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F O R E W O R D 

The paper "Pos i t i ve ion composition measurements between 33 and 

20 km alt i tude", has been presented at the sympos ium SW 18 ( I o n s in 

the Middle A tmosphere ) of the " Eu ropean Geophys ica l Society A s s emb l y " 

held in Leeds, A u g u s t 1982. T h i s contr ibut ion will appear in Anna le s 

Geophys icae, 1983. 

A V A N T - P R O P O S 

L 'art ic le : "Pos i t i ve ion composition measurements between 33 and 

20 km alt itude" a été présenté au Sympos ium SW 18 ( Ions in the Middle 

A tmosphere ) du " Eu ropean Geophys ica l Society A s s emb l y " tenu à Leeds 

en août 1982. Cette contr ibut ion sera publiée dans Anna les Geophys icae, 

1, 1983. 

V O O R W O O R D 

De tekst : "Pos i t i ve ion composition measurements between 33 and 

20 km alt itude" werd voo rged ragen tijdens het Sympos ium SW 18 ( l on s 

in the Middle Atmosphere) van de " Eu ropean Geophys ical Society 

A s s e m b l y " , gehouden te Leeds in a u g u s t u s 1982. Deze bijdrage zal 

gepubl iceerd worden in Anna les Geophys icae, 1983. 

V O R W O R T 

Die Arbeit : "Pos i t i ve ion composition measurements between 33 and 

20 km alt itude" wurde zum Sympos ium SW 18 ( l on s in the Middle Atmo-

sphe re ) von der " Eu ropean Geophys ical Society A s s e m b l y " , Leeds, 

A u g u s t 1983, vorgeste l l t . D ieser Tex t wird in Anna les Geophys icae, 1, 

1983 he rausgegeben werden. 



P O S I T I V E ION COMPOSITION MEASUREMENTS BETWEEN 

33 AND 20 KM A L T I T U D E 

by 

E . A R I J S , D. N E V E J A N S , J . INGELS and P . F R E D E R I C K 

Abs t rac t 

Recent data on the posit ive s t ratospher ic ion composition between 

33 and 20 km obtained dur ing two va lve controlled balloon f l ights are 

presented . 

+ + 
Apar t from H a n d H c l u s t e r i o n s ( w i t h x being 

most probably CH^CN) other types of ions were observed , in par t i cu la r 

v e r y heavy ones. The inf luence of signal instabi l i t ies and contamination 

on the interpretat ion of data is d i scussed . From the re lat ive abundances 

of the ions obtained dur ing these and prev ious f l ights the mixing ratio 

of X (= C H - C N ? ) is deduced in the alt i tude range from 35 km to 24 km. 



Résumé 

Des  données  récents  sur  la  composition  des  ions  positifs  strato-

sphér iques  entre  33  et  20  km  d'alt itude  obtenues  durant  deux  vols  de 

ballon  à clapet,  sont  présentées. 

Les  agglomérats  H + ( H 2 0 ) n  et  H + X £ ( H
2 ° ) m

 m i s  a P a r t  ( x  é t a n t 

probablement  CH^CN),  d'autres  types  d'ions  ont  été  observés , 

notamment  des  espèces  très  lourdes.  L' inf luence  de  l ' instabil ité  des 

signaux  et  de  la  contamination  sur  l ' interprétation  de  données  est 

d iscuté.  Des  abondances  relatives  dès  ions  obtenues  durant  ces 

présents  vols  et  les  vols  antér ieurs,  le  rapport  de  mélange  de  X (E 

CH-CN? )  est  déduit  dans  le  domaine  d'alt itude  allant  de  35  à 24  km. 



Samenvatting 

De  resultaten  van  recente  metingen  van  het  posit ieve  ionenbestand 

in  de  stratosfeer  tussen  33  en  20  km,  bekomen  gedurende  2 bal lon-

vluchten  met  ventiel  gekontroleerde  ballons,  worden  voorgeste ld. 

Behalve  de  cluster  ionen  van  de  gedaante  H + ( H 2 0 ) n  en 

H + X £ ( H 2 0 ) m  [waarbij  X hoogst  waarschijnlijk  C H 3 C N  is]  werden  ook  nog 

andere  ionen  waargenomen,  in  het  bijzonder  zeer  zware  ionen.  De 

invloed  van  signaal  onstabil iteiten  en  contaminatie  op  de  interpretat ie 

der  gegevens  wordt  besproken. 

Uit  de  relatieve  intensiteiten  van  het  signaal  bij  verschi l lende 

ionenmassa's,  waargenomen  gedurende  deze  en  vroegere  bal lonvluchten, 

wordt  de  mengverhouding  van  X (=  CHgCN?)  afgeleid  in  het  hoogte-

gebied  van  35  tot  24  km. 



Zusammenfassung 

Rezente Daten über der Zusammensetzung stratosphärischer 

positiver Ionen zwischen 33 and 20 km Höhe, bekommen während zwei 

Ventilkontrollierten Bal lonflüge, werden vorgestel lt. Neben den 

Clusterionen H + ( H p O ) und H + X 0 ( H p O ) wurden auch sehr massareiche u n JL £ m 

geladene Teilchen beobachtet. Der Einf luss von S ignalunbeständigkeiten 

und von Kontamination auf der Interpretation von Daten wird 

besprochen. Von der relative lonenhaüfigkeit bekommen während dieser 

und vor iger Flüge wird die Mischungsvertä l tn isse von X ( = CH^CN ? ) 

deduziert im Höhenbereich zwischen 35 und 24 km. 



1. INTRODUCTION 

ln-s i tu measurements with rocket-borne and balloon-borne mass 

spectrometers (Arnold et a l . , 1977; Ari js et a l . , 1978; Arnold et a l . , 

1978) have shown that the major positive ions in the stratosphere be-

long to either of two families. The f i r s t , called proton hydrates 

[ H + ( H 2 0 ) n " P H herea f te r ] , was expected on the basis of models 

(Ferguson, 1974), whereas the unexpected second one, termed non 

proton hydrates (NPH herea f te r ) , contains ions of the form 

^ ^ ( H p O ) . High resolution in-si tu composition measurements (Ar i js 

et a l . , 1980) as well as careful inspection of ion abundances (Arnold 

et a l . , 1981) have shown that the molecule X has a mass of 41 amu and 

most likely is CH^CN. This suggestion was reinforced by laboratory 

measurements of Smith et al. (1981) and Bôhringer and Arnold (1981) . 

In the meantime measurements have been extended from 41 down to 

24 km (Henschen and Arnold, 1981a; Arnold and Henschen, 1982) and 

have been used to derive number densities of X in the stratosphere. 

Apart from the major ions, various minor charged species having 

masses comparable to those of the PH and NPH (below 150 amu) have 

been detected (Henschen and Arnold, 1981b; Arijs et a l . , 1982a). These 

ions are formed by ion-molecule reactions of high proton af f in i ty trace 

gases (such as CHgOH), with PH and NPH. 

On the other hand, the detection of very heavy positive ions 

(masses larger than 327 amu) has also been reported (Arnold and 

Henschen, 1981), but no identification was possible. I t was suggested 

that these heavy ions were multiple ion complexes, which were supposed 

to play an important role in the aerosol formation processes (Arno ld , 

1980). These electrically charged condensation nuclei appeared to be 

layered around 30 km alt i tude, where they made up about 80% of the 

total ion count rate. The data were obtained dur ing the ascending 

phase of a balloon f l ight . 
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In t he p r e s e n t paper we wi l l p ropose and d iscuss da ta , ob ta ined 

d u r i n g t he ascent a n d / o r descent phase of two va l ve con t ro l l ed bal loon 

f l i g h t s . Heavy mass ions, as well as PH and NPH wi l l be d i scussed . 

2. EXPERIMENTAL METHOD AND MEASUREMENTS CONDIT IONS 

The ba l l oon -bo rne i n s t r u m e n t , used he re , has been d e s c r i b e d 

before ( A r i j s et a l . , 1980). I t cons is ts of a l i qu id hel ium cooled c r y o -

pump ( I n g e l s et a l . , 1978) and a q u a d r u p o l e mass f i l t e r w i t h associated 

mic roprocessor con t ro l l ed e lec t ron i cs , a l lowing a f l e x i b l e choice of many 

d i f f e r e n t measur ing p rograms w i t h selectable reso lu t i ons , mass domains 

a . s . o . (Neve jans et a l . , 1983). 

The data shown and d iscussed he rea f t e r were ob ta ined d u r i n g two 

d i f f e r e n t bal loon f l i g h t s , pe r fo rmed on 12 June 1981 and on 16 June 

1982 f rom the CNES launch ing base at G a p - T a l l a r d ( s o u t h e r n F r a n c e ) . 
3 

In bo th f l i g h t s a 100,000 m va lve con t ro l l ed bal loon was used , a l lowing 
-1 

slow descend ing f rom f loat a l t i t ude at a ra te of 1 m .s . I n t he f i r s t 

case, the ion sampl ing hole of t he mass spec t rometer was p o i n t i n g 

upwards ( t o t he ba l loon) . Spect ra f rom pos i t i ve as well as nega t i ve ions 

were measured d u r i n g dayt ime ( A r i j s et a l . , 1982b) whi le descend ing 

f rom 33 down to 20 km . 

D u r i n g t he second f l i g h t , two s imi lar mass spec t romete rs , w i t h 

downward po in t i ng sampl ing a p e r t u r e s , were f l own t o g e t h e r . One was 

measur ing pos i t i ve ions and the o the r nega t i ve ions. The resu l t s of t he 

negat ive ion measurements wi l l be r e p o r t e d e lsewhere. 

D u r i n g ascent ( n i g h t t i m e ) pos i t i ve ions were on l y measured in t he 

to ta l ion mode (no DC on the quad rupo le r o d s ) whi le d u r i n g descent 

( day t ime ) ser ies of mul t ip le scans w i t h moderate reso lu t ion (m/Am = 17) 

a l t e rna ted w i t h s ing le scans in the to ta l ion mode. In t h i s way data 

between 33.8 and 24 km were ob ta ined . A t f l oa t a l t i t ude (33 .8 km) 

spec t ra were recorded in the cons tan t peak w i d t h mode, a l lowing an 

unambiguous mass iden t i f i ca t i on of the detec ted ions. 
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During both f l ights the ambient pressure, required to der ive the 

al t i tude, was measured by a high precision Baratron gauge. 

3. RESULTS AND DISCUSSION 

3 .1 . Measurements in the total ion mode 

The mass analyzer used in our spectrometer, is a quadrupole mass 

f i l te r , the theory of which is well established (Dawson, 1976). This 

f i l ter normally is supplied with DC and RF voltages. When the RF 

voltage is modulated by a linear ramp function a linear mass versus time 

relation evolves and mass peaks appear with a resolution, determined by 

the DC to RF ratio. If however, the DC is put to zero, the quadrupole 

acts as a high pass f i l ter and at a given RF value V , corresponding to 

a mass m at high resolution, all masses above (0 .706 x m/0 .908 ) are 

transmitted. In this mode however, a high transmission v i r tual ly inde-

pendent of the ion mass, is obtained. The so-called "integral spectra" 

obtained in this way, can be used to determine the total abundance of 

all ions having a mass larger than a given value, determined by the 

maximum RF value applied on the quadrupole. A typical spectrum 

obtained in this way is shown in f igure 1. As can be seen large signal 

fluctuations occur for curve 1, the "integral spectrum" as measured. In 

order to smooth these fluctuations the raw data are transformed into a 

histogram, where the signal has been averaged over 20 atomic mass 

units. Thus curve 2 of f igure 1 is obtained. To calculate the fractional 

abundance of all ions having a mass larger then 238 amu, the amplitude 

of the last but one histogram bar is divided by the amplitude of that 

histogram bar where signal is maximum. The results obtained in this 

way for the di f ferent spectra, recorded at d i f ferent altitudes for both 

f l ights, described above, are shown in f igure 2 and 3. 
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Fig. 1.- Typical spectrum obtained in the integral mode (no DC on the quadrupole 
rods). The mass scale indicated is only valid for high resolution and 
should be divided by 1.29 to obtain the scale for trailing edges. 



RELATIVE COUNT RATE 

Fig. 2.- Relative count rate of heavy positive ions at 
different altitudes. 
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larger than 238 amu versus altitude, as obtained 

under different conditions. 
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In f igure 2 the results of the June 1981 f l ight are compared to 

those of the. Heidelberg g roup ( M P I H ) as reported by Arnold and 

Henschen (1981), while in f igure 3 our June 1981 and June 1982 data 

are intercompared. 

There are some str ik ing differences between the results of the two 

g roups and those of our two f l ights. We feel that this has little to do 

with the difference in time at which the results were obtained, but that 

the discrepancies are merely related to the different instrument confi-

gurat ions and f l ight conditions. 

Comparing the data of our June 1981 f l ight with those of the 

M P I H - g i o u p , il Is noticed that the relative count rate of heavy ions 

above 25 km reported by our group, is always lower than that measured 

by Arnold and Henschen (1981) and certainly never reaches 80% as in 

the Heidelberg data. Apart from the sudden increase just below float 

altitude (around 34 km), no evidence is found for the so-called 

layering. It should be mentioned that such a sudden relative count rate 

increase for heavy ions seems to be typical at the beginning of a 

balloon descent. Indeed a similar increase is noticed in f igure 2 at 28 

km altitude, where the balloon was kept for 1 hour (intermediate ceiling 

altitude) and then allowed to descend again. The same tendency is seen 

in f igure 3 for the descent curve. 

Very strong signal fluctuations are also observed in this f igure for 

the ascent data. The fact that these fluctuations increase at higher 

altitudes, sugges t that they might be due to an increased outgass ing of 

the payload (and balloon ? ) due to lower ambient pressure. Such an 

outgass ing can severely disturb the ion chemistry since contaminant 

gases may g ive rise to ion-molecule reactions, yielding heavy ions. 

Preliminary results obtained in our laboratory have shown that the 

positive ion reaction chain may be affected seriously indeed by con-

taminants released by gondola construction materials and mostly g ive 

rise to heavy positive ions. 



A l t h o u g h one wou ld expec t a smal ler contaminat ion e f f ec t d u r i n g 

t h e descent t han d u r i n g the ascent of t he June 1982 f l i g h t ( w h e r e t he 

sampl ing hole is p o i n t i n g d o w n w a r d s ) , t he oppos i te e f f ec t is f o u n d . 

T h i s however must not necessar i l y be i n t e r p r e t e d as a c o n t r o v e r s y . 

Since ascent data were ob ta ined at n i g h t and descent data d u r i n g 

day t ime , heat ing up of t he pay load due to solar rad ia t i on m igh t have 

increased the ou tgass ing ra te c o n s i d e r a b l y . The clean a i r f low due to 

t he descend ing motion of t he bal loon is t han on l y p a r t i a l l y compensat ing 

f o r t h i s e f f e c t . Two fac ts are s u p p o r t i n g t h i s sugges t i on . F i r s t at lower 

a l t i t udes t he d i f f e r e n c e between ascent and descent data in the June 

1982 f l i g h t is much smal ler , due to more i n tens i ve a i r f low and to the 

lower ou tgass ing d u r i n g descen t . Secondly t h e re la t i ve abundance of 

heavy ions is much h i ghe r f o r t he June 1981 f l i g h t where a i r f l u s h i n g is 

not so e f f ec t i ve because the sampl ing hole is p o i n t i n g u p w a r d s . 

In v iew of the f o rego ing comments t h e i n t e r p r e t a t i o n of t he heavy 

ions as mu l t i - i on complexes becomes v e r y d i spu tab le . A l t h o u g h i t may 

not be exc luded t h a t p a r t of t he obse rved massive cha rged par t i c les are 

indeed of na tu ra l o r i g i n , i t seems r a t h e r u n l i k e l y t h a t na tu ra l ions 

should v a r y so much in t ime and space as is o b s e r v e d . F u r t h e r m o r e , 

t he f ac t t h a t the resu l t s of t he " i n t e g r a l spec t ra " are dependen t upon 

i ns t r umen t con f i gu ra t i ons and d i f f e r f o r ascent and descent in the same 

f l i g h t re in fo rces t he contaminat ion hypo thes i s . Recent data obta ined by 

the He ide lberg g r o u p (Sch lager and A r n o l d , 1982) also ind ica te t ha t t he 

re la t i ve coun t rates of heavy ions are much lower t han o r i g i n a l l y be-

l ieved and sugges t t h a t most of them are due to contaminat ion . 

3 .2 . H igh and moderate reso lu t ion measurements 

A t f loa t a l t i t u d e , where s u f f i c i e n t i n t eg ra t i on t ime is avai lable to 

measure at h igh reso lu t i on , spec t ra were b u i l t up in the cons tan t peak 

w i d t h mode. A t yp i ca l example of such spec t ra , used to i d e n t i f y ions 

unamb iguous l y , is shown in f i g u r e 4. The major obse rved ions belong 
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Fig. 4.- Typical mass spectrum of positive stratospheric ions as recorded in the 

constant peak width mode (sum of 33 scans). The data have been smoothed 

by a three point smoothing technique (Arijs et_al., 1982b). 



to the PH family or to the NPH group H + X . ( H _ 0 ) , X having mass 41. £v 2 'n 
However, other minor NPH ions among which those due to CH^OH, are 

also present. A more detailed analysis of these minor mass peaks is still 

go ing on and will be presented elsewhere. 

Dur ing the slow descent of the balloon however high mass filter 

resolution modes, associated with low quadrupole transmission, would 

lead to long spectrum integration times and poor altitude resolution. 

Therefore moderate constant resolutions are adopted dur ing this phase. 

A s can be seen from f igure 5 the obtained spectra are still adequate to 

resolve the major peaks. Spectra remain of almost the same quality down 

to 24 km altitude. The spectrum at 33.8 km is shown intentionally, 

because it is obtained just after the start of the balloon descent in the 

June 1982 f l ight and shows a peak at mass 183 ± 5 amu, probably due 

to contamination, that disappears later on. From similar spectra as those 

shown in f igure £>, the relative abundance of NPH containing X is 

deduced. The results for the June 82 f l ight are shown in f igure 6, 

together with the results obtained from other f l ights and those of the 

M P I H - g r o u p . A s can be seen reasonable agreement is found between the 

different results. 

Assuming that the NPH ions are lost by ion-ion recombination the 
* 

mixing ratio {X} can be deduced from the steady state continuity 

equation : 

{X} = (1) 
[ H + ( H „ 0 ) ] k[M] 2 n 

where square brackets denote number densities. 

The recombination coefficient is calculated from 

a = 6 x 1 0 " 8 ( 3 0 0 / T ) 0 . 5 + 1 . 2 5 x 10 - 2 5 [M] ( 3 0 0 / T ) 4 cm 3 s " 1 ( 2 ) 

and the total number density [M] from the ideal gas law : 

1 ft -[M] = 9 . 6 5 6 x 1 0 i ö ( p / T ) cm J (3) 



Fi§- 5-~ Sample positive ion spectrum obtained in the moderate resolution mode. 
The same smoothing technique as in fig. 4 is applied. The spectrum is 
the sum of 5 scans. 
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where p is the measured ambient pressure in torr and T the ambient 
temperature in Kelvin; derived from the US Standard Atmosphere. 
Although not representing the expected theoretical temperature depen-
dence, formula (2 ) gives values for the recombination coefficient, in 
reasonable agreement with most recent data (Rosen and Hofman, 1981; 
Smith and Adams, 1982 and Bates, 1982). The total negative ion density 
[n_] used in formula (1 ) is deduced from 

[ n j = (Q /a ) 0 - 5 • (4) 

The ion production Q is calculated with the parametrization formulae of 
Heaps (1978) 

Q = (A + B sin4 <|>) [M] (5) 

for altitudes above 30 km and 

Q = (A + B.sin4 <j>) N q
 ( 1 _ n ) [M]n (6) 

below 30 km. 

_ I Q 
With A = 1 . 7 4 x 10 (7) 

n = 0.6 + 0.8 cos <|> (8) 
and N = 3.03 x 10 1 7 (9) o 

For <j), a geomagnetic latitude of 46.6° N has been chosen, which is the 
mean value of the geomagnetic latitudes of Gap-Tallard (46.31°N) and of 
Aire-sur-l 'Adour (46.88°N) . In view of the motion of the balloon, this 
looks a realistic choice. For the parameter B, which depends on the 
solar activity, a parametrization of the form : 

B = [2.385 - 0.455 cos (y - 1969)] 10 - 1 7 (10) 

has been adopted, where y is the year of the f l ight. 
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For the reaction rate coefficient k, used in formula (1 ) a value of 
_q 3 - i 

3 x 10 cm s was taken, according to the laboratory measurements 

of Smith et al. (1981). 

The volume mixing ratios thus obtained for X are shown in figure 
7, together with the recently MPI H data published (Henschen and 
Arnold, 1982), corrected for the same values of a and [n_] as those 
used in this work. 

In view of the uncertainties on the various parameters used in 
formula ( 1 ) , the error on the mixing ratio {X} is estimated to be a 
factor of two. Within these error limits, the results obtained in the 
different experiments for {XJ are in reasonable agreement and suggest 

- 1 2 

a constant mixing ratio of about 3 x 10 below 30 km. Above this alti-
tude a tendency for a slow decrease with increasing altitude is noticed. 

Such an altitude profile would suggest a source of X below 30 km, 
as already pointed out by Henschen and Arnold (1981). If X were 
CHgCN, such a source term might be surface production by biomass 
burning (Crutzen, 1981) or industrial releases, followed by upward 
diffusion. On the other hand, an in-situ production mechanism for 
CHgCN has recently been proposed (Murad and Swider, 1982). 

The rather slow decrease of X with altitude indicates that the 
photochemical destruction of X is not very efficient below 35 km. This 
seems consistent with an identification of X as being CH 3CN. Recent 
laboratory work by Harris et al. (1981) has shown a rate coefficient 
smaller than 1 0 - 1 4 cm3 s"1 for the reaction of CH^CN with the hydroxyl 
radical, which is the main removal process for trace gases in the strato-
sphere. 
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It is clear however that more laboratory work is needed to 

elucidate the sources and sinks of CH^CN in the stratosphere and that 

the in-situ composition data need to be extended above 40 km and below 

20 km to obtain a more complete mixing ratio profile of X and to test 

whether the identification of X as acetonitrile is consistent with the 

laboratory data. 

So far, we have only considered the total fractional abundances of 

the PH and NPH families. We will now discuss the fractional abundances 

of the different ions belonging to both groups. 

Figure 8 shows the fractional abundance of the major PH ions. 

Black symbols in this graph represent the data as measured in the June 

1982 flight, whereas open symbols are calculated values for summer 

standard atmosphere and a constant water mixing ratio of 4.5 ppm. 

These were obtained by assuming an equilibrium distribution of the 

PH ions and using the most recent thermochemical data of Lau et al. 

(1982) for the gas phase reactions : 

H+(H~0) + H.O ^ H+(H_0) (11) 2 n-1 i 2. n 

For the reduction of the calculated PH distribution it was assumed that 

the total fractional abundance of all PH was constant from 35 to 25 km. 

For this number a value of 0.18 was adopted, which is the average of 

the observed abundances at different altitudes. 

Comparing the measured and calculated abundances for mass 73 

[ H + ( H 2 0 ) 4 ] it is noticed that, down to 30 km, the general trend of the 

theoretical curve is fairly well followed by the data, although their 

values are somewhat smaller than expected. This is due to collisional 

induced dissociation in the mass spectrometer, but as was expected this 

effect is not dramatic above 30 km (Arijs et al., 1982). Below this 

altitude however the deviations between theory and observations become 

larger. Above the cross-over point between the calculated curves for 
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mass 73 and 91 (a t 27 km) the observed abundances for H + ( H 2 0 ) 4 are 

smaller than the calculated ones. This is due to an increased effect of 

cluster b reak -up of H + ( H 2 0 > 4 ions, result ing from the higher pressure 

in the mass spectrometer at lower al t i tudes. Below 27 km however , the 

signal at mass 73 becomes larger than theoretical ly expected. This coin-

cides with the calculated increase the abundance of mass 91 and can 

therefore be explained by b reak -up of H + (H 2 <D) 5 ions. These contr ibute 

to the signal at mass 73 by losing one l igand. This is consistent with 

the fact that the measured abundance of mass 91 is far below the 

expected one. It also indicates that cluster b r e a k - u p is more pro-

nounced for mass 91 and becomes already effect ive at h igher alt i tudes 

because of the lower binding energy of H^O in the H + ( H 2 0 ) j - c lusters. 

The most remarkable discrepancy however Is noticed for mass 55. 
_3 

Calculations predict that the fractional abundance should be 10 at 35 

km and should decrease to 10 ^ at 27 km. According to f igure 8, the 

measured values are a factor of 10 to 1000 (depending on the a l t i tude) 

too high. This is caused completely by cluster b reak -up of mass 73, as 

already pointed out previously (Arnold et a l . , 1981; Ari js et a l . , 1982). 

The fractional abundances of the various NPH ions as observed in 

the June 1982 f l ight are shown in f igure 9. At present it is d i f f icul t to 

compare these data with calculations, because reliable thermochemical 

data for the NPH ions are lacking. However general t rends can be in-

f e r r e d , such as the increase of H lower al t i tudes, 

as was expected already (Henschen and Arnold , 1981). The increase of 

mass 60 with decreasing alt i tude clearly shows that cluster b r e a k - u p is 

severely d isturbing the measurements. Therefore the use of the data 

for der iv ing thermochemical quantit ies is at present still hampered by 

collisional induced cluster dissociation, a phenomenon to be studied in 

detail in the laboratory. 
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4. S U M M A R Y A N D C O N C L U S I O N S 

A comparison of spectra acquired in the "integral mode", obtained 

dur ing different f l ights and dur ing descent and ascent in one f l ight, 

shows that signal instabilities and contamination are seriously in-

fluencing the data. An interpretation of heavy ion mass peaks as multi-

ion complexes is certainly disputable. It is much more likely that these 

ions, are less abundant than was believed original ly and are caused by 

contamination. 

The volume mixing ratio profile for the molecule X , obtained from 

the relative abundances of PH and NPH ions, sugges t s a source for X 

in the lower stratosphere and a slow destruction at higher altitudes of 

this molecule. In order to veri fy whether X can be identified as 

C H g C N , the measurements need to be extended to higher and lower 

altitudes and laboratory studies of the possible reactions leading to 

formation and destruction of acetonitrile in the stratosphere are needed. 

It has also been shown that the ion mass spectra at altitudes below 

30 km are seriously disturbed by cluster break-up. More laboratory 

work about this phenomenon should be undertaken to allow a more 

complete interpretation of the data. 
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