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FOREWORD 

Th i s a r t i c l e " S t r a t o sphe r i c negat ive ion composi t ion 

measurements , ion abundances and re la ted t race gas detec t ion" has been 

accepted fo r pub l i ca t i on in the " Jou rna l of A tmospher i c and Te r r e s t r i a l 

P h y s i c s " . 

VOORWOORD 

Deze teks t " S t r a t o sphe r i c negat ive ion composi t ion 

measurements, ion abundances and re lated t race gas detec t ion" werd 

voor pub l i ca t ie aanvaard door de " Jou rna l of A tmospher i c ana 

Te r r e s t r i a l P h y s i c s " . 

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

Cet a r t i c le in t i tu lé "S t r a t o sphe r i c negat i ve ion composi t ion 

measurements, ion abundances and re lated t race gas detec t ion" a ete 

accepté pour pub l i ca t i on par le " Jou rna l of A tmospher i c and T e r r e s t r i a l 

P h y s i c s " . 

VORWORT-

Dieser Tex t " S t r a t o sphe r i c negat ive ion composi t ion 

measurements , ion abundances and re lated t race gas detec t ion" wurde 

f ü r Herausgabe in " Jou rna l of A tmospher i c and T e r r e s t r i a l P h y s i c s " 

angenommen. 



S T R A T O S P H E R I C N E G A T I V E ION C O M P O S I T I O N M E A S U R E M E N T S , 

ION A B U N D A N C E S A N D R E L A T E D T R A C E G A S D E T E C T I O N 

by 

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

Abs t rac t 

Negat ive ion spectra obtained d u r i n g four f l ights with a 

balloon borne quadrupo le mass spectrometer are reported and criticaliv 

invest igated. 

Ion abundances for NO^ and H S O ^ core ions are reported and 

concentrat ions of HNO^ and H £ S 0 4 at alt itudes between 32 and 35 km 

are deduced. 

The detection of minor mass peaks in negat ive ion spectra 

obtained at an altitude of 32 km is d i s cu s sed . Major mass peaks 

ob se r ved at lower alt itudes (from 20 to 28 km) are mainly due to N 0 3 

core ions. 



Samenvatting 

Negatieve ionen spectra, opgenomen gedurende vier vluchten 

met een ballongedragen quadrupolaire massaspectrometer, worden voor-

• gesteld en krit isch onderzocht. 

De relatieve signaalsterkten te wijten aan ionen met NO^ en 

HSO ĵ kern worden gerapporteerd en hieruit worden de concentraties 

van HNOg en H^SO^ tussen 32 en 35 km hoogte afgeleid. 

De detectie van kleinere 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. 
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Résumé 

Les s p e c t r e s de masse des ions n é g a t i f s , o b t e n u s avec un 

f i l t r e q u a d r u p o l a i r e p e n d a n t q u a t r e vo l s ba l l ons son t p r é s e n t é s et 

a n a l y s é s . Les abondance s des ions avec des n o y a u x NO^ et HSO^ sont 

r a p p o r t é e s et les c o n c e n t r a t i o n s de HNOg et H^SO^ e n t r e 32 et 35 km 

d ' a l t i t u d e en son t d é d u i t e s . 

La dé t e c t i on des ions peu abondan t e s à 32 km d ' a l t i t u d e est 

d i s c u t é e . Les ions les p l u s a bondan t s aux a l t i t u de s e n t r e 20 et 28 km 

son t des agg l oméra t s avec un noyau NO_ . 



Zusammenfassung 

Massenspektra der negativen Ionen, die während vier Ballonen-

flügen mit einem quadrupolären Massenspektrometer erhalten wurden, 

sind hier vorgestellt und analysiert. Die Häufigkeiten der Ionen mit NO^ 

und HSO^ Kernen sind angegeben und die HNO^ und H2SC>4 Dichten, 

die daraus folgen, s ind zwischen 32 und 35 km Höhe vorgestellt. 

Die Beobachtung der Minderheitsionen auf 32 km Höhe ist 

diskutiert. Die häufigsten Ionen zwischen 20 und 28 km sind 

Anhäufungen mit einem NO , Kern. 



1. I N T R O D U C T I O N 

The f i r s t 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 c lusters belonging to the families 
H S 0 ^ ( H 2 S 0 4 ) £ ( H N 0 3 ) m and N 0 ~ ( H N 0 3 ) n . 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 a l . , 1975), the presence of HSO^ core ions came as a 
surpr i se . It was suggested (Arnold and Henschen, 1978) that those ions 
were originating from ion molecule reactions of su l fur ic acid vapour with 
NO~ core ions. The plausibi l i ty of such reactions was shown by 
laboratory measurements (V igg iano et a l . , 1980). In 1980 negative ion 
composition measurements with higher resolution were performed by 
A r i j s et a l . , (1981a). In this way an unambiguous determination of the 
mass numbers was possible and the H^SO^ 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 crit ical investigation of the ion abundances (Arnold 
et a l . , 1981a) reinforced their identification as nitrate and sulfate 
c luster ions. Meanwhile negative ion composition measurements have 
been extended down to 24 km (V igg iano and Arnold , 1981a) and the 
results of these experiments have been used to obtain su l fur ic acid 
vapour concentration profiles (V igg iano 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 

o 
100.000 m stratospheric balloons) dur ing different f l ights are compared 
and analyzed. These spectra are also investigated for minor ion peaks 
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and the implications of the data for trace ga s detection are crit ical ly 

invest igated. Fur thermore recent data obtained between 28 and 20 km 

altitude will be d i s c u s s e d . 

2. E X P E R I M E N T A L 

The balloon borne pay load, which cons i s t s of a h i gh speed 

l iquid helium cooled c r yopump ( I n g e l s et a l . , 1978) and a quadrupo le 

mass f i lter, with the associated electronic modules has been desc r ibed 

before (A r i j s et a l . , 1981b). The ins t rument is equ ipped with a micro-

p roces so r based control ler enabl ing a f lexible choice by remote control 

of many di f ferent measurement p rog rams (def ined by reso lut ion, mass 

domain, a . s . o ) . The quadrupo le power cupp l y is de s i gned in s uch a 

way that DC and RF vo l tages can be control led independent ly , al lowing 

a g reat va r ie ty of poss ib le reso lut ions and the reby ex tend ing the mass 

range of the ins t rument (A r i j s et a l . , 1981a). Because the conf igurat ion 

of the inst rument is bas ic ly the same as for pos i t ive ion composit ion 

measurements, we will res t r ic t ou r se l ve s to inst rument de sc r i p t i on s , 

essential for negat ive ion measurements. The voltages appl ied to the ion 

lens are s imply inverted in polar i ty and the d r aw- i n potential is chosen 

for maximum s i gna l , either b y remote control or by the mic roproces so r . 

T h e sampled negat ive ions acqu i re an e n e r g y of 7 eV by appl icat ing a 

pos i t ive quadrupo le bias f ixed with respect to the d r aw - i n plate. To 

avoid h i gh voltage b reakdown at the ion detector output ( Sp i r a l t r on 

secondary electron multiplier S E M 4219) the input cone is kept at 

+ 1.5 k V . A l t hough the acceleration voltage of the negat ive ions is 

therefore cons iderab ly smaller than for pos i t ive ions, where - 3 kV is 

u sed , the detection eff ic iency is still adequate. T h i s is due to the fact 

that the p r imary electrons or ig inate from the impacting negat ive ion 

itself and not from the dynode su r face (Good ing s et a l . , 1972). 

The s u p p l y voltage of the multipl ier is maintained at 3 kV to 

guarantee a pu l se he ight d i s t r i bu t i on , suitable for pulse count ing 
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techniques. The background or spontaneous pulse count rate for 

negat ive ion detect ion is much h igher than for posi t ive ions. This is 

probably due to electrons escaping from a nearby mounted Penning 

gauge. Typical values as well as the method to determine th is back-

ground in f l i gh t are discussed in section 4.2. 

3. MEASUREMENTS 

The data shown and discussed hereaf ter have been obtained 

du r i ng four s t ratospher ic balloon f l i gh t s . Dur ing three of them all 

measurements were performed at the f loat a l t i tude of the balloon. The 

f l i gh t character is t ics are summarized in table 1. The mentioned float 

a l t i tudes were obtained from the U.S. Standard Atmosphere of 1966 by 

conversion of the measured ambient pressures. In the last f l i gh t 

(September 1981) two pressure sensors were used; one was a h igh 

precis ion Barat ron gauge, kept at constant temperature. The deviat ion 

between the two sensors was less than 3%, which s t rengthens the fa i th 

in the pressure data of other f l i gh t s . Temperatures were obtained 

e i ther th rough comparison of the measured and corrected ( f o r coll isional 

b r e a k - u p ) proton hydra te abundances wi th the theoret ical d i s t r i bu t i on 

(A r i j s et a l . , 1981b) or from a d i rec t in s i tu measurement. For th is 

purpose a t i ny bead thermis to r , wi th a ve ry small thermal mass was 

mounted at a distance of 2 meter from the payload. 

Dur ing the June 1980 and September 1981 f l i gh ts the measur-

ements of negat ive ions were s tar ted a f ter sunr ise, while in September 

1980 all measurements were performed du r i ng n ight t ime. However no 

pronounced d i f ference in the ident i t y of the major negative ions was 

observed. In the three f l i gh ts descr ibed in table 1 a sampling hole of 

0.2 mm diameter was used. The f ou r t h f l i gh t (not mentioned in table 1) 

was performed on 12 June 1981 from the CNES launching base at Gap-
3 

Tal lard (Southern France). In th is f l i gh t a 100,000 m valve control lable 

balloon was used, which allowed a slow descending of the balloon from 

f loat a l t i tude down to 20 km at a rate of 1 m per second. In th is way 
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TABLE 1 \ 

Date of flight Launching Float altitude Ambient 
Site ambient pressure kn/*^ temperature 

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 : Techni cal characteristics of balloon flights during which negative ion 
spectra were obtained at float altitude. 
(1) from U.S. Standard atmosphere (pressure conversion to altitude in 

km) 
(2) from proton hydrate distribution 
(3) direct measurement 
(4) MKS-Baratron measurement 



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 pres sures 

encountered in this fl ight a sampling hole of 0.1 mm diameter was used 

this time. The results of these measurements will be d iscussed and 

analyzed hereafter. 

4. R E S U L T S A N D D I S C U S S I O N 

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

gas detection 

The observed major mass numbers, their identification and 

relative abundances for the three fl ights 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 f igure 1a. To facilitate the 

interpretation of these spectra a three point smoothing technique 

(Hi ldebrand, 1956) has been applied, resulting in the transformation of 

the spectrum of f igure 1a into that of f igure 1b. A s will be seen later 

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

A s was described in an earlier paper (Ar i js 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 
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Mass Identification Abundances in different flights (%) 

June 80 Sept. 80 Sept. 81 MPI (1) 

125 N O 3 . H N O 3 5 2 2 2.6 

160 H S O ~ H N O 0 
4 3 

9 16 10 5.3 

188 NO-(HNO 3) 2 8 15 14 65.6 

195 HSO..H„S0. 
4 2 4 

7 14 14 6.6 

206 HSO^(HNO 3) 2 H 2 O - - 3 -

223 HSO^(HNO 3) 2 4 5 7 14.2 

275 HS0".H OS0..HN0 O.H 0 
4 2 4 3 2 

- - 3 -

293 H S 0 ^ ( H 2 S 0 4 ) 2 19 14 16 2.6 

391 H S O " ( H 2 S O 4 ) 3 48 34 31 -

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

ions observed at float altitude. 

(1) For comparison a set of data of the Max Planck Institute group (Arnold et 

al . , 1981) is included in the table. Missing percentage in this column is 

represented by mass 260 ± 3 with an abundance of 3.1%. 



150 200 250 

MASS NUMBER (AMU) 

300 

Fig. 1.- a) Typical negative ion spectrum obtained at float altitude (32.5 km) 
after summation of 19 scans. Duraction of each scan 160 sec. for the 
mass domain 10 - 330 amu. 



Fig. 1.- b) Smoothed version of figure la. 



mode the ion ident i f icat ion is< less precise since peak ident i f icat ion is 

based on the recogni t ion of edges of mass peaks extending over several 

amu. However ident i f icat ions from h igh resolut ion spectra are of great 

help here. Another disavantage of the low resolut ion mode is that i t is 

d i f f i cu l t to iden t i f y small mass peaks and hence to determine the i r 

abundance. Neglect ing such minor mass peaks may int roduce serious 

e r ro rs in the f ract ional abundance of o ther peaks, especially for ions 

wi th low abundances such as mass 125 in the September 1980 data. 

However the rat ios of f ract ional abundances of d i f f e ren t other peaks is 

unaffected by th is neglect ing. A d is t inc t advantage of th is mode is that 

the transmission of the mass f i l t e r is pract ica l ly independent of the ion 

mass. 

It should also be noticed that an addit ionnal source of e r ro r 

in the determinat ion of the ion abundances is the natura l signal f luc tua-

t ion . Th is is c lear ly i l lus t ra ted in f i gu re 2, represent ing the f i r s t of 19 

mass scans, which gave rise to f i gu re 1a. As can be seen an erroneous 

value fo r the abundance of mass 195 might be deduced from i t , due to 

incomplete stat ist ics and shor t term ef fects . I t is therefore of p r imary 

importance that repor ts on ion composition data and abundances should 

be as complete as possible. In tegrat ion times as well as total numbers of 

accumulated counts in each mass peak should be mentioned. In spi te of 

all these possible e r ro r sources i t is believed that the ion abundances 

repor ted here are exact w i th in 30%. 

Laboratory and in s i tu measurements (A rno ld et al. 1981a), 

(V igg iano and A rno ld , 1981a) have shown that c luster break up ef fects 

due to sampling are much less pronounced for ambient pressures of a 

few T o r r or a l t i tudes above 32 km. Since the data of table 2 relate to 

a l t i tudes above 32 km no correct ion fo r coll isional dissociation has been 

applied to those. 

We wil l now discuss the NO^CHNOg^ ions. As can be seen 

from table 2 only two major ions belonging to th is family were observed, 



100 150 200 
MASS NUMBER ( AMU ) 

250 300 

Fig. 2.- First of 19 scans which gave rise to figure la. 



name ly mass 125 and 188. S i n c e t he t ime to e s t a b l i s h the e q u i l i b r i u m f o r 

t he r ea c t i on : 

N0 3 (HN0 3 ) + HN03 + M N0 3 (HN0 3 ) 2 + M 
3 2 (1) 

is much s h o r t e r t h an t he l i fe t ime of the ions v e r s u s r e comb ina t i on 

( A r n o l d et a l . , 1981a) and s i n c e t he e q u i l i b r i u m c on s t a n t s of t h i s 

r eac t i on have been measu r ed in t he l a b o r a t o r y ( D a v i d s o n et a l . , 1977) 

the ra t i o of t he a b u n d a n c e s o f mass 125 and 188 can be u s ed to d e r i v e 

a n i t r i c a c i d v a p o u r c o n c e n t r a t i o n in t he s t r a t o s p h e r e , as was shown b y 

A r n o l d et a l . ( 1980) . F rom t he measu r ed AH° = 18 .3 ± 1 k c a l .mo l e " 1 and 

AS° = 22.1 ± 2 e . u . ( D a v i d s o n et a l . , 1977) and 

RT In K = AG° = AH° - T .AS° (2) 

the e q u i l i b r i u m c on s t a n t K has been d e r i v e d f o r t he t h r e e f l i g h t s and 

t he H N O - c o n c e n t r a t i o n was c a l c u l a t ed f rom 

w h e r e [188] / [125] is t he ra t i o of the r e l a t i v e a b u n d a n c e s f o r 

N 0 ~ ( H N 0 3 ) a nd NO~(HNC> 3 ) 2 . T h e r e s u l t s a r e g i v e n in t ab l e 3 and 

f i g u r e 3 . 

r a t i o s above 32 km a l t i t u d e . T o the bes t of o u r know l edge t h e o n l y ones 

w h i c h we re not o b t a i n ed f r om ion compos i t i on da t a , a re t ho se b y L a z r u s 

and G a n d r u d (1974) and Evan s et a l . , ( 1977) . T h o s e da ta have a l so been 

3 

[HN03] = { I f f j . K (3) 

A t p r e s e n t t h e r e a re v e r y few da ta f o r HNO~ volume, m i x i n g 
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TABLE 3 

Flight [NO~(HNO 3) 2]/[NO~.HNO 3] 

June 80 1.6 

Sept. 80 7.7 

S e p t . 8 1 7.1 

Equilibrium HNO mixing 
-1 

constant K (atm ) ratio (ppbv) 

8.0 x 10 1 1 0.30 

2.5 x 1 G 1 2 0.53 

1.8 x 1 0 1 2 0.48 

Table 3 : Equilibrium constants for HNO^ clustering to NO^.HNO^ arid HNO^ mixing 

ratio derived for different flights. 

Square brackets denote number densities. 
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Fig. 3.- HNO3 concentration versus altitude (above 30 km) 

as measured by different techniques and calculated 
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been inc luded in f i g u r e 3, as were t he measurements of A r n o l d et a l . 

(1980) . More r e c e n t l y , t he n i t r i c acid v a p o u r concen t ra t i on was i n f e r r e d 

f rom negat i ve ion composi t ion data by a method, wh ich re l ies on t he 

ex is tence of a k ine t i c s tate w i t h respect to the n i t r i c and s u l f u r i c acid 

c l us te r ions taken as a whole (V igg iano and A r n o l d , 1981a; McCrumb 

and A r n o l d 1981). The resu l t s of t h i s analys is are also p i c t u r e d in 

f i g u r e 3. The range of the one dimensional models as avai lab le up to 

35 km at p resen t (Hudson and Reed, 1979) is also shown. As can be 

seen on f i g u r e 3 a reasonable agreement is f o u n d between ou r data and 

the HNOg concen t ra t i ons f o u n d w i t h o the r t echn iques . I t is also not iced 

t h a t ou r HNC>3 m ix ing ra t ios are lower than those p red i c t ed by c u r r e n t 

models. As ment ioned by Hudson and Reed (1979) t h i s may be due to 

an i nco r rec t t rea tment nf pho to lys is in the models and an u n c e r t a i n t y 

about t he e f fec t of t r a n s p o r t above 30 km a l t i t u d e . 

The e r r o r b a r s , f o r ou r data as shown on f i g u r e 3 are on ly 

t a k i n g in to account t he 30% e r r o r on the ion abundances (60% on t h e i r 

r a t i o ) and t he possib le e r r o r of 3 K on t he t empera tu re d e r i v a t i o n or 

measurement . We bel ieve t h a t conce rn ing these two e r r o r s a r a t h e r 

conse rva t i ve and safe va lue was used. We feel t h a t by t a k i n g in to 

account the possib le e r r o r s on the thermochemical data as ment ioned in 
- 1 

t he o r i g i na l paper by Davidson et a l . (1977) , namely 1 kca l .mole on 

AH° and 2 e . u . on AS°, an unreasonable s t r e t c h i n g of the e r r o r bars is 

ob ta ined . 

A p a r t f rom the data of Dav idson et a l . (1977) , an o the r set 

of thermochemical data f o r react ion (1 ) is avai lab le in the l i t e r a t u r e 

(Wlodek et a l . , 1980). I t was f o u n d t h a t by us ing those data (AH° = 

16.0 ± 0 .8 kcal mole"1 and AS° = 23.1 ± 2 .4 e . u ) H N 0 3 m ix ing ra t ios 

were deduced wh ich were much too h i g h , accord ing to bo th the model 

and t he o the r exper imenta l da ta . The resu l t s of nega t i ve ion 

abundances at f l oa t a l t i t ude t h e r e f o r e seem to sugges t t h a t the the rmo-

chemical data of Dav idson et a l . (1977) are c loser to the t r u e va lues of 

AH0 and AS0 t han those of Wlodek et a l . (1980) . 
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On condit ion that more exact ambient temperatures and ion 

abundance rat io measurements were combined wi th HNO^ concentrat ion 

der ivat ions by another independent technique, the in s i tu data might 

have been used to der ive thermochemical data. The previous discussion 

therefore clear ly 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 wil l be the family of the HSO^ 

core ions. Arno ld et al. (1981a) proposed and ver i f ied that those ions 

were formed in the stratosphere by the swi tching reactions : 

N0~(HN03)q + H2S04 HS0^(HN03)n + HN03 (4) 

and 

HS0"(HN03)J(, (H2S04)m 

+ H2S04 - HS04(HN03)£_1 (H2S04)m + 1 + HN03 (5) 

The reaction rate constants for reaction (4) were measured in the 

laboratory by the NOAA group in Boulder (Viggiano et a l . , 1980). It 

followed that : 

k l = 8.6 x 10"1 0 cm3 s " 1 f o r n = 1 

and 

k„ = 4.0 x 10"1 0 cm3 s " 1 f o r n = 2 
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From a steady state treatment it follows that 

[H2S04]. {k1 . [N0~.HN03] + k2 [ N O ^ M O ^ ] } = a [ n j [n] (6) 

where the square brackets denote number densities, [n] the total 

number density of positive (or negative) ions and [n g] the total number 

density of the HSC>4 core ions. 

The recombination coefficient to be used in equation (6) is 

composed of two components : the binary recombination coefficient a b 

and the effective ternary combination coefficient a . The binary 

recombination coefficient a b has been measured recently by Smith et al. 

(1981) and was found to be practically independent of the nature of the 
-8 3 -1 

ions. A value of 6 x 10 cm s , in good agreement with most of the 

data of the previous authors, will be used for further calculations. 

However much less information is available on the ternary component of 

the recombination coefficient. This a is strongly dependent on the gas -o 3 -1 number density. A value of 6 x 10 cm s will be assigned to it for 

the altitude 34.7 and 35 km (June 80 and September 80 f l ights) and for 
-8 3 - 1 

32.5 km a t will be taken 9 x 10 cm s . 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 1 /2 measured in flight. Therefore the value is calculated from (Q/a) 

where Q is the production rate taken from Webber (1962). For the 
-3 -1 

altitude ranges under consideration Q is about 2 ions cm s . These 

values have been used to allow a comparison with the most recent data 

from Viqgiano and Arnold (1981b) who have used the same source for 

[n]. 

The results of our H2SC>4 vapour 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 
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TABLE 4 
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1 3 12 
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14.4 14.0 13.9 

21.5 21.0 21.0 

TABLE 4 : Values of I^SO^ number densities, equilibrium constants and thermo-

chemical constants for ^ S O ^ clustering for different flights. 

(1) Numbers in parentheses are data of MPI group for the same altitude 

(Vigginalo and Arnold, 1981b) 

(2) AH° is derived assuming AS° to be 30 eu. Indexes SL, SL + 1 relate 
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numbers , an e r r o r of a f ac to r of 3 is adopted he re . No c o r r e c t i o n has 

been app l ied f o r miss ing ions in ou r case, s ince a mass scann ing 

w i t h o u t DC on the quad rupo le rods showed t h a t the f r a c t i o n of ions 

hav ing a mass h i ghe r t han 391 amu was neg l ig ib le f o r the p resen t 

p u r p o s e . Th i s t echn ique to ob ta in H^SO^ number dens i t ies is at p resen t 

the on l y exper imenta l one ava i lab le . I t was used f o r t he f i r s t t ime by 

A r n o l d and Fabian (1980) and i t was exp lo i ted la ter on to de te rmine 

H^SO^ concen t ra t i on p ro f i l es ( A r n o l d et a l . , 1981b, V igg iano a n d A r n o l d , 

1981a). The most recent data of t he MP I g r o u p have also been added to 

tab le 4. As can be seen ou r data are in reasonable agreement w i t h 

those of the MPI g r o u p , especia l ly in v iew of the unce r ta i n t i es on t he 

va lues of a, [ n ] , k^ and k ^ , and the s ignal f l u c tua t i ons of about 30%. 

A c c o r d i n g to A r n o l d et a l . (1981a) the su l fa te ions were 

g r o u p e d in to d i f f e r e n t sub fami l ies , namely A : ( H S 0 4 ) ( H N 0 3 ) j , B : 

H S 0 ^ ( H 2 S 0 4 ) ( H N 0 3 ) j and C : H S 0 ~ ( H 2 S 0 4 ) 2 ( H N 0 3 ) k . More gene ra l l y 

we can de f ine a fami ly F m as cons i s t i ng of all t he ions of t he fo rm 

HSO / 1 (H 9 SO. ) ( H N O - ) . f o r m ^ 0. F_1 w i l l be de f ined as the fami ly of 

the NC>2(HN0 3 ) n ions. From an ove rs imp l i f i ed s teady state t r e a t m e n t , 

wh i ch assumes the same react ion ra te cons tan t k f o r all t he react ions of 

t he t y p e (4 ) and ( 5 ) i t t hen fo l lows t ha t : 

R £ = [ F i ] ) / [ l W = k [ H 2 S 0 4 ] / a [ n ] (7) 

In p rac t i ce t he summation of equat ion ( 7 ) has on ly to be expanded to 

i = 3 f o r t he a l t i t udes unde r cons ide ra t i on . The R^ va lues , as well as 

the abundances of the subfami l ies F have been summarized in tab le 5. m 
A c c o r d i n g to equat ion (7 ) all R £ should have the same va lue , 

i ndependen t of £. As can be seen the measured values are all of t h e 

same o r d e r of magn i tude f o r t he d i f f e r e n t f l i g h t s . However s t r o n g v a r i a -
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TABLE 5 

June 80 Sept. 80 Sept. 81 

[F0] 13 21 12 

[Fj] 7 14 17 

[F2] 19 14 16 

[F3] 48 34 31 

[F ] 13 17 16 

R 6.69 4.88 4.75 0 
R1 5.69 2.95 5.33 

R2 9.57 3.43 2.76 

R3 2.53 2.43 1.94 

TABLE 5 : Abundances of subfamilies and R^ values for 
different flights. 

For definition of F^ and R^ see text. 
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tions occur withi n the uncertainty limits (± 60%). It was suggested by 

Arnold et al. (1981a) from the somewhat lower value of f ^ in their data 

that an ion with mass 391 amu should exist though it was not present in 

their spectra. Th i s conclusion was confirmed by recent measurements of 

our g roup (Ar i j s et al. 1981). 

However strong fluctuations of R^ do occur, most probably 

due to signal fluctuations and therefore care should be taken in the 

interpretation of equation (7) . One of the basic assumptions in putting 

all R^ equal was that the main loss process for the ions is recombina-

tion. If for instance thermal dissociation of HSO^CH^SO^)^ ions is faster 

than ion-ion recombination the ratio R^ will be given by : 

R 3 = K . [H2S04] (8) 

where K is the equilibrium constant of the reaction : 

HS0~ (H 2S0^) 2 + H 2S0 4 + M ^ HS0~ (H 2SO a) 3 + M (9), 

On the other hand us ing equation (8) to derive thermochemical data 

such as AG 0 and AH 0 , 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 H^SO^ concentrations found by 

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

wrong, since reconversion from HSO^ to NO^ core ions is not plausible. 

Therefore, the H~SO. mixing ratios can be trusted within the un -
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certa inty limits mentioned. The K va lues calculated with the aid of 

equation ( 8 ) are then 1.38 x 1 0 1 3 a tm" 1 , 1.50 x 1 0 1 3 atm" 1 and 
12 - 1 

9.81 x 10 atm for the June 80, September 80 and September 81 
_ -I 

f l i ghts respect ive ly . Then an average AG 0 value of 14 kcal.mole 

resu l t s for the three f l i ght s ; the deviat ion on each f l ight being less 

then 0 .3 kcal.mole . 

It is known that the bond dissociat ion energ ies of " smal l " 

c lu s te r s is la rger than the bu lk phase vapor izat ion ene r gy AH° of the 

so lvent molecules and approaches this value for larger c luster size 

(Cast leman, 1979, Keesee et a l . , 1980). For su l fu r i c acid AH° is 18 
- 1 v 

kcal.mole ( S ch l e s s i n ge r , 1971). There fore AH° for reaction ( 9 ) is 

expected to be larger than th is va lue. In o rder to check whether our 

lower limit of AG° satisf ies th is condit ion, the ent ropy change A S° for 

reaction ( 9 ) has to be known. S ince no laboratory data are available on 

su l fu r i c acid c lu s te r ing , this ent ropy change is unknown. B y tak ing a 

reasonable average of 30 e . u . , (Keesee et a l . , 1981) a lower limit of 
-1 

AH° of 21 kcal.mole is f ound , larger than the heats of vapor izat ion, 

reported in l iterature. Similar der ivat ions may be performed for the 

conver s ion of H S O ~ ( H 2 S O ^ ) into H S 0 ~ ( H 2 S 0 4 ) 2 c lu s te r s . A lower limit 

of AH° of 20.9 kcal.mole is then found u s i n g an average of-.our data 
on the three f l i ght s . T h i s is in good agreement with the value of 21.4 

- 1 kcal mole found by A rno l d et a l . , (1981a). 

From the p rev ious cons iderat ions , it t u r n s out that H^SO^ is 

much more s t r ong l y bound to the H S O ^ core than HNO^ to the NO^ 

core. It is therefore expected that the sulfate ions will be less 

suscept ib le to field induced c luster b r e a k - u p than the nitrate ions. 

4 .2 . Minor mass peaks 

So far only major ions have been cons idered t h roughou t the 

d i s cu s s i on . In o rder to reveal the existence of minor mass peaks the 

spectrum shown in f i gu re 1b has been expanded as shown in f i gu re 4. 
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Fig. 4.- Expanded version of the spectrum of figure lb. 



It can be seen that many addit ional mass peaks are 

appear ing. However care must be taken not to confuse spontaneous 

counts wi th real mass peaks. Since in the negative ion mode the back-

g round pulse count ing rate is about 50 times h igher than in the posi t ive 

ion mode, i t is d i f f i cu l t to d is t ingu ish between real signal and back-

g round . I n order to exclude peaks due to background pulses, we have 

adopted the fol lowing procedure. At the beginning of a series of measur-

ements the d raw- in potent ial is optimized by the microprocessor based 

cont ro l le r . To do so the DC and RF on the quadrupole rods are 

ar ranged so as to obtain maximum negative ion signal at the most 

posi t ive d raw- in potential (+ 5 V ) . Subsequent ly draw in potential 

ramps in the range - 5 to + 5 V are produced while DC and RF remain 

f i xed . The ion signal of successive ramps is accumulated and f ina l ly the 

draw in potential associated wi th the maximum count rate is chosen by 

the microprocessor and used for f u r t h e r sampling. Optimalization of the 

d raw- i n potential can be called for by remote control whenever judged 

necessary d u r i n g the f l i gh t such as du r i ng a l t i tude var ia t ion , sunr ise , 

a . s . o . A typ ica l resul t of such a "d raw- in ramping" is shown in f i gu re 

5. The negat ive ion signal s tar ts only to be appreciable at d raw- in 

potent ials larger than - 0.68 V. The count rate observed for more 

negat ive d raw- in potentials is considered as background. The mean 

value p of th is background count rate is 2.59 counts/sec. wi th a 

d ispers ion a of 1.85 counts / sec. 

We now def ine the confidence level as being the mean value 

plus two root mean square deviat ions (p + 2CT) wi th the previous value 

of |j and a, th is gives 6.29 counts/sec or about 30 accumulated counts 

on f i g . 4. By consider ing masses ly ing above th is confidence level a 

number of mass peaks are d is t ingu ished which are most l ike ly real. The 

mass numbers der ived in th is way and the i r ten ta t ive ident i f icat ions are 

summarized in table 6 under the heading "Group A " . Due to poor 

count ing stat ist ics and associated poor peak shape, an e r ro r of ± 2 amu 

is accepted for mass numbers below 200 amu and ± 3 amu for h igher 

ones. 
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TABLE 6 

co o 

Mass (± 2 amu) 
Group A 

Tentative identification Mass (± 2 amu) 
Group B 

Tentative identification 

17 OH" 36 Cl" (CI = 35) 
26 CN~ 38 Cl" (Cl = 37) 
42 CN~.H20 52 C10~, CN".HCN 
47 N0~ 81 NO3.H2O, CO3.H2O 
62 N0~, CO^ 94 NO2.HNO2 
67 N0~.H20 107 NO3.HNO2, CO~.HNO2 
87 N0~.HCN 118 N02(HC1)2 
101 N0~.HOC1, N0~ HC1 133 N03 H0C1 H20, HS0~.HC1 
115 N0~.HOC1 140 CI"(HOCD2, NO2(HNO2)2 
125 NO~.HNO3 154 C10"(H0C1)2 
144 NO^.HNO3.H2O 168 N03(H0C1)2 
148 HSOT.HOCI 4 175 N03.HN03.H0C1 
173 N03.HN03.HN02 230 HS0~ H SO..HC1 4 2 4 179 N03.HN03.HOC1, HS0~.HN03.H20 240 NO~(HNO3)2 H0C1, HS0~(HN03)2H20 
205 NO3(HNO3)2 H2O 247 HS0~.H SO..H0C1 4 2 4 275 HSO..HOS0..HN0„.HO0 4 2 4 3 2 258 HS07.HOS0..HN0O 4 2 4 3 

265 HS0~ HN03 (H0C1)2 
278 HSOT H_S0. HN0O.HO0 4 2 4 3 2 

TABLE 6 : Mass numbers and tentative identificat ions 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 d is t inguish real counts 

from background is ra ther conservat ive and safe . It has indeed been 

found in the laboratory , that even for draw- in potentials below - 1 V , 

severa l ions were leaking into the mass spectrometer at p ressures of 

8 mbar (same p ressu re as in the last f l i gh t , from which f igure 4 was 

obta ined) . T h i s penetration of ions through the applied electr ic f ield is 

caused by the gas f low, dragging the ions into the sampling hole 

( P a r k e s , 1971; Kebarle et a l . , 1966). There fore 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, l isted in table 6 

under group A were also found by inspect ing separately the 19 spectra 

from which f igure 4 was bui l t by summation. In some of those ( f rom 

which f igure 2 is the f i r s t one) minor peaks can be dist inguished more 

c lear ly than in the f inal spectrum because of counting s ta t i s t i c s . T h i s is 

obvious from f igure 2 where the masses 26, 47, 67, 81, 87, 125, 144, 

206 and 275 can be seen v e r y c lear ly ( they are larger then 10 counts/ 

sec , which is cer ta in ly to high to be due to spontaneous pu l se s ) . 

Inspection of f igure 4 g ives the impression that there is a 

v e r y high background s ignal . An invest igat ion however of the 19 

separate spectra learned that th is "background" is composed of spontan-

eous pulses plus signal from many small mass peaks (probably even 

more than those l isted in table 6) which are close to each other , and 

which cannot be identif ied due to poor counting stat is t ics and peak 

crowding. 

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

a NO^ or HSO^ core as may be expected. Unexpected however are the 

OH~, C N - and NO^ core ions. The OH core ions are most probably 

formed by the reaction of H, ,0 with the pr imary O ions ( Fe rguson et 

a l . , 1979). T h e CN - core was also observed by McCrumb and Arnold 

(1981) in a recent high sens i t i v i t y mass spectrum. It was proposed by 



these au tho rs tha t the CN ions were o r i g i n a t i n g f rom the react ion of 

HCN w i t h O2> O^ or CO^ ions. I t shou ld be noted tha t the presence of 

HCN in the s t r a tosphe re was a l ready deduced f rom pos i t i ve ion spec t ra 

(Henschen and A r n o l d , 1981; A r i j s et a l . , 1981b) and tha t HCN was 

recen t l y obse rved f rom i n f r a r e d spec t ra by Cof fey et a l . (1981) . From 

the abundances of the CN core ions a HCN concen t ra t i on of the same 

o r d e r of magn i tude as the HNO^ concen t ra t i on was d e r i v e d by McCrumb 

and A r n o l d (1981) , wh ich was in agreement w i t h the data of Cof fey et 

al . (1981) . A t 32.5 km a l t i t ude however NO^ has a h i ghe r number 

dens i t y ( A c k e r m a n , 1979) than HNC>3 and t h e r e f o r e we expect NC^ core 

ions to be p resent among the minor ions. Moreover NO^ ions are 

assumed to be the p r e c u r s o r s of the NO^ ions. It should be noted that 

ions may be sampled beforp they have completed t h e i r f u l l chemical 

l i fe t ime and t h e r e f o r e non f ina l ions may appear in the spec t rum as 

minor peaks. HCI be ing equa l ly abundan t as HNC>3 ( A c k e r m a n , 1979) 

the presence of CI ions may also be expec ted . 

By lower ing the conf idence level of minor ions f rom 6.29 

c o u n t s / sec to 5 c o u n t s / s e c . , wh ich is s t i l l above m + a, the ions of 

g r o u p B in table 6 can be d i s t i n g u i s h e d . It is seen tha t in t h i s case 

also CI ions are p resen t . 

A l t h o u g h the use of g r o u p B of tab le 6 is h i g h l y specu la t i ve , 

i t is i n s t r u c t i v e fo r the i den t i f i ca t i on of the ions of g r o u p A since the 

presence of some members of expec ted ion famil ies may be deduced 

Al l minor " ions recen t l y r epo r t ed by Mc Crumb and A r n o l d 

(1981) are p resen t in table 5 ( g r o u p A and B) as well as some o the r 

not detec ted by these a u t h o r s . From the ion h y d r a t i o n equ i l i b r i a fo r 

CN* and NOZ a AG° va lue can be d e r i v e d f o r ou r data . Values of 
- 1 1 -

8 ± 2 kcal .mole f o r CN and 8 .5 ± 2 kca l .mo le - f o r NC>2 are f o u n d . 

Both data are in reasonable agreement w i t h those r e p o r t e d in the 

l i t e r a t u r e (Payzan t et a l . , 1971; Lee et a l . , 1980). The poor c o u n t i n g 

s ta t i s t i cs f o r minor mass peaks , the associated unce r ta in t i es on the ion 



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 background 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 
-4 

inside the mass spectrometer below the scattering limit (10 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 explained 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 voltage 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 



cons i s ted of 640 s teps 0.25 seconds long. A s a result spectra ( sum of 4 

s c an s ) with moderate resolution where obtained about eve ry 2 km, with 

an altitude resolut ion of about 640 m. 

A typical spectrum obtained at 28 km is shown in f i gu re 6. It 

is obv ious that from this k ind of spectra only major mass peaks can be 

deduced. Moreover it is v e r y diff icult to d i s t i n gu i s h masses which are 

close to each other , s uch as mass 188 and mass 195. A n additional 

factor hamper ing the der ivat ion of ion abundances is the natural s ignal 

f luctuat ion, which seems to be much more pronounced d u r i n g the 

descend ing phase of the balloon f l ight. There fore the e r r o r s on the 

abundances deduced from this k ind of spectra are v e r y large. The 

estimated abundances for the major mass peaks at 6 altitude levels are 

summarized in table 7 as well as the H 2 S 0 4 number dens i t ies , calculated 

from these data with the aid of formula ( 6 ) . Aga i n a was der i ved by 

interpolation between the numbers of Smith and C h u r c h (1977) and Q 

was borrowed from Reid (1979). The i r va lues at d i f ferent alt itudes are 

also shown in table 7. A s can be seen the H ^ S O . concentrat ions are 
2 4 

about a factor 10 h igher than those obtained by the MPI g r o u p 

(V i g g i ano and A rno l d , 1981). It shou ld be s t re s sed however that apart 

from the e r ro r of a factor of 3, int roduced t h r o u g h the calculations and 

the uncertaint ies on k^, a and Q, another important e r ro r is added 

here: the relative abundance e r r o r , which in view of the low s ignal and 

poor resolution may be as h i gh as a factor of 2 or l a rger . T h i s is 

especial ly t rue for the abundance of mass 160 which in ou r case is 

sometimes smaller than one th i rd of the s ignal of mass 125, f luctuat ing 

itself ove r about 30%. The abundance of mass 160 being der i ved from a 

s ignal super imposed on mass 125 ( in the r i s i ng edge mode) a great 

uncerta inty resu l t s for this va lue. The same reason ing holds in the 

tra i l ing peak edge detection mode since mass 160 has to be deduced 

here from a reduction of the s ignal of mass 160 + mass 188. The 

existence of a r i s ing as well as a tra i l ing edge however helps in 

d i s t i n gu i s h i n g real mass peaks from s ignal f luctuat ions. 
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Fig. 6.- Sample negative ion spectrum obtained in the coarse resolution mode at 
28 km altitude, after summation of 4 scans. Each scan consists of 640 
steps of 0.25 sec long. 



TABLE 7 

Relative abundances % Q a [ H2 S 04 3 
-3 cm Altitude mass 125 160 188 195 -3 -1 cm s 3 -cm s 1 

[ H2 S 04 3 
-3 cm 

27.3 10 16 67 7 5 2.8 x io-7 7.6 x 105 

27.0 41 8 51 - 5 3.0 x 10~7 1.7 x 105 

25.1 45 11 44 - 7 3.9 x io"7 3.2 x 105 

23.5 54 9 37 - • 9 5.0 x io"7 3.1 x 105 

21.7 51 12 37 - 12 6.6 x io"7 5.7 x 105 

20.2 59 6 35 - 15 8.3 x io"7 3.3 x 105 

TABLE 7 : Relative ion abundances, ^ S O ^ 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^SO^ 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 HNO^ mixing ratios. The effect of cluster break up is even more 

clearly illustrated at the lowest altitude (20 km) where NC^.HNO^ 

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

expect from the theoretical distribution of N O ^ H N O ^ ^ 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 H^SO^ number density since the sum of all sulfate 

ions is used in equation (6). The decrease in the abundances of HSO^ 

core ions at lower altitudes therefore indicates a decrease in H^SO^ 

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 HNO_ concentrations 
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derived from our data arid other experimental and model values above 
32 km, it is felt that the N O j H N 0 3 and NO~ (HNC>3)2 s ignals were not 
heavi ly d isturbed by c luster break-up above this altitude. 

5. SUMMARY AND C O N C L U S I O N S 

The nature and abundance of the major negative ions 
observed dur ing three recent balloon f l ights at 32.5, 34,7 and 35 km 
altitude were shown and d iscussed. 

From the NO^CHNO^^ ion family abundances a concentration 
for nitr ic acid of the order of 0 .5 ppb was derived for the three 
alt itudes, in good agreement with other experimental data and models. 
The possibi l i ty of using in the future the stratosphere as a laboratory 
for the determination of basic thermochemical data was demonstrated. 

The H S 0 4 ( H 2 S ^ 4 ) n ' o n abundances, measured at float 
alt itudes, were used together with these of the NO- core ions to 

6 - T calculate an H 2 S 0 4 number density of about 5 x 10 cm in the altitude 
range of 32.5 to 35 km. A lower limit for the bond dissociation energy 

- 1 - 1 of 21.4 kcal. mole and 21 kcal.mole was derived for H S 0 4 ( H 2 5 0 4 ) 2 

and H S 0 4 ( H 2 S 0 4 ) 3 c lusters respect ively , indicating a much stronger 
bonding for sulfate c luster ions than for nitrate c luster ions. The minor 
mass peaks observed at float altitude show the possibi l i ty of detecting 
other trace gases such as HCI and HOCI from stratospheric negative ion 
composition measurements. 

Previously hypochlorous acid has been tentatively identified 
as a l igand 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 a l . , . 1 9 7 9 ) . 

-38-



Preliminar data obtained at lower altitudes NO- ( H N 0 o ) 3 3 n 
c lusters are the most abundant ions but the measurements are heavi ly 
d isturbed by c luster b r e a k - u p . Present experimental data however lack 
sens i t iv i ty to deduce exact h^SO^ profi les. 

T h e results clearly i l lustrate the potential possibil it ies of ion 
composition measurements for trace gas detection and the extent of our 
knowledge of basic ion thermochemistry. Further in -s i tu as well as 
laboratory measurements are needed to elucidate the remaining 
problems. 
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