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STRATOSPHERIC NEGATIVE ION COMPOSITION MEASUREMENTS,

ION ABUNDANCES AND RELATED TRACE GAS DETECTION

by

E. ARIJS, D. NEVEJANS, P. FREDERICK and J. INGELS

Abstract

Negative ion spectra obtained during four flights with a
balloon borne quadrupole mass spectrometer are reported and critically

investigated.

lon abundances for NO& and HSOZ1 core ions are reported and
concentrations of HNO3 and H2504 at altitudes between 32 and 35 km

are deduced.

The detection of minor mass peaks in negative ion spectra
obtained at an altitude of 32 km is discussed. Major mass peaks

observed at lower altitudes (from 20 to 28 km) are mainly due to NO3

core ions.



Samenvatting

Negatieve ionen spectra, opgenomen gedurende vier viuchten
met een ballongedragen quadrupolaire massaspectrometer, worden voor-

- gesteld en kritisch onderzocht.

De relatieve signaalsterkten te wijten aan ionen met Noé en

HSOZ1 kern worden gerapporteerd en hieruit worden de concentraties

van HNO

3 en HZSO4 tussen 32 en 35 km hoogte afgeleid.

De detectie van Kkleinere massapieken in de negatieve ionen-
spectra opgenomen op 32 km hoogte wordt eveneens besproken. De
grote massapieken waargenomen . op lagere hoogtes (van 20 tot 28 km)

zijn voornamelijk te wijten aan ionen met NO;- kern.



Résumé

Les spectres de masse des ions hégatifs, obtenus avec un
filtre quadrupolaire pendant quatre vols ballons sont présentés et
L et HSO, sont

, 3 4
rapportées et les concentrations de HNO3 et H2504 entre 32 et 35 km

analysés. Les abondances des ions avec des noyaux NO
d'altitude en sont déduites.
La détection des ions peu abondantes a 32 km d'altitude est

discutée. Les ions les plus abondants auxX altitudes entre 20 et 28 km

sont des agglomérats avec un noyau Noé.



Zusammenfassung

Massenspektra der negativen lonen, die wahrend vier Ballonen-

fligen mit einem quadrupoldaren Massenspektrometer erhalten wurden,
3

3 und HZSO4 Dichten,

die daraus folgen, sind zwischen 32 und 35 km H6he vorgestellt.

sind hier vorgestellt und analysiert. Die H’éuf.igkeiten der lonen mit NO

und HSOZ1 Kernen sind angegeben und die HNO

Die Beobachtung der Minderheitsionen auf 32 km Hohe ist
diskutiert. . Die haufigsten lonen zwischen 20 wund 28 km sind

Kern.

Anhaufungen mit einem NO3



1. INTRODUCTION

The first identification of natural stratospheric negative ions
obtained by in situ mass spectrometry at 36 km altitude was reported

by Arnold and Henschen (1978). Although due to the low resolution

used, some doubt remained about the observed mass numbers, the ions
were tentatively identified as ion clusters belonging to the families
HSO,(H,S0,),(HNO;) ~ and NOS(HNOZ) . Whereas the NO, core ions
had been expected on the basis of our. knowledge of trace gases in the
stratosphere  (Ackerman, 1979) and of |laboratory measurements
(Fehsenfeld et al., 1975), the presence of HSO

surprise. It was suggested (Arnold and Henschen, 1978) that those ions

4 core ions came as a

were originating from ion molecule reactions of sulfuric acid vapour with

NO:; core ions. The plausibility of éuch reactions was shown by

laboratory measurements (Viggiano et al., 1980). In 1980 negative ion

composition measurements with higher resolution were performed by

Arijs et al., (1981a). In this way an unambiguous determination of the

mass numbers was possible and the H2504 hypothesis was confirmed.
Furthermore some minor ions were detected and a more complete reaction
scheme for the negative ion formation in the stratosphere was proposed.
In the meantime a critical investigation of the ion abundances (Arnold
et al., 1981a) reinforced their identification as nitrate and sulfate

cluster ions. Meanwhile negative ion composition measurements have

been extended down to 24 km (Viggiano and Arnold, 1981a) and the

results of these experiments have been used to obtain sulfuric acid

vapour concentration profiles (Viggiano and Arnold, 1981b).

Recently the detection of minor negative ions at 34 km
altitude was reported by McCrumb and Arnold (1981).

In the present paper the abundances of the major negative
ions detected between 32 and 35 km altitudes (typical float altitudes of
100.000 m3 stEatospheric balloons) during different flights are compared

and analyzed. These spectra are also investigated for minor ion peaks

s ,



and the implications of the data for trace gas detection are critically
investigated. Furthermore recent data obtained between 28 and 20 km

altitude will be discussed.

2. EXPERIMENTAL

The balloon borne payload, which consists of a high speed
liquid helium cooled cryopump (Ingels et al., 1978) and a quadrupole

mass filter, with the associated electronic modules. has been described

before (Arijs et al., 1981b). The instrument is equipped with a micro-

processor based controller enabling a flexible choice by remote control
of many different measurement programs (defined by resolution, mass
domain, a.s.o). The quadrupcle power supply is designed in such a
way that DC and RF voltages can beé controlled independently, allowing
a great variety of possible resolutions and thereby extending the mass

range of the instrument (Arijs et al., 1981a). Because the configuration

of the instrument is basicly the same as for positive ion composition
measurements, we will restrict ourselves to instrument descriptions,
essential for negative ion measurements. The voltages applied to the ion
lens are simply inverted in polarity and the draw-in potential is chosen
for maximum signal, either by remote control or by the microprocessor.
The sampled negative ions acquire an energy of 7 eV by applicating a
positive quadrupole bias fixed with respect to the draw-in plate. To
avoid high voltage breakdown at the ion detector output (Spiraltron
secondary electron multiplier SEM 4219) the input cone is kept at
+ 1.5 kV. Although the acceleration voltage of the negative ions is
therefore considerably smaller than for positive ions, where - 3 kV is
used, the detection efficiency is still adequate. This is due to the fact
that the primary electrons originate from the impacting negative ion

itself and not from the dynode surface (Goodings et al., 1972).

The supply voltage of the multiplier is maintained at 3 kV to
guarantee a pulse height distribution, suitable for pulse counting



techniques. The background or spontaneous pulse count rate for
negative ion detection is much higher than for positive ions. This is
probably due to electrons escaping from a nearby mounted Penning
gauge. Typical values as well as the method to determine this back-

ground in flight are discussed in section 4.2.

3. MEASUREMENTS

The data shown and discussed hereafter have been obtained
during four stratospheric balloon flights. During three of them all
measurements were performed at the float altitude of the balloon. The
flight characteristics are summarized in table 1. The mentioned float
altitudes were obtained from the U.S. Standard Atmosphere of 1966 by
conversion of the measured ambient pressures. In the last flight
(September 1981) two pressure sensors were. used; one was a high
precision Baratron gauge, kept at constant temperature. The deviation
between the two sensors was less than 3%, which strengthens the faith
in the pressure data of other flights. Temperatures were obtained
either through comparison of the measured and corrected (for collisional
break-up) proton hydrate abundances with the theoretical distribution
(Arijs et al., 1981b) or from a direct in_situ measurement. For this

purpose a tiny bead thermistor, with a very small thermal mass was

mounted at a distance of 2 meter from the payload.

During the June 1980 and September 1981 flights the measur-

~ements of negative ions were started after sunrise, while in September
1980 all measurements were performed during nighttime. However no
pronounced difference in the identity of the Amajor negative ions was
observed. in the three flights described in table 1 a sampling hole of
0.2 mm diameter was used. The fourth flight (not mentioned in table 1)
“was performed on 12 June 1981 from the CNES launching base at Gap-
Tallard (Southern France). In this flight a 100,000 m3 valve controllable
balloon was used, which allowed a slow descending of the balloon from

float altitude down to 20 km at a rate of 1 m per second. In this way

.._7-



TABLE 1

Date of flight Launching Float altitude ~ Ambient
Site ambient pressure km(l) temperature
A in mbar

16 June 1980 Gap 44°27'N 6.8 34.7 239 K (2)

18 September 1980 Aire 43°42'N 5.7 35.0 232 K (2)

14 September 1981 Aire 43°42'N 8.3 (4) 32.5 234 K (3)

Table 1 : Technical characterlstlcs of balloon fllghts during which negative ion

spectra were obtained at float altitude.

(1) from U.S.
km)

(2) from proton hydrate distribution

(3) direct measurement

(4) MKS-Baratron measurement

Standard atmosphere (pressure conversion to altitude in



contamination by balloon and gondola was minimized. Positive ion spectra
were obtained between the float altitude of 33 km and 20 km. These

results will be reported elsewhere.

Negative ion composition measurements were performed
between 28 and 20 km altitude. In view of the higher ambient pressures
encountered in this flight a sampling hole of 0.1 mm diameter was used
this time. The results of these measurements will be discussed and

analyzed hereafter.

4. RESULTS AND DISCUSSION

4.1. lon abundances of observed major negative ions and related trace

gas detection

The observed major mass numbers, their identification and
relative abundances for the three flights of table 1 are summarized in
table 2. For the sake of comparison some data of the Max Planck
Institute of Heidelberg (termed MPI group hereafter, Arnold et al.,
1981a) are included in this table.

A typical spectrum in the high resolution mode as obtained in
flight in September 1981 is shown in figure 1a. To facilitate the
interpretation of these spectra a three point smoothing technique
(Hildebrand, 1956) has been applied, resulting in the transformation of

the spectrum of figure 1a into that of figure 1b. As will be seen later

on, minor mass peaks can be easier recognized in the smoothed spectra.

As was described in an earlier paper (Arijs et al., 1981a) two

resolution modes have been used for negative ion composition measur-
ements. Both modes have been employed to derive ion abundances,
except for the June 1980 data, were only coarse resolution spectra
(U/V = 0.135) had been obtained. Therefore these data are susceptible

to somewhat larger errors than the other ones. In the coarse resolution

-9-
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TABLE 2’

Mass Identification - Abundances in different flights (%)
June 80 " Sept. 80 Sept. 81 MPI (1)

125 NO,.HNO,, 5 2 2 2.6
160 . Hso;.HNo3 9 16 10 5.3
188 ' NO-(HNO3)2 8 15 14 65.6
195 Hso4 H,S0, 7 14 14 6.6
206 HSO, 4 (HNOL), Ho0 - - 3 -
223 HSO (HNO,), 4 5 7 14.2
275 Hso4 sto4 HNO, . HZO - - ‘ 3 -
293 HSO (H,80,), 19 14 16 2.6
391 HSO 4, (H,50,) 48 34 31 -

Table 2 : Mass numbers, identifications and relative abundances (in %) of major‘negativé

~ ions observed at float altiﬁude. v
(1) For comparison a set of data of the Max Planck Institute group (Arnold et
§1:1_12§l)'is included in the fable. Missing percentage in this column is

represented by mass 260 * 3 with an abundance of 3.1%.
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mode the ion identification is: less precise since peak identification is
based on the recognition of edges of mass peaks extending over several
amu. However identifications from high resolution spectra are of great
help here. Another disavantage of the low resolution mode is that it is
difficult to identify small mass peaks and hence to determine their
abundance. Neglecting such minor mass peaks may introduce serious
errors in the fractional abundance of other peaks, especially for ions
with low abundances such as mass 125 in the September 1980 data.
However the ratios of fractional abundances of different other peaks is
unaffected by this neglecting. A distinct advantage of this mode is that
the transmission of the mass filter is practically independent of the ion

mass.

It should also be noticed that an additionnal source of error
in the determination of the ion abundances is the natural signal fluctua-
tion. This is clearly illustrated in figure 2, representing the first of 19
mass scans, which gave rise to figure 1a. As can be seen an erroneous
value for the abundance of mass 195 might be deduced from it, due to
incomplete statistics and short term effects. It is therefore of primary
importance that reports on ion composition data and abundances should
be as complete as possible. Integration times as well as total numbers of
accumulated counts in each mass peak should be mentioned. In spite of
all these possible error sources it is believed that the ion abundances

reported here are exact within 30%.

Laboratory and in situ measurements (Arnold et al. 1981a),
(Viggiano and Arnold, 1981a) have shown that cluster break up effects
due to sémpling are much less pronounced for ambient pressures of a
few Torr or altitudes above 32 km. Since the data of table 2 relate to
altitudes above 32 km no correction for collisional dissociation has been

applied to those.

We will now discuss the NO:;(HNO3)n ions. As can be seen

from table 2 onty two major ions belonging to this family were observed, -

-13-
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namely mass 125 and 188. Since the time to establish the equilibrium for

the reaction :

NO,(HNO,) + HNO, + M = NO,(HNO,), + M - (1)

3

Js much shorter than the lifetime of the ions versus recombination

(Arnold et al., 1981a) and since the equilibrium constants of this

reaction have been measured in the Iaboratbry (Davidsoh et al., 1977)

the ratio of the abundances of mass 125 and 188 can be used to derive
a nitric acid vapour concentration in the stratosphere, as was shown by
Arnold et al. (1980). From the measured AH® = 18.3 + 1 kcal.mole”| and
AS® = 22.1'% 2 e.u. (Davidson et al., 1977) and /

RT 1n K = AG® = AH® - T.AS® (2)

the equilibrium constant K has been derived for the three flights and

the HNO., concentration was calculated from

3

_ [188] -1 .
[HNO3] = 1557 - K (3)

~where [188)/[125] is the -ratio of the relative abundances for
NO;('HNO3) and NO:;(HNO3)2. The results are given in table 3 and
figure 3.

At present there are very few data for HNO3 volume mixing
- ratios above 32 km altitude. To the best of our knowledge the only ones
which were not obtained from ion composition data, are those by Lazrus
and Gandrud (1974) and Evans et al., (1977). Those data have also been

-15-
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TABLE 3

Flight [NO, (HNO,) ]/ [NO3.HNO, ] Equilibrium HNO, mixing
constant K (atm—l) ratio (ppbv)
June 80 1.6 8.0 x 10! 0.30
Sept. 80 ‘ 7.7 2.5 x 1012 0.53
Sept. 81 7.1 1.8 x 102 0.48
Table 3 : Equilibrium constants for HNO3 clustering to ND;.HNO3 and HNO3 mixing

ratio derived for different flights.

Square brackets denote number densities.
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been included in figure 3, as were the measurements of Arnold et al.

(1980). More recently, the nitric acid vapour concentration was inferred
from negative ion composition data by a method, which relies on the
existence of a kinetic state with respect to the nitric and sulfuric acid

cluster ions taken as a whole (Viggiano and Arnold, 1981a; McCrumb

and Arnold 1981). The results of this analysis are also pictured in

figure 3. The range of the one dimensional models as available up to
35 km at present (Hudson and Reed, 1979) is also shown. As can be

seen on figure 3 a reasonable agreement is found between our data and
the HNO3
that our HNO3
models. As mentioned by Hudson and Reed (1979) this may be due to

concentrations found with other techniques. It is also noticed

mixing ratios are lower than those predicted by current

an incorrect treatment of photolysis in the models and an uncertainty
about the effect of transport above 30 km altitude.

The error bars, for our data as shown on figure 3 are only
taking into account the 30% error on the ion abundances (60% on their
ratio) and the possible error of 3 K on the temperature derivation or
measurement. We believe that concerning these two errors a rather
conservative and safe value was used. We feel that by taking into
account the possible errors on the thermochemical data as mentioned in

the original paper by Davidson et al. (1977), namely 1 kcal.mole"‘I on

AH® and 2 e.u. on AS°, an unreasonable stretching of the error bars is

‘obtained.

Apart from the data of Davidson et al. (1977), an other set

of thermochemical data for reaction (1) is available in the literature
(Wiodek et al., 1980). It was found that by using those data (AH® =
16.0 + 0.8 kcal mole-‘I and AS° = 23.1 % 2.4 e.u) HNO3 mixing ratios

were deduced which were much too high, according to both the model

and the other experimental data. The results of negative ion
abundances at float altitude therefore seem to suggest that the thermo-
chemical data of Davidson et al. (1977) are closer to the true values of
AH® and AS®° than those of Wlodek et al. (1980).

-18-



Oon cohdition that more exact ambient. temperatures and ion
abundance ratio measurements were combined with HNO3 concentration
derivations by another independent technique, the in situ data might
have been used to derive thermochemical data. The previous discussion
therefore clearly demonstrates another aspect of ion composition measur-
ements, namely the detection of fundamental physico-chemical constants
by using the stratosphere as a laboratory.

Our next item of discussion will be the family of the HSOZ1

core ions. Arnold et al. (1981a) proposed and verified that those ions

were formed in the stratosphere by the switching reactions :

: No3(m~m3)n + H,50, - Hsoa(}mo3)[l + HNO, (4)
and
}1504(}£No3)2 (stoa)m
+ 32304 > 14[504(}11~Io3)£_1 (1{2504)m+1 + HNO, (5)

The reaction rate constants for reaction (4) were measured in the
laboratory by the NOAA group in Boulder (Viggiano et al., 1980). It
followed that :

8.6 x 10-10 cm3 s-1 for n

=
"
]

—

and

4.0 x 10.'10 cm3 s-1 for n

o
i
"

[N

-19-



From a steady state treatment it follows that :
[H,50,]. {k . [NO3.HNO3] + k, [NOL(HNO,),]} = afa_] [n] (6)

where the square brackets denote number densities, [n] the total
number density of positive (or negative) ions and [ns] the total number

density of the HSO, core ions.

4

The recombination coefficient to be used in equation (6) is
composed of two compénents : the binary recombination coefficient ap

and the effective ternary combination coefficient a, . The binary

recombination coefficient ay has been measured recently by Smith et al.

(1981) and was found to be practically independent of the nature of the
ions. A value of 6 x 10-8 cm3 5_1, in good agreement with most of the
data of the previous authors, will be used for further calculations.
However much less information is availéble on the ternary component of

the recombination coefficient. This a, is strongly dependent on the gas

g 3

number density. A value of 6 x 10°° cm s.1 will be assigned to it for

the altitude 34.7 and 35 km (June 80 and September 80 flights) and for
32.5 km a, will be taken 9 x 10-8 cm3 5-1. These values were obtained

by interpolation between the numbers given by Smith and Church
(1977) for 30 and 40 km. The total ion number density [n] was not
measured in flight. Therefore the value is calculated from (Q/a,)vz,

where Q is the production rate taken from Webber (1962). For the

altitude ranges under consideration Q is about 2 ions cm-3 5-1. These
values have been used to allow a comparison  with the most recent data
from Viggiano and Arnold (1981b) who have used the same source for

[n].

The results of our H2504 vépour number density determina-
tions are given in table 4 for the different flights discussed here. In

view of the uncertainties on the different data used to derive those

-20~-
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TABLE 4

June 80 Sept. 80 Sept. 81
[H,50,] (em™2) (1) 5.6 x 10° 5.1 x 10° 6.2 x 10°
(1.5 x 107) (1.5 x 107) 6 x 10%
Ky , (atm™ 1) L 1.5 x 103 6.2 x 10'2 5.8 x 10%2
AGi’Z(ggcal.mole )_1 14.4 13.6 | 13.7
aHg "7 (keal.mole ) 21.6 20.5 20.7
K, (atm™ 1) , 1.4 x 10%3 1.5 x 1013 9.8 x 10'2
AG§’3(§§ca1 mole )_1 14.4 14.0 13.9
AH§,3 (kcal mole 7) 21.5 21.0 21.0

TABLE 4 : Values of HZSOA number densities, equilibrium constants and thermo-

chemical constants for HZSO4 clustering for different flights.

(1)

(2)

 HSO, (H

Numbers in parentheses are data of MPI group for the same altitude
(Vigginalo and Arnold, 1981b) 4

AH® is derived assuming AS® to be 30 eu. Indexes £, £ + 1 relate

to reaction :

ZSOA)Q + H2804 + M- HSOA(HZSOA)R + 1 + M.



numbers, an error of a factor of 3 is adopted here. No correction has
been applied for missing ions in our case, since a mass scanning
without DC on the quadrupole rods showed that the fraction of ions
having a mass higher than 391 amu was negligible for the present
purpose. This 'techniqu.e to obtain H‘?SO4 number densities is at present
the only experimental one available. It was used for the first time by
Arnold and Fabian (1980) and it was exploited later on to determine
H,SO, '
1981a). The most recent data of the MP| group have also been added to

concentration profiles (Arnold et al., 1981b, Viggiano andArnold,

table 4. As can be seen our data are in reasonable agreement with
those of the MPI group, especially in view of the uncertainties on the

values of a, [n], k1 and k2, and the signal fluctuations of about 30%.

According to Arnold et al. (1981a) the sulfate ions were

grouped into different subfamilies, namely A : (HSOL)(HNO3)1, B :
HSO4(HZSO4)(HNO3)j and C : HSO4(HZSO4)2(HNO3)k.
we can define a family Fm as consisting of all the ions of the form
HSO4(HZSO4)m(HNO3)i for m 2 0. F_, will be defined as the family of
the NOé(HN_O3)n jons. From an oversimplified steady state treatment,

More generally

which assumes the same reaction rate constant k for all the reactions of
the type (4) and (5) it then follows that :

Ry = (I, [F,1)/[F, ] = k[HyS0,]/a[n] €

In practice the summation of equation (7) has only to be expanded to
i = 3 for the altitudes under consideration. The R2 values, as well as
the abundances of the subfamilies Fm have been summarized in table 5.
According to equation ‘(7) all RQ should have the same value,
independent of £. As can be seen the measured R,Q values are all of the

same order of magnitude for the different flights. However strong varia-

-22-



TABLE 5

June 80 Sept.'80 Sept. 81
[Fo] 13 21 12
[F1] , 7 14 17
[F2] 19 14 16
[F3] 48 34 31
[F-1] 13 17 16
R0 6.69 4.88 4.75
R1 5.69 2.95 5.33
R2 9.57 3.43 2.76
R3 2.53 | 2.43 1.94

TABLE S : Abundances of subfamilies F2 and Rz values for
different flights.
For definition of F2 and R2 see text.
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tions occur within the uncertainty limits (x 60%). It was suggested by

Arnold et al. (1981a) from the somewhat lower value of R2 in their data
that an ion with mass 391 amu should exist though it was not present in
their spectra. This conclusion was confirmed by recent measurements of

our group (Arijs et al. 1981).

However strong fluctuations of R, do occur, most probably

due to signal fluctuations and therefore caﬁe'should be taken in the
interpretation of equation (7). One of the basic assumptions in putting
all R,Q equal was that the main loss process for the ions is recombina-
tion. If for instance thermal dissociation of HSO4(HZSO4)3 ions is faster

than ion-ion recombination the ratio R3 will be given by :

13

R . [HyS0,] (8)
where K is the equilibrium constant of the reaction :

HSO (H 4)2 + HZSO[‘ + M = HSO (H 4) 9),

On the other hand using equation (8) to derive thermochemical data
such as AG° and AH®°, will allow us to find a lower limit for these
values. Indeed the non validity of equation (8) would mean that the
. dissociation rate constant is smaller than assumed and therefore K would
be larger. Consequently AG® values derived with the aid of equation (2)

would be larger.

To derive K values the HZSO4

equation (6) have been used. It is very uniikely that equation (6) is

concentrations found by

wrong, since reconversion from HSO; to No; core ions is not plausible.

Therefore, the H,SO, mixing ratios can be trusted within the un-

2774
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certainty limits mentioned. The K wvalues calculated with the aid of
equation (8) are then 1.38 x 1013 atm—1, 1.50 x 1013 atm™' and
9.81 x 1012 atm-1 for the June 80, September 80 and September 81
flights respectively. Then an average AG®° value of 14 kcal.mole.1
results for the three flights; the deviation on each flight being less

then 0.3 keal.mole !.

It is known that the bond dissociation energies of '"small"
clusters is larger than the bulk phase wvaporization energy AH:’/ of the
solvent molecules and approaches this value for larger cluster size
(Castleman, 1979, Keesee et al., 1980). For sulfuric acid AH:’/‘ is 18
kcal.mole-1 (Schlessinger, 1971). Therefore AH®° for reaction (9) is

expected to be larger than this value. In order to check whether our
lower limit of AG° satisfies this condition, the entropy change AS® for
reaction (9) has to be known.. Since no Iabor’atory data are available on
sulfuric acid clustering, this entropy change is unknown. By taking a

reasonable average of 30 e.u., (Keesee et al., 1981) a lower limit of

AH® of 21 kc:al.mole-1 is found, larger than the heats of vaporization,
reported in literature. Similar derivations may be performed for the
conversion of HSO4(HZS? ) into HSO4(HZSO4)2
of AH® of 20.9 kcal.mole is then found using an average of.our data

clusters. A lower |limit

on the three flights. This is in good agreement with the value of 21.4
kcal mole-1 found by Arnold et al., (1981a).

From the previous considerations, it turns out that HZSO4 is
much more strongly bound to the HSOZ‘ core than HNO3 to the NO:.3
core. It is therefore expected that the sulfate ions will be less

susceptible to field induced cluster break-up than the nitrate ions.

4.2. Minor mass peaks

So far only major ions have been considered throughout the
discussion. In order to reveal the existence of minor mass peaks the

spectrum shown in figure 1b has been expanded as shown in figure 4.
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[t can be seen that many additional mass peaks are
appearing. However care must be taken not to confuse spontaneous
counts with real mass peaks. Since in the negative ion mode the back-
ground pulse counting rate is about 50 times higher than in the positive
ion mode, it is difficult to distinguish between real signal and back-
ground. In order to exclude peaks due to background pulses, we have
adopted the following procedure. At the beginning of a series of measur-
ements the draw-in potential is optimized by the microprocessor based
controller. To do so the DC and RF on the quadrupole rods are
arranged so as to obtain maximum negative ion signal at the most
positive draw-in potential (+ 5 V). Subsequently draw in potential
ramps in the range - 5 to + 5 V are produced while DC and RF remain
fixed. The ion signal of successive ramps is accumulated and finally the
-draw in potential associated with the maximum count rate is chosen by
the microprocessor and uséd for further sampling. Optimalization of the
~draw-in potential can be called for by remote control whenever judged
necessary during the flight such as during altitude variation, sunrise,
a.s.o. A typical result of such a "draw-in ramping" is shown in figure
5. The negative ion signal starts only to be appfeciable at draw-in
potentials larger than - 0.68 V. The count rate observed for more
negative draw-in potentials is considered as background. The mean
value p of this background count rate is 2.59 counts/sec. with a

dispersion ¢ of 1.85 counts/ sec.

We now define the confidence level as being the mean value
plus two root mean square deviations (p + 20) with the previous value
of y and g, this gives 6.29 counts/sec or about 30 accumulated counts
on fig. 4. By considering masses lying above this confidence level a
number of mass peaks are distinguished which are most likely real. The
mass numbers derived in this way and their tentative identifications are
summarized in table 6 under the heading "Group A". Due to poor
counting statistics and associated poor peak shape, an error of * 2 amu
is accepted for mass numbers below 200 amu and * 3 amu for higher

ones.
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TABLE 6

TABLE 6 :

Group A Group B

Mass (* 2 amu) Tentative identification Mass (* 2 amu) Tentative identification

17 OH~ 36 €1~ (Cl = 35)

26 CN~ 38 Cl™ (C1 = 37)

42 CN-.HZO , 52 Cl10™, CN .HCN

47 NOZ ) 81 NOQ.HZO, €0,.H,0

62 NOQ, co 94 Nog.HNo2 )

67 NOg.HZO 107 Nog.HNoz, €O, . HNO,

87 NO, . HCN _ 118 NO, (HC1),

101 N0;.HOC1, No; HC1 . 133 No; HOC1 H,0, HSOZ.HCI

'115 N0§.HOC1 140 Cl EHOCI)Z, No, (HNO,),,
" 125 NO, .HNO, 154 Cl0 (Hocl),

144 N03;HN03.H20 168 Noé(Hoc1)2

148 HSO, .HOC1 175 NO,,.HNO,, . HOC1

173 NO§.HNO3.HN02 ) 230 Hs?4 H,S0, .HC1 )
179 NO§.HN03.H0C1, HSO, .HNO, . H,,0 240 NO3EHNO3)2 HOC1, HSOA(HNO3)2H20
205 NOSEHNOS)Z H,0 _ 247 ‘HSOQ.HZSOA.HOCI
275 HSO, .H,S0,, .HNO, . H,0 . 258 HSOQ.HZSOA.HNO3

265 Hsoé HNO,, (Hoc1)2
278 HSO, H,S0, HNO,.H,0

Mass numbers and tentative identifications of minor mass peaks observed in the

Sept. 81 .-flight.

Group A was obtained accepting a confidence level of 6 counts/sec as back-

ground. For Group B a level of 5 counts/sec was accepted. Note that ion

identification is tentative and sometimes speculative:



We feel that the above procedure to distinguish real counts
from background is rather conservative and safe. It has indeed been
found in the laboratory, that eveh for draw-in potentials below - 1 V,
several ions were leaking into the mass spectrometer at pressures of
8 mbar (same pressure as in the last flight, from which figure 4 was
obtained). This penetration of ions through the applied electric field is
caused by the gas flow, dragging the ions into the sampling hole
(Parkes, 1971; Kebarle et al., 1966). Therefor'e‘ the estimation of the

spontaneous pulse count rate of 6.29 counts/sec is probably a safe

upper limit.

it should also be pointed out that all masses, listed in table 6
under group A were also found by inspecting separately the 19 spectra
from which figure 4 was built by summation. In some of those (from
which figure 2 is the first one) minor peaks can be distinguished more
clearty than in the final spectrum because of counting statistics. This is
. obvious from figure 2 where the masses 26, 47, 67, 81, 87, 125, 144,
206 and 275 can be seen very clearly (they are larger then 10 counts/

sec, which is certainly to high to be due to spontaneous pulses).

Inspection of figure 4 gives the impression that there is a
very high background signal. An investigation however of the 19
separate spectra learned that this "background" is composed of spontan-
eous pulses plus signal from many small mass peaks (probably even
more than those listed in table 6) which are close to each other, and
which cannot be identified due to poor counting statistics and peak

crowding.

Most of the minor ions summarized in table 6 (group A) have

a NO3 or HSO4

OH-, CN  and NOé core ions. The OH core ions are most probably

core as may be expected. Unexpected however are the

formed by the reaction of HZO with the primary O ions (Ferguson et

al., 1979). The CN~ core was also observed by McCrumb and Arnold

(1981) in a recent high sensitivity' mass spectrum. It was proposed by
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these authors that the CN  ions were originating from the reaction of
HCN with O;_,, O; or CO:; ions. It should be noted that the presence of
HCN in the stratosphere was already deduced from positive ion spectra
(Henschen and Arnold, 1981; Arijs et al., 1981b) and that HCN was

recently observed from infrared spectra by Coffey et al. (1981). From

the abundances of the CN core ions a HCN concentration of the same
order of magnitude as the HNO3 concentration was derived by McCrumb
and Arnold (1981), which was in agreement with the data of Coffey el
al. (1981). At 32.5 km altitude however NO2 has a higher number
density (Ackerman, 1979) than HNO3

and therefore we expect NO2 core
jons to be present among the minor ions. Moreover Noé ions are

assumed to be the precursors of the NO3 ions. It should be noted that
ions may be sampled bhefore they have completed their full chemical
lifetime and therefore non final ions may appear in the spectrum as

minor peaks. HCI being equally abundant as HNO, (Ackerman, 1979)
3

the presence of Cl™ ions may also be expected.

By lowering the confidence level of minor ions from 6.29
counts/ sec to 5 counts/sec., which is still above p + g, the ions of
group B in table 6 can be distinguished. It is seen that in this case

also CI_ ions are present.
Although the use of group B of table 6 is highly speculative,
it is instructive for the identification of the ions of group A since the

presence of some members of expected ion families may be deduced

Al  minor v ions recently reported by Mc Crumb and Arnold

(1981) are present in table 5 (group A and B) as well as some other
not detected by these authors. From the ion hydration equilibria for
CN~ and Noé a AG° value can be derived for our data. Values of
8§ +2 kcal.mole-1 for CN~ and 8.5 % 2 kc:al.mole-1 for Noé are found.
Both- data are in reasonable agreement with those reported in the

literature (Payzant et al., 1971; Lee et al., 1980). The poor counting

statistics for minor mass peaks, the associated uncertainties on the ion
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abundances, and the possible errors on the temperature and water
number density at 32.5 km altitude' make these agreements most
certainly fortuitous. It is therefore clear that further in situ measur-
ements are needed to obtain higher accuracy and better ion identifica-
tions. A lowering of the backgrouhd pulse counting rate and a longer
integration time (or higher sensitivity) would certainly improve the
results and open new perspectives for the in_situ measurements. Efforts

in this direction are planned in the near future.

4.3. Measurements at lower altitudes

So far very few data are available on the ion composition of
the stratosphere at altitudes below 32 km. The first height measur-
ements of the negative ion composition in the altitude range from 23.8
to 38.9 km have recently been reported by Viggiano and Arnold (1981).

In order to obtain further information on the ion identities in the strato-
sphere at lower altitudes a flight with a valve controlled balloon was
realized on 12 June 1981 from the CNES launching base at Gap-Tallard
(France). In this flight positive ion spectra were obtained from 33 km
down to 20 km altitude. These spectra as well as their discussion will
be reported elsewhere. Negative ion spectra have been taken in the
altitude range from 28 km down to 20 km. In view of the high ambient
pressure encountered (about 55 mbar or 41 Torr at 20 km) a sampling
hole of 0.1 mm diameter was used in order to maintain the pressure
inside the mass spectrometer below the scattering limit (10-4 Torr). As
a result of this small aperture a very low ion counting rate was
observed. Therefore spectra were built up in the coarse resolution
mode, where ion identification is based on the recognition of the edges
of very broad mass peaks. This procedure has been expléined to full

extent in an earlier publication (Arijs et al., 1981). During the measur-

ements the balloon was descending with a speed of 1 m/sec. A typical
sequence of spectra consisted of : 2 scans without DC wvoltage on the
quadrupole rods and 4 scans with moderate resolution in the positive

ion mode followed by similar scans in the negative ion mode. Each scan
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consisted of 640 steps 0.25 seconds long. As a result spectra (sum of 4
scans) with moderate resolution where obtained about every 2 km, with

an altitude resolution of about 640 m.

A typical spectrum obtained at 28 km is shown in figure 6. It
is obvious that from this kind of spectra only major mass peaks can be
deduced. Moreover it is very difficuit to distinguish masses which are
close to each other, such as mass 188 and mass 195. An additional
factor hampering the derivation of ion abundances is the natural signal
fluctuation, which seems to be much more pronounced during the
descending phase of the balloon flight. Therefore the errors on the
abundances deduced from this kind of spectra are very large. The
estimated abundances for the major mass peaks at 6 altitude levels are
summarized in table 7 as well as the H2504 number densities, calculated
from these data with the aid of formula (6). Again a was derived by
interpolation between the numbers of Smith and Church (1977) and Q

was borrowed from Reid (1979). Their values at different altitudes are
also shown in table 7. As can be seen the H2504 concentrations are
about a factor 10 higher than those obtained by the MPI group

(Viggiano and Arnold, 1981). It should be stressed however that apart

from the error of a factor of 3, introduced through the calculations and
the uncertainties on k1, k2, o and Q, another important error is added
here: the relative abundance error, which in view of the low signal and
poor resolution may be as high as a factor of 2 or larger. This is
especially true for the abundance of mass 160 which in our case is
sometimes smaller than one third of the signal of mass 125, fluctuating
itself over about 30%. The abundance of mass 160 being derived from a
signal superimposed on mass 125 (in the rising edge mode) a great
uncertainty r‘esLnlts for this value. The same reasoning hoids in the
trailing peak edge detection mode since mass 160 has to be deduced
here from a reduction of the signal of mass 160 + mass 188. The
existence of a rising as well as a trailing edge however helps in

distinguishing real mass peaks from signal fluctuations.
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TABLE 7

Relative abundances % Q [H,S0, ]
-3 -1 3 -1 2 4
Altitude mass 125 160 188 cm T s cm
7 5
27.3 10 16 67 5 2.8 10 7.6 10
27.0 41 8 51 5 3.0 x 107/ 1.7 x 10°
25.1 45 11 44 7 3.9 x 1077~ 3.2 x 10°
23.5 54 9 37 9 5.0 x 107/ 3.1 x 10°
21.7 51 12 37 12 6.6 x 107/ 5.7 x 10°
20.2 59 6 35 15 8.3 x 107/ 3.3 x 10°
TABLE 7 : Relative abundances, . HZSOA number densities, ion production rate and

recombination rate coefficient at different altitudes. It should be stressed that
_the relative abundances mentionned are rough estimates and may be subject to large

uncertainties'(see text). Mass numbers are determined within 3 amu.



In view of the above problems the inferred sulfuric acid
concentrations of table 7 are highly uncertain, as well as some of the
estimated relative abundances. The numbers in table 7 should therefore
not be interpreted as detailed and exact information, but are merely
given to show general tendencies, such as the increase of the relative
abundance of mass 125 with decreasing altitude and the decrease of
H,50, number density at lower altitudes.

The absence of peaks larger than 188 amu, suggests the
strong influence -of cluster break-up. Especially for No; core ions we
expect to find higher order clusters at lower altitudes because of the
higher HNO3
clearly illustrated at the lowest altitude (20 km) where NO3.HNO3

becomes the most dominant detected ioh, contrary to what one would

mixing ratios. The effect of cluster break up is even more

expect from the theoreticai distribution of NO:;(HNO3)n cluster ions.
This means that as expected field induced collisional ion dissociation
becomes more efficient at lower altitudes, because of the higher ambient
pressure. Similar cluster break-up effects were reported by Viggiano
and Arnold (1981).

Such break-up effects however should not affect the
determination of the H2504 number density since the sum of all sulfate
ions is used in equation (6). The decrease in the abundances of HSO.4
core ions at lower altitudes therefore indicates a decrease in stO4

concentration at lower altitudes as expected by recent models (Turco et

al., 1981) and measurements (Viggiano and Arnold, 1981).

It is clear however that the influence of field induced
collisional dissociation should be minimized for the detection of. trace
gases. In our case cluster break-up is very pronounced at low altitudes
because of the rather high lens voltages used immediately behind the
inlet aperture. In the future the ion lens will be modified so that lower
voltage can be used while the sensitivity is maintained or improved.

From the good agreement however between the HNO3 concentrations
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derived from our data and other experimental and model values above

32 km, it is felt that the Noé HNO

heavily disturbed by cluster break-up above this altitude.

3 and NOé (HNO3)2 signals were not

5. SUMMARY AND CONCLUSIONS

The nature and abundance of the major negative ions
observed during three recent balloon flights at 32.5, 34.7 and 35 km

altitude were shown and discussed.

From the NO::](HNO3)n ion family abundances a concentration
for nitric acid of the order of 0.5 ppb was derived for the three
altitudes, in good agreement with other experimental data and models.
The possibility of using in the future the stratosphere as-a laboratory

for the determination of basiec thermochemical data was demonstrated.

The HSO.,;(HZSO4)n ion abundances, measured at float
altitudes, were used together with these of the NO, core ions to
calculate an HZSO4 number density of about 5 x 106 cm-33in the altitude
range of 32.5 to 35 km. A lower limit for the bond dissociation energy
of 21.4 kcal. mole-1 and 21 kcal.mole-1 was derived for HSOZ‘,(HZSO‘,')2
and HSO,(H,S0,),
bonding for suifate cluster ions than for nitrate cluster ions. The minor

clusters respectively, indicating a much stronger

mass peaks observed at float altitude show the possibitity of detecting
other trace gases such as HCl and HOCI from stratospheric negative ion

composition measurements.

Previously hypochlorous acid has been tentatively identified
as a ligand of stratospheric negative ions (McCrumb and Arnold, 1981;
Viggiano and Arnold, 1981a). it should be noted that the detection of

HOCI may be relevant for the understanding of the catalytic destruction

of stratospheric ozone (Glasgow et al., 1979).
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Preliminar data obtained at Ilower altitudes No; (HNO3)n
clusters are the most abundant ions but the measurements are heavily
disturbed by cluster break-up. Present experimental data however lack

sensitivity to deduce exact H2$O4 profiles.

The results clearly illustrate the potential possibilities of ion
. composition measurements for trace gas detection and the extent of our
knowledge of basic ion thermochemistry. Further in-situ as well as
laboratory measurements are needed to elucidate the remaining

problems.
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