the ATD' and the literature value for the affect the radiation balagce of the planet. gingp
calcium nitrate hygroscopic growth (Tang and Fung, 1997)
as a proxy for the behaviour of the soluble nitrates, we cal- _ _ _
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