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The solubility of HONO in various wt % sulfuric acid solutions was measured. HONO becomes increasingly
more soluble in high acid wt % solutions, probably resulting from the protonation of HONO to give
H,ONO', followed by dissociation and association to give MBO,~ (nitrosyl sulfuric acid). The reaction

of HONO with HCI on 50, 60, 67, and 70 wt % sulfuric acid solutions was also studied. The measured
uptake coefficients could not be explained simply by the occurrence of a bulk phase reaction, and a surface
effect is found to contribute to the uptake. The reaction of HONO with HCI was measured on sulfuric acid
particles, and a small reacto-diffusive length further supports a surface reaction. From extrapolating our
measured uptake values to stratospheric conditions, the formation of CINO from the heterogeneous reaction
of HONO and HClI is concluded to be an insignificant process in the volcanically unperturbed stratosphere.

Introduction reaction could be important in the stratosphere. They found a
reaction probability ranging from 0.01 to 0.02 for HCI uptake
onto 60-72 wt % sulfuric acid solutions doped with HONO.
Although their measurements (pHEIpHONO= 3—5 x 107/
Torr) were not done under stratospheric conditions, Zhang et
al. estimated that the production of CINO could be significant,

heterogeneous surfaeand the heterogeneous activation of Fns?ﬁecilflclzlglgzl(ﬁirol::gZ;t(i)rlg:gge}g ﬂ%ﬁgi‘lﬂiﬁﬁf%ﬁg%@%ﬂs'
chlorine is thought to be much less efficiéntFor example, y '

reactions such as CIONG- HCI and HOCI+ HCI can occur However, Becker et dP have recently reported the solubility

in sulfuric acid, but their efficiencies decrease considerably as gg:glr?oelsn stllfllifgh”ﬁ:géi;;’aet;;vﬁsi;?r:npzer::tnureetaglqscggi?ﬁ;t;s
temperatures warm above210 K; consequently, their contribu- Usin agKn’udsen cell, Fenter etlélalsg studigd thel reaction .
tions to chlorine activation at midlatitudes is mininfal. 9 ’

. : : f HONO with HCI on sulfuric acid. Interestingly, they
Burley and Johnstdnsuggested that nitrosyl sulfuric acid 0 - .
(NSA, formula NOSGH) could be readily formed in sulfuric observed no reaction between HClI and HONO on solutions

acid aerosol in the stratosphere and that reaction of NSA with containing more than 65 wt % S”'f_“_”c acid. At.GO Wt % they
dissolved HCI (or CH) could yield CINO. CINO, once in the observed a maximum uptake coefficient for HCI in the presence

3 .
gas phase, is readily photolyzed; thus, the proposed schemr;of HOtNO Oft i.xhl(r .t E;ec;use they d'? t?]Ott (:\lbgir\(e CIIt\IO
results in activation of chlorine. The formation of NSA is 'r%m(])arlt;)nr}[ %terlr?qezr'a\?; 'no’th'se};eztcj:ggﬁsan dathat th';srggct%?l
favored in more concentrated sulfuric acid (thus warm atmo- Imp : ! ! : ' : '

spheric temperatures), and reaction of HCI with NSA might be \;\{[Ir”at:;ivﬁe?e"mltecj impact on the volcanically unperturbed
a source of active chlorine at midlatitudes. Burley and Johnston P : . . .
pointed out that the N(IIl) compound of NSA may be present Because of the discrepancies between the experiments of

as BONO" (i.e., protonated HONO). The overall reaction can Zhang et al. and Fenter et al., reinvestigation of this reaction
be written as. f.0’||OWS' ' seemed prudent. By measuring the reaction probabiijy (

which is composed of fundamental physicochemical param-
- eters!2 and estimating the heterogeneous processing of this
HONO+ HCl = CINO + H,0 (1-1) reaction, it should be possible to determine its stratospheric

) ] significance. The reaction probability on a sphere of radius
~ The gas-phase enthalpy change for reaction 1 with HONO s re|ated to the mass accommodation coefficietdnd the
in the trans form is-4.5 kcal/mof With a calculated standard 1k liquid-phase parameters by the equafion:

entropy change of 3.4 cal mdlK 128 the gas-phase free energy
change AG®) at 298 K is approximately-5.5 kcal/mol.

Zhang et aP. reported measurements of HONO and HCI
reactive uptake in a coated wall flow tube and concluded this

Heterogeneous activation of chlorine by polar stratospheric
clouds is a well-documented phenom&hand has been
extensively studied by field campaigrend in the laborator§.

In the extrapolar mid to lower stratosphere {I% km), sulfate
aerosols of 6680 wt % sulfuric acid are the predominant
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function [coth&/l)—I/a] and for bulk measurements or,af>

I, this factor is equal to unity. From reactive uptake measure-

ments ofy, the quantityH(k'D;)Y/2 can be determined and, kf
and D, are known or can be estimated, values kbican be

Longfellow et al.

Briefly, a known amount of gaseous HONO was absorbed into
a known volume of solution (stirred continuously), thus resulting
in an absolute measure of the Henry’s law coefficiéhidno).

A second type of absolute measurement was performed wherein

obtained. If eq 2 applies and if all these parameters are knowna nitrosytsulfuric acid solution was prepared by adding a
or can be estimated, the reaction probability for reaction 1 can known amount of NaN@to 80 wt % HSO, at 0 °C. The
be calculated for application to the atmospHerm this way, composition of this solution was0.4 M NaNQ in ~79 wt %
although laboratory measurements of the reaction probability H,SO4. The vapor pressure of HONO over these solutions was
of HONO and HCI are taken under conditions unlike those in monitored over a wide temperature range to deky@no.
the stratosphere, uptake coefficients applicable to the strato- Reactive Uptake Measurements.HONO reactive uptake
sphere can be obtained. was studied on 50 (205 and 250 K) and 60 (219, 230, and 250
Here we describe experiments on bulk liquids and on aerosol K) wt % solutions. For the HONO reactive uptake experiments,
particles that elucidate the reactions of HONO in sulfuric acid HCI was introduced into the reactor with the He carrier gas
solutions. The solubility of HONO in sulfuric acid for a number (pHCI, the partial pressure of HCI, was between®@nd 10”7
of different bSO, concentrations was measured. The reaction atm) and allowed to equilibrate with the liquid. Concentration
of HCI with HONO was investigated on 50, 60, 67, and 70 wt of HCI in the liquid was between-5 x 1076 and~3 x 1072
% sulfuric acid solutions. We show that the deviation of the M, dependent on both $Oy] and temperature (the Henry's
data from bulk phase reaction behavior necessitates includinglaw coefficients for HCI were taken from Carslaw et3L. The
a surface specific term in the equation used to describe theRWW was primarily used in these experiments. HCI reactive
reactive uptake. The hydrolysis of CINO (-1) on sulfuric acid uptake onto 67 (250K) and 71 (215 and 269 K) wt % sulfuric
solutions was also studied to further understand the surfaceacid solutions that were doped with HONO was studied. HONO
specific behavior. Measurements of HONO and CINO uptake was added to the liquid either through the gas phase by including
onto sulfuric acid particles are presented and they indicate theHONO with the carrier gas, feasible whetyono is relatively
need to consider a surface reaction to descyib&he reaction low (<1C° M atm™1), or HONO/H,SOJ/H,0 solutions were
of HONO with saturated NaCl solutions was investigated to prepared by mixing known amounts of Nad@ith sulfuric
determine if the presence of protons is necessary for this reactionacid solutions. CINO uptake onto 60 wt % sulfuric acid,
to take place. reaction (-1), was also studied at 250 K. ~Al% mixture of
CINO (99% from Matheson) in He was used. Possible
impurities such as Glor NO in the CINO were not observed.
Even if present these species are not readily taken up by sulfuric
acid and would not participate in the observed heterogeneous
reaction. For the uptake of HONO on NaCl, a saturated NaCl
solution was prepared by placing dry NaCl crystals in the flow
tube at 268 K and then adding water vapor to the He flow until
the salt appeared wet (deliquesced). The reactive uptake of
HONO was then studied.
The average velocity of the He carrier gas (typically 1000
cm s1) was between 200 and 2000 cmisthe total pressure
n (typically 1 Torr) was between 0.5 and 5 Torr, and the
~ Solubility Measurements. Because the Henry’'s Law coef-  temperature ranged from 205 to 295 K. The standard analysis
ficients for HONO Hrono) varied over a large range, a few procedures for flow tubes were used to calculate the reactive
different techniques were employed to measure them. Solubili- yptake coefficientd”-18 Corrections to the observed first-order
ties were measured using both relative and absolute methodsate coefficients due to diffusion ranged from a few percent to
Solubilities reported here include physical uptake as well as 35 much as 50%. The diffusion coefficients for HONO in He
uptake resulting from any further reaction in solution, such as gnd in O were calculated to be 290 and 75 TorrZcen! at
protonation or dissociation, and the values obtained are com-220 Kk, respectively®-2!
monly referred to as effective Henry's Law coefficients. Gas-phase species (HONO, HCI, and CINO) were detected
Relative HONO solubilities were measured by monitoring - ysing chemical ionization mass spectrometry (CIMS). Within
the partial pressure of HONO over a HONO-doped sulfuric acid the C|MS, SE- reacts with HCI2 and HONO (reaction 3a) via
solution and varying either the temperature or the water contentoride transfer. SE can also transfer a fluorine atom

of the solution. The solutions were prepared by adding HONO (reaction 3b); the products in this case are ambiguous, but could
from the gas phase to a small amount of solution located in the o HE+ NO,.

RWW. HONO was synthesized by adding small amounts of
dilute NaNQ solution to 20 wt % sulfuric acid at 6C and

Experimental Section

The uptake in and solubility on bulk liquids was measured
in a cylindrical flow tube reactor. The liquid sulfuric acid
solutions (56-83 wt % H,SOy) were located on the inside wall
of the flow tube (i.d.= 2.2 cm}2 or inside a rotating wetted
wall (RWW, i.d. = 1.84 cm) flow reactor, recently developed
in our laboratory:* For the RWW experiments, the liquid is
located on the inside of a glass cylinder that is rotated1(®
rpm) to maintain a cylindrical coated wall liquid surface. A
few experiments were performed with the liquid located in a
small container at the bottom of the flow tubke.

transporting the resulting HONO vapor to the flow tube through HONO+ SF;~ —~ HF-NO, + SK; (323)
a movable injector. The solutions in this case were continuously _
stirred by the slowly rotating RWW and aided by a glass — Sk + other products (3b)

encapsulated stirring bar(0 cmx 0.5 cm 0.d.) that rested in

the liquid. The HONO signal (proportional to partial pressure) The rate coefficients for reaction 3 have not been reported.

was then monitored as a function of temperature or of water Similar to the reaction of SF& with HCI (and unlike the case

partial pressure. Care was taken to minimize the amount of for SRk~ + HNO3), it was found that fluoride ion transfer is

HONO desorbed from the solutions during the measurementsnot the main channel for reaction of &Fwith HONO:

(i.e., concentration of HONO in the substrate remained constant).primarily Sk~ is produced. Channel 3b accounts for5%
Absolute HONO solubilities were determined in 60 and 65 of the products, measured by comparing the product ion signals

wt % H,SO solutions using the RWW flow tube methétl. and assuming negligible mass discrimination in the quadrupole
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mass spectrometer. This differs from the work of Zhang &t al.
where it was assumed that flouride ion transfer is dominant. 107 | ,
They assumed that the rate coefficients for the reactions of
HNO3; and HONO with SE~ to give HFNQ™~ and HFNQ™,
respectively, were the same to obtain an estimate for their
HONO concentrations; our results show that this is incorrect,
as discussed below. Reaction 4 was studied previously by
Strei3 and was reported to have a rate coefficient of 4.4
101 cm® molecule! st at 298 K. Our calibrations suggest
that this value is too low, see below.

269K

—
(=
>

10° | i
CINO + SF,” —CI™ + SF, + NO (4)

Henry's Law coeff. (M atm™)

By monitoring the signal at HFN©, Cl-, and HFCt, the
reactants and the CINO product from reaction 1 can be
unambiguously identified.

The rate coefficients for reactions 3 and 4 can be estimated
(relative to that for HCH- SKs~) from the product ion signals w
where the reaction of CINO with 40, reaction (-1), was 0.01 01 1
observed, and HCl and HONO were assumed to be produced Puo (Torr)

in equal amounts. Because the CIMS signals may depend on_. . )
9 9 y dep Figure 1. EffectiveHnono as a function of water pressure at 269 (open

the mass of the product ion (i.e., mass d'SCf'm'n.atr'?g“ N the i cles) and 295 K (filled circles). The symbols with a cross indicate
instrument) as well as the iermolecule rate coefficiert; the data taken when the water vapor was increased and agree quite well

relative rate coefficients are reported as estimates. Note thatwith data taken when the water vapor was decreased (plain symbols).
the CIMS sensitivities for HONO and CINO, however, are as The lines shown have no physical meaning and are only a visual aid.
accurate as for the HCI calibrations;25%, subject to the

assumption of unity yield for reaction (-1). From the ratio of molecule reaction time calculated from the CIMS flow tube

10% |- 4

the product ion signals, a rate coefficient-e6 x 10710 cm? interaction length (50 cm) and the flow rate (corrected for
molecule! s1is estimated for reaction 3a resulting in an overall concentration gradients in a laminar fl&{v

rate coefficient for reaction (3e3b) of ~2 x 10°° cm?® Reactions on Aerosol Particles.Reactions 1 and (-1) were
molecule* s™1. By comparing the decrease in the Glignal also studied on sulfuric acid aerosol particles, primarily at 250

to the increase in the HFCkignal, the estimated rate coefficient K. HONO and HCI were prepared, delivered, and detected as
for (4) is~2 x 10-°cm® molecule* s%, significantly different  described above. In separate experiments, CINO was added to

than the previously reported value of 44 107! cm? the flow tube via the movable injector fromral% mixture in

molecule! s71.23 Note also that the rate coefficient we used N,. Sulfuric acid particles were generated by flowing dver

for the reference reaction of HGt Sk~ (1.5 x 10°° cm® hot sulfuric acid after which the particles flowed through a

molecule’* s™* from ref 22) differs substantially from that  conditioner containing 60 wt % sulfuric acid. The particle

measured by Streit (4.2 100 cm® molecule® s7%). number density was measured in an expansion type particle
Using the measured CIMS sensitivity, [HONO] can be counter. The size distribution was determined from the ap-

estimated: plication of Mie theory to the measured attenuation of UV light

scattering by the particles. Detailed experimental descriptions
[HONO] = (S;¢/S,49)/kt ©) and procedures have been given previod#.
where Ge/Si46) is the ratio of the signals at HRO,~ (m/e = Results

66) and SE- (m/e = 146), k is the rate coefficient for that
channel (channel 3a), amds the average ion molecule reaction Relative Henry’s Law Coefficients. Shown in Figure 1 are
time (typically ~5 ms). This estimate is usually accurate to a the results of an experiment where the water content of the
factor of 2 (+100/-50%), but can bet30/—25% whent is solutions was changed by varying the partial pressure of water
known from calibrations (see below). The initial concentration at a constant temperature. Relatidgono values, which are
of HONO in the reactive uptake experiments was in the range inversely proportional to the HONO signal and thus partial
of 10" to 10" molecule cm3. For measuring the gas-phase pressure, were normalized ktyono determined from absolute
HONO over the prepared samples of NSA in sulfuric acid and measurements (see belowlono is strongly dependent on
for the HCI reactive uptake measurements, eq 5 was used. Fowater partial pressure (and thug3®, content) of the solutions.
the absolute solubility measurements using the RWW méthod In these experiments, the;8 vapor pressure, calculated from
or the HONO reactive uptake measurements, it is only necessarymass flow measurements (see note 23 in Hanson and Lé%ejoy
to know the relative changes in the HONO gas-phase concentra-was initially 0.1 and 0.7 Torr at 269 and 295 K, respectively.
tions. Then the solutions were dried by flowing He over them, a lower
The CIMS was calibrated for HCI by adding a known flow H,O partial pressure was set, and the HONO signal recorded.
(AP/At was measured in a known volume) of a dilute HCI This process was reversed (i.eHwas added), and the results
mixture to the flow tube. Both a 0.3% HCI-in-He mixture and obtained from drying out and adding,® were in excellent
a 1.0% HCl-in-N mixture were used; the HCI content of the agreement. Variations in the volume of the solutions due to
mixtures were known by manometric preparation and were changes in density and water content were taken into account
checked by absorption at 185 nm. With the known rate when calculating relative Henry’s law coefficients. The density
coefficient for Sk~ + HCI and an analogous equation to eq 5, of the sulfuric acid solutions was taken from Huthwelker €6al.
t can be calculated. It was usually within 30% of the ion The Henry’s law constants determined from these measurements
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TABLE 1: Measured Solubility Values 106 — : -
acid, Henry's law coeff,
T,K wt% M atm™! method uncertainty
295 83 1.3x 10 relative +100/~ 50% 107
295 82 6.6x 1C° relative +100/~ 50%
295 79 9.1x 1¢° relative +100+ 50%
295 79 1.5x 10° abs. molarity  +150/~65% s
292 79 3.1x 1P abs. molarity +150/~65% =
280 79 8.5x 10° abs. molarity +150/~65% < 108
274 79 1.6x 107 abs. molarity ~ +150/-65% S
273 79 1.6x 10 abs. molarity +150~65% g
261 79 7.7x 107 abs. molarity +150~65% o
250 79 2.8x 10° abs. molarity +150/~65% 10
230 79 4.6x 10° abs. molarity +150/~65%
269 77 1.7x 10 relative +100~ 50%
295 765 2.6x 10° relative +100/+ 50%
269 74 1.3x 108 relative +100/~ 50%
269 72 1.4x 10° relative +100/~ 50% 1010 ¢
295 71 9.8x 10° relative +100/~ 50% —— . — L
271 71 9.3x 10¢ relative +100/~ 50% 0.0032 0.0034 0.0036 0.0038 0.0040 0.0042 0.0044
269 71 9.1x 10* relative +100/ 50% /T X!
249 71 1.1x 10° relative +100/~ 50% ) )
230 71 1.2% 107 relative +100/— 50% Figure 3. A second type of absolute Henry's law measurement in
269 705 5.9« 10 relative 4100/~ 50% which the HONO concentration in solution is known and the HONO
205 70 6.3x 108 abs. RWW +30/~25% pressure is monitored as a function of temperature. The HONO
270 70 5.8x 10 abs. RWW +30/~25% concentration is~0.4 M in 79 wt % sulfuric acid.
296 66 1.2x< 10° abs. RWW +30/—-25%
270 66 4.2x 10° abs. RWW +30/~25% ' ' ' i '
270 65 2.6x 10° abs. RWW +30/—25%
249 65 9.0x 1¢° abs. RWW +30/~25% 751 |
240 65 2.4x 10¢ abs. RWW +30/—25% '
220 65 1.6x 10° abs. RWW +30/~25%
240 60 3.0x 1¢° abs. RWW +30/—25% =
220 60 2.7x 10¢ abs. RWW +30/~25% 5
218 60 4.1x 10 abs. RWW +30/~25% 3 70l i
2 abs. molarity= absolute molarity. §
6000 . : . . . . . £ o
o 50wt :A:corrected \\
65+ i ggm:"ﬁ:corrected ~ 1
5000 [ % . 3t
(o]
o I 1 1 I 1
4000 | OOoO g 0 2 4 6 8 10 12
§ OooOOO Injector position (cm)
§ 3000 P po0Reeeees — — — — 090006506000 Figure 4. Plot of the raw data (open symbols) from the loss of HONO
> oo° on 50 and 60 wt % sulfuric acid solutions with HCI at 250 K. The
2000f o °© solid lines are a linear fit through the data up to an injector position of
o) 6 (11 for 60 wt %) cm. The effects of equilibrium become quite
Ooo pronounced at injector positions greater than 6 for the 50 wt % data.
1000 | 1 The data points are corrected for the production of HONO from CINO
(solid symbols) for both 50 and 60 wt %. The dashed lines are the fit
ok , ) , ) . ) ) through the corrected data apdvas calculated from these corrected
0 100 200 300 400 500 600 700 slopes. See text for details.
Time (sec)

K down to 230 K and then back to 296 K with good
Figure 2. HONO gas-phase signal measured by the CIMS as a function reproducibility in the vapor pressure of HON@Hyono in 79
of time. By monitoring the absorption or desorption of HONO into a yt o, 14,50, can be obtained from these data and these values
known amount of sulfuric acid an absolute solubility can be measured. . ) .
are given in Table 1 (absolute molarity measurements). A small
after normalization are given in Table 1 (relative measurements). correction to the [HONO)] in solution from the increase in
Absolute Henry's Law Coefficients. The physical uptake  solution density as the temperature dropSH% from 295 to
of HONO onto 60 and 65 wt % }$0, solutions was 230 K) was applied.
investigated over a range of temperatures (2283 K). Data Reactive Uptake of HONO on HCI-Doped Solutions.The
for the uptake/solvation of HONO inte0.44 cn? of 65 wt % reaction probabilities for HONO were measured over a range
H,SO, at 249.5 K are shown in Figure 2. Both the uptake and of HCI partial pressures. No reaction between HONO and HCI
desorption of HONO are shown and the amount of HONO was observed without sulfuric acid present (i.e., no reaction in
absorbed is equal to that which is desorbed (within 10%). the gas phase or on glass). Figure 4 shows the data for HONO
Results for a number of such experiments are presented in Tableuptake on 50 and 60 wt % sulfuric acid at 250 K. As the
1 (absolute RWW measurements). reaction is monitored over longer contact times, the observed
Shown in Figure 3 are the measured partial pressures ofloss of HONO (at 50 wt % especially) slows for injector
HONO over the 0.4 M HONO in 79 wt % #$0O, solution as a positions larger than~6 cm. The reaction begins to reach
function of 1T. The solution temperature was varied from 295 equilibrium (i.e., [CINO][HO)/[HCI][HONO] approachekeq
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exp(—AG°/RT)) and the hydrolysis of CINO results in
significant production of HONO. The effect at 50 wt % sulfuric

a
acid is thought to be more pronounced because of high€]H @
which increases the rate of the reaction in the reverse direction.
To account for this equilibrium effect as fully as possible,
the raw data points were corrected for the amount of HONO ;: ) .
o

produced from the reaction of CINO with,®. This was done
by taking into account the amount of HONO produced from

CINO at each injector position, the uptake coefficient for CINO e 250K
(based on experiments discussed below), and the average 3l o 20K
reaction time (injector position/average flow velocity.) In

addition, the fraction of this HONO produced that reacted with + - -

HCl was calculated! As illustrated in Figure 4, this correction
can be significant. The data shown is typical for the 50 wt %
measurements, and without correcting for HONO production
from CINO y would by underestimated by-40%. Most
measurements did not require such a large correction; for
example, the uncorrected 60 wt % data would yield a 20% lower
y on average. Neither Zhang et®abr Fenter et al! reported

the occurrence of the reverse reaction in their experiments. We
found that the effects of reverse reaction (-1) could be obscured
if the reaction was not taking place under pseudo-first-order
conditions in HONO (i.e., [HCI] in solution was not at least 6
times greater than the [HONOJ).

The dependence of on HCI pressure for 50 wt % sulfuric
acid solutions at 205 and 250 K is illustrated by a jgg{log-
(pHCI) plot (Figure 5a). The slope of the linear fit to the 50
wt % data at 205 K is 0.5% 0.08. The uncertainty here, as
well as in all the logf)—log(pHCI) measurements, represents
20 in the fit. ynono Was weighted in the fits by uncertainties
of one-half the difference between the uncorrected value and
the value corrected for HONO production from CINO (averaged
+ 12% for the 50 wt % data at 205 K). The value of 0.53 is Figure 5. Data taken at 50 wt % and 205 and 250 K. (a) Log(
close to the value of 0.5 expected from eq 2 indicating that log(pHCI) plot iII_u_strating the rglationship between HCI‘pressure an_d
HONO uptake can be described using a bulk reaction with HCI the uptake coefficient. (b) The fit to the data at 205 K using eq 2 (solid

log (pHCI)
0.20 .

016L  (b)

012 |
—
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at 205 K. However, at 250 K the slope is 0.80 0.22,
indicating that the reaction of HONO with HCI cannot be
completely described as a bulk reactigruficertainties averaged
+38%). Alternatively, the same data can be plottefl asrsus
(pHCIY2 where 1I' = 1/y — 1/o. The data plotted in this
manner should lie on a straight line if the reaction probability

line) is nearly identical to that from eq 8 (dashed line). (c) It becomes
clear in this plot that eq 2 is not adequate to completely explain the
reaction taking place at 250 K. By including a surface contribution
(dashed line) the data is reproduced significantly better.

Equation 7 (and thus 8) is an approximafibwhich, for the
results presented here (i.¢.< 0.1), can be considered a good

can be described by bulk processes and the mass accommodatiopne. The dashed line in Figure 5b is a second-order fit to

coefficient is~1.

= 4RTH ooV k”HHCI(pHCI)DI

w

(6)

As expected, a linear fit df vs (pHCI}2 represents the 205

versus (pHCWH?2 according to eq 7. Values fay anda, (eq 8)
are given in Table 2 for all the measurements wisgrie related

to the liquid-phase second-order rate coefficiét) @nday is
related to a surface specific reaction rate coefficiknt ¥171).
Values fork! were obtained by calculatingljc/'® and using
theHnono measured in this work or, for 50 wt %, that of Becker
et all® D, for HONO was calculated by assuming the same

K data reasonably well (Figure 5b), but does not describe the parameters that were used for HGEI.

250 K data as depicted in Figure 5c. Sinctor HONO is not
linearly dependent on (pHCI¥ in 250 K sulfuric acid, the
reaction of HONO with HCI likely has a contribution resulting
from a surface specific reaction on sulfuric acid. In these
experimentsq > y and the curved behavior cannot be attributed
to y — o.. In addition, varyingo from 0.1 to 1 does not effect
this behavior.

A surface reaction term, which is proportional to the HCI
content of the liquid Klhci(pHCI)), can be added to eq?62°

= 4RTH,on0y K Huc(PHCID,

(0]

* KsuHnci(PHC) (7)

I' = a,v/pHCI + a,(pHCI) (8)

At 60 wt % it was necessary to use only measurements
wherein the HCI concentration in the solution phase was at least
a factor of 6 higher than the HONO concentration. This is
becauséiyono is larger tharHyc at 60 wt % and higher [HCI]
than [HONOQ] in the liquid phase is necessary to ensure first-
order conditions in HONO. Figure 6 consists of (a) a j9g(
log(pHCI) plot and (b) & vs pHCI2 plot, comparing the data
at 219, 230, and 250 K. The results and parameters used for
both 50 and 60 wt % are also compiled in Table 2. The 2
uncertainties in the fits ta;, and therefore iK', are given in
Table 2 and averag#56%. This does not represent the total
uncertainty in calculatingd' as uncertainties itdyc;, Hiono,
and D, are not included. Most of the measurements exhibit
surface specific behavior except at 60 wt %, 219 K and 50 wt
%, 205 K where the reaction occurs primarily in the bulk.
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TABLE 2: Uptake Measurements

acid, log—log Hrono, Hhci, Dy, K,
T,K wt % slope+ 20 M atm™ M atm™ cnPst M-ls?t a + 20 a
HONO Uptake
250 50 0.80+ 0.22 3.0x 17 25x 10¢ 9.5x 1077 8.1x 10° 10+11 8.9x 10¢
205 50 0.53+ 0.08 4.2x 10 3.0x 10° 3.6x 108 15x 1¢° 1200+ 250 3.3x 1¢°
250 60 0.78+0.10 1.3x 1¢° 8.6 x 107 6.3x 1077 9.4x 10¢ 23+ 11 1.9x 1P
230 60 0.66+ 0.06 1.0x 10 4.7 x 10° 19x 1077 6.9x 10¢ 180+ 38 8.3x 1P
219 60 0.4 0.16 4.0x 104 14x 10 7.1x 10°8 5.0x 10¢ 640+ 530 0
HCI Uptake
269 70 0.92+ 0.24 1.5x 10° 5.7 9.6x 1077 5.8 x 10 1.2+3.9 8.7x 10¢
215 70 0.46t 0.10 1.0x 1¢° 2.3x 1¢? 1.7x 108 3.5x 10° 350+ 25 0
250 67 0.90+ 0.18 ~7 x 10 60 8.0x 1077 3.9x 10 6.9+ 11 3.8x 10°
i T 0.07 | i ° j ! ’ T i g
AL
0.06 B
®
—————__ s . .
0.05 [ . g ]
= 0.04 -
g - .
- ol 003 [ . o
o
0.02 O pHCI=1.2x107 atm
—— 1=0.04 +/- 040_?
oot _*_ Pzl o
- 1=002
p L 0.00 L ) . . i ;
-8 -7 0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
log (pHCI) 7 (m)
012 . . . . . ' Figure 7. A plot of measured reactive uptake coefficients versus
particle size at 250 K, 60 wt %, and two HCI pressures. The solid line
oo (b) o 250K is a fit of the data to eq 9 at 1.2 1077 atm allowing botH andT to
F a 230K | ] vary. For the high-pressure data the short dashed line indicates the fit
o 28K while the upper limit td is also plotted (dotted line).
0.08 |- ]
oo A here as variable to be fit, aslis Here we assume no surface

contribution to illustrate that the measurgddn particles can
be directly related to the reacto-diffusive length.

From the second-order rate coefficiektl] that was obtained

0.02 [ ] from the 60 wt % bulk data at 250 K, a reacto-diffusive length
M/%j/e/cb/o of 2.6 um is predicted for an HCI pressure ofxd 10~7 atm.
0.00 However, as evident in Figure 7, a reacto-diffusive length of

0.04+ 0.04 £20) um can represent the data. A similar trend
is also observed at higher HCI pressures wheré ealue of
1.3 um is predicted, yet the data indicates hrvalue of
Figure 6. Data from 60 wt % solutions at 219, 230, and 250 K are essentially zerol(< 0.02). Since the reacto-diffusive length
compared. Figure 6a is similar to Figure 5a. The solid lines in Figure can be considered a measure of the depth over which the reaction
6b are fits using eq 8 and assuming a surface specific reaction. is taking place, this small value is an indication that a surface
Reaction of HONO on HCI-Doped Sulfuric Acid Aerosol. reaction is dominating the conversion. Note that these measure-
The reactive uptake of HONO onto HCI-doped 60 wt % sulfuric Ments do not yield a value fdrfor the bulk phase reaction; -
acid aerosol particles was studied as a function of particle size "ather they should be considered further evidence that this
at 250 K. The production of HONO from the reverse reaction '€action has a surface component.
(-1) was taken into account, as in the bulk reactions. In Figure Reactive Uptake of HCl on HONO-Doped Solutions.HCI
7 the measureg from the aerosol experiments is plotted against 10Ss measurements onterO wt % sulfuric acid solutions doped
rs the surface-area weighted particle raditists is a good with HONO were measured at 215 and 269 K. Reactive uptake
approximation (for log-normal distributions with geometric measurements on 67 wt % solutions at 250 K were also carried
standard deviations 1.26)4 that takes into account the poly- out. It was necessary to dope the solutions with HONO and
disperse aerosol samples that we use. No significant sizefollow the HCI uptake as the largelhono for these sulfuric
dependence fop was observed in the pHCI range from 1 to 5 acid compositionsH{rono > Hrci) precludes pseudo-first-order
x 1077 atm. The lines are fits to the data according to eq 2, conditions for HONO in the liquid. These data was not
which rearranges to eq 9I', defined by either eq 6 or eq 7  corrected for HCI production from reaction (-1) as the quantity
[CINO][H2Q]J/[HONOI][HCI] was far from the equilibrium value
)= oI f(rd1) ~ [coth( /) — UrJT ©) (Keq_ = exp(—AG°/RD)._ Uncertainties iny averaged#lS%.
o+ Tf(rdl) Figure 8a is a log{)—log(pHONO) plot for three different
conditions. At 250 and 269 K the slope is close to 1 (90
depending on whether a surface contribution is present, is treated).18 and 0.92+ 0.24, respectively), while at 215 K and 70 wt

0.04 |-

0.00000 0.00005 0.00010 0.00015 0.00020 0.00025 0.00030 0.00035
pHCI"?
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Figure 8. (a) Log(y)—log(pHONO) plots of 70 and 67 wt % data at
215, 269, and 250 K. (b) A plot df versus p(HONCY? allows k! to
be extracted.

% the data can be fit with a slope of 0.460.10. Figure 8b is
a plot of ['(HCI) versus (pHONOY? for these different condi-

0.00000  0.00002

tions. Similar to the HONO uptake experiments, a second-order

rate coefficientK!') can be extracted and these values are listed
in Table 2. D, for HCI was calculated analogously to that for
HONO with slight modifications for HC¥ The large uncer-
tainty ina; (Table 2) at 269 K reflects the fact that these data
could be fit without a contribution from the bulk reaction. This
uncertainty is also reflected in thé values. Not included are
uncertainties due to the Henry’'s law coefficients dbdas
discussed earlier.

Reverse Reaction: CINO Hydrolysis. The reaction prob-
ability for loss of CINO due to hydrolysis (-1) was investigated
at 250 K on 50 and 60 wt % sulfuric acid in the RWW. A
small correction for the effect of reaction 1 on the observed
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Figure 9. CINO uptake onto 60 wt % sulfuric acid aerosols at 250
and 294 K as a function of the surface area weighted particle radius.

This reaction also shows the effect of a surface reaction with dmall
values necessary to fit the data.

. s
0.1 0.2 08

HONO Uptake onto NaCl Solutions. No reaction of HONO
with CI~ to give CINO was observed over saturated NacCl
solutions (6 M) at 268 K. The signal due to CINO showed
no increase; however, in some experiments, production of
HONO was noticed. HONO is not produced exclusively in the
source. N@, NO, and HO are in equilibrium with HONO as
shown in reaction 18!

2HONO+= H,0+ NO + NO, (10,-10)
Either reaction £10) or reaction 11 could lead to HONO
production if [HO] is significantly different in the flow tube
than in the HONO source.

2NO, + H,0 — HONO + HNO,4 (12)

The high [HO] in the flow tube, which was necessary to saturate
the NaCl, probably led to the HONO production. In the
experiments over sulfuric acid, the water vapor pressure was
much lower and production of HONO was not observed. These
experiments over saturated NaCl solutions indicate that the

reaction of HONO with Ct requires the presence of protons to
be efficient.

Discussion

HONO Solubility. The solubility of HONO in HSO,
solutions is a strong function of acid content. As found by

CINO loss rate coefficient was made. There was no evidence Becker et all®> HONO is much more soluble in strong acid

of impurities in the CINO affecting the uptake. The average
reaction probability for CINO was (2.5 0.8) x 1073 on 60
wt % and (3+ 1) x 1073 on 50 wt % HSO, at 250 K. Without
making assumptions about CINO solubility, which would be
unreliable, or postulating that no surface-specific reaction is
occurring, which would be incorrect, it is not possible to
determine the bulk hydrolysis rate coefficients for CINO.

The reaction probability for loss of CINO due to hydrolysis

(~60—70 wt % HSQy) than in more dilute ESQy (~50 wt

%). Plotted in Figure 10 is the Henry’'s law coefficient (M
atn1) versus HSO, content for 295 K (open symbols) and
269 K (filled symbols) (both relative and absolute). Thg H
SO, content was calculated from the water partial pressure and
temperature for the data presented in Figufé T.o apply all

the data in Table 1 to this figure, some of the data was
“corrected” for a small temperature differen€l{ < 3 K) using

was also investigated as a function of particle size at 250 anda AH® ¢, of —15 kcal moft. Also shown as the triangles are

294 K on 60 wt % sulfuric acid aerosol particles. These results

the data of Becker et af.corrected for [HONO] reported in

are plotted in Figure 9 and no significant dependence on size mol kg~ solutiorr! to mol L~ (small T corrections were also

was found [ = 0.02um at both temperatures). The reaction
probability at 250 K is in good agreement € 2.5 x 1079)
with that measured over bulk solutions here. The average
measured on particles at 294 K, 501073, indicates thagcino

is temperature dependent.

made to some of these data). There is excellent agreement
between the results of the present work and the results of Becker
et al. Our results extend the range over whitiibno has been
measured to 79 wt % 1$0, and to temperatures as low as 220

K.
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solvation enthalpies and include solvation as well as protonation,
dissociation, or association. The differenceAiHsy at 60 and

65 wt % as compared to 71 and 79 wt % most likely indicates
a change in the form of HONO in solution. Becker et al.
observed a dramatic change in the variatiotigéno with Ho-

SOy content near 53 wt %, which they attributed to the formation
of NO™ via the equilibrium reaction 12.

HONO+ H" = H,0+ NO" (12)

However, there are other possibilities, such g®ONO",
which has also been identified by spectroscopic techniques in
solution? From the strong evidence of a species shift at 53 wt
% in Becker et al.’s work, we agree that the form of N(llI) in
solution is HONO below 53 wt %. However, from our effective
solvation values we suspect that the equilibrium is more
complicated than as represented by eq 12. It is possible that
primarily H,ONO" is the N(lll) species in 60 and 65 wt %,
and a mixture of HONO"™ and NO'HSO,™ is present in 71
and 79 wt % solution?

Atmospheric Implications. The amount of N(II) (i.e.,
HONO, H,ONO", and NOHSQO;") found in stratospheric
aerosols can be estimated from the results of this work assuming
HONO is in gas-liquid equilibrium. Here we use a gas-phase

relative measurements from this work, while the squares are absoluteHONO concentration of 1« 10" molecule cm?, a relatively
measurements from this work. The triangles are measurements fromhigh estimate for the unpolluted stratosph&rhis is equivalent

Becker et al.
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Figure 11. Plot of effective Henry’s law constants as function of.1/

to a HONO partial pressure of3 x 10713 atm. The
concentration of N(l1) in 79 wt % sulfuric acid at 232 K would
be ~1.2 x 1073 M using our measured Henry’'s law constant.
At 71 wt % and 215 K a sulfuric acid aerosol would contain
~3 x 1075 M N(lIl), and in a 60 wt % aerosol at 202 K the
concentration would be-9 x 108 M. Even at high HONO
concentrations, as measured in airplane plumes (0.52 pbv
x 10° molecule cnm3),35 the concentration of N(l11) in solution
would be 0.23 M, 5.9¢< 1078, and 1.8x 105at 79, 71, and 60
wt %, respectively. Burley and Johnston calculated that N(l11)
could be as high as 1% of the sulfuric acid solution~d.15

M in a 60 wt % aerosol; this could not result from HONO uptake
unless HONO was on the order of 5 ppmv.

To extrapolate our measuredvalues to the stratosphere it
is necessary to know', Hyono, Huel, andDy. Assuming an
HCI concentration of 2« 10° molecule/cm, aysyafor HONO
uptake can be calculated using the following eq 13, which differs

4H, onoRTYK
(0]

kD
—ON (1 1) + ke Hye(PHCD)  (13)

calc

The open squares are absolute measurements at 79 wt %, analogous to

Figure 3. The open circles are relative measurements while the RWW
absolute measurements are represented by open triangles. The fille
squares are from Becker et al.’'s measurem&nxtrapolating to
stratospheric conditions (B = 2 x 1074 Torr), Huono is 3 x 10° M

atnr! in 60 wt % acid at 202 K increasing to ® 10°, 1 x 10°, and

4 x 10° M atmtin 65, 71, and 79 wt % (205, 215, 232 K, respectively).
The dashed lines on either side of the diamond symbols, which represen
stratospheric conditions, illustrate the variationHyono as the water
vapor pressure varies fromx 104 to 4 x 10 Torr.

Figure 11 is a master plot of the measured HONO solubilities
reported here vs Tffor several HSO, solutions. Also included
are some of the results of Becker et'@lA plot of In(H) vs
1/T results in values aAH°s, for HONO 33 AH®g, for HONO
in 79 wt % HSO, is —16 kcal mot?, that for ~71 wt % is
—15 kcal mof?, at 65 wt % it is—10 kcal mot?, and in 60 wt
% HSOy AH°g is —11.5 kcal mofl. These are effective

t

Jrom eq 7 only by including thé(rdl) term.

| is equal toD/k")2 andrs is taken to be 0.km to represent
background sulfuric acid aerosol conditions. To estiniatg,
the reaction rate parameters were taken to be the values
measured here at the lowest temperatures. The diffusion
coefficients for HONO and for HCI were calculated as in
Huthwelker et af® and Luo et af® The Huono Were taken
from extrapolations of the measuregiono (present work and
Becker et al% andHyc) were taken from the calculations of
Carslaw et al® These parameters and the resulting,. are
shown in Table 3. Note thdic, differs fromy by less that
0.2%.

The processing of HCI from reaction with HONO can be
estimated from the loss of HONO in the stratosphere via
eq 146
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TABLE 3: Calculated Reaction Probabilities for HONO + HCI at Stratospheric Conditions

acid, K, Ksun Dy, Hronos Hrcl,
T, K wt % M-1st M-t cnést M atm™! M atm™1 Ia
195 50 1.5x 10° 1.1 9.2x107° 1.8x 1C° 1.0x 107 1.6x 1073
205 60 5.0x 10¢ 0 1.6x 1078 3x 10° 4.8x 10¢ 3.0x 10
215 70 3.5x 10° 0 1.7x 1078 1.0x 1C® 2.3x 1% 1.5x 10°5P

2 Reaction probability for HONO assuming [HGH 2 x 10° molecule cm?® andrs = 0.1um. ® Reaction probability for HCl assuming [HONO]
= 1 x 10" molecule cm® andrs = 0.1 um.

dHClI dHONO Y0,w[HONO]g; . based on the inability of equations derived using bulk phase
I 4 (14) assumptions to explain the data (i.e., point (i) above). In our
experiments the aerosol data adds a second piece of evidence
that there is a surface component to this reaction. Furthermore,
we do see a variation in the importance of the surface reaction
with temperature and sulfuric acid wt %, (ax/Hpci for 50
and 60 wt % ax/Hyono for 70 wt %) is expressed most at high
temperatures and in 60 wt %,804, we do not know why the
surface reaction would be favored under these conditions.

There is additional evidence for the surface reaction in that
the ycino On aerosols is independent of particle size down to
0.05um (I < 0.02um). This indicates that the reverse reaction
(-1) is also facilitated at the surface. It is possible that the
fractional HCI content on the surface could be high and cause
what appears to be a surface-specific effect for reactioh 1 (
could be small because of high HCI). In this case, the reverse
reaction of CINO+ H,O would not show the surface effect.

whereop is the aerosol surface area per unit volume= 2 x
10-8cm1is typical for nonvolcanic conditions, and [HON&Y;

is 1 x 10’mol cm3. The processing of HCI at 60 wt % and
205 K is 0.4 molecule cr? s71, while at 50 wt % and 195 K
it is 1.5 molecule cm3 s1. At 70 wt % and 215 K (replace
[HONO]stratwith [HCl] srar= 2 x 10° molecule/cr and replace
Thono With They = 1.5 x 1075), the HCI processing rate is 5.3
molecule cm® s™%. The major loss process for HCI in the
stratosphere at these warmer temperatures @210 K) is
reaction with OH (typically 1x 1f molecule cm® s71), which
results in a processing rate for HCl 6f1200 molecule cr
s1 for these conditiond’ These calculations indicate that
reaction with HONO (even at a relatively high concentration

7 3) i ignifi
of 1 > 10" mol cnm™) is not a significant loss process for HCI. Because CINO hydrolysis is probably enhanced at the surface,

Ou_r res?lt:,gll\lﬁgr frc:ijlz:eln_ter eltf éﬂ."n th%t W‘T d_o observe it is likely that the surface reaction term for reaction 1 is due to
reaction o an In sulluric acid solutions greater special environment of the surface rather than only an

than 65 wt % acid. The high values fprobserved by Zhang  ¢nhancement of one or both of the reactant concentrations at
et al? (0.01—0.02 for 66-72 wt %) were not measured under the surface
stratospheric conditions; their reactant concentrations-&§ 3 our meaéurements indicate théitcan be higher (see Table

x 1077 Torr (~1 x 10'° molecule/cri at 215 K) are higher 2) than the rate suggested by Burley and Johrston this

than what would be found in the stratosphere, especially for o4 ction to become important in the stratosphite( 6 x 102
HONO. If y is calculated for their conditions, similar to the -1 s1). From our estimated processing rates however, this
process used in Table 3, a value-eb x 10 is obtained at reaction is not significant even though k5 x 10* M—1stin

220 K for 70 wt % solut|0r215; th|s.d|ffers somewhgt from their 60 wt % acid at 219 K. The high solubility of HONO assumed
measurement 0; 1_'19 10°% The"QClNE)l production rate of - gy \ey and Johnston is the main reason for their calculated
34 molecule cm®s™ (0a= 6 x 10 cmr™) at 70 wt % under 1 osqing rates for HCI being high. The opposing variations
nonvqlcamc conditions is S|gn|f|cantly higher than our estimate ;. LHoNO and HCI solubility with wt % sulfuric acid, which
for this oA (1.'6 molecule cm® s%), which may be due to their was not anticipated by Burley and Johnston, is the main reason
overestimation of. this reaction is not important in the stratosphere.

_Under volcanic conditions (for example, a log-normal dis-  our measured rate coefficients in the 60 wt % solutions are
tribution with r, = 0.35um, log o = 0.2, and total number  mych higher than those in 50 wt %. Although it is not possible

density= 35 particles cm? results inoa = 8.4 x 1077cm™),*® 5 sybstantiate mechanisms using kinetic measurements, this is
we estimate a CINO formation rate 61500 molecul_elcm3 consistent with the solubility measurements that suggest there
sl Zhang et al. estimated-5000 molecule cm® st for is a change in the N(Il) species from 50 to 60 wt %. Apparently

comparablera; however, their estimation procedure did not take the reaction of HONO* with HCI/CI- is faster than the reaction
into account any size dependenceytoFor d[HCI]/ct = 1500 of HONO with CI. K in 70 wt % HSOx is higher yet at 215
molecule cm?s™%, HCI processing by sulfuric acid particles is  k possibly indicating the presence of a third species, perhaps
comparable to that of reaction with OH. Note that this estimate NOTHSQ,~. Another factor is the possible increasekbfwith
is based on a highly perturbed sulfuric acid aerosol layer and a acidity, as found for the reaction of HOCI with HCI in 49 to 67
relatively high [HONO] of 1x 10" molecule cm3. We should Wt % H,S0,.40 K for HOCI + HCI increased about a factor
reiterate here that it is necessary to calculatender strato- of 20 over this rangek! for HONO + HCI reported here
spheric conditions before making estimates about production jncreases by about a factor of 100 from 50 wt % to 70 wt %
rates. Zhang et al. assumegiono = 0.07, which is not 50, at 210+ 5 K. The presence of a strong acid greatly
applicable for the reaction occurring in 70 wt % acid solutions  affects the solubility and reactivity of HONO in solution as
at stratospheric conditions. demonstrated by the null reaction in NaCl solution. This differs
Surface Reaction. Evidence for the reaction of HONO with  from the suggestion of Fenter et!alwhere they suggested that
HCI occurring on the surface is: (nono is not proportional CINO could be formed from reaction of HONO with solvated
to (pPHCIY“2 for many experiments and (i)-ono on HCI-doped chloride ions.
sulfuric acid aerosol has little or no dependence on patrticle size .
(I = 0.04um). Hanson and RavishankafHu et al.3% and Conclusions
Jayne et at®®chave previously identified surface contributions The effectiveness of this reaction under stratospheric condi-
in heterogeneous reactions. These observations are typicallytions is limited primarily by the fact that HONO and HCI are
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not mutually highly soluble in sulfuric acid. Over the range of =~ (21) Patrick, R.; Golden, D. Mint. J. Chem. Kinet1983 15, 1189~
; i ; ; i 1227.

§ulfur|c acid content |nv<_ast|gated here, the solubility of HONO (22) Huey, L. G.: Hanson, D. R.. Howard., C.1J.Phys. Chem1995
increases with increasing wt % ,80;, whereas the HCl  9g 5001-5008.
solubility decreases as the acidity increases. Likewise, while (23) Streit, G. EJ. Chem. Phys1982 77, 826-833.
HCI becomes more soluble in dilute sulfuric acid, HONO _ (24) Hanson, D.R.; Lovejoy, E. Reeophys. Res. Let994 22, 2401~
becomes less soluble. In addition, the relatively low reaction
rate coefficients (less than the diffusion-limited value~cfC®
M~1s71)39 gbtained from the measurements here, lead to a very 5 20) welker, T O oo 21 1o

H. H H H H rimblecombe, . mos. e , —399.
!Imlted effect of this reaction, and it can prOb_any be '.gnored_ (27) It is possible to predidt for a reaction that is first order in both
In the Unperturbeq stratosphere. Under certain volcanic Con.d"directions ifke andK are known. (Atkins, P. WPhysical Chemistry3rd
tions, the processing rate of HCI by the heterogeneous reactioned.; Freeman: New York, 1986; p 702.) However, in uptake experiments,
with HONO can be comparable to that of reaction with OH the observeds andk: do not necessarily reflect the andk; in solution.
but it will . b . f heri HONO, The observed; andk; depend on the time-dependent uptake into solution

ut it wi _requwe a_ etter eSt'mate 0 StratOSp_ e”_c [ - | and it is not possible to treat the data in the simple manner whereupon the
and detailed modeling calculations to determine its possible asymptotic value is subtracted from the signal and the resulting first-order
impact. loss rate is set equal @ + k.. The equation we used to estimate the amount

In summary, the heterogeneous reaction of HONO with HCI of HONO to subtract from the signal at injector positinis
is apparently enhanced at the surface (with respect to the bulk z e
. As_| =_kc S: 3.6 exp ‘Hono?

rate), and we observed this in both wetted wall flow tube ONO ™ ) e CINOTTINO® P
measurements and measurements on particles. For the condi-
tions of our experiments, it appears that the surface specific wherevavis the average carrier flow velocityeo is the first-order loss

; rate for CINO obtained from CINO uptake experiments, 3.6 is the sensitivity
component is expressed most at temperatures of 250 K andfactor between the signals due to CINO and HONSI and Svono,

(25) Lovejoy, E. R.; Hanson, D. Rl.. Phys. Chem1995 99, 2080-
2087.
(26) Huthwelker, T.; Peter, T.; Luo, B. P.; Clegg, S. L.; Carslaw, K.;

above; the data at the lowest temperatures can be described usingspectively), anduono (cn?) is the first-order loss rate for HONO we

a very small or nonexistent surface component.
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