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Abstract

This paper reports on the gas phase reactions of fHih@ CI—, CI"H,0, and CI'HCI, of Cl, with CI"H,O and CI'HCI,
and of HCI with CI"H,O. Rate constants and product ions have been determined at room temperature and at low pressure
(0.7-1.7 mb) by means of a flow tube reactor coupled to a quadrupole mass spectrometer. Apart #@h €ICl,, all
reactions proceed at the collision rate. The reaction mechanism for all reactions, except forHNIO,, seems to be ligand
switching. The implication of the results on a chemical ionisation method for the in situ derivation of stratospheric nitric acid
concentrations is discussed. (Int J Mass Spectrom 181 (1998) 113-121) © 1998 Elsevier Science B.V.
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1. Introduction selective ion sources [1-3]. The CIMS method [4]
consists in the production of specific source ions that

Recently a balloon borne chemical ionisation mass are injected in a flow tube and carried towards the
spectrometry (CIMS) instrument has been developed mass spectrometer by a stratospheric air flow sus-
within the project MACSIMS (Measurement of At-  tained by a small turbine. During transport these ions
mospheric Constituents by Selective lon Mass Spec- react selectively with stratospheric trace gases leading
trometry). [MACSIMS is a cooperation between the tg specific product ions. From the mass spectra, the
Belgian Institute for Space Aeronomy (B), the (gaction time of the ions (measured in situ) and the

Physikalisches Institut of the University of Beme 46 constants of the involved ion molecule reactions,
(,CH){ and the Laboratoire de P.hy5|que et Chimie de the concentration of the reactant neutrals can, in
'Environnement of the CNRS in Ordms (F).] The principle, be inferred.

purpose of this project is the development of a One of the reaction schemes for the derivation of

. ment is based upon the reaction of,Ghith HNO,:
concentrations (HNQ CIONO,, N,Os, HCI) through P & s

the use of a balloon borne instrument equipped with C|3 + HNO; — NOz HCI + Cl, (1)
and the subsequent loss of the product ion;WCI
* Corresponding author. E-mail: crist.amelynck@oma.be by reaction with HNQ:
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NOz HCI + HNO; — NO3 HNO; + HCI (2) )
.

These reactions have been studied in our laboratory a

[5] in a relative way by using as a reference the _ 13@1 "

. . . 5 3 11 A

reaction of CI" with HNO: —k%*. BN V;’J > ; : .

Cl~ + HNO; — NO5 + HCI 3) @ s -
C——h

Reaction (3) was first studied by Fehsenfeld et al. X T 5 ook >

[6] who obtained a rate constaktof 1.6 X 10~ cm?® gg @—( E 2

molecule * s, Recently, however, a new value for 8 ! ) P

k; was measured by Huey et al. [7]. This value differs @ “

from the previous one by a factor 1.75. Because the

accu_racy o_f the Stratos[_)henc HNOnixing ratios Fig. 1. Schematic representation of the flowing afterglow laboratory
obtained with the CIMS instrument largely depends apparatus: (1) flow tube; (2) ion inlet plate; (3) electrostatic lens
on k;, we decided to perform a third, independent system; (4) quadrupole mass filter; (5) channeltron electron multi-

measurement of the rate constant of @lith HNO,. plier; (6) tu_rbomolecular pgmp; i rootspump; 8) absorptlor.l cell
(9) deuterium lamp housing; (10) grating monochromator; (11)

In order to apply the abovementioned reaction photomultiplier; (12) turbomolecular pump; (13) pressure sensor;
scheme in the stratosphere, our CIMS instrument was (14) nitric acid reservoir; (15) nitric acid dilution chamber; (16)

; : : : ; _ electronically controlled valve; (17) water reservoir; (18) grid; (19)
equipped with a chlorine discharge ion source pro membrane; (20) filament; (A) ion parent gas inlet; (B) main flow

ducing mainly CI' and Cf ions. The ratio of ¢J to inlet; (C) Ar + water vapor inlet; (D) and (E) Ar inlet.
Cl™ ion concentrations at the exit of the ion source
strongly depends on the pressure and thecGhcen- Apart from CI" and Ck, which were the most

tration in the ion source. An ideal reaction scheme for apundant source ions, we also observed the @ire
CIMS applications requires the absence of source ion jons CI"H,O and CI'HCl in the in situ mass spectra
formation outside the ion source. In our configuration, with the MACSIMS instrument. In order to have a
however, the reaction scheme is thought to be influ- petter understanding of the ion chemistry in the flow

enced by a possible conversion of Gb Cl; ions in reactor of the stratospheric experiment when using the

the flow tube. chlorine discharge ion source, we also studied the
Two mechanisms might be responsible for this reactions of CIH,O with HCI, Cl,, and HNQ, and of

conversion: CI"HCI with Cl, and HNG,. The results of these

studies and the implications on the reaction scheme
for the derivation of stratospheric HNGoncentra-
tions with the balloon borne CIMS apparatus will be
discussed.

(i) Because Clis used as parent gas of the source
ions, its concentration in the flow reactor is
non-negligible. Part of the Clions leaving the
ion source may therefore undergo a three-body
association reaction with €IBabcock and Streit
[8] studied this reaction at low pressures in 2 Experiment
helium and obtained a rate constant 0k910 3°
cm® molecule 2 s, The ion molecule reactions were studied in a

(i) Because the stratospheric water vapour concen- flowing afterglow apparatus at room temperature. The
tration is of the order of a few ppm, chloride ions instrument has been described in more detail in earlier
are assumed to undergo three-body associationpublications [5,9] and is shown schematically in Fig.
with H,O molecules to form CIH,O ions. As 1. It consists ba 4 cminner diameter stainless steel
will be pointed out in Sec. 3, these ions rapidly flow tube ion molecule reactor coupled to a quadru-
react with C} to form Ck ions. pole mass spectrometer. lons are convectively trans-
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ported to the mass spectrometer inlet by means of anThis light is produced by a deuterium lamp of 30 W
Ar buffer gas flow created by a 2503 * roots and wavelength-selected by means of an Ebert—Fastie
pump. After being sampled into the mass spectrome- grating monochromator. It is detected at the other end
ter through a 0.3 mm diameter orifice, the ions are of the absorption cell by means of a solar blind
analysed by a quadrupole mass filter and detected byphotomultiplier that is sensitive in the spectral domain
a Channeltron electron multiplier working in the pulse of 115-320 nm. From the decrease of the light beam
mode. By using a 2000 LS turbopump an appro- intensity |, due to absorption by nitric acid molecules,
priate vacuum£5 X 10~ ° mb) is maintained in the  one can derive the nitric acid concentration in the

mass spectrometer section at the operating flow tube gpsorption cell ([HNQ],J by using the Beer—Lam-
pressures (0.7-1.7 mb). Neutral reactants are intro- pert |aw:

duced into the flow tube downstream from the ion
source at a distance of 38.3 cm from the inlet orifice. (HNO.]... — =In(1,/1,0
The reaction time of the ions is measured by pulsing lac o,L
a grid, located just upstream from the neutral reactant ) o )
gas inlet, and synchronously recording the ion swarm Where i and I, ; are, respectively, the light intensity
arrival time on the detector by means of a multichan- With and without addition of HN@in the absorption
nel scaler. Rate constant measurements were per-Ceéll anday is the absorption cross section of HNO
formed by measuring the ion signal at the mass for light at wavelength. ForA = 186 nm a value of
spectrometer inlet as a function of the neutral reactant 1.58 X 10" cn® molecule * was used fow, [11].
gas concentration in the flow tube reactor. After calibrating the wavelength setting of the

Although the basic features of the apparatus re- monochromator with a mercury line spectrum, the
mained unchanged, some important modifications entire absorption system was validated by measuring
were made with respect to the former configuration. the absorption cross section of dichlorodifluorometh-
When studying ion molecule reactions with nitric acid ane (CECl,) versus wavelength within the range
previously, we only performed relative rate constant 185-195 nm. Within this region our results corres-
measurements by using the reaction of Ghs a ponded to literature data [12] within five percent.
reference ion) with nitric acid. The absolute accuracy  The nitric acid used in our experiments was puri-
of the measured rate constants is therefore limited by fied by vacuum distillation from a mixture of com-
the accuracy of the rate constdqtof this reference  mercially obtained HNQ(90% aqueous solution) and
reaction. In view of the large difference between the H,SO, (100% pure) with a volume mixing ratio of
two reported values ok; [6,7] and to perform 3:2. Pure HNQ was trapped in a glass reservoir in a
absolute rate constant measurements, a determinatiorcold ethanol bath-£54 °C) where it was stored in the
of the nitric acid concentration in the flow tube is dark.
required. To do so, a spectroscopic method was A capacitance manometer was mounted halfway
chosen that has been successfully applied in the pastalong the absorption cell in order to measure the
for the measurements of several reactant gas concenpressure in the absorption cell. Because of the con-
trations in a flowing afterglow apparatus [10]. servation of particle flux, the HNQconcentration in

A diluted HNG, + Ar flow, produced in adilution  the flow tube can be derived from the total gas flows
chamber [5], is sent along with a small Ar flow  through the flow tube @) and the absorption cell
(typically 1.66x 10" STP cni s™*) through the  (Q_), the pressures in the flow tub@®,) and the

absorption cell before entering the flow tube at a gpsorption cell ), and the HNQ concentration in
distance of 38.3 cm from the mass spectrometer inlet. o absorption cell by the following formula [10]:

The cell has a length L of 50 cm and an internal

. . . . =
dl_ameter of 2.5 gm_ and is sealed with Suprasil [HNO.J, = [HNO ] 1 Qac
windows to transmit light at a wavelength of 186 nm. P.Qx:

(4)

(5)
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The other neutral reactants, HCI and,,Clvere ob- 4
tained commercially as diluted gas mixtures in Ar
(1000 ppm). They were introduced axially into the
flow tube by mass flow controllers at the same
distance from the mass spectrometer inlet as the
HNO; inlet. Introduction of HCI in the flow tube
required passivation of the stainless steel gas line.
This was done by flushing the gas line with a 2.3 STP
cm® s71 Ar + HCI flow for about an hour. Further- 2 " " o " T 8
more, stability of the HCI flow was enhanced by pressure (mb)
heating the gas line te=100 °C. _
A second modification of our instrument consisted Fig. 2. Rate constant of Cl+ HNO; (k) vs. flow tube pressure.
The full line corresponds to the average value. The dash-dotted
in the use of a “poorman’s” ion source (PMIS) for the lines correspond to a deviation of2 ¢ from the average value.
production of CI'H,O and CI'HCl ions. This type of
ion source was introduced by Fahey et al. for the the membrane was not used and the filament was
production of @ (H,0), (n = 0—4) ions [13]. The installed off axis to avoid the detection by the Chan-
ion source is separated from the flow tube by a thin neltron electron multiplier of light emitted in the
stainless steel membrane with a central opening of 4 neighbourhood of the filament.
mm in diameter. Because the entire carrier gas flow is
constrained to flow through the ion source the ratio of
ion source pressure to flow tube pressure is about 203. Results
at a typical pressure of 1.33 mb in the flow tube. As
a consequence, the average gas flow velocity in the 3.1. Reactions with HNO
ion source is lower with respect to the one in the flow
tube by the same factor. The ion source contains a Rate constant measurements of the reaction
heated emission-controlled thoriated iridium filament
biased at-50 V. Emission currents betweer80 and
—500 pA were used. CI ions are produced by were performed at different flow tube pressures rang-
dissociative attachment of the emitted electrons to ing from 0.7 to 1.65 mb. Cl ions were produced by
CCl, that is added upstream. Downstream the fila- using a filament operated at flow tube pressures (i.e.
ment hydration of CI ions takes place by adding no membrane present). The results are presented in
water vapour to the ion source. Because of the Fig. 2. No explicit pressure dependence was observed
elevated pressure and the low flow velocity in the ion and an average rate constant of (3:10.5) X 10~ °
source (i.e. relatively high residence times), only cm® molecule ! s™* was obtained. From the mass
small water vapour concentrations are needed in the spectra it is clear that NDis the only product ion in
ion source to obtain appropriate ¢1,0 count rates.  the pressure range covered by our experiments.
Because the corresponding water vapour concentra- To study the reactions of the cluster ions @L,0
tion in the flow tube is lower by a factor 20, no further and CI"HCI with HNO4 the “poorman’s” ion source
hydration is thought to occur in the reaction region. was used to produce the reactant ions. A neat spec-
This was checked experimentally by inserting the trum obtained by adding C€knd H,O to the PMIS
same amount of 5O vapour in the flow tube reactor is shown in Fig. 3(a). Apart from CI (35 and 37
after taking away the membrane. amu), CI'H,0 (53 and 55 amu), and CHCI (71, 73,
Apart from CI'H,O, CI"HCI ions were always  and 75 u), small contributions of NO(62 amu) and
formed in the ion source by a yet unknown mecha- NO5;HCI (98 and 100 u) are present due to residual
nism. When studying the reaction of Clvith HNO4 HNO; evaporating from the walls of the ion source

ol
o

k (10‘9 em’s™? molecule'l)
©
°

»
o

ClI™ + HNO; — NO; + HCI (6)
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Fig. 3. Evolution of the involved ion species with increasing HNO
concentration in the flow tube reactor. The total carrier gas flow is
38 STP cmi molecule * s72, corresponding to a flow tube pressure
of 1.38 mb. Pressure in and Ar flow through the absorption cell are
respectively 3.73 mb and 0.17 STP tmolecule* s™%. The
reaction time is 8.18 ms. In the upper spectrum no HNCadded

to the system. The HNQOconcentrations in the flow tube corre-
sponding to the middle and lower spectra are respectivelyx2.8
10 and 6.9x 10" molecules cm?.

compartment or from the flow tube. After introducing
HNO; in the flow tube, CI, CI"H,O, and CI'HCI
concentrations decrease whereas;N®O; HCI, and

1
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Fig. 4.k;/ks () andkg/ks (O) vs. flow tube pressure. The full lines
correspond to the average values. The dash—dotted lines correspond
to a deviation of 2xX o from the average values.

Absolute rate constant measurements of HNO
with CI~, CI"H,0, and CI'HCI, generated in the
PMIS, show an increase of the rate constants with
flow tube pressure for all three ion species. However,
the rate constant ratids,/k; and kg/ks, presented in
Fig. 4, show no pressure dependence, indicating that
the rate constant increase could possibly be attributed
to gas flow dynamics. Because the entire buffer gas
flow is constrained to leave the ion source through a
hole of 4 mm diameter, a certain distance is required
for the flow to become fully developed. The higher
the carrier gas flow, the longer this distance will be
which could explain why absolute rate constant mea-
surements with HNQ@ are disturbed at higher pres-
sures (i.e. at higher carrier gas flows). This hypothesis
is corroborated by the fact that the rate constant of

NOz HNO; concentrations increase, as can be noticed C|~ with HNO; at low pressures<(1.1 mb) coincides

in Fig. 3(b). Because NDis the only product ion of
Cl™ with HNO,, NO3 HCI must be the product ion of
ClI"H,0 and CI'HCI with HNO:

ClI"H,0 + HNO; — NOz HCI + H,0 @)
CI"HCI + HNO; — NO3 HCI + HCI (8)

Upon further addition of HNQ@to the flow tube [Fig.
3(c)], NO; HCI decreases in favour of NOHNO, by
reaction (2) and NQ(HNO,), starts forming by the
termolecular reaction:

NO;HNO; + HNO; + M — NO3 (HNO,), + M

(9)

with the pressure-independent value obtained without
membrane over a larger pressure range. The values
we obtained fork,/ks and kg/k; are respectively
0.92 + 0.03 and 0.80+ 0.06. The uncertainty on the
rate constant ratios corresponds to the statistical error
at the 95% confidence level.

3.2. Reaction of CIH,O with HCI

Rate constant measurements were performed at
four different pressures (0.88, 1.11, 1.33, and 1.47
mb) and are shown in Fig. 5. This resulted in an
average value of 1.% 10 ° cm® molecule* s

The precision (statistical error at the 95% confidence
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Fig. 5. Rate constant of CIH,O + HCI vs. flow tube pressure. 10°
The full line corresponds to the average value. The dash—dotted
lines correspond to a deviation of2 o from the average value.
level) and the accuracy of the measurement are 107 b
respectively 8% and 15%. The latter mainly resulted 0 0810 18 20 28 30 35 40 48
from the error on the reaction time and the individual (HCI (10 molecules cm )

errors on the instrumental parameters. Fig. 6. Evolution of the concentration of the involved ion species as

; ~30 3
By using the value 2.5& 10 m> for the a function of HCI concentration in the flow tube reactor. (squares:
polarisability and 3.6x 10 3° C - m for the electric  CI", circles: CI'H,0; triangles: CTHCI).

dipole moment of HCI [14], a collision rate constant
of 1.4 X 10~ cm® molecule * s is obtained for the
reaction of CI'H,O with HCI by using the formula of
Su and Chesnavich [15] which is based on trajectory C|"HCI + Cl, — Cl; + HCI (12)
calculations. From the good agreement between this ]

value and our experimental results, we can conclude Rate constant measurements were again performed at

that the reaction essentially proceeds at the collision four different pressures (0.86, 1.12, 1.25, and 1.47
frequency. mb), showing no explicit pressure dependence.

CI"H,0 + Cl, > Cl;5 + H,0 (11)

The variation of the three source ion species as a
function of HCI concentration in the flow tube is 350
shown in Fig. 6. Because THCI is the only product ool
ion that was observed in the mass spectra, the reaction

O

200 1

count rate (counts/s)

150 > g
mechanism is thought to be ligand switching: 10 T FA
8 f amaans T u
CI"H,O + HCl — CI"HCI + H,0O (10) ®20 %0 4 50 80 70 80 90 100 110 120 30

mass (amu)

400
3.3. Reaction of CIH,0 and CI"HCI with CI, 300
200 o

Spectra without and with addition of £(1.5 x 100 | ¥

10" molecules cm?) to the flow tube are shown in o TSIV RV ML .
Fig. 7. From these spectra it is clear that BLO and Ay ot
CI”HCI concentrations decrease upon addition of CI
and that CI appears as a product ion, indicating that Fig. 7. Upper figure: source ion spectrum obtained with the PMIS,

. . . indicating the simultaneous presence of CCI~ H,0, and CI" -
the reaction mechanism of GH,0 and CI'HCI with HCl ions in the flow tube. Lower figure: spectrum after addition of

Cl, is also ligand switching: 1.7 X 107* STP cni molecule™® s™* Cl, to the flow tube reactor.

count rate (counts/s)
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An average value of 1.0% 10 ° and 5.3x
10 %% cm® molecule * s™* was obtained for the rate
constant of CI'H,O and CI'HCI with Cl,, respec-
tively. The total measurement error, mainly deter-
mined by the accuracy of the £Otoncentration in the
Ar + Cl, mixture (20%) and by the error on the
reaction time (10%), is about 25%.

The decrease of [CHCI] with increasing CJ
concentration in the flow tube, however, should not a
priori be attributed to the reaction of this ion with,Cl
Because the production mechanism of BCl in the
ion source is not understood, we considered the
possibility of HCI production in the ion source and

119

10

count rate (arb. units)

[CL,] (10" molecules em™)

consequently the presence of HCI in the reaction zone Fig. 8. Evolution of [CI'H,0] (O), [CI"HCI] (O), and [CE] (A)

of the flow tube. Depending on the HCI concentration
in the flow tube, this could be a major source of error
for the rate constant measurement of BCl with
Cl,. Suppose CIHCI is partly produced in the flow
tube by reaction of CIH,O with HCI that is made in
the ion source. Even if no reaction occurs between
CI"HCI and Cl,, a decrease of [CHCI] would be
observed upon addition of Clto the flow tube
because the precursor ion"®l,0 reacts with CJ.
Therefore, special attention was given to the reac-
tion of CI"HCI with Cl,. From the ratio R=
[CITH,0]/[CITHCI], obtained with the mass spec-
trometer without addition of Glto the flow tube, the
residence timer, of the ions between the ion source

resulting from the model vs. €koncentration in the flow tube in
a realistic situation (by assuming GHiCl is not reacting with CJ).
The dotted line corresponds to the decrease of fGICI] that was
observed experimentally (normalised with respect to theHTl!
concentration resulting from the model at zerg Gncentration).
The flow tube pressure is 0.87 mb and the r&iequals 0.34.

[CI7HQ]; = [ClI7H,0], exp(ky HCI] max)
15)

In these expressions is the residence time of the
ions between the reactant gas inlet and the mass
spectrometer inlet. By taking [CH,O]; and
[CITHCI]; as initial values and by assuming that
CI™HCI does not react with Gl(i.e. by puttingk,, to
zero) we then calculated [CH,O], [CI"HCI], and

and the mass spectrometer inlet and the rate constan{Cl;] at the end of the reaction zone at different, Cl

ko of CI™H,O with HCI, an upper limit [HCI], ., for
the HCI concentration is obtained by assuming that all
CI"HCI is formed by reaction (10):

[HCI] max = In1 + R) (13)

1
Kio X ¢
By taking into account this upper limit for the HCI
concentration, the “worst case” initial OH,O and
CI"HCI concentrations, [CIH,0O]; and [CI"HCI];, at
the reactant gas inlet without £addition are given

by:

[CI"HCI]; = [ClITHCI]o[1 — exp(kyHCI] maxrr]
(14)

concentrations from the solution of the set of differ-
ential equations describing the time evolution of
[CITH,0], [CITHCI], and [CK] by taking into ac-
count reactions (10), (11), and (12).

A typical result of these calculations corresponding
to real working conditions is shown in Fig. 8. From
this figure, which shows the theoretical as well as the
experimentally observed decrease of [BLCI], it is
clear that the observed decrease can never be attri-
buted to a decrease of [GH,0] alone.

From the solution of the same set of differential
equations, it was found by trial and error that a value
of 4.3 x 10 *°cm® molecule * s™* for k,, had to be
taken into account for the calculated and the observed
[CITHCI] to coincide at the upper limit HCI concen-
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tration in the flow tube. This means that the reglis
at most 20% lower than the experimentally derived
value.

4. Discussion and implications for HNG,
derivation by the CIMS method

The contribution of this work to the atmospheric
CIMS method for nitric acid derivation is twofold.

C. Amelynck et al./International Journal of Mass Spectrometry 181 (1998) 113-121

methods, as explained in a companion paper [3]. A
first method was based on a reaction scheme contain-
ing Egs. (1) and (2). However, because part of the CI

is produced in this reaction zone by hydration of Cl
source ions followed by reaction (11) and by three-
body reaction of CI with Cl,, the HNQ; concentra-
tion derived with this method should be considered as
a lower limit. In a second derivation method all"Cl
core ions are grouped as the source ion familyaBd

all NO3 core ions are considered as the product ion

First, the good agreement between our pressure inde-family P~. The HNG, concentration was obtained by

pendent value fokgs and the one obtained by Huey [7]

enhances the accuracy of the nitric acid concentra-

tions as inferred by CIMS. Second, this study im-
proved our insight into the ion molecule chemistry
inside the flow tube reactor when using chlorine ions
(CI” and CL) as source ions in the CIMS method [3].

Of the reactions reported in this work, only Ch
HNO; ([7,6]) and CI'H,O + Cl, (more precisely
CI"D,O + Cl,[16,17]) have been studied before and
allow for comparison with literature data. From our
results, it is clear that the reactions of CICI"H,0,
and CI"HCI with nitric acid proceed at essentially the
collision rate, as was already noticed by Huey for the
reaction of CI' with HNO;. The rate constant we
obtained for this reaction agrees within 10% with the
one reported by Huey [7].

Our rate constant of CH,O with Cl, agrees well
with the value obtained by Wincel et al. (9:2 10 °
cm® molecule * s™1) and with the Langevin collision
limit (9.05 X 10~ % cm® molecule * s™%), indicating
that this reaction also proceeds at the collision rate.
This high value explains why, at high ion parent gas
(Cl,) concentrations in the flow tube~@ X 102
molecules cm®) as was the case in the balloon flight
of our CIMS instrument of November 1995 from
Leon (Spain) [3], almost no CH,0 is present in the
mass spectra. Because the reaction ofHGO with
HCl also proceeds in a fast way, Gl,0 produced by
hydration of CI' source ions could well be the
precursor of CIHCI ions in the MACSIMS instru-
ment through reaction with stratospheric HCI.

By using a chlorine discharge ion source in the
MACSIMS instrument, stratospheric nitric acid con-
centrations could be inferred by using two different

considering an overall conversion of 3o P~ ions
with a rate constant equal to the one of; Glith
HNO; (0.82 X k3), this ion being the most abundant
one of the S family.

This study revealed that, apart from €ICl that is
only present in the in situ mass spectra in small
amounts, the rate constant of the other Cbre ions
(CI"H,0 and more important C)) exceeds the one of
Clz with HNO,. Therefore, the nitric acid concentra-
tion derived with this method should be considered as
an upper limit. Because of the small differences
between the rate constants of all'Gtore ions with
HNO; the inaccuracy of the global rate constant can
affect the derived HN@concentrations by no more
than 20%.
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