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Abstract

The reactions of the halide anions (FCI—, Br—, and I'), NO;, SF;, CO; and CQ, with CIONO, have been studied at
room temperature in a flowing afterglow apparatus. All these reactions are found to proceed at the collision limit and the
experimental data are compared with literature values. The reactionwith CIONO, was studied at stratospheric pressures
and temperatures in view of its use as a possible precursor ion for the measurement of stratog@ierCl®NO, mixing
ratio height profiles by chemical ionization mass spectrometry. No pressure or temperature dependence of the rate constant |
been observed. In order to correct the observed rate constants foy idip0rities, the reaction rate constants of, Br—, and
NO; with HNO; have also been determined. In addition, the apparent second-order clustering rate constantvwaitiNO
CIONO, in Ar/N, and Ar/He mixtures has been measured. (Int J Mass Spectrom 207 (2001) 205-215) © 2001 Elsevier Scienc:
B.V.
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1. Introduction imental [2-5] and theoretical [5,6] studies have con-
sidered the possible role of ion mechanisms in the gas
Chlorine nitrate is an important molecule in strato- phase reaction CIONO+ HCl — Cl, + HNO,.
spheric chemistry since it acts as a reservoir of both Other studies have aimed at elucidating reaction
reactive nitrogen and reactive chlorine, which are schemes for the in situ detection of ClIOb®y
responsible for the Catalytic destruction of ozone. chemical ionization mass Spectrometry [7_9]
Under polar stratospheric conditions, CIONEan be With the aim of simultaneously measuring various
efficiently converted into reactive chlorine species trace gases, a balloon-borne chemical ionization mass
(HOCI, Cl) through heterogeneous chemical reac spectrometer containing a flow tube and several ion
tions on polar stratospheric cloud particles leading to sources has been built by our group and flown in the
the ozone hole formation [1]. stratosphere [10]. One of these ion sources is produc-
Most negative ion Chemistry studies invoIving |r|g |~ (and g) ions. Of all NQ/ Species present in the
C|ON02 are related to atmospheric chemistry. Exper Stratosphere, on|y i}q)5 and C|ONQ are known to
react with I" to a reasonable extent to produce NO

*Corresponding author. E-mail: Crist Amelynck@bira-iasb. Consequently a total JOs + CIONG, concentration
oma.be height profile can in principle be obtained from the
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ratio [NO3 J/[I 7] measured with the mass spectreme sure, i.e. 273.16 K and 1013.25 mbar, respectively).
ter, provided the rate constants of the ion/molecule The iodide ions were produced in a discharge ion
reactions are known and the ion residence time in the source, described further on, which was located at
flow tube is experimentally determined. Mixing ratios 108.2 cm from the mass spectrometer inlet. The
versus altitude as inferred from the lion source, CIONG, reactant gas was introduced into the 3.5 cm
however, turned out to be overestimated by about a i.d. stainless steel flow tube reactor through a finger

factor of 3 compared to the expected,®y and
CIONO, profiles obtained by other techniques
[11,12].

This discrepancy may be due to an incomplete
understanding of the ion chemistry in the chemical

inlet located 24.4 cm upstream the ion source.

The FA/BISA-I instrument has a flow tube diam-
eter of 6.5 cm and pressures as high as 20 mbar can be
attained through differential pumping of the detection
chamber. Since using CIONQequires passivation of

ionization mass spectrometry (CIMS) apparatus using the surfaces of the gas inlet lines and of the flow tube

the iodide source ions. Therefore, a detailed kinetic
study of the ion/molecule reactions involved has to be
undertaken. An important issue in this respect is the
study of I + CIONO, at stratospheric conditions,
which is reported in this article.

Only a limited number of negative ion/molecule
reactions with CIONQ have been reported in the
literature so far. Having at our disposal a reliable
optical method for the measurement of the CIONO
concentrations in the flow tube, reactions of some
other anions (F, Br—, ClI™, SK;, NO;, CO;, and
CQO,) with CIONO, have been studied at room
temperature as well.

2. Experiment

Three flowing afterglow instruments have been
used in this study. One of them is located at the
Laboratoire de Physigue et Chimie de
'Environnement (LPCE) and will hereafter be re-
ferred to as FA/LPCE. The other two are located at
the Belgian Institute for Space Aeronomy (BISA) and
will be denoted as FA/BISA-I and FA/BISA-II. These

instruments have all been described in previous pub-

lications [13—15] and therefore only details relevant to
the present study will be given hereafter.
The reaction of T with CIONO, has been studied

walls in order to avoid HN@ formation by heteroge
neous reactions (i.e. CIONO+ H,O — HNO; +
HOCI), the FA/BISA-I instrument was only used in this
work to study ion/molecule reactions with CIONO
lon/molecule reactions with HNQwere studied in the
FA/BISA-II instrument. This instrument has a flow tube
diameter of only 3.5 cm. Since the detection chamber of
this instrument is not differentially pumped, the flow
tube pressure is limited to 2 mbar.

In the FA/BISA-I instrument, He was used as
carrier gas at a typical flow rate of 4.5 STP L min
Measurements were performed at three different flow
tube pressures (0.67, 0.93, and 1.33 mbar) which were
obtained by throttling the valve between the flow tube
reactor and the Roots blower. Two electrically insu-
lated ring shaped reactant gas inlets were used to
introduce CIONQ into the reactor. These inlets were
located at a distance of 43.4 and 77.8 cm from the
mass spectrometer inlet. The six holes in the rings
through which CIONQ entered the flow tube were
directed in the opposite direction of the buffer gas
flow to obtain efficient homogenization of the reactant
gas. The instrument was equipped with two discharge
ion sources, which were located at a distance of 86 cm
(DIS-A) and 123 cm (DIS-B) from the mass spec-
trometer inlet.

In the FA/BISA-II instrument, the HNO glass
finger inlet and the discharge ion source were located

at pressures ranging from 2.2 to 13.3 mbar and at four at a distance of 38.3 and 112.3 cm, respectively, from

temperatures (2325 , 271+5 , 298+ 1, and
323+ 5 K) in the FA/LPCE apparatus. Nitrogen was
used as buffer gas at flow rates ranging from 2 to 30
STP L min ! (STP = standard temperature and pres

the mass spectrometer inlet. Nitrogen was used as
carrier gas at typical flow rates of 2-3 STP L min
and the measurements were performed at flow tube
pressures ranging from 0.80 to 1.33 mbar.
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In all three instruments, the reactant ions (apart
from CQ;, CO,, and NGQ) were produced by attach
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bellow valves. During the experiment, the reservoir
was kept at 208 K and He was added to the reservoir

ment of electrons to electronegative gases which were up to a pressure of about 1 bar. To perform kinetic

added to the afterglow of an external high voltage Ar
discharge ion source. The Ar flow through the dis-

studies, controlled amounts of the He/CION®ix-
ture were introduced into the absorption cell through

charge ion source ranged between 200 and 600a mass flow meter located between the CIQNO

STPcnimin™t. Small flows (of the order 1C°
STP cn? min~Y) of NF,;, CH,Br,, CCl,, CHal, and
SF; were used for the production of FBr—, CI—, I,

and Sk, respectively. These gases were obtained
commercially (Air Products) as 1000 ppm mixtures in
Ar and were used without further purification.

NO; ions were formed by charge transfer of SF
to NO, which proceeds with a rate constant of x4
10 cm® molecule *s™* [8]. SF; ions were pre
duced in the afterglow of the Ar discharge ion source
and NG, (a 1000 ppm mixture in ) was added
upstream in sufficient amounts for the reaction of SF
with NO, to be completed in the region upstream the
reactant gas inlets.

The CG; and CQ ions were produced either by
flowing a mixture of Q (600 STP crAmin™ %) and
CO, (20 STP cmi min™ %) through the discharge ion
source or by establishing a discharge in a mixture of
Ar and O, and adding CQto the discharge afterglow.
To quench Ar metastables leaving the discharge ion
source, a 14 STP chmin™* N, flow was added to the
main flow.

Pure HNQ was obtained by vacuum distillation of
a liquid mixture of HNQ, (65% aqueous solution) and
H,SO, in a volume ratio of 1 to 3, and stored in a
glass reservoir at 213 K. It was diluted with Ar in a
stainless steel dilution chamber and flown through an
absorption cell prior to entering the flow tube reactor.
Optical absorption measurements of HN@ere carried
out at a wavelength of 186 nm, for which the absorption
cross section is 1.58 10 " cn? molecule * [16].
The optical setup has also been described in detall
previously [14].

CIONO, was synthesized at LPCE from the reac
tion of Cl,O with N,Og by the method of Schmeisser
[17]. The latter two gases were prepared according to
the method of Cady [18] and Davidson et al. [19],
respectively. CIONQwas stored in the dark at 190 K
in a glass reservoir equipped with Teflon-coated

reservoir and the cell. By adding a pure He flow, the
total flow through the absorption cell was kept at a
constant value (100 STP é&min™Y). A needle valve
between the absorption cell and the reactant gas inlet
allowed for changing the pressure in the cell (which
typically ranged between 150 and 300 mbar). In the
course of a rate constant measurement the pressure in the
absorption cell was kept constant. The CION©OnceR
tration in the cell was obtained by optical absorption
measurements at a wavelength of 216 nm, for which the
absorption cross section is 3.4510 *cn?
molecule * [20]. The optical set-up was similar to the
one used for HNQ measurements, but the diameter of
the absorption cell was reduced to 8 mm to obtain a
much smaller residence time of CION® the cell.
Despite the passivation of the surfaces and the
reduction of the residence time in the absorption cell,
the formation of HNQ could not be completely
avoided. The ratio of HN@to CIONG, concentra
tions in the flow tube was always between 3% and 5%
and was measured by chemical ionization mass spec-
trometry using CEO™ precursor ions. In the FA/
BISA-I apparatus, CEO™ ions are produced by aed
ing a small flow of CEOOCE; to the afterglow of the
Ar discharge ion source located at 86 cm from the
mass spectrometer inlet. CION@s then introduced
at a distance of 43.4 cm to separate the reaction zone
from the ion relaxation zone. Both HNOand
CIONG, react with CEO™ ions producing FHNQ
(92%-95% vyield) [9,21] and FCIND (97%—-100%
yield) [9,22], respectively, and ND in a minor
channel:

CF;0~ + HNO; — FHNO; + CF,0 (1a)
— NO; + CF;,0H (1b)

CF;0- + CIONO, — FCINO; + CF,0 (2a)
— NO3 + products (2b)
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The rate constants, andk, for reactions (1) and (2)
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that were studied will be discussed. Sec. 3.4 deals

as determined in the present apparatuses were foundwith the rate constant measurements.

to be (2.3+ 0.6)x 10 ° cm®molecule st [21]
and (1.2+ 0.4) X 10" ° cm® molecule * s [22], re-
spectively, and are in perfect agreement with litera-
ture values [9]. When adding small CION®@ows to
the flow tube reactor in order to have a low conversion
of CF;O™ ions and practically no secondary reaction
products, the [HNGQ/[CIONO,] ratio is approxi
mated by:

[HNOg kX P,
[CIONO,] ~ k, X P,

3)

whereP; andP, are the concentrations of the reaction
products of reactions (1) and (2), respectively.

For an ion X reacting both with CION@ and
HNO; (with rate constantk, andk,, respectively), the
rate constant, for the reaction with CIONQ is
obtained from

[HNO4]

ko X 1cioNOy]

Ka = Kobs — (4)
wherek,, . is the experimental rate constant which is
obtained from the linear increase efin([X "]/[Xo])
versus [CIONQ]r, where [X;]is the concentration of
the reactant ion without addition of reactant gas and
is the reaction time. Correction is not required for the
rate constant of 1 with CIONO, because no reaction
was observed between land HNQ, [23],

In all instruments the reaction time was obtained
experimentally by disturbing the ion swarm and
simultaneously recording the arrival of this distur-
bance on the ion detector. Disturbance of the ion
swarm was realized by putting a negative pulse of 100
us on the electrically insulated reactant gas inlets for
the FA/BISA-I instrument or by pulsing a grid in the
vicinity of the reactant gas inlet for the other two
instruments.

3. Results and discussion

In Secs. 3.1-3.3, the product ions and reaction
mechanisms of the individual ion/molecule reactions

3.1. Reactions with HNO

Because of the presence of some nitric acid impu-
rity (3%—-5%) in the CIONQ reactant gas flow, the
observed rate constants for the ion/molecule reactions
with HNO; had to be corrected using formula (4). Of
all halides, the reaction of Fwith HNO; had not
been studied before and was therefore investigated in
this work. Previous measurements performed in our
and in other laboratories have shown that most exo-
thermic bimolecular negative ion/molecule reactions
with HNO; proceed at the collision limit. Since the
reported rate constants of Bif24] and NG, [23]
seem to make an exception to this rule, the rate
constants of these ions with HNGhave also been
measured.

In the study of Br with HNO,, both a proton
transfer channel producing NOand an association
channel producing BrHND have been observed, in
agreement with the previous study of Davidson et al.
[24]. The branching ratios of the proton transfer and
the association channel at 1.06 mbar inwere 86%
and 14%, respectively, in our experiments.

In the study of F with HNO,;, NO; appeared to be
the major product ion. Because of the presence of
FHNO; in the product ion spectrum, with [FHNQY
[NO31~0.20 at low HNQ concentrations (at a flow
tube pressure of 0.8 mbar), the possibility of a
three-body channel for the reaction of With HNO,
could not be ruled out. However, since during the
measurements Rvas introduced upstream the ion
source in order to trap remaining electrons leaving the
ion source, most of the FHNDobserved originated
from the reaction of S with HNO3, which proceeds
at the collision limit and which has a branching ratio
of 92% for fluoride transfer [8]. It should be noted that
the [SK]/[F ] ratio was around 0.20 at zero HNO
concentration in the flow tube.

NO3 was found to be the only primary product ion
of the reaction of N@ with HNO;. Apart from NG,
(88% of all primary ions), the spectrum without
addition of HNG, also contained Cl (7%), SK (4%)
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and two small peaks at 66 and 93 u (betth%). The
appearance of Clwas due to a contamination of the
ion source. However, since the electron affinity of CI
(3.6 eV) is much larger than that of N@2.3 eV),
electron transfer from Clto NO, did not take place
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Wincel et al. [4] for the study of CI(H,0), with
CIONO,, was attributed to the presence of thermal
electrons in the flowing afterglow. According to Van
Doren et al. [26], these electrons attach very rapidly to
CIONG, resulting mainly in NG (~50%), NGy

and therefore did not hamper the rate constant mea-(~30%) and CIO (~20%). Beside these ions, Van

surement of N@ with HNO;. SK; is a minor product
of electron attachment to §Fand its reaction with
NO, to produce N@ and SE is endothermic by 143
kJ mol* [25] and will therefore not disturb the rate
constant measurement of NOwith nitric acid as
well.

3.2. Reactions of halide anions with CIOBO

The reactions of Cl, Br—, and I" with CIONO,
resulted in the formation of ND ions, which ae
counted for more than 98% of the product ions

Doren et al. also observed small amounts of @hd
CIONG; in their mass spectra. Since ClQvas not
observed in our mass spectra of CBr—, and I with
CIONO,, and because the [NQY[NO ] ratio at small
CIONO, concentrations was lower than 0.5%, the
excess of product ions in the present experiment can
hardly be attributed to thermal electrons in the reac-
tion zone. Since the excess of product ions cannot be
explained, the branching ratios of the two major
product ion channels in the reaction of Fwith
CIONO, should be considered as indicative. The Cl
ion which appeared in the product ion spectra may

appearing in the mass spectrum when adding small result from the reaction of excited species formed in

flows of CIONGQ, to avoid secondary reactions. The
other 2% were identified as Cl(only in the case of
Br~ and I' + CIONQO,), CIONG, and NG,. Upon
further addition of CIONQ, the secondary reaction
products NQCIONO, and NOQHNO; appeared.
From the evolution of all ions versus CION@on
centration, it was clear that NGIONO, is the
association product of NDwith CIONO,:

NO; + CIONO, + M — NO,CIONO; + M (5)

The formation of the NGHNO3 ion resulted from the
reactions of N@ and NO,CIONGO; with HNO:

NO; + HNO; + M — NOHNO; + M (6)

NO,CIONO; + HNO; — NOsHNO; + CIONO,
(7)

When studying the reaction of Fwith CIONO,,

the ion source with CION@since its intensity in
creased fivefold when stopping the 14
STP cni min~* N, flow which served to quench Ar
metastable atoms. The presence gf however, had
no effect on the N@ and CIO ion signals, indicating
again that these ions are both reaction products of F
with CIONO,. The occurrence of ClOas a product
ion is not surprising since

F~ + CIONO, — CIO™ + FNO, (8)

was found to be slightly exothermic by 1.2 kJ mbl
[25].

3.3. Reactions of §F NG,, CO; and CQ, with
CIONG,

The reaction products of GFwith CIONO, were

NO3 was again the major product ion species (88%) found to be FCING@, CIONG,, Sk and SENO;.
appearing in the mass spectra with additional contri- Their abundances at 0.67 mbar were 83%, 15%, 1%,

bution, in this case, of CIO (10%) and CI' (2%).

In the case of F, Br, and I' + CIONO,, the
sum of the intensities of the NO NO;CIONGO, and
NOS;HNO; product ions exceeded the intensity of the
precursor halide without CIONQaddition to the
reactor. A similar behavior, previously reported by

and 1%, respectively. This is in good agreement with
the results of Huey et al. who reported 80%, 17%, 1%,
and 2%, respectively, [8]. The abundance of FCINO
slightly decreased with pressure in favor ofsSHhe
contribution of the latter ion became 2.5% at 1.33
mbar.
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Table 1

Rate constants for the ion/molecule reactions with HNQ,, are the experimental values akg are the collision limits obtained using
the formula of Su and Chesnavich [27]; the global error on the experimental rate constants obtained in this work is 30% and the
precision, defined here as twice the standard deviation, equals 15%

kexpa
Reaction This work Literature ks
F~ + HNO;— NO; + HF 3.4 (-9 3.0(-9)
CI~ + HNO; — NO3 + HCI 1.6 (-9)° 2.4(-9)
2.8 (—-9)
3.1(-9)°
Br~ + HNO, — NOj3 + HBr 5.3 (—-10) 7.0 (—10) 1.9(-9)
— NO3 HBr
I~ + HNO; — products <5 (-11yf 1.8(-9)
CO; + HNO,; — products 0.8 (—9)° 2.1(9)
1.3 (=9)
1.2 (-9)"
CO, + HNO; — products 2.0 (—9) 1.9(-9)
SF; + HNO; — NOz HF + SFy 2.0 (-9) 1.7 (-9)
— Sk + HF + NO4
— SKENO; + products
— NO; + products
NO, + HNO; — NO; + HNO, 2.6 (-9) 1.6 (-9)° 2.2(-9)

aThe rate constants are expressed in units of cralecule * s7%; 1.6 (—9) means 1.6< 10°°.

 The values in bold have been used to correct the rate constants for reaction with C{@Qconstant kin formula 11).
¢ See [23].

dSee [31].

€ See [14].

fSee [24].

9 See [32].

" See [13].

i See [8].

The reaction of N@ with CIONO, was carried out ~ could be attributed to the reaction of €&ince the
at higher pressures (2.7, 4, and 5.3 mbar) to slow abundance of CIOND increased with increasing
down the ion velocity in the flow tube to make sure initial [CO,]/[CO3] ratio. From an analysis of the
that the reaction of SFwith NO, went to completion evolution of the source and product ions as a function
before the NQ product ions reached the reaction of CIONO, concentration, we were able to derive that
zone. N@ and CIONQ were observed as reaction both NO; and CIONQ are product ions of the
products with respective abundances at 2 mbar of reaction of CQ with CIONO, with a branching ratio
94% and 6%. We did not observe NCIONO, for CIONO; formation of about 50%.
which was observed as a minor reaction product
(<1%) of NO, + CIONO, at 0.57 mbar in He by  3.4. Rate constants
Van Doren et al. [3].

When studying the reactions of GOand CQ 3.4.1. Rate constants for the reactions with HNO
with CIONO,, the [CQ, J/[CO;] ratio could be varied  The rate constants for the ion/molecule reactions with
from 3% to 40% by changing the G@8low which was HNO; which have been measured in this work are
added to the afterglow of the A1O, discharge ion listed in Table 1, together with the available literature
source. The major product ion of the reaction of CO data for the reactions studied and for those which are
with CIONO, was clearly NQ (>98%). There was  required to correct the rate constants of the reactions
also a small contribution of CIOND (<2%) which with CIONO,, due to the presence of HNG@mpuri-
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ties. The collision rate constants calculated using the with previous literature values. The global error on
method of Su and Chesnavich based on trajectory the rate constants is also 30% and the precision ranges

calculations [27] are also given in Table 1. For this
calculation, a value of 4.5% 103° m*® was used for
the polarizability of HNQ [8] and a value of 2.17 D
for its dipole moment [28].

For the rate constant of Fwith HNO;, a pressure-
independent value of (3.4 1.0)x 10°° cm?®
molecule * s~* was inferred, which is in good agree
ment with the collision rate constant of 3:010 °
cm® molecule * s™* as calculated using the method of
Su and Chesnavich.

The rate constant of Brwith nitric acid was found
to be (5.3+ 1.6)x 10 *° cm®* molecule *s™* and

from 10% to 15%. Also shown in Table 2 are the
collision rate constants as calculated using the theory
of Su and Chesnavich [27]. To calculate the collision
rate constants, a value of 0.77 D was taken into
account for the dipole moment of CION(®8] and a
value of 8.61x 10 2° m® was used for its polariz
ability [5].

In Fig. 1, the rate constant of lwith CIONG, is
shown versus flow tube pressures as obtained using
the FA/LPCE and the FA/BISA-I apparatus. From
Table 2, it can be noticed that the rate constant
exhibits a very slight negative temperature depen-

showed no significant pressure dependence. Thisdence resulting in a value at 223 K which is around

value is about 25% lower than the value previously
obtained by Davidson et al. [24], which is (70
2.8) X 10 ' cm® molecule * s, but in agreement
with the latter considering the experimental errors.
The rate constant of NDwith HNO,; was mea
sured to be (2.6 0.8) X 10 ° cm® molecule * st

15% higher than the room temperature value.

Apart from the bimolecular reactions listed in
Table 2, the apparent second-order clustering rate
constant of reaction (5), ND+ CIONO, + M —
NOCIONO, + M, has also been measured. This
resulted in a value fok; of (2.2 + 0.7) X 10 °

and was pressure independent. This value is about 1.6cm® molecule *s™*. This value was obtained from

times higher than the value previously reported by

the decrease of the NOproduct ion as a function of

Fehsenfeld et al. [23]. From the exponential decay of CIONO, (at high CIONG concentrations) during the

the CI” impurity ion, a rate constant of 2.8 10 °
cm® molecule s~ was obtained for the rate con
stant of CI" with HNO; (average of only two mea
surements), which is in good agreement with previ-
ously reported values [14,31]. Further, the ratio of the
rate constants of Cland NG, with HNO; as derived
from our results is found to be 1.1 and is identical to
what is expected if both reactions occur at the colli-
sion limit.

studies of the reactions of Brand NG with
CIONO,. Measurements were performed at 2.7 and 4
mbar in a buffer gas mixture of 12% Ar inJNand at
4 and 5.3 mbar in a mixture of 10% Ar in He. Since
Ar was required for an efficient operation of the ion
source producing Brand NG, ions, the presence of
Ar in the buffer gas flow could not be avoided.

To correct for the presence of HNG value of

2.6 X 10719 cm® molecule * s™* was taken into ac

Taking into account the errors on the pressure and count for the apparent second-order rate constant of
mass flow measurements, the error on the absorptionreaction (6). This value corresponds to the high-
measurements and on the experimentally determinedpressure limit obtained by Viggiano et al. [29] in He.
reaction time, the global accuracy of the rate constants of No pressure dependence was noticed, in the pressure

the ion/molecule reactions with HN@s determined in
this work is estimated to be 30%. The precision of the

range used, for the observed apparent second-order
rate constant of reaction (5), meaning that the high-

measurements, defined here as twice the standard devipressure limit was already obtained at 2.7 mbar. Van

ation, is typically 15% (or less for NO.

3.4.2. Rate constants for the reactions with CIONO

Doren et al. [3] reported a room temperature value of
3.0 X 10" ** cm® molecule * s~ for ky at 0.57 mbar
in a He buffer gas. Although our value kf is much

The rate constants of the ion/molecule reactions higher, the two values are not necessarily in contra-

obtained in this work are shown in Table 2, together

diction given the difference in pressure and the fact
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Rate constants for the ion/molecule reactions with CIQNQ,, are the experimental values anglare the collision limits obtained
using the formula of Su and Chesnavich [27]; the global error on the experimental rate constants obtained in this work is 30% and the
precision, defined here as twice the standard deviation, equals 10%-15%

kexpa
Reaction This work Literature ks
F~ + CIONO, — NO; + CIF 2.2(-9) 2.0(9)
—CIO™ + FNO,
Cl~ + CIONO, — NO; + Cl, 1.5(-9) 1.16 9)° 1.6 (-9)
9.2 (-10y
Br~ + CIONO, — NOj + BrCl 1.3 (-9) 1.2 (-9)
I~ + CIONO, — NO; + products 1.3(-9) 223K 1.1 9y 1.1(-9) 223K
1.2(-9) 271K 1.1¢9) 271K
1.1(-9) 298 K 1.1¢9) 298 K
1.1(-9) 323K 1.1¢9) 323K
CO; + CIONO, — NO3 + products 1.4 (-9) 2.1 (9)° 1.3(-9)
CQO, + CIONO, — NO; + products 1.4 (-9) 129
— CIONO; + products
SF; + CIONO, — NO; CIF + SF; 1.1(-9) 1.1 9y 1.0 (-9)
— CIONO; + SFy
— SRKENO; + CIF
— SF; + products
NO, + CIONO, — NOj3 + CIONO 1.5 (-9) 1.5 (-9 1.4 (-9)
— CIONO; + NO, 1.3 (-9)"
1.0 (-9

aThe rate constants are expressed in units of sralecule * s

b See [4].
¢ See [5].
dSee [8].
€ See [7].
fSee [3].

9 Taking into account the value for the rate constant of,N® HNO; obtained in this work.
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Fig. 1. Rate constant of lwith CIONO, vs. flow tube pressure. The
squares represent data obtained with the FA/LPCE instrument. The
circles represent data obtained with the FA/BISA-I instrument.

that stabilization in He is 2—3 times less efficient than
in Ar and N,.

From Table 2 and Fig. 2 itis clear that all the reaction
rate constants of anions with CIONOwhich are re
ported in this work, follow the same trend versus ion
mass as the collision rate constégt calculated with
the formula of Su and Chesnavich. In the case of
CIONG, and at room temperatureskis a factor of 1.17
larger than the Langevin rate constént In order to
show that the studied ion/molecule reactions proceed at
the collision limit, it is therefore even more illustrative to
plot the experimental rate constaktg, as a function of
the inverse square of the reduced mass of the ion/
molecule system as shown in Fig. 3. The linear relation-
ship betweerk,,,and the inverse square of the reduced
mass is in agreement with the Langevin formula [30]:
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3 — . The difference between the experimentally deter-

1F mined rate constants and the linear fit through these
data is less than 5%, except for the rate constant of
ClI~ + CIONG, (10% deviation).

In general, there is a good agreement between our
values and the values previously reported in the
literature, given the global uncertainty of 30%—40%
on all measurements. The rate constant of;CO
CIONO, as obtained by Viggiano et al. [7] is about

0 N 50% higher than our value. Viggiano et al. carried out

18 30 45 60 75 90 105 120 135 150 their measurements at 232 K. However, this cannot

ion mass (u) explain the difference since the collision rate constant

Fig. 2. Experimental reaction rate constants of negative ions with Ksc should not decrease by more than 5% from 232 to

CIONO, vs. ion mass. Open symbols: measurements at room 298 K. The rate constants of Clwith CIONO, as

temperature; closed symbols: measurements at low temperature.measured by Haas et al. [5] and Wincel et al. [4] and
e o s % 55" NO; with CIONO, as cbtained by Wincel et l. (1)

circles: Wincel et al. [4] (170 and 200 K); open triangles down: Van ~ are also somewhat low with respect to our values. Van

Doren et al. [3]; closed triangles down: Van Doren et al. [3] Doren et al. reported a rate constant of X5.0 °
(corrected taking into account our rate constant value for cm® molecule s 1 for the reaction of NG +
NO; +CIONQ,); closed diamonds: Viggiano et al. [ 7] (232 K). . . .
The line represents the collision rate constant as calculated using CIONOZ [3] This value was obtained by correcting

k (10's em® molecule ! s'1)

the parameterized theory of Su and Chesnavich. the observed rate constant for the presence of EINO
using formula (3) from [3]. By taking into account our
value for the rate constant of NO+ HNO; which is

k. = 2mq \F (9) 1.6 times larger than the one Van Doren et al. used in
their calculation, a value of 1.%10°°

where q denotes the charge of the iom, is the ~ cm’molecule *s™ " is obtained for the rate constant
polarizability and w is the reduced mass of the 0f NO, with CIONO,.

ion/molecule system. There is a perfect agreement between our rate
constants for T and Sk + CIONO, and the ones
reported by Huey et al. [8].

4, Conclusion

The double objective of this study was to extend
the kinetic database for ion/molecule reactions with
CIONG, and to understand the application of some of
them for the detection of atmospheric species by the

] [ CIMS technique.

o o6 22 o8 Eight bimolecular negative ion/molecule reactions
W1 () with CIONG, have been studied, of which three (F
Br—, and CQ + CIONO,) being reported for the
Fig. 3. Plot showing the linear dependence of our experimentally first time. By considering the linear trend of the
determined rate constants (open squares) versus the inverse square . . .
of the reduced mass (see text). Also shown are literature data with experimentally obtained rate constants as a function
the same symbols as in Fig. 2. of the inverse square of the reduced mass, it appears

k (10'9 cm® molecule ' s™)
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that all reactions (apart perhaps from the reaction of
CI~ with CIONG,) proceed at the collision limit. In
order to correct the rate constants for HNi@puri-

ties in the CIONQ flow, three ion/molecule reactions
with HNO3 (Br—, NO5, and F + HNO,) have been
studied of which the reaction of Fwith HNO,, as far

as we know, has been reported for the first time.

As mentioned in Sec. 1, the total stratospheric
N,Og + CIONO, mixing ratios that were inferred
from the data obtained with a balloon-borne chemical
ionization mass spectrometer were too high (by a
factor of 3) when taking into account the literature
values for the rate constants of with CIONO, and
N,Os,.

In order to find out the reason for this discrepancy,
we found it worthwhile to revisit the ion/molecule
chemistry involved under more realistic conditions of
pressure and temperature. An important reaction in
this respect, which is reported in this paper, is the
reaction of I' with CIONO,. It has been found that
the rate constant of this reaction is constant over the
pressure and temperature range investigated here
Therefore, the present results show that the discrep-

ancy cannot be explained by a pressure or temperature

dependence for the rate constant of the-CIONO,
reaction. The analysis of the flight data obtained with
the I” ion source shows that, apart from RGQons
(the product ions of T with N,Og and CIONQ),
product ions of reactions of | with other strate
spheric constituents (e.g.g0also appear in the mass
spectra. These product ions (e.gzOmay undergo
secondary reactions with stratospheric HN@hich

is more abundant than s and CIONQ below 30
km altitude), also resulting in ND ions [33]. This
additional NG producing channel might partially
explain the above discrepancy. Laboratory studies are
going on in order to quantify the effect of these
interfering reactions on the derivation of total
CIONGO, + N,Og5 mixing ratios from the flight data.
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