Atmos. Chem. Phys., 13, 6468471 2013 Atmospheric S

°
[©]

www.atmos-chem-phys.net/13/6461/2013/ Ch ist £
doi:10.5194/acp-13-6461-2013 emistry »
© Author(s) 2013. CC Attribution 3.0 License. and Physics &

Uptake of HO, radicals on Arizona Test Dust

Y. Bedjanian, M. N. Romanias, and A. El Zein
Institut de Combustion, &rothermique, Bactivié et Environnement (ICARE), CNRS, 45071 &rhs Cedex 2, France

Correspondence toY. Bedjanian (yuri.bedjanian@cnrs-orleans.fr)

Received: 7 March 2013 — Published in Atmos. Chem. Phys. Discuss.: 3 April 2013
Revised: 6 June 2013 — Accepted: 7 June 2013 — Published: 8 July 2013

Abstract. The interaction of H@radicals with solid films of The atmospheric concentration of the family is con-
Arizona Test Dust (ATD) was studied using a low-pressuretrolled by the production and loss rates of these species.
flow reactor (1-9 Torr) combined with a modulated molecu- While the chemistry of HQ in the gas phase is, in general,
lar beam mass spectrometer for monitoring of the gaseousvell understood, the lack of reliable data on heterogeneous
species involved. The reactive uptake coefficient of,HO loss of HGQ and the strong need for such data are more and
was measured from the kinetics of H@onsumption on  more frequently mentioned in the literature (Thornton et al.,
Pyrex rods coated with ATD as a function of Hl@oncentra-  2008; Mao et al., 2010; Macintyre and Evans, 2011). The in-
tion ((0.35-3.30x 102molecule cn1®), relative humidity ~ formation on kinetics and mechanism of the interaction of
(RH=0.02-94 %), temperaturel'(= 275-320K) and UV  HOy with different surfaces of atmospheric relevance is es-
irradiance intensity {no, = 0-0.012 s1). The initial uptake  sential for accurate modelling of the chemical composition
coefficient was found to be independent of concentration ofand prediction of changes in the oxidative capacity of the tro-
HO,, temperature and irradiation conditions, and to decreas@osphere and regional air quality. Numerous previous studies
with increasing relative humidityyp = 1.2/(18.7 + RH-1) have consistently reported a discrepancy between modelled
(with 30 % estimated conservative uncertainty). The uptakeand observed concentrations of B different regions.
coefficient was calculated using geometric surface area and@he overestimation of H@®concentrations by the models
should be considered as an upper limitef An upper limit has been attributed to heterogeneous loss of these radicals
of 5% was found for the gaseous®,-forming pathway of  on aerosol surface as a missing $€ink, not properly ac-

the HG, reaction with ATD surface. The results of the mea- counted for in the models (Cantrell et al., 1996a, b; Jaeg|
surements indicate that HQoss on dust aerosol may be a et al., 2000; Kanaya et al., 2000; Sommariva et al., 2004,
non-negligible sink for HQ species in the troposphere with 2006; de Reus et al., 2005; Mao et al., 2010). The laboratory
the effect depending on specific local conditions. database for uptake coefficients of piGn different surface
types is rather scarce, especially for solid surfaces. For exam-
ple, only one direct study is available for HQptake on soot
(Bedjanian et al., 2005), and no data have been reported so
far for the interaction of H@with mineral dust surfaces. In a
few studies, attempts were made to summarize the available
uptake data and parameterize them for further use in atmo-
spheric modelling (Jacob, 2000; Thornton et al., 2008; Mac-
intyre and Evans, 2011). Thus, recently, Macintyre and Evans
. (2011) reviewed the existing laboratory data onHptake

"on tropospheric aerosol and derived the global mean uptake
. ) . coefficient of HQ, y = 0.028, which is an order of mag-
producnon .Of ozone in the presence qf oxygen (F'nlayson'nitude lower than those considered in earlier works (Jacob,
Pitts and Pitts, 2000). The HQadical is also involved in 2000; Thornton et al., 2008). Another critical issue concern-

HOx- and halogen-catalysed cycles of atmospheric 0zone dey, yhe heterogeneous interaction of H@ith atmospheric
pletion (Bedjanian and Poulet, 2003). g g B P

1 Introduction
The HO, radical is an important atmospheric species, which

controls the oxidative capacity of the troposphere through

with NO and further photodissociation of NQresulting in
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aerosol is the reaction mechanism, especially with regard td'echnology Inc., nominal 0-3 umATD) in ethanol. Prior to
the formation of HO, as the reaction product. Considering film deposition, the Pyrex tube was treated with hydrofluoric
that H,O, in the atmosphere is produced via self-reactionacid and washed with distilled water and ethanol. Then the
of HO, radicals and KO, can photolyse to regenerate KO tube was immersed into the suspension, withdrawn and dried
species, the HOuptake on aerosols will have different ef- with a fan heater. As a result, rather homogeneous (to the
fects on the concentrations 068, and HQ, depending on  eye) solid films were formed at the Pyrex surface. In order
whether or not HO, is formed in the heterogeneous reac- to eliminate the possible residual traces of ethanol, prior to
tion. The only product study of Hfinteraction with a solid  uptake experiments, the freshly prepared ATD samples were
surface is that of Loukhovitskaya et al. (2009), wheghbl heated at 100-15@ for 20—30 min under pumping. In or-
was identified as the main product of the pf@action with  der to measure the mass of the sample on the Pyrex tube, the
a solid salt surface. deposited solid film was mechanically removed at the end of
Considering the limited kinetic and mechanistic data onthe kinetic experiments. BET surface area of the ATD pow-
HO,—aerosol interaction and that heterogeneous reactions afer was determined using a Quantachrome Autosorb-1-MP-6
HO; still remain a significant source of uncertainty in atmo- apparatus, and nitrogen as adsorbate gas and was found to be
spheric modelling of the HQbudget, it is clear that addi- 85+ 10nmf g1
tional laboratory studies of Huptake, including product
study as well as temperature and relative humidity depen2.2 Flow reactor
dence, on various aerosol types are strongly required. In the
present study we report the measurements of the uptake cdrhe interaction of H@ with solid ATD films was studied
efficient of HQ, radicals on Arizona Test Dust (ATD) under at 1-9 Torr total pressure of He (used as a carrier gas) in
dark and UV irradiation conditions as a function of relative a discharge flow reactor with mass spectrometric detection
humidity and temperature. The possible formation @Oyl of the gaseous species involved. The experimental equip-
as areaction product is also examined. Arizona Test Dust is anent and approach used for the kinetic measurements have
mixture of metal oxides which are generally present in atmo-been described in previous papers from this group (Bedja-
spheric mineral aerosols in various proportions (Karaguliannian et al., 2005; Loukhovitskaya et al., 2009; El Zein and
et al., 2006). Analysis of the experimental data available forBedjanian, 2012). The main reactor (Fig. 1) consisted of a
the uptake of atmospheric trace gases on different mineralPyrex tube (40 cm length and 2.4cmi.d.) with a jacket for
surfaces reveals that ADT mimics quite well the reactivity the thermostatted liquid circulation. Experiments were car-
of authentic dust samples. Indeed, for the uptake to the ATDried out using a coaxial configuration of the flow reactor with
surface, uptake coefficients identical to those on Saharan dushovable central injector: the Pyrex tube with deposited sam-
for NO2 and NG and somewhat lower uptake coefficients ple was introduced into the main reactor along its axis. The
(by a factor of 1.5-2) for WOs and HNG were reported  coated tube could be moved relative to the outer tube of the
(Crowley et al., 2010). injector that allowed the variation of the solid film length
exposed to gas phase reactant and consequently of the re-
action time. The walls of the main reactor as well as of the

2 Experimental outer tube of the movable injector (in contact with fj@vere
coated with halocarbon wax in order to minimize the hetero-
2.1 Preparation of ATD films geneous loss of Houtside the reaction zone.

Externally, the reactor was surrounded by 6 UV lamps
Solid films of ATD were deposited on the outer surface of (Sylvania BL350, 8 W) with a broad UV emission spectrum
a Pyrex tube (0.9 cmo.d.) using suspension of ATD (Powdebetween 315 and 400 nm. The UV lamps were installed into
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an aluminum light-tight box covering the main reactor tube. also be detected by chemical conversion tooN@/z = 46)
Therefore, by switching on or off the lamps, the kinetic mea- through reaction with NO:

surements could be realized under UV irradiation or dark

conditions, respectively. The irradiance intensity in the re-HO2+NO— OH+NO,. (R4)

actor was characterized by direct measurements of the NOReaction (4) leads to simultaneous production of OH radi-

photolysis frequency/no,, as a function of the number of cals, which may be rapidly scavenged by Brhen added si-

lamps switched on. The values fio, were found to be be- 1 ;jtaneously with NO) through Reaction (5), forming HOBr
tween 0.002 and 0.0128, corresponding to 1 to 6 lamps (Bedjanian et al., 1999b):

being switched on (El Zein and Bedjanian, 2012).
OH+ Br, — Br+HOBr. (R5)

2.3 Generation of HO, radicals and measurement of _ o _ _
absolute concentrations Assuming a stoichiometric conversion of K@ NO, and

OH to HOBr, one has [Hg] = [NO2] = [HOBr]. Thus, in
Two methods were used to produce #i@dicals. In the first ~ addition, HQ may be detected at/e = 96/98 as HOBF .
one, HQ radicals were formed in the fast reaction of fluo- In the present study, the HQletection ain/z = 46 (NO}“)
rine atoms, produced in the microwave discharge gHE ~ andm/z = 96/98 (HOBrt) was preferred to the detection

mixture, with excess bD>: at its parent peakn{/z = 33, Hq ), since the sensitivity of
the mass spectrometer at these masses was higher and cor-
F+H202 — HOz + HF. (R1)  responding MS signals were free of contributions of other

It was verified by mass spectrometry that more than 90 0/species and, consequently, did not require any corrections.
y P y %t should be mentioned that the concentrations ofHdeter-

.Of. .FT was dlssoplatedf|n the microwave dlscgla;rge. Themined through [N@] and [HOBr] measurements were found
initial concentrations of F and HO, were ~1 and to be in agreement within 10 %. NO andjBinvolved in

~ 4 3 i - . . . . .
~ 10**molecule cm?, respectively. To reduce F atom reac- g 1ion Reactions (4) and (5), were introduced at relatively
tions with the glass surface inside the microwave cavity, a Cehigh concentrations¥ 5 x 1083 molecule cn) at the end of

ramic (Al203) tube was inserted in t.his part of the discharge the reactor through an inlet located upstream of the sampling
tube. The second source of H@sed in this study was the re- cone (Fig. 1).

action of Cl atoms with an excess of @8H in the presence Similar reactive configuration, consisting of conversion of

of Oz: HO, to NO, and HOBr, was also used for the determination

Cl 4+ CH30OH — CH,OH + HCl (R2) of the abso_lute concentrations of I2|@d|caI§. The absolgte
concentrations of HOBr were measured using the reaction of

CH,OH + Oy — HO, + CH,O. (R3) OH radicals with excess BiReaction 5). In the calibration

experiments OH radicals were formed through the fast reac-

Chlorine atoms were generated by microwave discharge iffion Of H atoms with excess NO
912 diluted with He. The initial concentration of Q:Wgs H -+ NO, — OH -+ NO. (R6)
in the range (1-3x 10*?molecule cn®, and the fraction
of dissociated Gl was around 20-30%. Methanol was in- Thus, HOBr concentrations were determined from the con-
troduced into the reactor from a bubbler containing ther-sumed concentration of Br [OH] = [HOBr] = A[Br3].
mostatted T = 298 K) liquid methanol. The concentrations The possible influence of secondary chemistry on the pro-
of methanol and oxygen in the reactor were generally incedure used for the absolute calibration of HOBr signals has
the range (1-3X 10 and (3-10) 10" moleculecm®,  been discussed in detail in previous papers (Bedjanian et al.,
respectively. Under these experimental conditions Reac41999a, 2001) and shown to be negligible.
tions (2) and (3) were rapidly completed, ensuring that chlo- The concentrations of the stable gas phase species (NO,
rine atoms and CHOH radicals did not reach the reaction NOo, Bry) in the reactor were calculated from their volumet-
zone (in contact with dust sample). ric flow rates obtained from the measurements of pressure
Combination of the chemical conversion method with drop of mixtures of the species with helium in calibrated
mass spectrometry provides a few possibilities forHi@-  volume flasks. The absolute calibration 0$®b has been
tection (Bedjanian et al., 2001). HOQadicals may be de- performed by injecting (using graduated syringes) known
tected at their parent peak at/z = 33 (HO;*). This signal  amounts (0.5-10 pL) of the 60 wt % solution inside the flow
should be corrected for the contribution 0f® due to its  tube reactor and recording the parent mass peak intensity of
fragmentation in the ion source, which was operating at 25-H,0, atm/z = 34. The integrated area of the mass spectro-
30eV. These corrections could be easily done by simultanemetric signals corresponding to the known total number of
ous detection of the signals frompyB, atm/e =33 and 34. H>O» molecules injected into the reactor allowed the deter-
The contribution of HO, atm/z = 33 was on the order of mination of the calibration factor. The concentrations of wa-
3% of the intensity of HO, peak atm/z = 34. HO, may ter vapour were determined by calculating theHlow rate
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Fig. 2. Typical uptake profile of HQ on ATD surface:T = 0 8 12 16
300K, P = 1 Torr, dry conditions (RH<0.02 %), [HG]g = 1.3 x sample length (cm)
102 molecule cn3, sample mass: 0.47 mgcnL. HO, is moni-

tored as HOBF atm 'z = 98 (see text). Fig. 3. Example of kinetics of HQ consumption in reaction with

ATD surface:T =300K, P = 1Torr, dry conditions, [HQ]lg =
2.0 x 102 molecule cn3. Circles and squares correspond to the

. results obtained using  H>O» and Cl4+ CH30H + O, systems
from the total (RO + He) and BO vapour pressures in the to produce HQ and with samples of 2.5 and 2.8 mgtﬂnafter 75
bubbler and the measured flow rate of He through the bubznq 20 min of exposure, respectively. & monitored as NG at

bler. m/z = 46 (see text).

3 Results the compounds coming from HGources used in the study
(CH3OH, HCI, Cb, H20,, HF) can also lead to modifica-
tion of the surface reactivity with time, although no impact
of these species on the initial uptake was observed (see be-
low). The uptake coefficient was determined as the probabil-
ity of irreversible loss of the radicals per collision with dust
surface:

3.1 Kinetics of HO, loss

Figure 2 displays a typical behaviour of the concentration
of HO, radicals upon introduction of the ATD-coated tube
into the reaction zone (sample in). Fast initial consumption
of HO, followed by surface deactivation resulting in a de-
crease of HQ loss rate, was observed. When the mineral a’ v
sample was withdrawn from the reaction zone after exposurd’ = =~ * ¢~
to HO, (sample outs &~ 86 min) — that is, when H@was no

longer in contact with the sample surface — the concentratiofvherek’ is the first-order rate coefficient of HQoss (s,

of HO, recovered rapidly to its initial value. One may note @ the average molecular speed (cms V the volume of
that irradiation of the ATD surface with 6 UV lamps (UV the reaction zone (cth and S the surface area of the solid
on) had no impact on the kinetics of Hapss. For the data Sample involved in the heterogeneous reactiorffcm
presented in Fig. 2, the total number of bi€adicals lost on Figure 3 displays examples of H@ss kinetics in hetero-
the surface is & 1015 molecule sz (|Ower limit, as calcu- geneous reaction with the surface of ATD. Each of the kinet-
lated using total BET surface area), i.e. much higher than d4cs shown in Fig. 3 was obtained with one mineral film in a

monolayer coverage<{10'° molecule cni?). This observa-  Single experiment by varying the length of the mineral film in
tion seems to C|ear|y indicate that umjss on ATD has a contact with HONO. The kinetic runs were measured under

catalytic nature; i.e. it is not limited by site-filling. quasi steady-state uptake conditions on a partly deactivated
In the present study we have measured the initial uptakéurface, where decrease of the uptake with time is rather slow

coefficient of HQ (yp), because the “quasi” steady-state up- and could be considered as negligible during the few minutes

take of HQ was found to slowly decrease with exposure time Of the acquisition time. The decays of H@ere found to be

(Fig. 2). The slow rise in H@signal with time is a result of exponential (solid lines in Fig. 3) and were treated with the

the surface deactivation, which may be due to its progresfirst-order kinetics formalism, the rate constant being deter-

sive saturation with the products of the heterogeneous remined as

action, HO being the most probable final reaction product dIn([HO3))

partly remaining on the surface. The prolonged exposure tdobs=~——5— (2

@
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wheret is the reaction time defined by the sample length to
flow velocity ratio. The values of the observed first-order rate
constantsk/, , determined from the decays of H@hould 0.08 — l I I
be corrected for the diffusion limitation in the HQadial T

transport from the volume to the reactive surface. The radial L e

diffusion problem for the coaxial configuration of the reactor

|
. 006!
used in the present study was solved by Gershenzon and co5 !
workers (Gershenzon et al., 1994, 1995): e ‘n
(0]
1 1 R? 8 ‘ oo .
=—+4+—"—xP (3) 2 L
k! k' K9q)D ’ ©
obs (q) 0 _.g,- 002 -

wherek’ is a true rate constant)g is the diffusion coeffi-
cient of HQ at 1 Torr pressure (Torrchs 1), P is the to-

tal pressure in the reactor aitf(¢) is a dimensionless rate
constant of radial diffusion, which is a function of sample
tube radius £) to main reactor radiusk)) ratio,g =r/R =
0.375 (for the configuration used in the present study). Dif- | | | | | | | |
fusion corrections ok, . were calculated using Eq. (3) with 05 1 15 2 25
Do = 430 Torrcn? s~ (Bedjanian et al., 2005; Ivanov et al., sample mass (mg cm-1)

2_007)_ atr = 298 K and assum|ng1~75 dependence of the Fig. 4. Dependence of the uptake coefficients of H@alculated
diffusion coefficient on temperature amd(q) =44 (Ger- _using geometric surface area) on mass of ATD samples (per 1cm
shenzon et al., 1995). In order to reduce rather elevated dlfrength of the support tube}: = 300K, P = 1 Torr, dry conditions,
fusion corrections ow,  due to high uptake of HOon the  [HO,]o ~ 10'2molecule cnT3. Circles and squares correspond to
ATD surface, most of experiments were carried out at rela-the results obtained using+ H,0, and Cl+ CH30H + Oy sys-
tively low pressure of 1 Torr. The diffusion corrections ap- tems to produce Hg) filled and open symbols represent the data
plied tok,,  were generally between 10 and 30 %; however, observed with H@ detection at/z = 96 (HOBI") and 46 (NG),

for a few points measured at elevated pressures (up to 9 Torfgspectively.

they reached a factor as high as 1.5.

a4 0.01
i 0 PN IR T
0 0.02 004 006 0.08

3.2 Dependence on sample mass
of the ATD coating. Working with such low masses of solid

Surface area involved in the heterogeneous reaction is an insamples was associated with some experimental difficulties.
portant parameter which is required for calculation of the Firstly, by the method that we used, the measurement of the
uptake coefficient. In order to determine the surface area ofotal dust masses of a few tenths of mg was problematic
ATD accessible to Hg) the uptake of HQ was measured and associated with high uncertainties. Secondly, the repro-
as a function of the thickness of ATD sample. The experi-ducibility of the kinetic data observed with dust samples of
ments were performed & = 300K under dry conditions. low masses was rather poor. In addition, the reason for the
The obtained results are presented in Fig. 4, where the uphitial linear mass dependencejpfat very low masses could
take coefficient of H@, calculated applying the geometric also be the incomplete coverage of the support tube by dust
(projected) surface area of ATD sample, is shown as a funcaggregates. It is not certain that for sample mass lower than
tion of the ATD mass deposited per unity length of the sup-0.06 mgcnt! a coherent dust coating is provided, although
port tube. One may note that three different regimes wereno uncovered area on the support tube was observed by vi-
observed: the first one, where the geometric uptake coeffisual inspection. For all these reasons we have chosen a com-
cient linearly increases upon increase of the sample mass (upromise solution. Uptake experiments were carried out with
to nearly 0.06 mgcmt!); the second one (transition region, masses of ATD higher than 1 mg ch(where geometric up-
between 0.06 and nearly 1 mgch, wherey continues to  take is independent of the sample mass), and the uptake co-
increase slowly; and, finally, the saturation region, where theefficient of HG, was calculated with geometric (projected)
uptake coefficient is mass-independentimgcnt?!). The  surface area. Therefore, the uptake coefficient ob HOm
linear dependence gfgeom ON Mass (thickness) of the re- the present study should be considered as an upper limit. On
active film is generally considered as an indication that thethe other hand, the lower limit of the uptake coefficient may
entire surface area of the solid sample is accessible to thbe also estimated. So applying the BET surface area to the
gaseous reactant (Underwood et al., 2000), which implies thexperimental data observed for geometric uptake coefficient
use of the BET surface area in the calculations of the trueat low masses (in linear regime), it turns out that the uptake
uptake coefficient. In the present study the linear regime ofcoefficient calculated with total specific surface area is a fac-
the uptake coefficient was observed at relatively low massesor of 40 lower than that with the geometric one.

www.atmos-chem-phys.net/13/6461/2013/ Atmos. Chem. Phys., 13, 648114, 2013
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0.20 the independence gfy of the initial concentration of H®
and catalytic nature of HOuptake suggest that similar
values of the initial uptake coefficient may be expected at
lower concentrations of HO
One may note that good agreement exists between the re-

sults obtained for the uptake coefficient using two different

1l x methods to generate H@adicals (Fig. 5). This observation

i seems to indicate that the presence g0l (when the F
0.05 |- H205 reaction is used for generation of HQn the reactive
L system has a negligible impact, at least, on the initial uptake
of HO», radicals on the ATD surface. This was verified in
B additional experiments where the uptake coefficient obHO
was measured with concentration o§®p varied between
2x 1018 and 26 x 10" molecule cm3. The values of mea-
O FrH0; sured in the presence of different concentrations #Din
® CI*CHOH* O the reactor were found to be similar within uncertainty of the
measurements. Similar invariance of the initial uptake coef-
0.01 oo | L L ficient was observed using the €ICHzOH +0, system as
03 05 1 2 3 a source of H@ and with concentration of methanol varying
[HO], (107 molecule cm?) in the range 3 x 10'3-3.0 x 10 molecule cm3.

0.10

uptake coefficient

Source of HO,:
0.02

Fig. 5. Uptake coefficients as function of the initial concentration of
HO,: T = 300K, P = 1 Torr, dry conditions, sample mass(1.2—
1.4)mgcn L.

3.4 Dependence on RH, temperature and UV
irradiation intensity

RH dependence of the uptake coefficient was studied at
T = 275K, with relative humidity in the reactor being varied
in the range (0.02-94) %. Rather low temperature was cho-
sen for these experiments in order to provide reasonably high
RH in the reactor with relatively low total pressures used.
was measured at7 —300K under dry conditions The results obtained for initial uptake coefficients of 4
(RH=0.03%). The observed results are displayed inthe ATD surface are displa_yed in I_:ig. 6: One may no_te again
Fig. 5. The initial uptake coefficient of HQ y (+20) = that the uptake Qata obtalne_d using different chemical sys-
(6.7+0.4) x 102, was found to be independent of the Fem_s forgener.atmn of HQadlcgls (filled and open symbols
initial radical concentration in the range of [H[g used. The 1N Fig. 6) are in agreement within the experimental uncer-
concentrations of HOused in these experiments are rather &Nty 0N the determ|nat|gn of (estimated to be 20-30 %).
high, especially if compared with those in the atmosphere. AS it may be seen inFig. 6, the values of the uptake coef-

The question arises if different uptake rates may be observeaf:'_ent can be consuiered as RH mt_jep_e_ndent under dry con-
with lower, more atmospherically relevant concentrationsditions (Up to RH~2%). However, significant decrease;of

of HO,. Although no dependence of the initial uptake on is observed when RH is further increased. The solid line in
HO, concentration was observed within the range studied,

3.3 Dependence on initial concentration of HQ

The dependence gf on the initial concentration of H&rad-
icals, varying in the range (0.35-3.8)10'2 molecule cn?,

ilFig' 6 represents a fit to the experimental data according to

may nevertheless be the case that the surface was saturatitf following expression:

under these conditions. In t_he example presented in Fig. 27/0 —1.2/(187+ RHY),

the total number of H@ radicals taken up by the surface

during the first 30s of exposure is 10®molecules per This empirical equation allows describing our results in the
cn? of geometric surface areas(7 x 103 molecules cm?, whole RH range used with the estimated conservative uncer-
if calculated with BET surface area). The number of HO tainty of 30 %.

radicals lost on the surface, calculated with geometric Temperature dependence of the uptake coefficient was
surface area (which seems to be more relevant for rapidneasured in the temperature range 275-320K at a fixed rel-
initial uptake), is much higher than a monolayer coverageative humidity of 0.04 %. The results are presented in Fig. 7.
(< 10 molecule cnm?); nevertheless these data do not As one may note, the initial uptake coefficient was found to
suggest the saturation of the reactive surface, consideringe independent of temperature.

that HG, uptake is not limited by site-filling. Therefore, on ~ Considering that ATD contains photo-active components,
the basis of the present data, it is difficult to make definitesuch as Fg03 (2-5 %) and TiQ (0.5-1 %) and in order to
conclusions about H® uptake at lower concentrations. check for the possible impact of UV irradiation on the up-
However, we believe that the experimental observations otake of HQ, a series of experiments has been carried out

Atmos. Chem. Phys., 13, 64656471, 2013 www.atmos-chem-phys.net/13/6461/2013/
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Fig. 6. Initial uptake coefficients of H® on ATD as a func-  Fig. 7. Temperature dependence of the uptake coefficient of HO
tion of relative humidity:7 = 275K, P = 1.0-9.0 Torr, [HQ]o ~ on ATD: P =1Torr, T =275-320K, RH=0.04%, [HQ]o~
10'2molecule cnr3, sample mass: (1.2-1.5)mgcm?. The data  102molecule cnt3. The data were obtained with two sources
were obtained with two sources of HQadicals: reactions R of HO, radicals: reactions H- H,O, (open symbols) and G
H20, (open symbols) and G CH3zOH + O (filled symbols). CH30H + 0o, (filled symbols).

with irradiated ATD surface. Dependence of the uptake coef-HO». This non-observation of #0, in the gas phase allowed
ficient on the irradiation intensity was studied by switching setting an upper limit of 5% for its yield in reaction of HO
on the different number of lamps in the reactor, from 1 to 6. with ATD surface. This upper limit of HOogasyield was de-
This corresponds to the variation of the N@hotolysis fre-  termined as a ratio of the concentration of®gasformed
quency from 0.002 to 0.012°8. Under these irradiance con- (< 9.7 x 10 molecule cn®) to the concentration of H
ditions we have not observed any effect of the UV irradiation consumed.
on the kinetics of H@ loss (see Fig. 2, for example) on the
ATD samples in the whole range of RH used. The measured
values ofy were similar (within a few %) to those underdark 4 Discussion
conditions.
This work reports the first measurement of the H@dical
3.5 Estimation of H,O» yield uptake on mineral dust. The uptake coefficient of Hih
Arizona Test Dust measured in the present study decreases
In a previous study from this group B, was detected as a with relative humidity being nearly.8x 102 and 84x 103
product of the HQ uptake on a salt surface (Loukhovitskaya at RH=20 and 80 %, respectively. The negative dependence
et al., 2009). In this work, we have examined the possibleof HO; uptake on the ATD surface on RH may be compared
H20; formation in the gas phase £8,4a9 Upon interaction  with the effect of humidity on the rate of the heterogeneous
of HO, radicals with ATD surface. Experiments were car- loss of HGQ on salt surfaces, for which a number of studies
ried out atP = 1 Torr total pressurel’ = 300K and under are available. For dry aerosol particles of NaCl, Taketani et
dry conditions. A reaction of Cl atoms with a large excessal. (2008) observed an enhancement of the ldftake in the
of CHzOH/O; mixture was used as a source of piddicals.  presence of water vapor; however, Remorov et al. (2002) re-
The experiment consisted in the introduction of an ATD sam-ported a decrease in the probability of HGptake on NaCl
ple in the reaction zone (in contact with HOand monitor-  upon addition of water in the reactor. In a previous work from
ing of the consumed H&concentration and possibly formed this group (Loukhovitskaya et al., 2009), no impact of wa-
H>O24as concentration. No changes in the relatively high ter was observed for the uptake of HOn solid NaCl and
(due to contribution of molecular oxygen) background sig- NaBr; however, an inhibiting effect of water was observed
nal atm/z = 34 (parent peak of kD) were observed upon for the uptake of HQ on MgCh x 6H,0, which is a more hy-
heterogeneous consumption ol % 102 molecule cnv? of groscopic salt (Bedjanian and Loukhovitskaya, 2011). Much

www.atmos-chem-phys.net/13/6461/2013/ Atmos. Chem. Phys., 13, 648114, 2013



6468 Y. Bedjanian et al.: Uptake of HQ radicals on Arizona Test Dust

higher values of the uptake coefficient compared to dry saltet al. (2013), a catalytic mechanism was proposed which in-
were systematically observed for wet particles (Taketani etvolves a coupling of the transition metal ions Cu(l)/Cu(ll)
al., 2008, 2009), suggesting that heterogeneous loss ef HOand Fe(ll)/Fe(lll) to rapidly convert HOto H,O in aqueous

is enhanced by particles containing water. One may note thaterosols.

even for salt surfaces the available information on RH depen- Temperature dependence of the uptake coefficient mea-
dence of HQ uptake is controversial. The RH dependencesured on ATD surfaces is also quite different from those
of y observed in the present study (decrease of the uptaken salt surfaces. All temperature dependence studies of
coefficient upon increase of RH) points to the role of waterHO, uptake on solid salt particles report a rather strong
rather as blocking the available active sites on the surface. Ihegative temperature dependence of the uptake coefficient
may be noted that the values measured in the present study (Antsupov, 1988; Gratpanche et al., 1996; Remorov et al.,
for RH between 20 and 80 % are close to that measured foR002; Loukhovitskaya et al., 2009), while in the present
the uptake coefficient of HOon water,y > 0.01 (Hanson et  study we have not observed any effect of temperature (for
al., 1992). This fact seems to correlate, at least qualitativelyl’ = 275-320K) on the H® uptake on ATD. This seems
with the available data for the adsorption of water on min-to indicate once again the difference in the uptake mech-
eral oxides (Goodman et al., 2001; Ma et al., 2010). Indeedanism on these surfaces. Let us note that the temperature-
it was reported that water adsorption to $i@l,03, MgO, independent value of was also reported for the uptake of
Fe O3, and TiQ (which are components of ATD) could be HO> on a soot surface (Bedjanian et al., 2005).

well described with the Brunauer—-Emmett—Teller (BET) type The importance of H@loss in the heterogeneous reaction
isotherm, with the monolayer coverage occurring between 2@ith atmospheric dust aerosol,

and 30 % relative humidity (Goodman et al., 2001; Ma et al.,
2010). HOs + dust— products (R7)

In only one previous product study of Hnteractionwith  may be briefly discussed. First, it should be noted that the
solid surface (Loukhovitskaya et al., 2009)® was identi-  range ofy reported in the present study is close to the global
fied as the main gaseous product of theH@action withthe  mean value of 0.028 based on recent parameterization of the
surface of NaBr. Considering the measure®btasyield of  ayajlable laboratory data by Macintyre and Evans (2011), but
nearly 0.5, Loukhovitskaya et al. (2009) proposed a two-stefis value is significantly lower than those adopted in earlier
reaction mechanism resulting in the H@combination on  modelling studies. The potential atmospheric impact of Re-
the surface. The upper limit of 5 %, determined in the presentyction (7) may be roughly estimated by comparing its rate
study for the gaseous®,-forming channel of the HO+  wjith that of the known loss processes of KD the atmo-
ATD reaction, points to a different mechanism of the reac-sphere. In the high-NQregime (polluted urban troposphere)

tive uptake of HQ on mineral oxides. For example, HO 3 major gas phase sink for the K€pecies is Reaction (8) of
may react with OH groups present on the surfaces of mineraby radicals with NQ,

oxides, leading to formation of #0 and Q as final reac-
tion products (Lin and Gurol, 1998). Another point which OH+ NO2(+M) — HNO3(+M), (R8)

should be mentioned is the rather high reactive uptake of

. . ombined with the heterogeneous removal of HNBor the
H202 on mineral surfaces which has recently been reportecjr:(,jItio of the rates of the Reactions (7) and (8), one has

in a number of studies (Pradhan et al., 2010a, b; Wang et al.,
2011; Romanias et al., 2012). Concerning the interaction ofg, k5[HO2]
H>0O, with ATD surface, we haye found (unpubhshed data) Rs _ kg[OH][INO,]’
that the uptake of b0, to ATD is rather rapid %o ~ 0.001

under dry conditions, decreasing upon increase of RH) andn accordance with
mainly reactive, i.e. practically irreversible. The products of

this heterogeneous reaction are not known; however they ark; =
expected to be ®and HO. Thus, BO, (if formed in pri-

mary reaction of H@) may be partially processed in the het- and usingy =0.02, the upper limit of the uptake coeffi-
erogeneous reaction on the ATD surface. However, in ourcient measured in the present study for 30 %, dust sur-
opinion, the transformation of #D, on the ATD surface is  face loading of~ 1078 cm? cm~3 (Zhang and Carmichael,
not the main reason for the absence e€Hin gaseous prod- 1999; de Reus et al., 2005), the calculated valuéis
ucts of the HQ + ATD reaction. Thus in a recent study from 2.2 x 10~4s™1 (for T'=300K). Further, using the value
our group HO, was distinctly observed as a gaseous prod-kg ~ 10~ cm® molecule 1 s~1 (Sander et al., 2011) and a
uct of the interaction of the OH radical with the same ATD typical ratio [HO]/[OH] ~ 100, we obtainR7/Rg = 2.2 x
surface, although with a relatively low yield of 10 % (Bedja- 10%[NO,]. This ratio indicates that for concentrations of
nian et al., 2013). The present results seem to indicate thaflO, of a few ppbv heterogeneous loss of pH@bes not rep-
HO, uptake by atmospheric aerosols does not necessarilyesent a significant sink for Hrompared with Reaction (8).
produce HOzg4as In this context, in a recent paper by Mao However, under specific conditions, for example, of severe

wy S
4v
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dust storm, when aerosol surface loading can be as high ascknowledgementsThis study was supported by ANR from a
2 x 1072 cm? cm~2 (Zhang and Carmichael, 1999), the rate Photodust grant. A. E. Z. is very grateful tégion Centre for
of Reaction (7) may be comparable with that of the @H  financing his Ph.D. grant.
NOo reaction.

Under low-NQ, conditions (free troposphere) the loss o
atmospheric HQ is mainly due to reactions between KO
radicals:

OH+HO; — HO+ 0Oy (R9)

¢ Edited by: J. N. Crowley
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