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Reaction of Gaseous Nitric Oxide with Nitric Acid on Silica Surfaces in the Presence of
Water at Room Temperature
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The reaction of gaseous NO with HN®@n borosilicate glass in the presence of water was studied as a
function of surface water coverage at 298 K and a total pressure of one atgn Tindloss of gaseous NO

and the formation of N@were measured in a long path cell using FTIR. The glass walls of the cell provided
the surface upon which the chemistry occurred. Water coverages on thin glass cover disks were determined
in a separate apparatus by measuring the intensity of the infrared band of liquid water at 3400 cm
Approximately one monolayer was present on the surface at 20% RH and 12 monolayers at 100% RH. The
rate of the reaction of NO with HN$on the surface was the largest under conditions where approximately
three surface monolayers of water were present on the surface. We propose a model for this reaction in
which HNG;, added first to the dry cell, hydrogen-bonds to the silanol groups on the surface. The first step
in the reaction is believed to be HNQuracey™ NOg) = HONOsurtace)t NO2(). Subsequently, HONO on the
surface reacts with HNgXo generate solvated,N, as a product. Dissociation of,N, generates N@as the

final gas phase product. This chemistry is potentially important in “renoxification” of the boundary layer of
polluted urban atmospheres where silica surfaces are plentiful in particles, soils and building materials, as
well as globally in the free troposphere where dust particles are present.

I. Introduction of the reaction was proposed in two steps as described below

More than five decades of laboratory studies have shown that
oxides of nitrogen react on surfaces in the presence of water.
For example, Smithnoted during gas-phase studies of the
reaction of NO with HNQ that there appeared to be a surface followed by subsequent reactions such as
reaction dependent on water vapor. Such heterogeneous reac-
tions may be potentially important in the atmosphere where HNO3 g rtaceyt HONOgrtacey™ 2NO, + HO(grtace) (3)
oxides of nitrogen, present as air pollutants from combustion
processes, are in contact with many surfaces in the form of of
suspended particles as soil, roads, buildings, and plants.

Despite the well-recognized occurrence of heterogeneous —
chemistry for the oxides of nitrogen, the kinetics and mecha- 2 HONQsurtagey™ NO =+ NO, F H;Osutece “)
nisms of these reactions are not well understood. One difficulty The net reaction is
arises in simultaneously measuring surface and gas-phase
reaction species. However, recent infrared spectroscopic studies
of heterogeneous hydrolysis of NOn silica surfaces conducted
by Grassian and co-workéras well as by this laborato#y,

HNOS(surface)+ NO — NOZ + HONO(surface) (2)

2 HNO3(surface)+ NO—3 NOZ + Hzo(surface) (5)

showed that this well-known6 reaction If all reactants and products are in the gas phase, reaction 2 is
close to thermoneutral. However, the free energy change for
. i ; . : )
2 NO, + H,0 suface |\ N - HNO, 1) reaction 2 with typical atmospheric concentrations of the

reactants and products is negative, so that it has been proposed

q Kevi d h ¢ to be potentially feasible on surfaces in the atmospkere.

produces bO, as a key mterme late on the surface. HN@s . Nitric acid is known to be readily taken up on a variety of

also observed spectroscopically on the surface as hypothesized . . aftiea

in the previous studiés'®é where only gas-phase measurements surfaces, e.g., soil and its components such as Model
studied324 suggest that this uptake could impact Néhd Q

could be made, or nitrate ions measured in washings from the: . .
surface after reaction in the troposphere. This process could also contribute to

In subsequent studies, Mochida and FinlaysonPistsowed “renoxification” of the atmosphere and better reconcile field
that gaseous NO reacts,with HIYON & “wet” porous glass to and modeling experimen8?é especially if HNQ produces

generate nitrogen dioxide as the major gas-phase product, alon hqtochemically reactive species such as & HONO. Thus, .
with small amounts of gas-phase HONO. Thus, the mechanism discrepancy has been reported between the measured ratio of
[HNOg3)/[NOy] ~ 5 in the free troposphere and the values of
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Figure 1. Cell used to measure water coverage on the borosilicate cover glass disks.

liquid-phase reactions of HCHO with HNOn aerosols and resolution with 150 co-added scans and a total scan time of 3.9
cloud droplets, or reactions on s@8t?’ the cause remains  min. The cell consists of a borosilicate glass cylinder (10 cm
unknown. diameterx 91.4 cm length) and two stainless steel rods holding
To better understand the uptake and potential reactions ofthe mirrors (Al with a silicon monoxide protective coating)
HNOs on surfaces, we have carried out further studies of the which are attached to two stainless steel plates at each end of
reaction of gaseous NO with HN®n a smooth borosilicate  the cell. To avoid reactions of the gases with the stainless steel,
glass surface as a function of varying amounts of surface- the metal surfaces were coated with halocarbon wax (Halocarbon
adsorbed water. The relationship between the gas phase wateProducts Corp., Series 1500). The optical base path length was
vapor concentration and the amount of water on the surface0.8 m, with a total path length of 38.4 m. The long path cell
was established in a newly designed experimental apparatusvas wrapped in a dark cloth to prevent photolysis of reactants
using transmission FTIR and thin cover glass disks. These and products.
studies provide insight into the reactive forms of nitric acid on Dry, gaseous HN@obtained from the vapor above an HYO
the surface and the reaction mechanism. The atmosphericH,SO, mixture (1:2 v:v) was first admitted to the cell. HNO

implications are discussed. was allowed to adsorb onto the cell walls over five minutes.
The remaining gas-phase HN@as then pumped out, and this
Il. Experimental Section conditioning/adsorbing process was repeated at least three times.

AM s of Water C Thin Borosilicat An NO concentration of (0.6540) x 10 molecule cnm® was
- Vieasurements ol Wvater L.overage on Thin sorosticate then added into the cell as a mixture with.Nnitial relative

Glass Disks.The amount of liquid water adsorbed on thin cover humidities of 0, 20, 30, 40, 50 and 70% were obtained by adding

glass diskg aydiff_erent relative humidities (_RH) was determingd a portion of d}y N foI’Iow,ed by bubbling N (100% humid)

by transmission .|nfrared spectroscopy using th? ce!l shown in through a fritted glass immersed in water to give a total pressure
Figure 1. The thln_cov_e_r glass S?mp'es were thin M|cr_o Cover of 1 atm. Gaseous reactants and products in the long path cell
Glasses (VWR Scientific, Inc.) with 0.13 to 0.17 mm thickness were measured using FTIR starting immediately after the

addition of the reactants, for up to 350 min reaction time. Loss

and 25 mm diameter. The cell, made of Pyrex glass, was 3.2
of NO and formation of gaseous NCand HONO were

cm in diameter, 11 cm in length and capped with infrared-
transmitting Z_nSe windows. To increase the vv_eak _adsorb@j H  measured using their absorption bands at 1876, 2900, and 1264
signal, five disks of cover glass were placed in thin slots along cmL, respectively
a;ié‘:’huaazgeglass rod, giving a total of 10 glass surfaces for Spectra of these species were quantitatively analyzed using
A mi '? 'f i . tvari lative humiditi a least-squares fitting procedure described in detail by Gomer
mixture of water vapor in ha Va”%‘ﬁ r‘i ative ugt" il |eds by €8 al28 The concentration of each species is determined relative
stream, Obtain€d by 14 5 reference spectrum of known concentration. Absolute

was generated by diluting a 100%
bubbling N> through Nanopure water (Barnstead, 1&Mm), concentrations for NO and NQeference spectra were deter-
mined using calibrations of the pure gases. Nitrous acid was

with dry N,. The flow rates were controlled by calibrated
Matheson TF 1050 flowmeters. Spectra were collected at 0.5 quantified using infrared cross sections for 1264-&meak
determined by Barney et &:30in this laboratory.

cm~1resolution with 1024 co-added scans and a total scan time
Materials HNO; was 70.1 wt % (Fisher) and 280, was

of 14.5 min. A background spectrum was obtained after the
cell and thin cover glass disks had been purged with dgrioN 95.8 wt % (Fisher). Nitric oxide (Matheson 99%) was purified
y passing it rapidly through a liquid nitrogen trap. Thewas

24 h. Reference spectra of gas-phase water at different relativeb
humidities were measured without the cover glass disks and 99.999% (Oxygen Services Company) and used as received

subtracted before integration.

B. Reaction of Gaseous NO with HNQ On a Borosilicate
Glass Surface.These experiments were performed in a long
path infrared cell mounted vertically in the sample compartment ~ A. Water Coverage on Glass.Figure 2a shows typical
of an FTIR spectrometer (Mattson, Cygnus) and equipped with infrared spectra in the 3800 to 2800 Thregion where
an MCT detector. All experiments were carried out at '¢m  absorptions due to the stretching vibrations of water occur. The

I1l. Results and Discussion
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Figure 2. (a) Typical absorption spectra of water adsorbed on thin cover glass disks at different relative humidities and at room temperature; (b)
spectra from (a) plotted at lower resolution (4 @nwith gas-phase water subtracted and smoothing of the spectra.

v, stretch of gas-phase water is centered at 3652'@nd the toward lower wavenumbers in the presence of more surface
asymmetricvs stretch at 3756 cmi.3! These bands appear as a water reflects a trend in which water changes from strong
series of sharp rotational lines superimposed on a broad bandnteractions with the surface with some hydrogen-bonding to
centered at~3400 cm! at the highest water coverages. The adjacent water molecules, to three-dimensional water hydrogen-
broad band is due to liquid water, and is red-shifted by up to bonding as is the case of the bulk liquid. This is similar to the
200 wavenumbers compared to the gas phase due to intermoeffects observed by Ewing and co-work&r® on the infrared
lecular hydrogen bondingthe shift in band position from the  spectrum of water adsorbed on NaCl crystals, in which the center
gas to the liquid is also accompanied by an increase in the of the 3400 cm! band was red-shifted to 3500 cfat
absorption coefficient? submonolayer coverages.

Figure 2b shows more clearly the surface water band. These The number of monolayerdAL) of adsorbed KO on glass
spectra were obtained by subtracting from Figure 2a the as a function of relative humidity was calculated from the
contribution from gas-phase water, converting the spectra to aintegrated absorbancéy (cm™), and the known integrated
lower resolution (4 cmt! instead of 0.5 cmt which is adequate  absorption coefficient for liquid waté?, %> 6 = 6.1 x 1077
for this broad band), and smoothing them. These show that thecm molecule? (base 10)
surface water peak shifts from3600 cnt?! to ~3400 cnT?! as s 501~
the water coverage increases, and at 100% RH, the spectrum ML =A/(1.0x 10°N 0) 0
becomes indistinguishable from that of liquid water. The shift whereN = 10 is the number of thin cover glass surfaces and
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Figure 3. Number of monolayers of adsorbed®on cover glass as © i e
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. . o 0o
1 x 10" molecule cm? is the surface density of one monolayer O ™ . T T . 1
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of water, based on an area per water molecule of 48 An 50~ S
integrated absorption coefficient af = 6.1 x 10717 cm 24 () o
molecule’! was used for all water coverages on the surface. In 204 NO
order to avoid systematic errors in determining the number of :z:— et eee ces vel . eed™ a0 Lle
water layers that might be introduced by the smoothing ] \ LW e
procedure, the spectra used for quantification were the 03 cm Gl bt ene T maa TR T = YND,

spectra (Figure 2a) but with the contribution of gas-phase water ] » : ; ; !
subtracted out. Figure 2 shows the blue shift in the absorption - i

spectrum due to a strong interaction between water and the Time (min)

surface at low coverages; it is therefore expected that the Figure 4. Decay of gas-phase NO and formation of N® the long
absorption coefficient will also be smaller than that for bulk path cell whose walls had first been exposed to HN@) 0% RH and
liquid water at these lower coverages. However, given the [NOJo = 1.6 x 10' molecule cm? (b) 30% RH and [NQ] = 1.4 x
uncertainty inherent in estimating the correction factor for the 10°° molecule cm (c) 50% RH and [NQj = 1.4 x 10°> molecule
absorption coefficient for such a perturbed liquid-surface system, €™ (@) 70% lRH and [NQj = 1.4 x 10 molecule cm®. The total
we have used the bulk liquid water value at all coverages. pressure was 1 atm inNit room temperature.

Figure 3 summarizes the number of monolayers of water on gre used in the context of “equivalent numbers of layers”
the glass surface as a function of the relative humidity. The pecause the water is unevenly distributed.

data SUggeSt a Type Il isothethcharacteristic of multilayel‘ We assume in the experiments with HN@'] the surface
absorption. The dotted line shown in Figure 3 represents a fit that preadsorbing HNon the glass does not alter the
for a BET isotherm of the forff subsequent uptake of water. Although Bogdan and Kulffiala
RH reported that HN@and HCI do affect the uptake of water on
fractional coverage= G an silica powder, we did not observe an increase in the 5275.cm

(1-RH)[1+ (cg — D)RH| combination infrared band of water on silica powder when it
had been “dosed” with HNgbefore exposure to water vapBr.
wherecg = 100 is a constaniWe understand that although the (This band was followed to avoid interfering absorptions in the
fit could be improved with a multi-parameter model, the data 3000-3500 cnt! region by HNQ itself).
in Figure 3 are adequate for determining the number of water B. Reaction of Gaseous NO with HN@—H>O Thin
layers under our experimental conditions. Surface Films. Figure 4a shows the results of a typical
Our data are consistent with literature reports of the uptake experiment in which a mixture of NO in Nvas added to the
of water on glas$? particularly given the different analytical  cell in the absence of water after dosing with HN®here was
methods that were used and the different treatments under whiclmo detectable loss of NO and only a slow formation of NO
the glass surfaces were prepared. It is interesting, for example,This could be due to some thermal oxidation of NO by
to note that in 1918 Langmuir reported that 4.5 layers of water molecular oxygen impurities from small amounts of air leakage
were adsorbed on glass in &rThis would be consistent with  into the cell during these long experiments, or to a very slow
~70% RH in their laboratory. reaction between NO and HNOn the cell surface. With
There is a great deal of evidence that the first few layers of approximately one monolayer of water, a slightly higher rate
water on silica surfaces interact strongly with the surface and of NO, formation was observed (e,dg~igure 4b). With three
do not behave like bulk liquid water. At least the first three monolayers of water, the reaction was much faster, with

layers of water are known to be strongly perturBed? In measurable losses of NO and rapid formation of,N@.g.,
addition, water is known to form clusters on the surface at low Figure 4c). However, with a further increase in water coverage
coverages, rather than forming a uniform thin fith43 As a to five layers (Figure 4d), the rate of formation of Bl@gain

result, in our experimental system, the water on the surface isdecreased.
better thought of as clusters at relative humidities at or below  The stoichiometryA[NO,]/A[NO] was calculated from the
50%. Therefore, one, two or three layers of water on the surfaceslopes of the lines obtained when NO and N@re plotted as
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TABLE 1: Summary of Long Path Cell FTIR Measurements of the Decay of NO and Formation of NQ in the Reaction of NO
with HNO 3 Adsorbed on the Cell Walls at Different Water Coverages on the Surface

number of [NOJo (10 — d[NOJ/dt d[NO,)/dt
surface water layers (%RH) experiment #holecule cm3) (103 molecule cm® min~1) (10 molecule cm®min~t) ANO2/ANQO? averaget 20
1.9(30) 1 4.0 0.12 0.35 29
2 7.2 0.14 0.47 3.3
3 9.5 0.46 2.5 54
4 15.0 0.63 2.2 3.5
38+11
2.5(40) 1 2.6 0.08 0.2 2.5
2 8.0 0.42 15 3.6
3 11.0 0.59 2.2 3.7
4 15.0 1.1 3.3 3.0
3.2+ 0.6
3(50) 1 0.65 0.095 0.35 3.7
2 3.2 0.36 1.1 3.0
3 7.0 0.91 2.6 2.8
4 8.2 2.0 7.1 3.6
5 14 4.3 15 35
6 22 7.3 20 2.7
7 40 11 40 3.6
3.3+04

aFrom the ratio of d[NO_)/dt} /{d[NO]/dt}.

)

These experiments clearly show that the rate of the hetero-
geneous reaction of gaseous NO with HNID borosilicate glass
depends strongly on the presence of water on the surface. The
reaction was so slow as to be undetectable in the absence of
water, but accelerated as the number of surface water layers
approached three. With further increases in water, however, the
rate again decreased.

Nitric acid is expected to hydrogen bond with the polar silanol
groups Si—OH) at the silica surfac#:4647 Independent
evidence for this HN@silica interaction was obtain&tfrom
L the absorption spectrum of porous glass and silica before and
after dosing with HNQ@. The sharp peak at3750 cnt! due to
- the O-H stretch of free (i.e not hydrogen-bonded)SiOH
0= : : : | surface group? decreased upon adsorption _of H&Jmu_t

10 20 30 40 recovered when HNOwas removed by extensive pumping.
Thus, we attribute the decrease in the peak to a reversible
Initial [NO] (10"® molecule cm™) hydrogen-bonding of HN@to the silanol group. A similar
change has been observed by Goodman &t awhen silica
powders were exposed to gaseous HNDhe strength of this
hydrogen-bond can be estimated from ab initio calculations by

a function of time between 0 and 300 min for the runs where 1@ €t af® of the binding of nitric acid to water in the lgas
2—3 layers of water were on the surface. Table 1 summarizesPhase. The binding energy was estimated to-868 kJ mor,
these data. The weighted average\[NO,J/A[NO] = 3.3 + with two hydrogen bonds formed between the molecules. A
1.0 (20). Small concentrations of HONOYL0M cm~3) were reasonable value for one hydrogen bond between water and

detected at larger reaction times; for example, with an initial Nitric acid is th?refore 15 kJ mot, which lies in the range of
NO concentration of 2.% 10! molecule cm3and three layers 1224 kJ mof* reported for a variety of hydrogen bons.

-
|
L]

-3

molecule cm s

dINO,)/dt (10"

Figure 5. Rate of NQ formation as a function of initial NO
concentration at 1 atm pressure in &hd 50% RH.

of surface water, HONO at 260 min was2 x 10 molecule When small amounts of water are adsorbed on silica surfaces,
cm~3 compared to N@at 4 x 10 molecule cm?3. Because it is believed to cluster on the surface rather than forming a
HONO was detectable when significant amounts of,N@d uniformly distributed layer. This is attributed to an enthalpy of
been formed, it may have been generated at least in part by theadsorption of water on water clusters that is greater than that
surface NQ hydrolysis reactiod 16 for adsorption on an isolated silanol group (44 kJ Tols 25

Figure 5 shows the rate of NGormation in the long path ~ kJ mol1).4° When nitric acid has been preadsorbed on the
cell as a function of the initial NO concentrations under surface as in these experiments, water may cluster around the
conditions where three layers of surface water were present,surface HNQ. An alternate possibility is that water displaces
indicating that the reaction generating Ni®first-order in NO. HNO; from the silanol group onto the adjacent surface, but that

To ensure that N@formation was due to reaction 5, blank HNOs remains in close proximity to the water now clustered
runs were also carried out in which NO was introduced alone around the-SiOH group; the latter is suggested by the greater
into the clean cell whose walls had been cleaned by rinsing strength of the hydrogen bond between water and-t8&H
with Nanopure water. Spectra of NO in the cell at 0 and 50% group (25 kJ moi!) compared to that between nitric acid and
RH were collected as a function of time; no significant formation water, estimated to be-15 kJ motl. When both water and
of NO, was observed. Similarly, blank runs in which nitric acid nitric acid are present, water stabilizes HN@ as much as 30
alone was introduced into the cell at various RH also gave no kJ mol relative to the gas phase, assuming two hydrogen-
reaction. bonds to nitric acid are involved.
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Figure 6. Model of reaction of HN@with NO on a silica surface in the presence of water.
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It is relevant that HN@ readily desorbs back into the gas hence, solvation of HONO as it is formed should be particularly
phase in a dry cell but most of it remains on the surface where important. The difference between the enthalpy of forma&fion
water is present. In a dry cell, the amount of HN@2sorbing of HONO in the gas phase compared to solution (undissociated
into the gas-phase varies, depending on the condition of theHONO) is 40 kJ mot™. This is more than sufficient to make
cell walls. A typical peak absorbanceef.3—-0.6 at 896 cm? the reaction between NO and surface hydrogen-bonded HNO
is observed after dosing HNGn a dry cell, compared te-0.1 exothermic. The product NOwill be formed initially in the
after water vapor is added. Figure 6 summarizes this model of water cluster and solvation of this product will further increase

nitric acid and water on the surface. the reaction exothermicity. Because Ni® much less soluble,
Gaseous NO introduced in the cell reacts with the adsorbed it will be released to the gas phase as shown in Figure 6, whereas
HNO;3 surrounded by water molecules to produce ;Nsdid HONO remains on the surface to undergo further reaction with
HONO adsorbed nitric acid.
As discussed earlier, the subsequent chemistry of HONO on
HNO; + NO— NO, + HONO (2) the surface may either be the reaction with another surface

) . ) HNO; or the bimolecular reaction between two HONO mol-
If the reactants and products in reaction 2 are in the gas phaseecules on the surface. Although neither can be firmly ruled out

the standard enthalpy of reaction/i#i%ggx = —1.4 kJ mof 2. based on our experiments, the former seems more likely
However, our experiments show that in order for reaction 2 to
occur, (i) HNG must be on the surface, and (ii) water must be HNO; + HONO— 2 NG, + H,0 3)

present. As discussed above, nitric acid hydrogen-bonded to the
surface and to a water molecule is estimated to be stabilized The enthalpy of this gas-phase reactiorh4%gg = + 39 kJ
compared to the gas ph&3ey ~30 kJ mot?, making the mol~1. Assuming, as discussed previously, that HNB

reaction endothermic by29 kJ moi™. stabilized by 30 kJ moft, HONO is stabilized by 40 kJ mo}
However, water is also capable of solvating the reaction due to solvation, and the water is generated in the liquid state,
products. The Henry’s Law constants, 49 L miohtm ! for the reaction enthalpy becomés$5 kJ moil. However, it is

HONO compared to 1.4 102 for NO,,1°49show that nitrous mechanistically reasonable to suggest that the HGNIENO3
acid interacts more strongly with water than does,Nand reaction initially generates J, rather than 2 N@ and the
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reaction then becomes

HNOS(surface)+ HONO(surface)q N204(surface/g)+ HZo(l) (6)

If the N,O,4 product is in the gas phase, the standard enthalpy
change for reaction 4 become$ kJ molt. However, solvation

of N2O4 as it is formed will stabilize this product, increasing
the reaction exothermicity. 20, is much more soluble than NO

in water, with its Henry’s Law constalftbeing 2 orders of
magnitude larger than that for NOAs an upper limit, we
estimate an additional gain of 29 kJ mblbased on the
difference between gaseous and liquigOi Dissociation of
N2O4 then releases NQnto the gas phase. Given the critical
role played by water, the most accurate representation of the
overall reaction may be

2 HNOB(surface)+ 3Hzo(surface)+ NO(g) e
NOZ(g) + NZO4(surface)+ 4 HZO(I) (7)

This model is consistent with the work of Bogdan and
co-workeré*5152who studied the uptake of nitric acid and water
on silica powders. They reported that the concentration of nitric
acid was larger in the layers adjacent to the silica supfeared
that the enthalpies of fusion of microdroplets of nitric acid and
water on these surfaces are lower than for the bulk-awigter
solutions®? Thus, nitric acid and water on silica surfaces cannot
be treated as bulk aqueous systems.

The reaction with five layers of water present on the surface
(Figure 4) is much slower than that with two to three layers of
water. This is likely due to the fact that water behaves like a
bulk liquid at these higher coverag®s#? Thus, under these
conditions the surface water may more closely resemble a bulk
aqueous solution of nitric acid, rather than surface-adsorbed
clusters as proposed in the model in Figure 6. Nitric acid is
well-known to dissociate in dilute aqueous solutions, even on
surfaces. Supporting this possibility is the observation by
Goodman et a! and by this laboratorfy that addition of water
vapor at high relative humidities when HN@ adsorbed on
silica leads to a decrease in the molecular nitric acid peak and
an increase in nitrate ion peaks. At the other extreme, if the
film is highly concentrated in nitric acid, molecular HYO
associates with water molecules to form hydr&fe®’ Under
these conditions, the vapor pressure of nitric acid in equilibrium
with the solution is quite high (of the order of Td¥)and less
nitric acid may remain on the silica surface for reaction.

Atmospheric Implications. Silica surfaces are ubiquitous in
the troposphere in the form of dust particles, soil and building
materials. Nitric acid is well-known to be readily taken up by
such surface¥=22 The studies presented here suggest that the
sticking of nitric acid to such surfaces is more efficient in the
presence of surface water; given that water vapor is always
present in the lower atmosphere, this will not be a limiting factor
under atmospheric conditions. Our studies show that with the
appropriate amount of water on the surface, HNEan
potentially be converted into NOSuch “renoxification” has
significant implications for the chemistry of both the free

troposphere and polluted urban areas. In order for such chemistry

to occur, there must be sufficient water on the surface to stabilize
the HNG; and to solvate the reaction products. On the other

hand, if there is so much water on the surface that it behaves

like a bulk liquid and the nitric acid is largely dissociated, the

reaction does not occur. The data presented here with ap-

proximately three surface monolayers of water imply that the
reaction probability for loss of NO on the cell walls under these
conditions is of the order of I@. However, this cannot be
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directly applied to the atmosphere because the actual form of
nitric acid on the cell walls and how that relates to atmospheric
conditions is not known. Understanding the amounts of water
on surfaces in the lower atmosphere and the form of surface
nitric acid are key to assessing the importance of this chemistry
under various atmospheric conditions. Increased reactive surface
areas of soi® compared to the geometric surface area at the
earth’s surface must also be taken into account. Finally, the
reaction kinetics of NO with the nitric acielvater clusters needs

to be directly assessed. Such studies are currently underway in
this laboratory.

IV. Conclusions

Gaseous nitric oxide reacts at room temperature with nitric
acid on a glass surface in the presence of water. The major
gaseous product is NOwith the overall reaction stoichiometry
corresponding to 3 N&produced per NO reacted. The reaction
is first order with respect to NO. These experimental observa-
tions are consistent with the overall reaction 2 H\NGrace)+
NO) — 3 NOy(g) + H20(). However, the presence of water on
the surface is critical. Its role is likely to solvate the HONO
and NOy4 products generated in two steps that make up the
overall reaction. We propose a model in which HNG
hydrogen-bonded to the surface in close proximity to water.
As a result, the overall reaction may be better represented as
follows: 2 HNOS(surface)+ 3H20(5urface)+ NO(g) - NOz(g) +
N2Ossurfaceyt 4 H20q). This chemistry is potentially important
in “renoxification” of HNGO; in the boundary layer of polluted
urban atmospheres where silica surfaces are plentiful in particles,
soils and building materials, as well as globally in the free
troposphere where dust particles are present.
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