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ABSTRACT 

An overview of the research work in stratospheric ion mass spectrometry, modeling and laboratory 
work on stratospheric ion chemistry and related trace gas detection at the Belgian Institute for Space 
Aeronomy is given. The results obtained from 1977 up to now are summarized. 
In-situ measurements with balloon-borne quadrupole mass spectrometers, between 20 and 45 km alti
tude are reviewed and discussed. The major stratospheric positive ions observed are proton hydrates 
H+(H20)n and ions of the form H+X/(H20)m' The obtained results allowed a derivation of the mixing 
ratio profile of X (CH3CN), which is compared with model calculations. 
From the negative ion composition data, showing the presence of NO] and HS04 cluster ions, the den
sity of sulfuric acid in the stratosphere is inferred. 
The results obtained have led to a consistent picture of the stratospheric ion chemistry as far as con
cerns the major positive and negative ions. 
Finally some present and future research efforts concerning the possible use of ion mass spectrometry 
for selective stratospheric trace gas detection are briefly described. 

INTRODUCTION 

Whereas, at altitudes above 50 km the ionization in the Earth's atmosphere is provoked by energetic par
ticles and solar UV radiation, the main ionization source in the stratosphere is galactic cosmic radiation. 
Due to the high energy of the cosmic rays the ionization in the stratosphere is non-selective and yields 
mainly N2+ and 02+ as well as electrons as primary charged particles. The electrons attach very rapidly 
to molecular oxygen and as a result the rarefied "stratospheric plasma" consists of positive and negative 
ions. As a result of the weak ionization rate Q (about 5 ion pairs cm.Js-1 at 25 km)[I1 and the value of the 
ion-ion recombination coefficient a (about 5 x lO-'cm's-' at 25 km) f2I, the ion density in the stratosphere 
is very low. Application of the simple steady state equation (Q =anZ

), indicates that the ion density n at 
25 km is about 3,200 cm.J. Thus nominal ion concentrations are expected in the stratosphere. The corre
sponding lifetime being very long ('t =1/ an), the ions can make many collisions with neutrals before dis
appearing through ion-ion recombination. Some of these collisions result in ion - molecule reactions 
changing the nature of the ions. For the positive ions some typical ion - molecule reactions are: 
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Reactions (1 to S) are the start of a rather complicated reaction chain for the positive ions, the description 
of which is beyond the scope of this report and which is discussed to full extent in the literature 13,4,51 , This 
reaction chain is completed in a short time, compared to the long ion lifetime and converts the primary 
N+2 and 0+2 ions into the so-called hydronium ions or proton hydrates (PH), represented by the formu
la H+(H20)n' with n ranging from 1 to 4, which were believed to be the terminal positive ions in the 
stratosphere. 
Another reaction chain, involving trace gases such as NO, N02 and HN03 converts the primary 0-2 
ions into NO-3 (HN03)m clusters. 
The information described above was already known before 1977 and had been derived from laboratory 
work about possible stratospheric ion-molecule reactions or from theoretical studies extrapolating the 
experimental results obtained at higher altitudes, such as mass spectrometry measurements in the D-re
gion of the ionosphere 161 . 

However, no experimental data for the stratospheric ion composition were available before 1977. One 
of the initial objectives of the ION project at our institute therefore was to build a mass spectrometer ca
pable of measuring the ion composition in the stratosphere. This instrument, as well as the results ob
tained with it, will be summarized in this report. It will also be shown that the measurement of the 
stratospheric ion composition can lead to new detection methods for some trace gases and future pos
sible perspectives will be discussed. 

EXPERIMENTAL 

The experimental problem, encountered in the early stage of this research, was sampling thermalized 
ions from a relatively high pressure gas (stratospheric pressures are of the order of a few millibars) and 
leading them into a balloon-borne mass spectrometer, functioning at high vacuum. This problem, solved 
straightforward in the laboratory by differential pumping, is rather troublesome in a balloon-borne ex
periment, considering that the instrument has to be limited in weight and power consumption. Fortu
nately, stratospheric ballooning techniques allow to carry weights as high as several hundreds of kilo
grams (at the start of the project in the early seventies, the weight limit was 3S0 kg in Europe) . Never
theless it should be kept in mind that the instrument apart from containing the mass spectrometer and 
the pumping system, should contain adequate electronics and must be powered by batteries. Further
more appropriate provisions should be made to recover the instrument undamaged after the balloon 
flight, requiring a mounting in a special mechanical support structure capable of withstanding the land
ing shock. All this means extra, but necessary weight. The final instrument, overcoming these problems 
evolved from a series of extensive laboratory tests and several balloon flights, and is described briefly 
hereafter (details can be found in the literature )7,8,91), 

The heart of a typical payload as developed at our institute is shown in figure I, which represents the 
high vacuum part of the instrument. 
It consists of a high speed cryopump, a sampling hole, a remote opening device and a quadrupole mass 
filter with an ion focusing device and an ion detector. 
On the bottom of the cryopump, an electrically insulated sampling flange is mounted, which, by remote 
control, can be put on different voltages (draw-in potentials) to attract ions. A small hole with a diameter 
of about 0.2 mm is drilled in its central part, locally thinned to about 0.1 mm. Prior to the balloon 
launching, the sampling aperture is covered with a polyimide plunger. When the balloon reaches the 
desired altitude (between 2S an 4S km), a pyrotechnical opening device activated by telecommand re-
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Figure 1: High vacuum part of the balloon-borne mass spectrometer. 1. Sampling orifice; 2. Electrostatic ion lens; 
3. Quadrupole mass filter; 4. Electron multiplier; 5. Liquid helium reservoir; 6. Aluminized glass fiber superinsula
tion; 7. Chevron baffles or thermal shields; 8. Opening device; 9. Pyrotechnical cable cutter; 10. Liquid helium 
inlet and gaseous helium outlet. 

moves this plunger, thus allowing the atmospheric air to flow into the instrument dragging with it the 
ions. Whereas the neutral gas molecules are pumped by adsorption on the cold walls of the liquid heli
um container, the ions are focused by an electrostatic lens into the quadrupole, where they are filtered 
according to their mass to charge ratio. Each ion hitting the electron multiplier gives rise to a pulse, 
which is counted by a pulse discriminator and counter connected to an onboard microprocessor. The 
latter builds up the ion spectra sent to the ground station by telemetry. 
With an outside pressure of several millibars, the cryopump maintains a vacuum of the order of 10.5 
millibar, required to allow proper functioning of the quadrupole and to avoid voltage breakdown in the 
electron multiplier. The liquid helium cryopump has a standing time of about 10 hours, thus allowing 
long balloon flights. 
The cryopump is suspended on a large aluminum flange of about 80 cm diameter, on which is bolted 
an hermetically sealed container. This pressurized vessel houses the different electronic modules, such 
as: the ion lens power supply, the high voltage power supply for the electron multiplier, the power sup
ply for a Penning gauge, the quadrupole drive unit and a microprocessor (INTEL 80C86) based control 
and data management system. The quadrupole drive unit generates the DC and RF voltages for the mass 
filter and is designed such that DC and RF can be controlled independently, thus enabling a great varie
ty of operating modes. With a quadrupole of 6.3 mm diameter rods, the present unit can cover a mass 
range from 10 to 330 amu at high resolution, using 1500 V peak-to-peak RF excitation at 2 MHz. 
The microprocessor based control unit allows, by the combination of a set of simple telecommand sig
nals, the choice of different measurement programmes, such as: selection of positive or negative ion 
mode, selection of mass range and resolution, and choice of pre-programmed measurement tasks. 
The electronic modules assembly is connected to an independent telecommand-telemetry system (SIT
TEL TMTC), which is delivered by the balloon launching organization (CNES, Centre National d 'Etudes 
Spatiales, Division Ballons, France). 
The complete set up (cryopump, electronics modules and TMTC) is mounted in a special all metal struc
ture, which protects the instrument during the landing by parachute in the recovery after flight. 
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RESULTS 

Since 1977 a series of balloon flights have been performed with ion mass spectrometers to determine 
the natural ion composition in the stratosphere. All of these flights were realized in Europe, at the 
launching base of the Centre National d'Etudes Spatiales - CNES in Aire-sur-I'Adour or Gap-Tallard in 
Southern France. Only two groups have been successfully active in this field; our group of the Belgian 
Institute for Space Aeronomy, further on abbreviated as BISA, and the one of the Max Planck Institut (iir 
Kernphysik in Heidelberg (FRG), abbreviated hereafter as MPIH. Progress in ballooning techniques (valve 
controlled balloons, allowing slow descent of the balloon from ceiling altitude, and high volume car
riers up to 1,000,000 m3

) have allowed the probing of an atmospheric layer from roughly 20 to 4S km 
altitude. 
The results of most of the measurements have been described extensively in the literature (see review 
papers by Arnold 1101, Ferguson and Arnold 131, Arijs 14,SI and Arijs et al. (111) . We will therefore only give a 
concise description here and merely focus on the implications for trace gas detection. 
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Figure 2: First mass spectrum obtained in the stratosphere with a balloon-borne instrument on 30 September 1977 
at an altitude of 35 km. The spectrum was recorded during nighttime and the mass range was limited to 110 amu. 
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1 POSITIVE IONS 

A typical spectrum of positive ions obtained at 3S km altitude is represented in figure 2, showing the 
very first spectrum obtained with a balloon-borne instrument in the stratosphere (12). 

This spectrum, recorded at moderate resolution, clearly reveals the major positive ions present in the 
stratosphere. 
Apart from the minor mass peaks, indicated as unknown in figure 2, the major positive ions belong to 
two main families, which can be represented by H+(H20)n and H+Xl (H~)m' where X has mass 41. 
These mass determinations were confirmed later by high resolution data of our group )ll) and results of 
the MPIH group )14, IS). As expected from previous modeling work, one major ion group consists of the 
proton hydrates (PH). Apart from this, however, another group is found, called the non proton hydrates 
(NPH), the presence of which was explained by ion-molecule reactions of the type: 

H+(H~)n + X ~ H+X (H20)n_1 + H20 (6) 

H+Xl (H20)n + X ~H+Xl +1 (H20)n_1 + H20 (7) 

H+Xl (H20)m + X + M ~ H+Xl +1 (H20)m + M (8) 

H+Xl (H20)m + H20 + M ~ H+Xl (H20)m+1 + M (9) 

where M is a third body reaction partner (typically oxygen or nitrogen), not participating in the reac
tion, but carrying the energy excess. To allow for switching reactions (6) and (7) to take place, the mole
cule X must have a proton affinity larger than that of water. According to later laboratory work )1 6, 171 and 
in-situ experiments (IS, 19), CH3CN or acetonitrile seems to be the most likely candidate for X. 
Accepting the formation mechanism of the NPH as proposed in reactions (7) to (10) and assuming that 
the NPH disappear by ion-ion recombination, we may write the steady state equation: 

k[X][PH] = a[NPH][n-] (10) 

where square brackets denote number densities. 
In equation (10) k is the reaction rate coefficient for switching reactions of type (6) and (7), a is the ion
ion recombination coefflicient and n- represent the total negative ion number density, which according 
to the charge neutrality condition equals the total positive ion number density. 
The reaction rate coefficient k and the recombination coefficient a have been measured in the laborato
ry )1 6) and n- can be estimated from previous parameterization studies based on in-situ measurements of 
total ion densities 120). Therefore, the number density and consequently the mixing ratio of acetonitrile 
can be deduced from the observed ratio [NPH]/{PH] in a mass spectrum, if we assume that the peak 
heights in the spectra are representative for the ion densities. 
Figure 3 represents the mixing ratio profile of CH3,CN as derived with formula 10 for the different bal
loon flights performed by our group and the MPIH group. The ratio [NPH]/{PH] was derived directly 
from the spectra. 
The ion-ion recombination coefficient was calculated with the expression 

a = 6 x 10-8 X (300fI) '12 + 1.25 X 10.25 x [M] x (300m (11) 

where [M] is the total density of the neutral molecules and T the temperature. Expression 11 results in 
values of a which are in reasonable agreement 121) with laboratory data (1 61, theoretical values )2Z) and re
cent in-situ measurements 123). 

The total negative ion density was derived from 
{n+] = {n-] = (Qja)'12 (12) 

where Q was taken from a parameterization of Heaps 124). 

The mixing ratio profile of CH3 CN as shown in figure 3 suggests that this gas is released at the Earth's 
surface, diffuses into the atmosphere and is destroyed on its way up. 
Additional evidence for this was given by the measurements of Snider and Dawson 116

), who detected 
acetonitrile at ground level by an independent method. The results of these authors are also included in 
figure 3. 
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Acetonitrile has also been measured in the troposphere by the MPIH group using aircraft-borne active 
chemical ionization mass spectrometry (ACIMS), a method which we will discuss in section 4 [251. The 
MPIH-data are consistent with the results of Snider and Dawson and the CH3 CN upper limit estimation 
deduced by Muller [2

61 from infrared spectra obtained at Kitt Peak Observatory. 
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Figure 3: Comparison of experimental data obtained by mass spectrometry and models. PACIMS means Passive 
Chemical Ionization Mass Spectrometry" (method explained in section 3.1). ACiMS is "Active Chemical Ionization 
Method" (see section 5). Possible corrections are indicated and results of ground based measurements obtained 
with other techniques are also shown. For details see text. 
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To explain the mixing ratio profile shown in figure 3, modeling efforts were made at our institute 127• 281. 

Two typical results of these theoretical investigations are represented by curves A and B in figure 3. The 
major difference between both curves is that for the main destruction process of acetonitrile, i.e. reac
tion with hydroxyl radicals, reaction rate coefficients from different laboratory measurements were used 
1281. The yearly global emissions (or quantity of material released over the whole Earth per year) required 
to obtain an acceptable fit between the model results and the experimental data are in reasonable agree
ment with estimations of the releases from possible sources, such as car exhaust gases, direct releases 
from industry and biomass burning 1281 and the recent calculation of Hamm et aI 12' . 30I • 

Also shown in figure 3 is a least square fit (curve F) through all the balloon data. As can be seen for alti
tudes above 30 km. This fit lies within the two model curves A and B, which are themselves in agree
ment with the airplane and ground data. Below 30 km however the agreement between the theory and 
the fit to the balloon data is unsatisfactory. The reason for this is now believed to be due to experimen
tal problems. Laboratory and in flight tests 131. 321 have indeed shown that when the ambient pressure is 
above a certain value (which is the case below 30 km), the sampled ions undergo too many collisions in 
the jet expansion region just behind the sampling orifice of the instrument. Due to the accelerating 
electric fields induced by the ion lens, some of these collisions are so energetic that the ions are break
ing up into fragments. Such collision induced dissociation (ClD) may result in the loss of a CH3 CN li
gand and some NPH can be reconverted to PH, thus falsifying the [NPH]/[PH] ratio to be used in equa
tion (5). Preliminary laboratory work 1311 indicated that the corrections for CID are of the right order of 
magnitude to explain the discrepancies observed in figure 3. 
Recently a theoretical study of ClD was done by our group 1331. Unfortunately ClD cross sections of NPH, 
a(NPH) are not known and therefore the correction to be applied to curve F can only be estimated. It 
turns out however that curve F shifts to LC, MC or HC depending on whether we put a(NPH) = 1/2 X 

a(NPH), a(NPH) = a(NPH) or a(NPH) = 2 x a(NPH). As seen in figure 3 the agreement between balloon 
data and model calculations becomes more acceptable now. 

2 NEGATIVE IONS 

The first stratospheric negative ion composition data obtained by the MPIH team 1341 with a balloon
borne instrument, showed the presence of two major negative stratospheric ion families. Whereas the 
first one, the NO-3 (HN0:Vn cluster ions, were predicted by laboratory work 1351 and extrapolations from 
D-region ion chemistry, the second family was unexpected. The ions of this group can be represented 
by W(HRh(HN0:Vm' R having a mass of 97 amu. Arnold and Henschen 1341 suggested that these ions were 
formed through reactions of NO-3 (HN0:Vn ions with sulfuric acid and hence proposed H:JSO 4 for HR. 
This gas was expected in the stratosphere as a result of the photo-chemical oxidation of sulphur com
pounds (mainly S02) but had never been measured before 1978. To check the previous hypothesis, the 
rate constants of the reaction 

NO-3 (HN0:Vn + H2S04 ~ HSo-4 (HNOJJn + HN03 (13) 

were measured in the laboratory by Viggiano et al. 1361. Values of 2.6 x 10", 2.3 X 10" and 1.1 x lO"cm3s" 
were found for n = 0, 1 and 2 respectively. 
In 1980 the BISA team 1371 recorded the first high resolution negative ion spectra around 35 km. These 
data, a typical sample of which is shown in figure 4, allowed an unambiguous mass identification and 
confirmed the H2S04 hypothesis. 
Negative ion spectra, obtained in the altitude range from 20 to 45 km by our group and the MPIH team 
138

-<61, show that the major negative ions over the whole altitude range are cluster ions with cores of NO-3 
or H2S04' Fractional ion abundance variations with altitudes are caused by the sulfuric acid altitude de
pendent concentration in the stratosphere. 
Through a similar steady state treatment as for positive ions, the number density of H2S04, converting 
NO-3 clusters into H2S04 clusters, can be derived from: 

k2[H~04i[nN] = afns][n+] 
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Here n+ is the total positive ion density, [H:JS041 the sulfuric acid number density, k2 the rate coeffi
cient of reaction 14 and [nNl and [nsl the total number densities of NO] or HS0"4 clusters respectively. 
A compilation of the results inferred with this method by our group is represented in figure s. 
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Figure 4 : Typical nighttime spectrum for negative ions obtained near 35 km altitude. Mass numbers, as well as ion 
identification are indicated. 
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Figure 5 : Stratospheric H2S04 concentrations as derived from negative ion mass spectra, compared to model calcu
lations (curves A and 8). Curve H is a representation of the H2S04 vapor pressure (expressed as a number density) 
taking into account the temperature gradient in the stratosphere. 
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Also shown in figure 5 is the envelope of all measurements of H2 S04 by ion mass spectrometry, includ
ing those of the MPIH group (two full lines E1 and E2), the vapor pressure of H2S04 calculated as ex
plained in detail elsewhere 1441 (curve H) and two typical model calculations by Turco et a1.'471 (curves A 
and B) . 
The agreement between curve H and the measurements in the altitude region from about 28 to 33 km 
suggests that in this region the H~04 number density is controlled by the evaporation recondensation 
eqUilibrium of aerosol droplets. 
Below 28 km, the H2S04 vapor is clearly in supersaturation, suggesting that the liquid-vapor equilibri
um is disturbed by the oxidation of S02 vapor through the reactions: 

S02+0H+M~HS03+M (15) 

HS03 + 02 ~ S03 + H02 (16) 

S03 + H20 ~ H2S04 (17) 

The main loss processes for sulfuric acid vapor are interaction with aerosols. Above 35 km, the mea
surements seem to suggest a good agreement with curve B, obtained through modeling and assuming a 
loss of H2S04 by reaction with smoke particles, caused by a downward metal flux of 10'cm,2s'! from me
teoric debris ('71. 

Another important trace gas, the concentration of which can also be derived from negative ion compo
sition data is HN03' Apart from the steady state method explained in the previous paragraphs for 
CH3CN and H2S04, another technique, called the equilibrium method 1·0, "I can be applied here. This 
method is based on the fact that the number density ratio of two cluster ion species from the same fam
ily such as NO-3 (HN03) and NO-3, (HN03)Z is given by: 

[NO-3 (HN03hl = K x [NO-3 (HNO]yl x P(HNO]y (18) 

where square brackets again denote number densities, p(HNO]y is the partial pressure of nitric acid and 
K is the equilibrium constant of the reaction: 

NO-3 (HN0]Y + HN03 + M = NO-3 (HN0]Y2 + M (19) 

Since K can be derived from laboratory measurements, p(HN0]Y can be inferred from the ratio of the 
peak intensities observed at mass 188 (NO] (HN03h) and 125 (NO-3 ,(HN03)), observed in the negative 
ion spectra. 
The data derived in this way however Ittl are, compared to model calculations and other experimental 
results obtained by optical methods 1481, only valid for altitudes above 30 km. The reason for this is prob
ably again eID which reconverts NO-3 (HN03h ions back into NO-3 (HN03) ions in the mass spectrome
ter sampling region . For this reason the equilibrium method has not been fully exploited. 
As will be explained in the next section nitric acid concentrations can be more accurately derived from 
active chemical ionization mass spectrometry (ACIMS). 

RECENT WORK AND FUTURE PERSPECTIVES 

It has been shown in the previous sections that apart from giving a better insight into the stratospheric 
ion chemistry, ion mass spectrometry has allowed the derivation of the concentration of at least three 
trace gases, namely CH3CN, H2S04 and HN03 . Although acetonitrile does not play an major role in 
any of the important atmospheriC cycles, attention has been paid to it, merely to obtain a consistent 
picture of the positive stratospheric ion chemistry 128,311. 

Sulfuric acid however is a much more important trace gas, since it is believed to be one of the precursors 
of aerosols, which in the stratosphere, consist of microscopic droplets or crystals of a mixture of water 
and H~04' These aerosols may have an impact on the Earth's radiation budget and thus on our cli
mate. Furthermore aerosols are considered as the seat for some heterogeneous reactions which are be
lieved to be responsible for the Antarctic ozone hole formation 1'9, 501. Strong volcanic eruptions can en-
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hance the concentration of sulphur compounds in the stratosphere considerably, and as a result of the 
oxidation of these sulphur compounds, the H2S04 number density can also increase Significantly, lead
ing to a high aerosol concentration. It can therefore be speculated that some of the heterogeneous reac
tions which cause the ozone depletion at the South Pole may occur at other latitudes. A study of sulfur
ic acid in the stratosphere is therefore extremely important. 
Presently however the method for derivation of trace gas concentrations from ion mass spectrometry, 
although very sensitive, suffers from several drawbacks, such as: 
• the method is limited to those gases, which participate in the ion-molecule reaction chain, leading to 
the terminal ions 
• cluster break up of the sampled ions just behind the sampling hole of the mass spectrometer can lead 
to falsified results (reconversion of NPH to PH for instance) and needs to be studied 
• the exploitation of ion mass spectra strongly depends upon the availability of laboratory data, such as 
reaction rate constants of appropriate ion-molecule reactions and thermochemical data. Therefore la
boratory studies should be performed in parallel with in-situ measurements . 
Some years ago the MPIH group has developed a new method for the derivation of trace gases from ion 
mass spectrometry, called ACIMS 1511. This method relies upon the reactions of atmospheric trace gases with 
ions produced by an external ion source, mounted in front of the mass spectrometer, leading to specific 
product ions. From the relative abundance of the signals of the precursor and product ions in the spectra 
obtained with the ion source, the mixing ratios of the reactive trace gases can be determined. The ion 
source of the MPIH group is based upon the ionization of the ambient air by a high frequency high voltage 
discharge and produces mainly CO-3 ions and its clusters as precursor ions, which react with HN03 to pro
duce NO-3 ions. This technique, allowing the derivation of nitric acid concentrations with only little distur
bance by CID effects, is very promising and has recently given evidence for the coupling between denitrifi
cation and polar stratospheric cloud formation 1' 21, two important phenomena in the ozone hole mecha
nism. 
In view of the previous considerations the research in ion mass spectrometry at our institute has been 
oriented towards two major directions: 
1. The development of a novel balloon-borne mass spectrometer SIDAMS based upon the combination 
of a Mattauch-Herzog filter with a simultaneous ion detection system. This effort should eventually re
sult in a new instrument capable of detecting positive and negative ions with an enhanced sensitivity, 
higher resolution and less CID effects. 
2. Development of new selective ion sources to be used with the new mass spectrometer for ACIMS ap
plication to the detection of HN03and N20S, two trace gases playing an important role in the ozone 
hole formation. The innovation of our ACIMS technique lies in the fact that an ion source will be deve
loped, which produces mainly Cl- and r- ions. The cr- ions react both with HN03 and N20S, whereas r
only reacts with N20S' Both reactions result in NO-3 core ions. Since the reaction rate coefficients of 
the three ion-molecule reactions involved have been measured in the laboratory 135

, 531, the HN03 and 
N20S concentrations can be derived from the abundance ratios [NO-3J/[Cr-] and [NO-3J/WJ measured 
with the ion mass spectrometer equipped with the selective ion source. 
Both points have been the subject of two projects, partially financed by the Commission of the Europe
an Communities (CEC) and undertaken in a collaboration between the Belgian Institute for Space 
Aeronomy (Brussels, Belgium), the "Laboratoire de Physique et Chimie de l'Environnement du CNRS 
(Orleans, France) and the "Physikalisches Institut" of the University of Bern (Switzerland). 
The realization of a new generation of balloon-borne ion mass spectrometers based upon the combina
tion of a double focusing "Mattauch-Herzog" magnetic mass analyzer and a detector allOWing the simul
taneous detection of a mass spectrum on the focusing plane 1"1 was performed within the SIDAMS project 
(CEC contract STEPOO09M(A)) and has proceeded in two steps. In a first step a positive ion instrument 
was constructed and tested, and in a second step a similar apparatus for negative ions was realized. Both 
mass spectrometers were tested in technological balloon flights and although for the measurement of the 
natural ions some sensitivity improvements are required, the instruments seem to be quite suitable for 
the ACIMS method, from the point of view of technical performance, speed, sensitivity and resolution. 
The second phase of the new research encloses the development of ion sources for the production of 
cr-nand r-n ions, the realization of the associated balloon-borne electronics (hard and software) and the 
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coupling of these ion sources to the mass spectrometer, developed in the first phase. Two balloon flights 
for the testing of the new unit in the stratosphere are also planned. This phase is now under develop
ment within the CEC project MACSIMS (CEC contract EV5VCT920062), started in 1993. 
The application of the ACIMS method also requires some laboratory work for the study of ion-molecule 
reactions. For this purpose a new laboratory instrument, a flow tube coupled to a quadrupole mass spec
trometer has been built in our institute. With this instrument a number of reactions, which have not 
been measured before, but the understanding of which is necessary for the exploitation of the ACIMS 
method, have been studied. For the reactions of r,r,Br- and HFBr with Cl2 [551 and for those of nitric 
acid with di-and trichloride ions, di-and triiodide ions and with CO-4 in the gas phase [><iI, previously un
known rate coefficients have been measured. 

CONCLUSIONS 

The efforts of the mass spectrometry team of the Belgian Institute for Space Aeronomy have, through a 
series of experiments with in-house designed and built balloon-borne ion mass spectrometers, resulted 
in a fairly complete and previously unknown data set on the ion composition of the Earth's atmosphere 
in the altitude region 25 to 40 km. This data set, which is in good agreement with the results obtained 
by the only other group doing similar work ( the Max-Planck-lnstitut flir Kernphysik in Heidelberg, Ger
many), has allowed an understanding of the ion chemistry in the stratosphere. It has been found that 
the ion composition of the stratosphere is mainly controlled by the presence of trace gases with very 
low concentrations. For the positive ions the controlling gas is acetonitrile. The behavior of this gas, 
which was not expected in the stratosphere, has also been studied in our institute through modeling ef
forts, which included the positive ions. The results of these models,based upon available laboratory 
data, are in good agreement with our observations and lead to a consistent picture of the positive strato
spheric ion chemistry. Furthermore it has been shown that ion mass spectrometry can be a very power
ful tool for trace gas detection down to the ppb level. 
For the negative ion chemistry, the major controlling trace gases are nitric acid and sulfuric acid. The 
ion mass spectra obtained by our group have allowed the derivation of the concentration profile of 
H2S04, which together with the results of the MPIH team, are the only data yet available about this 
constituent in the stratosphere. Although some uncertainties remain about the negative ion chemistry, 
due to incomplete models and insufficient laboratory data, a better understanding of the underlying 
processes has been obtained. 
The experimental work of both the MPIH and the BISA teams have opened the way for the develop
ment of a new technique for trace gas detection through active chemical ionization. This technique 
may turn out to be extremely useful for the study of localized phenomena, such as the ozone hole for
mation, where in-situ probing is the only means for giving information, complementary to remote 
sensing, reqUired for a full understanding of all phenomena. 
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