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FOREWORD 

A more concise version of this paper "Positive ion composition 

measurements and acetonitrile in the upper stratosphere" will be 

published in Nature. 

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

Une version abréviée de cet article : "Positive ion composition 

measurements and acetonitrile in the upper stratosphere" sera publiée 

dans Nature. 

VOORWOORD 

Een verkorte versie van deze tekst : "Positive ion composition 

measurements and acetonitrile in the upper stratosphere" zal verschi jnen 

in Nature. 

VORWORT 

Eine verkürzte Version von dieser Arbeit : "Positive ion composi-

tion measurements and acetonitrile in the upper stratosphere" wird in 

Nature herausgegeben werden. 



P O S I 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 A N D A C E T O N I T R I L E 

IN T H E U P P E R S T R A T O S P H E R E 

by 

E. A R I J S , D . N E V E J A N S and J. I N G E L S 

Ab s t rac t 

The f i r s t measurements of the posit ive ion composition between 42 

and 46 km altitude are reported. From the relative ion abundances the 

mixing ratio of an unknown molecule X is deduced in the upper s t rato-

sphere . A s s um ing X to be acetonitrile ( C H ^ C N ) , the dens i ty of OH is 

calculated between 35 and 45 km km from the known reaction rate of OH 

with C H g C N and from the X -p ro f i l e . The agreement between the O H -

profile thus obtained and p rev ious measured and calculated OH dens it ies 

s uppo r t s the sugges t i on of X being acetonitrile. 

Résumé 

Les premières mesures de la composition des ions s t ra to sphér iques 

entre 42 et 46 km d 'alt itude sont présentées. Le rapport de mélange 

d ' u n gaz X est déduit des abondances relatives des ions. En supposan t 

que X est acetonitrile ( C H ^ C N ) , la densité de OH est calculée à part i r 

du profile de concentration de X et la v i tesse connue de la réaction 

entre OH et C H ^ C N . La ressemblance du résultat obtenu avec les o b s e r -

vat ions et calculs de OH , rapportés dans la l ittérature, suppor te la 

sugges t i on que X serait C H - C N . 



Samenvat t ing 

De eerste met ingen van het pos i t ieve ionenbestand tussen 42 en 

46 km hoogte worden h ie r voo rges te ld . U i t de re la t ieve s i g n a a l s t e r k t e n 

der ionen w o r d t de m e n g v e r h o u d i n g van een onbekende v e r b i n d i n g X 

afgele id in de hogere s t r a t o s f e e r . De d i c h t h e i d van OH w o r d t be rekend 

in de v e r o n d e r s t e l l i n g dat X ace ton i t r i l e ( C H ^ C N ) is , u i t het d i c h t h e i d s -

pro f ie l van X en de bekende reac t iecoef f i c ien t van CH^CN met OH. De 

goede overeenkomst van d i t resu l taa t met v r o e g e r e met ingen en be-

reken ingen omt ren t OH s teun t de suggest ie dat X CH-CN zou z i j n . 

Zusammenfassung 

Die ers te Massenspectra e rha l ten im Höhegebiet von 42 bis 46 km 

s ind h ie r v o r g e s t e l l t . Die Dichte e iner V e r b i n d u n g X w u r d e abgele i t aus 

den Häu f igke i ten der versch iedenen Ionen. Annehmend dass X M e t h y l -

cyan ide (CHgCN) i s t , w u r d e die Dichte von OH v e r e c h n e t aus der 

bekannte Reak t ionsgeschw ind igke i t skoe f f i z ien t zwischen OH und CH^CN 

und aus der Te i l chenanzah ld ich te von X . Die Ergebnisse u n t e r s t ü t z e n 

der Vorsch lag dass X Methy lcyan ide i s t . 



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

A l t h o u g h p r e v i o u s ion chemi s t r y models ( M o h n e n , 1971; F e r g u s o n , 

1974) p red ic ted proton h y d r a t e s ( P H ) i .e. ions of the form H ^ h ^ O ^ , 

as major pos i t i ve ions in the s t r a t o s p h e r e , the f i r s t i n - s i t u mass 

spectrometr ic measurements ( A r n o l d et a l . , 1977; A r i j s et a l . , 1978; 

A r n o l d et a l . , 1978) revealed an addit ional ion fami ly, called non p roton 

h y d r a t e s ( N P H ) . A s was shown b y o b s e r v a t i o n s ( A r n o l d et a l . , 1977; 

A r i j s et a l . , 1978; Hen schen and A r n o l d , 1981; A r i j s et a l . , 1983), the 

fract ional abundance of these N P H , r ep re sen ted b y 

i nc reases from 1% to 90% from 55 down to 23 km. Seve ra l p ropo sa l s were 

made in the l i ttérature ( A r n o l d et a l . , 1978; F e r g u s o n , 1978; M u r a d and 

S w i d e r , 1979) for the ident i ty of the molecule X , but h i g h reso lut ion 

spect ra ( A r i j s et a l . , 1980) and ion abundance measurements ( A r n o l d 

et a l . , 1981; A r i j s et a l . , 1982) s u g g e s t e d that X s hou ld be acetonitr i le 

( C H 3 C N ) . 

T h i s s u g g e s t i o n was re in fo rced by laboratory measurements of 

Smith and col leagues (1981) and B ô h r i n g e r and A r n o l d (1981) and 

i n - s i t u data between 20 and 42 km, al lowing a determinat ion of the 

concentrat ion prof i le of X in th i s a lt i tude reg ion ( H e n s c h e n and A r n o l d , 

1981; A r i j s et a l . , 1983). 

Here we repor t the f i r s t pos i t ive ion composit ion data obta ined with 

a balloon bo rne in s t rument between 42 and 46 km alt i tude. T h e s e data 

extend the den s i t y prof i le of X and g i v e supp lementa ry ind icat ions 

about its ident i ty . 

T h e data p re sented and d i s c u s s e d hereafter were obta ined with a 
3 

mass spectrometer f lown on 23 September 1982 with a 1 ,000,000 m 

s t r a to sphe r i c balloon at the C N E S l aunch ing ba se of A i r e - s u r - l ' A d o u r 

( 4 4°N ) . A l so inc luded in the pay load, and mounted above the mass 

spectrometer, were : a gondola conta in ing pho tog raph i c equ ipment for 

the detection of aerosol l ayer s ( A c k e r m a n et a l . , 1981) and an 

in s t rument to measure ozone b y means of U V ab so rp t i on . 

- 3 -
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The instrument was launched at 12.38 UT and the f l ight lasted 

about 7h. A float altitude of 46 km was reached at 16.00 UT and after 

sunset the balloon descended slowly to 42 km. The altitude was 

determined independent ly from a p r e s s u r e measurement with a h i gh 

precis ion Barat ron gauge and from h igh resolution radar t r a ck i ng . The 

difference between both resu l t s was smaller than 300 m. A typical result 

of the balloon altitude determination is shown in f i gu re 1. 

Spectra of posit ive as well as negat ive ions have been obtained 

from 46 down to 42 km. The negat ive ion composition data will be 

reported elsewhere. 

The instrument used to obtain the spectra has been descr ibed in 

detail before (A r i j s et al. , 1980). It cons i s t s of a microprocessor 

controlled (Nevejans et a l . , 1982) quadrupo le ion mass spectrometer 

with a mass range of 10 to 330 amu built into a l iquid helium cooled 

c ryopump ( I n ge l s et a l . , 1978). In o rder to obtain a greater sens i t i v i ty 

at h igh alt itudes, a larger ion sampling hole (0 .4 mm diameter) was 

used in the f l ight d i s cu s sed here. 

S ince no other major ion g r o u p s than PH and NPH were detected, 

all posit ive ion spectra used here were recorded in a moderate 

resolution mode (m/Am S 17), adequate to resolve the major ions and 

their fractional abundance. At some times spectra were recorded in the 

total ion mode (no DC on the quadrupole r od s ) or with low resolut ion, 

which allowed an estimation of the abundance of ions hav ing a mass 

larger than 256 amu (Ar i j s et al, 1983). To minimize the poss ib le effects 

of contamination (A r i j s et a l . , 1983), all useful data were recorded 

either at float altitude or du r i n g the descent part of the f l ight, with 

the ion sampling hole point ing downward. 

A typical posit ive ion spectrum obtained at float altitude is shown 

in f i gu re 2. A s can be seen all major mass peaks below 150 amu can be 



Fig. 1.- Typical altitude oscillations of the balloon 
during flight. The curve labeled R was obtained by 
radar tracking. The curves B1 and B2 are the 
result of a pressure measurement with the high 
precision Baratron (upper and lower limits). Time 
axis starts at 00.00 UT. 
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Fig- 2.- Typical positive ion spectrum obtained around 45.6 km altitude in the 

moderate resolution mode (m/Am = 17). The spectrum has been obtained 

after 1 scan of 160 s for the mass domain 10 -330 amu. This spectrum 

has been chosen on purpose to show clearly tl^ presence of contaminant 

ions (mass 278 and 310 amu). The first part of this spectrum was 

obtained during a descending phase of the balloon excursion whereas 

the second half was recorded during ascent. 



a t t r i b u t e d to e i t he r PH ions (masses 55,73 and 91) o r to NPH c lus te r s 

(masses 7 8 , 9 6 , . . . ) - Two g r o u p s of mass peaks are also p r e s e n t a round 

278 and 310 amu. The i n t e n s i t y of these peaks f l u c t u a t e d w i t h a l t i t u d e 

and increased d u r i n g ascend ing phases of the bal loon a l t i t ude 

osc i l la t ions . In spec t ra recorded d u r i n g t he descent of the ba l loon, 

these mass peaks due to contaminat ion were much less p ronounced . 

Labo ra to ry s tud ies in ou r i n s t i t u t e have shown t h a t these ions 

o r i g i na ted f rom gases deso rb ing f rom the pa in ted sur faces of t he pho to -

g r a p h i c pay load , heated by solar rad ia t i on . These gases appeared to be 

main ly d i b u t y l p h t a l a t e and b u t y l b e n z y l p h t a l a t e v a p o u r s , two so lvents 

p resen t in the p a i n t . 

As was a l ready po in ted ou t by A r n o l d et al . (1978) the number 

dens i t y of X can be d e r i v e d f rom the obse rved f rac t i ona l ion 

abundances t h r o u g h the c o n t i n u i t y equat ion f o r NPH : 

k j [PH] [X] = or[n_][NPH] (1) 

where [ n _ ] the to ta l negat ive ion dens i t y a is the ion- ion recombinat ion 

coe f f i c ien t and k^ the rate coe f f i c ien t f o r ion-molecule react ions of the 

t y p e 

H + (H,0) + X + H+X(H 0) + H O (2) 2 n 2 n - 1 2 

The tota l f rac t iona l abundances of NPH ions and PH ions, [NPH] and 

[ P H ] , can be deduced d i r e c t l y f rom the ion mass spec t ra , assuming t ha t 

ion count rates are re f l ec t i ng ion abundances . I t is be l ieved t ha t t h i s 

assumpt ion is acceptable in v iew of the moderate reso lu t ion used , 

r e s u l t i n g in low mass d isc r im ina t ion e f f ec t s . 

- 9 3 -1 
For k^ a va lue of 3.10 cm s was chosen, acco rd ing to the 

labora to ry measurements of Smith and col leagues (1981) . The to ta l 

negat ive ion concen t ra t ion [ n_ ] was ca lcu lated w i t h the paramet r i za t ion 

formula of Heaps (1978) . 



For a a parametrization of the form 

« = 6 . 1 0 " 8 ( ) l /2 + 1 - 2 5 x 1 0 - 2 5 [ M ] ( 300 } 4 s - l ( 3 ) 

was adopted where T is the temperature in Kelv in and [M] the total 
- 3 

neutral number dens i ty in cm . The recombination coefficient calculated 

with formula ( 3 ) compromizes for the dif ferent va lues of a as obtained 

by recent in - s i tu measurements ( Ro sen and Hofman, 1981), laboratory 

exper iments (Smith and Adams, 1982) and theoretical s tud ies ( Ba te s , 

1982). 

The concentrat ions of X , t hu s obtained from spectra similar to 

f i gu re 2 are converted to mixing ratios and represented in f i gu re 3 for 

the dif ferent altitudes covered by the present f l ight. 

In the forego ing der ivat ions of [ X ] with the cont inuity equation 

( 1 ) , it was assumed that the contaminant gases g i v i n g r ise to heavy 

ions ( a round mass 278 and 310 amu) do not affect the ambient ion 

chemist ry . To invest igate the poss ib le role of contamination on our 

calculations, we will represent the real number dens i ty of X by 

[X] R = I XJ (1 + e) (4) 

where [ X ] is the number dens i ty inferred from equation ( 1 ) . The 

relative e r ro r e can now be calculated for two extreme reaction 

schemes, which could modify the simple ion chemistry leading to 

equation ( 1 ) . In the f i r s t one we assumed that the contaminants react 

with both PH and NPH and g ive rise to heavy ions C I , which s u b -

sequent ly d i sappear by recombination. The cont inuity equation for NPH 

and C I leads to : 

e = k 3 [C I ] (k 2 ' [PH] + k 3 [NPH] ) " 1 (5) 
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Fig. 3.- Volume mixing ratio of X as calculated from ion 

abundances. The data labeled MPIH are those 

obtained by the group of the Max-Planck-Institut 

of Heidelberg. The points called BISA are from 

Belgian Institute for Space Aeronomy. The range of 

rocket data, obtained by Arnold and colleagues 

(1977) has been taken from a compilation by 

Henschen and Arnold (1981). The dotted straight 

line represents an approximation of the form 

f(CH^CN) = 6 x 1 0 "
1 0

 exp (- z/6), with z expressed 

in km. 



where k^ and k^ are common rate constants for the reactions of con -

taminants with PH and NPH respect ive ly . T h i s implies that the va lues of 

[ X ] would be too low b y a factor (1+e). The relative e r ro r e reduces to 

zero if the contaminants react with PH on ly ( k ^ = 0 ) . When k^ = k^ the 

e r ro r e is estimated to be at maximum 1 in the most contaminated 

spectra, used for the der ivat ion of [ X ] . T h i s is concluded from 

estimations of [ C I ] / ( [ P H ] + [ N P H ] ) in spectra obtained at v e r y low 

resolution or in the total ion mode, where few or no e r r o r s are induced 

due to the limited mass range of the inst rument. When the contaminants 

are reacting with NPH only ( k ^ = 0 ) , e can become v e r y large. T h i s 

would mean that for h i gh va lues of [ C I ] lower va lues of [ X ] shou ld be 

found. However spectra obtained d u r i n g a scend ing phases of the balloon 

and showing h i gh [ C I ] va lues seem to indicate the opposite ( these 

spectra were not used for [ X ] - d e r i v a t i o n s ! . ) T h i s leads us to believe 

that the f i r s t proposed reaction scheme is rather un l ike ly . 

Another modification of the cont inuity equation for NPH ar i ses 

when the contaminant gases react with PH and the resu l t ing C I s u b -

sequent ly react with X to form extra NPH. Cont inu i ty cons iderat ions 

now result in : 

e = - k 4 [C I ] ( k j [PH] + k 4 [ C I ] ) " 1 (6) 

where k^ is the reaction rate coefficient of X with C I . A s s um ing 

k^ = k 4 (which is an extreme case, in view of the large value of k^) 

the va lues of [ X ] should be reduced by a factor of 2 in the worst case 

of contamination for the spectra used, when [ C I ] s [ P H ] . 

A s a general conclus ion we feel that it is safe to accept an e r ro r 

of a factor of 2 due to contamination for the va lues of [ X ] as der i ved 

in th is work. In fact below 44 km where the balloon descended at a rate 

of 1.3 ms , we believe that th is e r ro r is much smaller, due to the 

lower ou tga s s i ng of the optical payload after sunset and due to the 

induced air flow. T h i s is also confirmed by a total ion mode spectrum, 



obtained below 44 km dur ing descent, which shows a total abundance of 
[ C I ] less than 10%. Furthermore the reasonable agreement of our data 
points with the rocket data, as observed in f igure 3, strengthens our 
faith in their rel iabi l i ty. 

Consider ing the previous remarks and the uncertainty on the 
quantities a , k^ and [n_] used in formula ( 1 ) , the maximum total error 
on the data is estimated to be a factor of 3. 

When combined with results of previous balloon f l ights a more 
complete mixing ratio profile of the molecule X is now obtained. T h i s 
profi le, showing a slow decrease of the mixing ratio of X above 30 km, 
suggests as was already pointed out (Henschen and Arnold, 1981; Ar i j s 
et a l . , 1983) a source of X below 30 km. 

If X were CH^CN such a source might be surface production by-
industrial releases or biomass b u r n i n g , followed by wash-out, diffusion 
and photochemical destruct ion. Recent observations by Becker and 
lonescu (1982) indicate that the concentration of C H 3 C N at ground level 
ranges from 2 to 7 p p b v , which support the hypothesis of surface 
emission, followed by strong heterogeneous removal. 

For C H g C N , the emission factors of which are not known yet, the 
loss processes one expects are reaction with OH and photodissociation. 
S ince however l ight absorption by C H 3 C N and result ing photolysis only 
starts in the far UV (Mc. Elcheran et a l . , 1958), the main loss happens 
through reaction with the h y d r o x y l radical. Reactions with 0 ( D) and 
CI may also contribute to the destruction of C H 3 C N , although due to 
the low concentrations of these species and the expected slower 
reactions this loss term can probably be neglected here. In such a case 
the steady state continuity equation for C H 3 C N can be simplified to 

30(CH CN) 
^ + k [OH] [M] f(CH„CN) = 0 (7) a z J 

- 1 1 -



3f (CH CN) 
with <()CCH3CN) = - K[M] ^ ( 8 ) 

where [OH] is the number d e n s i t y of h y d r o x y l rad ica ls , k the react ion 

ra te coe f f i c ien t of CH_CN w i t h OH, f ( C H _ C N ) t he m ix ing ra t io and K 

the eddy d i f f u s i o n coe f f i c ien t . 

The react ion ra te coe f f i c ien t k , as recen t l y measured by Ha r r i s 

et a l . ( 2 4 ) , is g i ven b y 

k = 5.86 x 10"13 exp ( - 750/T ) cm3 s"1 (9) 

The to ta l dens i t y [M] can be easi ly ca lcu lated f rom the ideal gas law 

and the U .S S tandard A tmosphere . I f t hen we take acco rd ing to 

Brasseur et a l . (1982) 

K = 1019 exp (z/9.43) cm2 s"1 (10) 

(z in k m ) , and approx imate the m ix ing ra t io f ( C H 3 C N ) in the a l t i t ude 

reg ion 33 to 45 km by 

f = 6 x 10"10 exp(-z/6) (11) 

which is the do t ted s t r a i g h t l ine in f i g u r e 2, the set of equat ions (7 ) 

and (8 ) can be solved ana ly t i ca l l y and t he OH mix ing ra t io can be 

ca lcu lated f rom the approx imated CH^CN p ro f i l e . ' 

The resu l t of such a ca lcu la t ion is shown in f i g u r e 4 f o r U . S . 

S tandard Atmosphere fa l l t empera tu re cond i t i ons . The ob ta ined OH 

p ro f i l e is compared to recent measurements, per fo rmed by d i f f e r e n t 

au tho rs ( A n d e r s o n , 1976, 1981; Heaps, 1981). 

As can be seen the OH mix ing rat ios of t h i s wo rk are cons iderab le 

lower than the measurements. I t should be kept in mind however t ha t 

the measurements represen t ins tantaneous values of [ O H ] , whereas the 

- 1 2 -



O H - M I X I N G RATIO 

Fig. 4.- OH volume mixing ratio profile calculated assuming that X were 
CH»CN, and compared to measurements and model calculations. 



data ca lcu lated here are 24 h averages , r e g a r d i n g t he long l i fe t ime of 

CHgCN ve rsus t he OH react ions (be tween 400 and 1000 h f o r t he 

a l t i t ude reg ion unde r cons ide ra t i on ) . 

In fac t a compar ison of the O H - p r o f i l e ca lcu la ted f rom the CH^CN 

p ro f i l e w i t h a recen t model ca lcu lat ion of t he 24 hou r average of OH 

accord ing to B rasseur (1982) t u r n s ou t to be q u i t e s a t i s f a c t o r y , in v iew 

of the simple CHgCN p ro f i l e assumed (a s t r a i g h t l ine on semi- log p l o t ) . 

The reasonable agreement of these OH data w i t h p rev ious wo rks 

can be cons idered as add i t iona l ev idence f o r the i den t i f i ca t i on of X as 

C H 3 C N . 

I t is c lear however t h a t a more complete model of CH^CN, t a k i n g 

in to account possible sur face sources , wash -ou t in the t r o p o s p h e r e , 

d i f f u s i o n and photochemical d e s t r u c t i o n is needed to e luc idate t h i s 

prob lem. 

A t p resen t however , all data acqu i red so f a r seem to ind ica te t h a t 

the molecule X is indeed CH^CN. 
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