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The uptake of HN@on y-Fe0; particles that model atmospheric mineral dust has been investigated using
FT-IR spectroscopy and mass spectrometry to probe the condensed and gas phases, respectively. To accurately
calculate the HN@ saturation coveraged) and initial uptake coefficienty(), the specific surface area of

y-F&03 was measured in situ using water as an adsorbate. The saturation coveragesaHNBe,0; was

found to bef = (1.14 0.9) x 10" molecules/crhand the initial uptake coefficient was found to pe= (1.5

+1.0) x 10°°at 297 K andPyno, = 1 x 107° Torr. These values were slightly larger at 220 K for the same

partial pressure of nitric acid. Spectroscopically, HN&as observed to bind to the surface in the form of

nitrate ions. The significance of this reaction to tropospheric chemistry is discussed.

I. Introduction Previous studies have investigated the adsorption of HINO
Windblown sediments in semi-arid and arid regions contribute {0 -F&0s andy-F&0; surfaces among other metal oxides.
an estimated 2000 Tg/yr of mineral aerosol to the atmospiere. Underwood et al. have reported an initial uptake coefficient for
The particles range in radius from 0.005 to 2@ 3 Particles HNOion 0"':92033 of y = 5.3 x 107° and saturation coverage
exceeding a radius of 1@m are redeposited within the source ©Of ¢ = 6.9 x 10'> molecules/crfiat a nitric acid pressure of 1

region, leaving approximately 350 Tg/yr available for long-range < 10°° Torr.® A slightly larger saturation coverage valueef
transport on a time scale of days to weéks. = 3 x 10" molecules/crhwas measured by Goodman et al.

Once in the free troposphere, mineral aerosol particles are offOf HNOs on y-F&03.1” Studies on metal oxides and mineral
interest for several reasons. First, they may impact the climate dust have also been performed by Hanisch and CroWiéy.
either directly or indirectly. Direct effects result from the FOr comparison, Hanisch and Crowley reporg & 0.13 for
absorption or scattering of solar or terrestrial radiafion. the uptake of HN@on a-Al;Os.1® However, Underwood et al.
Indirectly, mineral aerosol may modify cloud properties, which €POrty = 9.1 x 107 for the same reaction on the same
in turn could affect climaté&? Recent studies have also shown sgbstratéPA possible reason for this major discrepancy is the
that mineral aerosol may affect ice nucleation procedsas. different surface area assumed by the two groups. Underwood
addition to the possible effects on climate, minerals may also &t @l?°and Goodman et &l.find a mass-dependent uptake and

impact the chemistry of the troposphere. Nitrogen oxides have US€ the BET surface area to determfhand y. In contrast,
been the focus of some heterogeneous chemistry studies becaudg@nisch and Crowley find a mass-independent uptake and use
of discrepancies in measured and modeled values and theN€ geometric surface area of the sample in their calculatfots.
influence of these values on tropospheric ozone levels. It is therefore unrgsolveq in the literature Whether the entire
NO and NQ are short-lived species that rapidly interchange BET surface area is available for these reactions.
and are Co||ective|y termed Nﬁ Because N@|eads to the Our Study differs from the previous work in that we first
formation of tropospheric § a full understanding of the NO ~ Measured the specific surface area of th&e,0; powder
budget is needed to predict troposphericl€vels. At present, samples in situ using a water vapor adsorption method. This
models overestimate the ratio of HN@® NO, by a factor of measurement was Significant for two main reasons. This
5—10, with the overestimation being much larger in the summer €liminated the need to assume a surface area for the samples.
than in the wintef%!1One possible reason for the discrepancy [N addition, by performing the measurement in situ, any changes
between measured and modeled ratios of BN NQ is an in the surface area due to sample preparation were taken into
unidentified heterogeneous loss or missing sink of HNO account. The water uptake was probed simultaneously using
Reactions on mineral aerosol have been proposed as arPoth mass spectrometry and Fourier transform infrared spec-
explanation of why there is an increased overestimation of the troscopy. Following determination of the specific surface area,
ratio in the summer when dust loadings are higher. the reaction between HNGndy-Fe;Os was characterized as
Maghemite {-Fe;03), one of the four polymorphs of iron- @ function of sample mass, temperature, and partial pressure of
(1) oxide, was used as the model mineral surface in these HNOs.
studies. It is the ferrimagnetic cubic form of iron(lll) oxide
and is commonly found in Chinese loess depdsitélt is also II. Experimental Section
a product of slash-and-burn fires when goethite is a constituent

of the topsoil and is burned in the presence of organic méter. A. Vacuum Chamber. Experiments were performed in a

high-vacuum chamber with Knudsen cell capabilities shown
*To whom correspondence should be addressed. schematically in Figure 1. A combination of Fourier transform
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Figure 1. Schematic diagram of the Knudsen cell reactor.

infrared (FT-IR) spectroscopy and mass spectrometry was used
to probe the condensed and gas phases, respectively. The main
chamber houses a UTI 100C electron impact ionization quad-
rupole mass spectrometer to monitor the partial pressures of
gas-phase species as well as an ionization gauge and an MKS :

Baratron for the measurement of total chamber pressure. TheFigure 2. SEM images of blank mesh and mesh coated yitfe,0s.
chamber is pumped through an escape orifice of effective aregBoth use a mesh with a wire diameter of 0.0015 in. and 80 openings
A, = 0.16 cn? using a 150 L/s turbomolecular pump (Pfeiffer). per inch.

The y-Fe;0s sample was supported on a tungsten mesh that 26 nm reported by the manufacturer. Samples were dried at
was sandwiched between two copper plates held tightly togetherroom temperature until placed in the vacuum chamber and dried
by stainless steel clips. Indium foil was placed between the overnight at a total pressure ofs6 10~7 Torr.
tungsten mesh and the mount to improve thermal contact. The ¢, Mass Spectrometer DataA typical experiment began
entire assembly was attached to a liquid nitrogen cooled cryostat.yjth passivation of the chamber walls. During passivation, the
Heating against the liquid nitrogen occurred on the backside of Teflon cup was closed, isolating the sample from the gas flow,
the sample support inside the vacuum jacket. This ensured thatand the reactive gas of interest was leaked into the chamber for
the entire sample and mount assembly in the main chamber wa)g min until the flow was stable, as observed in the mass
at a uniform temperature. Two type-T thermocouples were spectrometer signal. After a constant flow was established, the
attached to the copper support to monitor the temperature.Teflon cup was retracted, exposing the sample to the gas flow
Temperature could be controlled between 100 K and room for a period of 30 min. The cup was then closed to re-establish
temperature using a Eurotherm temperature controller. The 3 paseline signal and the procedure was repeated several times.
7-F&:03 sample can be isolated from the gas flow by covering some samples were exposed for longer periods of time, up to
it with a Teflon cup. With use of an O-ring, the Teflon cup 3 h, to determine the best fitting method to analyze the data.
seals against the stainless steal vacuum jacket, allowing a Coverage ) on y-Fe;O; was determined by integrating the
constant signal of kD or HNG; to be established without  mass spectrometer signal when the Teflon cup was open to
exposing the sample to the reactant gas. determine the loss of reactant from the gas phase. Coverages
B. Sample Preparation.The y-Fe;0Os sample was prepared  ere corrected for loss to the sample mount by subtracting
by either pressing or depositingFe,Os (Nanophase Technolo-  yajues from blank experiments. Blank experiments consisted
gies, 99.5%, diameter of 26 nm) @& 2 cmx 2 cm tungsten  of yptake onto a tungsten mesh that containeqFe,0s.
mesh. Three different sizes of tungsten wire mesh were used to |njtial uptake coefficientsy) were calculated from the data
vary the mass of the pressed samples. The sizes used were 15@sing the mass spectrometer signal befdge gnd during ()
mesh @ = 0.0008 in.), 80 meshd(= 0.0015 in.), and 40 mesh  yptake. The values presented in this paper represent the uptake
(d =0.003 in.). All three had a throughput of 77% and were coefficient as calculated upon initial exposure of the sample.
provided by UNIQUE Wire Weaving. The 80 mesh was used At Jow sample masses, the uptake coefficient was found to vary
for all of the deposited samples. Deposited samples were madgjnearly with mass. After correction for the blank experiments,
by preparing slurries of either water or methanol arBe,03 aplot of (, — 1)/1 as a function of sample mass was generated.

into which the mesh was dipped. Figure 2 shows scanning The slope of this line was used to calculate the uptake coefficient
electron microscope (SEM) images of a blank mesh and a ysjng eq 22

sample prepared by depositipgFe,0; onto the mesh from a

methanol slurry. The images show the irregular morphology of A, lo—1
the reactivey-FeO3 surface. Though not shown, images were Y= SSA x mas I
also collected using transmission electron microscopy (TEM).

The TEM images confirmed the-FeOs particle diameter of In eq 1, SSA refers to the specific surface area?omg) and

— 10 pm
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A, is the effective area of the escape orifice. As previously (@)
mentioned, it is important to use the appropriate value for the
surface area. The geometric surface area of the tungsten mesh 10
used in these experiments was approximately 4 lsased on
the mesh wire dimensions. However, the BET surface area of 0.0 1
y-Fe&0s is 450 cm¥mg. This value was reported by the v
manufacturer for the bulk powder and independently confirmed 0.8
by the authors using a volumetric expansion technique with N
as the adsorbate. With use of the BET surface area value, a
10-mg sample of bulk powder has a surface area of 4500 cm
Values for@ andy can therefore vary by as much as 3 orders
of magnitude depending on whether the geometric surface area
or a surface area calculated from the BET surface area is used
in the calculation. To report accurate values foandy, the
specific surface area of samplesiofe,0; was measured in
situ using water as an adsorbate.

D. FT-IR Measurements. While the Teflon cup was open, 16
the condensed phase products were monitored by transmission
FT-IR spectroscopy. Spectra were acquired using a single-beam_ ) ) )
Nicolet 740 spectrometer equipped with an MCT-B detector. Fl%urg?’éagpl'g"g sugiaislfczn 'df(ru‘lp%:f (@ona TseTamno_ll:d_eg%sgted
For all experiments, 32 scans were collected at a resolution ofiz) :2nd3(b) 0?1 2 blank rﬁesr;gz =25 'X”‘{?;"z Torr. T :géoa K).
4 cnmr! from 4000 to 400 cm!. Formation of products was

0.7 -

| 1 1 1
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T T T T
0 1000 2000 3000 4000
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observed by taking the ratio of a single-beam sample background 2%
of the y-Fe,05 collected prior to exposure to scans collected =
during exposure. For the specific surface area measurement, the 2 204 A A
peak area of the ©H stretching vibrational mode was integrated 5 N
over time over the wavenumber range 243830 cnt! to T 151
determine coverage. For the HNQ@ptake study, the wave- 3 A
number range 11661400 cnt! was used. g 1.0
< A

Il. Results and Discussion g 051

A. In Situ Specific Surface Area Measurement.On the 004 : : : :
basis of a study of soil specific surface area by Newman, water 00 02 04 06 08 10
was used as the adsorbate to measure the specific surface area Water Pressure (x10° Tor)

of y-Fe03.21 With knowledge of the size of a water molecule, Figure 4. Water uptake on 13.4 mg ¢fFe,0; as a function of water
the mass of the sample, and total amount of water adsorbed forPressure at 200 K. Sample was prepared by deposjtifig.O; from
monolayer coverage, the specific surface area can be deter@ Methanol slurry.

mined” 2! Specific surface area measurements were performedtagLg 1: Measured Values for Specific Surface Area of
ony-Fe03 samples ranging in mass from 5 to 92 mg. For these y-Fe,0; from the Mass Spectrometer Data

experiments, the chamber was first passivated for 60 min with

massy-FeO;  H,O adsorbed surface areaspecific surface area

water (Fisher Scientific, HPLC grade). The passivation was (mg) (x10®molecule)  (crm?) (crmé/mg)
considered complete when the water signal was stable as 5 142 1507 295
observed in the mass spectrometem#é = 18. Following 055 301 3195 335
passivation, samples were exposed in 30-min cycles until 134 1.97 2079 156
equilibrium was reached, as indicated by the mass spectrometer 92.¢0° 8.35 8850 96

and FT-IR signals. ) a Samples prepared by depositipg-e,0; on mesh from methanol

To work at pressures appropriate for the mass SpeCtrometer,smrry_ b Sample prepared by pressipgFe,0s on mesh.
experiments were performed at 200 K. On the basis of literature
work at room temperature, a monolayer was expected to form pressure and integrations of the total adsorbed water for each
on they-Fe03 surface at 13% relative humidity with respect exposure are shown in Figure 4. This study shows that one
to waterl”21 At 200 K, 13% relative humidity corresponds to  monolayer of water corresponds to 1.97.0'® water molecules
a water pressure of 3.2 1074 Torr. At this temperature, the  adsorbed to the 13.4-mg sample as determined from the fit to
saturation vapor pressure of ice is 1.2 mTorr. Our experiments the data. The curve in Figure 4 was not extended to multilayer
were performed at water pressure lower than this, preventing coverage due to the experimental limitation of the mass
multilayer formation. To account for possible temperature spectrometer and to avoid the condensation of ice. Assuming
dependence in the monolayer coverage, a pressure study wasne molecule of water is a sphere with a surface area of 1.06
performed to determine the pressure at which one monolayer x 10715 cm#molecule?! the 13.4-mg sample has a specific
of water is adsorbed to the Fe;Os surface at 200 K. Figure 3  surface area of 156 citmg for this sample.
shows representative mass spectrometer data for exposure of a With use of the mass spectrometer, the specific surface was
13.4-mgy-Fe,03; sample and a blank to water at 200 K and a measured over a range of sample masses and the results are
pressure of approximately & 10~ Torr. It can be seen that summarized in Table 1. Notice the two lowest mass samples
much more water adsorption occurred on the sample than onhave very similar specific surface areas, but these values
the blank so that only a very small blank correction was decrease for the high mass samples. This indicates that the entire
necessary. Experiments were performed over a range of watersample surface area is not accessible for adsorption at masses
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Figure 5. Growth of adsorbed water peaks with time in the infrared Figure 6. Comparison of MS and IR signals integrated over time.
spectra during exposure gFFe,0; to water (Mo, = 92.0 mg,T = The left axis, which corresponds to the solid line, is the molecules of
200 K, Puy,0 = 6.7 x 1074 Torr). Scales are offset for clarity. water adsorbed to the surface as measured in the mass spectrometer at

m/e = 18. The right axis, which corresponds to the dotted line, is the
greater than 10 mg. Also notice the variability in the surface integrated peak area from 2400 to 3630 €nThis peak results from
area as the sample masses transition from the linear rnass;he O-H stretching band. The experimental parameters are described
dependent region into the mass independent region. This is" Figure 5.

potentially due to sample preparation as variations may have
occurred in ambient temperature and humidity during prepara- and FT-IR signals for this experiment. The mass spectrometer

tion. However, we are interested in the specific surface area in _. . o :
. . - . signal is represented by the solid line as the cumulative number
the linear mass-dependent region, where the entire surface is

available for reaction, so the variations outside of this region of water molecules lost from the gas phase during exposure of

. s . the sample. The FT-IR signal, depicted by the dotted line, is
are of little concern. The specific surface area used for this study ,, ~ .
is 315 cni/mg, which is the average of the first two specific the integrated peak area for the range from 2400 to 3630.cm

. - . This wavenumber region was selected due to the absence of
surface area values reported in Table 1. This value is only interfering absorbance by theFe,0s. The excellent agreement
slightly smaller than the manufacturer's reported BET surface in the timg dependence gq‘thesgztv\f(.) distinct measur%ments ives
area of 450 cifimg. Therefore, this study shows that, in the " penc . o gv

L o s additional confidence in our specific surface area determi-
absence of in situ specific surface area measurements, the BET

; S nation.
surface area provides a close approximation. . .
The FT-IR data were used to confirm that water lost from B HNOs Uptake Experiments. As with the surface area

the gas phase was adsorbed to the surface and to provide aff'édsurement, a typical HN@xperiment begins with passi-

independent measurement of the specific surface area. FigureVatlon of the chamber walls. During passivation, the Teflon cup

5 shows the FT-IR data collected during exposure of a 92-mg IS closed, _isolating the sample from t_he HW’W- Nitric ac_id
sample ofy-F&0s to 6.7 x 1074 Torr of water at 200 K. The is leaked into the chamber for 90 min until the HNflbw is

peak extending from -3640 to 2400 chnis attributed t6 the stable, as ob;erved in the mass spectrometer.signal at a mass-
O—H stretching vibrational mode from the adsorbed water. The to-charge ratio 9fn/e= 46. After a cpnstant flow is established,
series of peaks and valleys between 1700 and 900! are the Teflon cup is retract_ed, €xposing t_he sample to the HNO
from a combination of HO—H bending modes and a decrease SaMPles were exposed in three, 10-min cycles followed by 30-

in the intensity of they-Fe,03; absorbance, both of which are min cycles. Total exposure times ranged from 30 min K_’ 2 h.
the result of surface-adsorbed water. From Beer's Law, we can HNOs uptake experiments were performed as a function of

relate the transmittance to the concentration of water adsorbed’-F€0s mass, HN@ pressure, and substrate temperature. A
typical uptake experiment is shown in Figure 7. Figure 7a shows

I\ —x the HNG; signal as observed in the mass spectrometer. In this
(|_) —¢€ @ particular experiment, 26.8 mg pfFe,03 was exposed to k

1075 Torr of HNO; at 297 K. Figure 7b shows similar data for
wherex is the molecules of water per énprobed by the IR a blank experiment which consists of exposure of a tungsten
beam and is the base e absorption cross section. To estimate mesh containing np-Fe;0s to HNO; at a pressure of ¥ 1075
the amount of adsorbed water, we used an absorption crossforr.
section ofa. = 3.41 x 107 cn?/molecule for liquid water at The total coverage was determined by offsetting and inverting
3350 cnrt and 300 K22 We find a water absorbance éf= the mass spectrometer signal so that the area under the curve
log(l,/l) = 0.466 AU at 3350 cml, resulting in a surface represents the amount of HNGadsorbed to they-Fe0Os;
coverage of water of 3.1% 108 molecules/crhover the entire surfacel® Because of time constraints, the larger mass samples
sample. Taking into account the monolayer coverage of 9  were not exposed to saturation. Saturation was indicated by a
10" water molecules/cA?! and the 92-mg sample mass, we complete recovery to baseline in the mass spectrometer signal
then deduce a specific surface area of 14%/ummg for this while the cup was open. An exposure time of 30 min was
sample from the FT-IR data. For this particular experiment, the initially arbitrarily selected. Later, it was realized that 30 min
surface area from the integrated mass spectrometer signal wa®f exposure was not long enough to obtain the double-
96 cn¥/mg. The fairly close proximity of these values confirms exponential shape necessary to accurately fit the ddimure

Exposure Time (s)

Figure 6 shows a direct comparison of the mass spectrometer

0,

that water lost from the gas phase was adsorbed tp-fheO3 8 shows the comparison of half an hour of exposor2 h and
surface. This 40% error in specific surface area was used to30 min of exposure for the same experiment. If only 30 min of
estimate our error in the determinédand y for the HNG; data is analyzed, a single-exponential fit appears sufficient as

uptake experiments. shown in Figure 8a. However, after additional exposure time,
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Figure 7. Typical signals for HNQ uptake (a) on &-FeOs-coated
mesh Puno, = 1 x 1075 Torr, Mee,0, = 26.8 mg, T = 297 K) and (b)
on a blank meshRno, = 1 x 107 Torr, T = 297 K).
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Figure 9. Saturation coverage as a functionjefFe0; mass at 297

5 K (a) over the entire mass range studied and (b) in the linear mass
regime. The different shapes denote the different methods of prepara-
tion. (Puno, ~ 1 x 1075 Torr).

Beyond this mass was a plateau region of 8.20'” molecules
adsorbed. Increasing sample mass further had negligible effect
! on the amount of HN@adsorbed because the entire surface is
o4 T r ' not available for reaction.
0 5000 10000 15000 20000 This maximum value is attributed to the inability of the HNO
Exposure Time (s) to penetrate throughout all the layers of the sample, resulting
in constant coverage despite increasing sample mass. However,
at the lower masses, the entire mass of the sample is available
for reaction, which leads to the linear correlation between
coverage and mass. This behavior was confirmed by the surface
area measurement, which showed the apparent decrease in the
specific surface area with increasing mass above 10 mg. As
mentioned previously, the surface area of thee,O; has some
variability, especially at masses greater than 10 mg. This
variability may account for the scatter in the data in the plateau
region. An expanded view of the low mass region is shown in
0 5000 10000 15000 20000 Figure 9b. With use of a line fit through the origin and a specific
Exposure Time (s) surface area of 315 cifmg, the saturation coverage was
Figure 8. HNOs flow as a function of exposure time comparing (a) calculated to be 1.k 10 molecules/criat 297 K. Within
single- and (b) double-exponential fits. The area under the curve error, this value is in excellent agreement with published results
corresponds to coveragdyo, = 2 x 107° Torr, Mee,0, = 11.4 mg, for the uptake of HN@on y-FezOs.”
T=297K) The initial uptake coefficient was also analyzed as a function
it becomes apparent that the double-exponential fit is the correctof mass at room temperature as shown in Figure 10. With use
form of the data as shown in Figure 8b. On the basis of a seriesof the slope from the mass-dependent region, the ()/I value
of long experiments, a correction method was established andmay be converted into & using eq 1. The initial uptake
applied to the data. The results presented in this paper representoefficient for HNG on y-Fe,0O; was calculated to be 1.5
the coverage of the sample as predicted at saturation. 1075 at 297 K. There is currently no value available in the
i. Mass StudyThe mass study of HNQuptake ony-Fe,03 literature for comparison. However, this value is slightly smaller
was performed in the Knudsen cell reactor at room temperaturethan the value of = 5.3 x 1075 reported by Underwood et al.
and a nitric acid pressure of approximatelx110~° Torr. The for the uptake of HN@on o-Fe03.16
mass ofy-Fe,03 ranged from 2 to 150 mg and the results are  ii. Temperature Studylhe uptake of HN@on y-Fe,03 was
shown in Figure 9. The different symbols correspond to the studied over a range of temperatures from 220 to 297 K while
different sample preparation methods. As expected from previ- maintaining a constant pressure of HNGf 1 x 107° Torr.
ous studies, the amount of HN@dsorbed was found to increase Most of the samples were high mass, pressed samples, but a
linearly at low masse¥:1720 Samples below 10 mg were wider range of masses were studied at 220 K. The results for
considered to be part of this linear mass-dependent regime.the saturation coverage, shown in Figure 11a, suggest only a

Flow HNO, (x10'® molec/s)

Flow HNO, (x10'® molec/s)
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Figure 12. Saturation coverage from the pressure study at 297 K
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v K Figure 13. Growth of adsorbed nitrate peaks with time in infrared
~ . e spectra during exposure 9fFe,03 to HNO; (Puno, = 8 x 107° Torr,
= "7 ‘e a x Meeo, = 92.7 mg, T = 220 K). Scales are offset for clarity. The
= 5 . + featureless spectrum near zero is the resulting spectrum after 7889 s of
:T ° exposure of a blank grid to HNQPxno, = 8 x 107 Torr, T = 220
K).
condensed phase products were monitored when the cup was
r ' . . open using FT-IR spectroscopy. A spectrunyefe,0O; on the
80 100 120 140 160 tungsten mesh was used as a background. The growth of product
-Fe,0, (mg) peaks was observed by taking the ratio of spectra collected

Figure 11. Results from the temperature study for (a) saturation
coverage and (b){ — I)/I. The dashed line denotes the fit to the data
collected at 220 K and the solid line is for data collected at 297 K.
(Prno; ~ 1 x 1075 Torr.)

very slight increase in coverage at low temperature with a value
of 6 = 1.4 x 10" molecules/crhat 220 K. The initial uptake
coefficient, shown in Figure 11b, also has a mild temperature

dependence, increasing with decreasing temperature to a valué®

of y = 2.9 x 1075 at 220 K. Variability in the sample surface
area at higher masses may have affected the plateau region
for both 8 andy.

iii. Pressure StudyA series of experiments at 297 K on
pressed samples of approximately 90 mgjofeQ; were
performed under a range of HN@ressures, from & 1077 to
8 x 107 Torr, and the results are summarized in Figure 12. It
can be seen in Figure 12 that, within error, the saturation
coverage is independent of pressure. It should be note

during exposure to HN@to the background. A sample series
of spectra from an experiment are shown in Figure 13. The peaks
at 1616 and 1282 cm are attributed to adsorbed NO On

the basis of previous publications, these peaks result from the
degenerate; mode of oxide-coordinated nitratéThe nitrate

ion hasDs, symmetry and may be described as being a plane
XYs molecule?* Upon adsorption to the-Fe,Os surface, there

is a loss of symmetry, causing a splitting of the peak in the
FT-IR spectrunt}1”The adsorbed nitrate h&, symmetry and

is of the general form of a plan€YZ molecule. The IR spectra
observed in this study using pressures ranging from 807

to 8 x 104 Torr were very similar to those observed pifreO3

with much higher nitric acid pressures of~-300 mTorrl”
Spectra were collected for blank experiments using the tungsten
mesh as the background and no peaks were observed after
exposure to HN@as shown in Figure 13. Figure 14 shows the

¢ comparison of mass spectrometer and FT-IR data for the time

however, that the time to reach saturation coverage increasediependence of the HNQuptake. The two instruments are in

as the pressure decreases. From the results shown in Figure 1
we find the maximum saturated covera@ig{y) of HNOz on a
y-Fe0s3 surface at room temperature is 8710 molecules/
cn?. This value is in agreement with the coverage of (1
0.9) x 10" molecules/cridetermined in the mass study.

iv. FT-IR ResultsIn addition to monitoring the gas phase,

£xcellent agreement, which confirms that HNIOst from the

gas phase is adsorbed to the surface followed by dissociation.

IV. Conclusions and Atmospheric Implications

The specific surface area gfFe,0; has been measured in
our vacuum chamber in situ using two independent techniques.
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3.5

s Of course, the uptake could be considerably faster at more
atmospherically relevant relative humidities.

Assuming a concentration of HN®@f 100 ppt!C an altitude
of 5 km, and the observed lack of a pressure dependence, the
loss of HNQ from the gas phase to a mineral surface may be
estimated. With use of the coverage of &710" molecules/
cn? from the pressure study, 9% of HN@ expected to be
removed from the gas phase. Again, this number could be even
L, higher at higher relative humidity or on different surfaces such

: as clays. Studies of uptake of HNY©On clays at high relative

humidity are ongoing.
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