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INTRODUCTION 

Mass spec t romet r i c  s t u d i e s  o f  e l e c t r i c a l  d ischarges have been c d r r i e d  ou t  dur ing  
the  pas t  decade by severa l  workers (1-6) i n  an at tempt  t o  i d e n t i f y  t he  i o n i c  precursors 
o f  a v a r i e t y  o f  n e u t r a l  by-products  which a r e  formed i n  these systems. Such s tud ies  
a r e  expected t o  revea l  t h e  d e t a i l e d  chemis t r y  o f  the  many r e a c t i o n s  tha t  f o l l o w  the  
fo rma t ion  nf pr imary ions through the  impact o f  e n e r g e t i c  e l e c t r o n s  on t h e  neu t ra l  gas 
molecules.  and end w i t h  t h e  n e u t r a l i z a t i o n  o f  t h e  f i n a l  form o f  t h e  i on  e i t h e r  i n  the 
gas-phase or a t  t h e  e lec t rodes  o r  the  w a l l s  o f  the  d ischarge tube. Thus, t he  i d e n t i -  
f i c a t i o n  o f  these i o n i c  r e a c t i o n s  w i l l ,  i n  many cases, demonstrate the  mechanism o f  
the  p r o d u c t i o n  o f  t he  f r e e - r a d i c a l s  which a r e  the  source o f  t he  n e u t r a l  by-products. 
Fu r the r .  such s tud ies  would be expected t o  p rov ide  i n f o r m a t i o n  on the  mechanisms o f  
c a t a l y t i c  o r  i n h i b i t o r y  e f f e c t s  o f  t r a c e  q u a n t i t i e s  of  c e r t a i n  compounds (e.g. water 
vapor)  on t h e  format ion o f  these products .  Processes such as charge-exchange or ion- 
molecule reac t i ons  which occur w i t h  l a r g e  c ross -sec t i ons  and have been suspected t o  
be respons ib le  f o r  such e f f e c t s  w i l l  thus be e a s i l y  i d e n t i f i e d .  

The complex i ty  o f  e l e c t r i c a l  d ischarges however, o f t e n  makes the  i n t e r p r e t a t i o n  
o f  mass spec t romet r i c  d a t a  v e r y  d i f f i c u l t .  S p e c i f i c a l l y ,  t h e  v a r i a t i o n s  o f  e l e c t r i c  
f i e l d  a long and across t h e  d i scha rge  tube i n  c e r t a i n  commonly used d ischarges (e.g. 
g lows) o f t e n  a f f e c t  the  abundance d i s t r i b u t i o n  o f  t h e  v a r i o u s  i o n i c  species which are 
observed a t  the mass spect rometer  ( 2 , 3 ) .  Th is  i s  ma in l y  due t o  t h e  complex dependence 
o f  t h e  c ross -sec t i ons  o f  bo th  charge-exchange and ion-molecule r e a c t i o n s  on i o n  
energy as determined by t h e  e l e c t r i c  f i e l d  w i t h i n  the  d ischarge tube. Fu r the r  com- 
p l i c a t i o n  a r i s e s  f rom t h e  fo rma t ion  o f  ion-sheaths around t h e  w a l l s  o f  t h e  discharge 
tube. through ambipolar d i f f u s i o n .  These may s t r o n g l y  i n f l u e n c e  t h e  sampl ing o f  the 
d i scha rge  by the mass spect rometer .  I t  i s  t h e r e f o r e  e s s e n t i a l  t h a t  t h e  system under 
i n v e s t i g a t i o n  be w e l l  understood be fo re  the  i n t e r p r e t a t i o n  o f  t he  da ta  i s  attempted. 

I n  t h i s  paper, t he  r e s u l t s  o f  mass Spectrometr ic  i n v e s t i g a t i o n s  on low pressure 
p o s i t i v e  corona d ischarges e s t a b l i s h e d  between two c o a x i a l l y  p laced  e lec t rodes  w i l l  
be d iscussed.  Th is  form of d i scha rge  has been chosen p r i m a r i l y  because i t s  e l e c t r i c a l  
p r o p e r t i e s  a r e  r e l a t i v e l y  s imple and w e l l  understood. Fur ther ,  t h e  ion-sheath e f fec ts  
a t  t h e  p o i n t  o f  sampl ing a re  min imized because o f  t h e  low l e v e l  of i o n i z a t i o n  i n  
these systems. 

EXPERl  MENTAL 

D e t a i l e d  d e s c r i p t i o n  o f  t h e  apparatus has a l ready  been g i v e n  (6).  F i g u r e  1 
shows t h e  schematic diagram o f  t he  apparatus.  B r i e f l y ,  a c o a x i a l  d ischarge tube i s  
operated through a h i g h - v o l t a g e  d.c. power supply and t h e  c u r r e n t  i s  s t a b i l i z e d  
through the  use o f  an e x t e r n a l  c u r r e n t  l i m i t i n g  r e s i s t o r ,  R. E lec t rons  moving through 
the  h i g h  f i e l d  r e g i o n  present  o n l y  a t  ve ry  c l o s e  d i s tances  t o  t h e  anode w i r e  w i l l  
g a i n  energy from the  f i e l d  and cause i o n i z a t i o n  o f  t h e  gas molecules i n  t h i s  region. 
Because of the  symmetry o f  t h e  e lect rodes,  therefore,  t h e  system c l o s e l y  behaves as 
a l i n e  source of p o s i t i v e  i ons  which a r e  con t inuous ly  regenerated. These ions  w i l l  
then move through the  gas, pe rpend icu la r  t o  the  ax is ,  undergoing va r ious  i n t e r a c t i o n s  
be fo re  reaching t h e  cathode. A smal 1 sampl i n g  p o r t  (IO t o  100 microns i n  diameter)  
a t  t he  cathode a l l o w s  a smal l  p o r t i o n  o f  t he  ions  t o  escape the  d i scha rge  tube and be 
analyzed by  a quadrupole mass spectrometer.  

The form o f  t he  e l e c t r i c  f i e l d  w i t h i n  t h e  d ischarge tube i s  rec tangu la r  hyper- 
b o l i c  be fo re  the d i scha rge  i s  es tab l i shed .  As the  d i scha rge  i s  formed, however, 
t he  presence of t h e  p o s i t i v e  space charge d i s t o r t s  t h i s  i n i t i a l  f i e l d ,  caus ing the  
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l a t t e r  to a t t a i n  a constant  va lue  f o r  t h e  major d i s t a n c e  between t h e  e lec t rodes  (7) .  

D i f f e r e n t i a l  pumping o f  t he  sampling reg ion  and the  mass spectrometer a l l ows  
o p e r a t i o n  o f  the d ischarge tube between pressures ranging from less  than 1 t o r r  t o  
atmospher ic.  An e l e c t r o n  gun p laced be fo re  the mass spectrometer serves as a indepen- 
dent i o n i z i n g  source f o r  m o n i t o r i n g  the composi t ion o f  the n e u t r a l  d ischarge gas when 
no ions a r e  e x t r a c t e d  from the  d ischarge tube. For such ana lys i s ,  c a l i b r a t i o n  curves 
made on prepared gas mixtures,  showing mass d i s c r i m i n a t i o n  due t o  t h e  s p e c i f i c  f l o w  
c o n d i t i o n  a r e  used. A r a p i d  f l o w  o f  gas i s  mainta ined through t h e  d i scha rge  tube i n  
o rde r  t o  avo id  app rec iab le  accumulat ion o f  n e u t r a l  by-products  o f  t h e  discharge. For 
t h i s  purpose a l i n e a r  f l o w  v e l o c i t y  i s  mainta ined such as t o  complete ly  renew the  
gas w i t h i n  t h e  tube i n  two seconds. I n  systems where the  c o n c e n t r a t i o n  of the e l e c t r o -  
nega t i ve  gas (e.9. oxygen) i s  low, an e x t e r n a l  source o f  i o n i z a t i o n  through the use 
o f  a weak r a d i o a c t i v e  source (e.g. P0210) i s  used t o  s t a b i l i z e  t h e  discharge. 

The general  problem of  mass spec t romet r i c  sampl ing f rom h i g h  pressure sources 
has r e c e n t l y  been discussed by severa l  workers (8). I n  systems where condensable 
gases a re  present, t h e  temperature drop f o l l o w i n g  t h e  a d i a b a t i c  expansion o f  the gas 
through the  sampling nozz le may cause condensat ion i f  such gaseous components a r e  
present  i n  s u f f i c i e n t  concen t ra t i ons .  I n  t h e  present  exper iments,  t he  water  content  
o f  t he  gases under i n v e s t i g a t i o n  has been chosen below 5 x 10-2 mole %. Under these 
cond i t i ons ,  i t  can be demonstrated" t h a t  such condensat ions make n e g l i g i b l e  c o n t r i -  
b u t i o n  t o  the r e s u l t s .  

RESULTS AND DISCUSS IONS 

E a r l i e r  exper iments (6) on corona d ischarges i n  a i r  a t  atmospher ic pressure 
c l e a r l y  demonstrated the impor tant  r o l e  o f  t r a c e  q u a n t i t i e s  o f  water vapor i n  these 
systems. I n  n i t rogen,  oxygen and t h e i r  mix tures,  where the  water content  exceeded 
4 t o  5 x mole %, t he  dominant i o n i c  species observed a t  t h e  mass spectrometer 
were those corresponding t o  hydrated p r o t o n  c l u s t e r s ,  (H20),H+. These species were 
apparen t l y  formed from the  i n t e r a c t i o n  o f  t h e  pr imary ions w i t h  t h e  water molecules 
i n  the system as they passed through t h e  gas t o  the  cathode. I n  o r d e r  t o  determine 
the  r o l e  of va r ious  r e a c t i o n s  which lead t o  such c l u s t e r s ,  low pressure exper iments 
were designed w i t h  i n d i v i d u a l  gaseous components (e.g. 02, Ng) and t h e i r  co r re -  
sponding m ix tu res  w i t h  v a r i o u s  q u a n t i t i e s  o f  water vapor. 
expected t o  reveal t he  fo rma t ion  o f  i n te rmed ia te  species and t h e i r  f i n a l  convers ion 
t o  hydrated protons.  

Discharqe i n  Ni t rogen:  

o f  water vapor show severa l  i n te rmed ia tes  which a r e  formed through t h e  reac t i ons  of 
n i t r o g e n  ions w i t h  water.  The r e s u l t s  o f  a t y p i c a l  exper iment showing t h e  r e l a t i v e  
abundances o f  va r ious  species reaching the  mass spectrometer as the  pressure of t h e  
d ischarge i s  var ied,  a r e  shown i n  F ig .  2 .  I n  t h i s  experiment, i t  can be observed 
t h a t  as the  pressure i s  increased, t h e  abundance o f  t h e  p r imary  ion, N2+, i s  sha rp l y  
reduced w h i l e  those o f  the i n te rmed ia te  ions, namely, N4+, N2@ and H20+ r i s e  t o  a 
maximum and then decrease as the  t e r t i a r y  i o n  H30+ begins t o  appear. Th is  l a t t e r  
i o n  a l s o  r i s e s  t o  a maximum a t  h ighe r  pressures as i t s  more h i g h l y  hyd ra ted  forms 
appear. Thus the  two r e a c t i o n s :  

These exper iments were 

Experiments w i t h  n i t r o g e n  a t  low pressures,  c o n t a i n i n g  v a r i o u s  concen t ra t i ons  

( 1 )  
+ 

N2 + H20 N2H+ + OH, di = -0.6ev 

and 

"Calcu lat ions based on the  maximum number o f  c o l l i s i o n s  o f  an i o n  w i t h  water mole- 
cu les  present  up t o  I O e 1  mole % i n  an expanding gas, assuming c ross -sec t i ons  o f  
10-13cm2, show n e g l i g i b l e  c o n t r i b u t i o n  to  the  t o t a l  c o l l i s i o n s  t h a t  such an i o n  
and molecule w i l l  undergo w i t h i n  the  d i scha rge  system. These c a l c u l a t i o n s  w i l l  be 
pub l i shed  elsewhere. 
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F ig .  I .  Schematic diagram of the  d ischarge tube and mass spect rometer ;  
I ,  p l a t i n u m  w i r e  anode; 2, c y l i n d r i c a l  d i scha rge  tube; 3,  e x t  
e l e c t r o d e ;  4, mass spect rometer  i o n i z a t i o n  chamber; 5, focuss 
e lec t rodes ;  6, e l e c t r o n  m u l t i p l i e r ;  7, e tect ron-gun assembly. 
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F ig .  2. V a r i a t i o n  o f  t h e  r e l a t i v e  abundance of d i f f e r e n t  ions w i t h  pre: ure 
i n . a  p o s i t i v e  corona d i scha rge  i n  n i t r o g e n  c o n t a i n i n g  2.2 x IO 
of  water vapor.  

9 mole % 



N2 + + H20 d H20 1 9  + N2, c?H = -3.0ev 

appear t o  p rov ide  species which can f u r t h e r  reac t  w i t h  water through reac t i ons  (3) 
and (4) t o  form the hydrated p ro ton :  

N2H+ + H20 H O+ + N2, &i = -3.4ev 3 ( 3 )  

(4 1 
I 

H ~ O +  + H o - H o+ + OH, AH = - l e v  
2 3 

The t h i r d  and t h e  major in termediate,  namely N4+ which i s  formed through r e a c t i o n  o f  
N2+ w i t h  n e u t r a l  n i t r o g e n  molecule (9) apparen t l y  a l s o  undergoes reac t i ons  w i t h  ,water 
s i m i l a r  t o  reac t i ons  ( 1 )  and (2) t o  form N2H+ and H20+ ion.  These r e a c t i o n s  a r e  a l s o  
expected t o  be exothermic.  The r e l a t i v e  abundance of N4+ i o n  i s  found t o  be s t r o n g l y  
dependent on the f i e l d  s t r e n g t h  w i t h i n  t h e  d i scha rge  tube. 
t i o n  of  a space-charge around t h e  corona w i r e  i s  found t o  s t r o n g l y  i n f l u e n c e  the 
r e l a t i v e  abundance o f  N4+ and N2+ ions i n  t h e  system as t h i s  space-charge s u b s t a n t i a l l y  
reduces the  f i e l d  s t r e n g t h  w i t h i n  the  d i scha rge  tube. I n  the  exper iments shown i n  
F i g .  2, t he  magnitude o f  E/P, t h e  pressure reduced e l e c t r i c  f i e l d  f o r  the major d i s -  
tance between the  two e lect rodes,  was c a l c u l a t e d  t o  be about 7 vo l t / cm.  mm Hg. 

n o t  shown i n  Fig. 2, a r e  N4H+ and NjH+. 
molecule reac t i ons  i n v o l v i n g  N4+ and N3+ ions i n  the  system w i t h  water molecules and 
a r e  expected t o  undergo p r o t o n  t r a n s f e r  r e a c t i o n s  s i m i l a r  t o  r e a c t i o n  3, t o  y i e l d  
H ~ O + .  

from t r a c e  q u a n t i t y  o f  oxygen which i s  i n e v i t a b l y  present  i n  t h i s  system as a r e s u l t  
of the decomposi t ion o f  water.  
m/e = 46 i s  NO2+. 

I n  a system o f  pure n i t r o g e n  where t h e  water c o n c e n t r a t i o n  was kept  below 
5 x 10-3 mole %, under s i m i l a r  d i scha rge  c o n d i t i o n s  as those presented i n  F ig .  2, 
i t  was observed t h a t  t he  i n t e n s i t y  o f  N4+ i o n  r a p i d l y  increased as t h e  gas pressure 
was increased, reaching a p l a t e a u  a f t e r  a few mm Hg pressure.  Th is  p l a t e a u  corre-  
sponded t o  95% o f  t o t a l  i o n  i n t e n s i t y ,  w i t h  t h e  remaining 5% be ing  m a i n l y  due t o  
N3+ ion. 
between the  two e lec t rodes  (9) and t h e  l ack  o f  any apprec iab le  ion-sheath near the  
cathode. 

Discharge i n  Oxyqen: 

F i g u r e  3 shows the  pressure dependence o f  t h e  r e l a t i v e  abundance of va r ious  
i o n i c  species i n  a corona d i scha rge  i n  oxygen. This  exper iment shows seve ra l  marked 
d i f f e r e n c e s  from those shown f o r  n i t r o g e n  i n  F ig .  2. The most s t r i k i n g  f e a t u r e  i s  
the presence o f  l a r g e  abundances of  hyd ra ted  forms o f  the p r imary  ion, namely 02+(H20)1,~ 
and t h e i r  dependence on pressure.  That the abundances o f  these ions appear t o  r i s e  
t o  a maximum and then  decrease a t  h i g h e r  pressures w i t h  the  fo rma t ion  of hydrated protons 
s t r o n g l y  suggests t h e i r  r o l e  i n  the  i n t e r m e d i a t e  processes. Th is  evidence together  
w i t h  t h e  appearance o f  (H20)2+ ions i n  the system, and t h e  v a r i a t i o n  o f  i t s  abundance 
w i t h  pressure,  i.e. r i s i n g  t o  a maximum and then  reducing a t  h i g h e r  pressures, i n -  
d i c a t e s  the  o p e r a t i o n  o f . a n  e n t i r e l y  new mechanism i n  t h i s  system f o r  t h e  format ion 
o f  hyd ra ted  protons. Moreover, t h e  appearance of  m/e = 37, (H20)2H* b e f o r e  t h e  f i r s t  
member o f  t he  s e r i e s  suggests t h a t  a r e a c t i o n  o t h e r  than the  h y d r a t i o n  of H30+, i s  
respons ib le  f o r  the fe rma t ion  o f  t h i s  species.  Since the  i o n i z a t i o n  p o t e n t i a l  ( I . P . )  
of oxygen (12.07ev) i s  lower than t h a t  of wa te r  ( I .P.  = 12.56ev), a charge-exchange 
r e a c t i o n  s i m i l a r  t o  r e a c t i o n  2, f o r  n i t r o g e n  does n o t  appear probable.  Nor i s  i t  
l l k e l y  t h a t  a r e a c t i o n  s i m i l a r  t o  t h a t  o f  r e a c t i o n  I, t o  form 0 2 p  would occur, as i t  
appears t o  be endothermic. I t  i s  t h e r e f o r e  p robab le  t h a t  t he  hyd ra ted  form o f  the 
p r imary  ion, e s p e c i a l l y  t he  species c o n t a i n i n g  two water molecule may be a precursor  
i n  the fo rma t ion  o f  t h e  hyd ra ted  p r o t o n  through the  reac t i ons :  

S p e c i f i c a l l y ,  t he  forma- 

TWO o the r  i n te rmed ia te  species have been observed i n  t h i s  system. These ions, 
They apparen t l y  a r i s e  as a r e s u l t  o f  ion- 

Other ions observed were a t  m/e = 32 and 46. These ions  a r e  b e l i e v e d  to  a r i s e  

The i o n  o f  m/e = 32  i s  apparen t l y  02+ w h i l e  t h a t  o f  

Th is  r e s u l t  suppor ts  t h e  e a r l i e r  re fe rence  t o  t h e  presence of a low E/P 



+ ( ~ ~ 0 ) ~  + H ~ O  - ( H ~ o ) ~ H +  + OH 

( H ~ o ) ~ +  + o2 - (H,o)H+ + OH + o2 (7) 

React ion 5 i s  expected t o  be exothermic owing t o  t h e  heat o f  h y d r a t i o n  o f  H20+ ion. 
I t  may a l s o  be  poss ib le ,  though u n l i k e l y ,  t h a t  any r e q u i r e d  energy fqr the r e a c t i o n  
be supp l i ed  through t h e  e l e c t r i c  f i e l d  i n  t h e  d ischarge.  

One o t h e r  i o n i c  species which may p lay  a r o l e  i n  t h i s  system i s  0 . However, 
s ince  t h e  I.P. o f  a tomic oxygen (13.61ev) i s  g r e a t e r  than t h a t  o f  oxygen, t h i s  species 
i s  not  observed i n  t h i s  system as i t  most p robab ly  undergoes charge exchange w i t h  
molecular  oxygen a t  pressures used i n  these experiments. The r e a c t i o n  o f  OC w i t h  O2 
t o  g i v e  r i s e  t o  0 , i f  i t  occurs a t  a l l ,  i s  n o t  observed i n  these exper iments s ince 
ozone has also a ?:gher I . P .  (12.8ev) than t h a t  o f  oxygen and t h e r e f o r e  03+ i s  s i m i l a r l y  
expected t o  undergo a charge-exchange r e a c t i o n  w i t h  02. 

ions a r e  OH+, H20+ and H202+. The r e l a t i v e  y i e l d  o f  t h e  O p  i o n  i s  shown i n  F ig .  3 
w h i l e  the  y i e l d s  o f  H20+ and H202+, be ing somewhat smal ler ,  a r e  n o t  i nd i ca ted .  
b e l i e v e d  t h a t  t he  f i r s t  two o f  these ions a r i s e  f rom an ion-molecule r e a c t i o n  and a 
charge-exchange process between O+ and water  molecule respec t i ve l y ,  and a r e  detected 
o n l y  a t  h i g h e r  d ischarge p ressu res  where such r e a c t i o n s  compete w i t h  d i r e c t  charge 
t r a n s f e r  o f  O+ t o  oxygen molecules.  
e f f i c i e n t  charge t r a n s f e r  process between 02+ i o n  and the  t r a c e  q u a n t i t i e s  . o f  H202, 
apparen t l y  formed i n  t h e  system by t h e  recombinat ion of hyd roxy l  f r e e  rad i ca l s ,  o r  the 
reac t i on ,  H02 + H2 
o f  water.  

I n  a system o f  pu re  oxygen, where the wa ie r  con ten t  was kep t  below 5 x 
o n l y  two ions, 02' and O4+ w e r e  observed w i t h i n  t h e  p ressu re  range inves t i ga ted .  
abundance o f  O4+ i o n  r i s e s  s h a r p l y  as the  p ressu re  i s  increased w h i l e  t h a t  o f  02+ de- 
creases and bo th  reach a p l a t e a u  beyond a p ressu re  o f  20 To r r  i n  t h e  d ischarge tube. 
The r e l a t i v e  abundance o f  O4+ i n  t h i s  p la teau  r e g i o n  was found t o  be about 62%. 

+ 

Three o t h e r  ions were observed i n  minor r e l a t i v e  abundance i n  t h i s  system. These 

I t  i s  

H202+ ion, however, may appear as a r e s u l t  o f  an 

H202 + H, hydrogen being s u p p l i e d  through t h e  decomposi t ion 

mole %, 
The 

Discharge i n  N i t rogen  Con ta in ing  0.12 mole % Oxygen: 

I n  o rde r  t o  determine t h e  r o l e  o f  oxygen i n  a i r  d ischarges i n  t h e  absence o f  
water vapor, a number o f  exper iments were c a r r i e d  o u t  i n  n i t r o g e n  c o n t a i n i n  0.12 mole % 

F i g .  4 shows the r e s u l t s  of t h e  r e l a t i v e  abundance o f  v a r i o u s  i o n i c  species which are 
de tec ted  a t  t h e  cathode as t h e  pressure of  the d i scha rge  i s  increased. These ex- 
per iments c l e a r l y  t r a c e  t h e  h i s t o r y  o f  the p r imary  i o n i c  species, namely N2" as i t  i s  
conve r ted  t o  N4+ and t h e  l a t t e r  undergoes charge-exchange w i t h  t he  t r a c e  q u a n t i t y  of 
oxygen present  i n  t h i s  system. Thus, beyond a p ressu re  of 20 Torr  i n  the d ischarge 
tube t h e  charge c a r r i e r s  i n  t h i s  system a re  almost a l l  02+. The t r a c e  amount o f  N3+ 
observed i n  t h e  system i s  also a l l  removed beyond a p ressu re  of  15 Torr .  

I t  i s  s i g n i f i c a n t  t o  no te  t h a t  no n i t r i c  o x i d e  i o n  i s  observed i n  t h i s  system, 
i n d i c a t i n g  t h a t  n e i t h e r  t h e  r e a c t i o n  N4+ + O2 d NO+ + NO + N2, nor 0 + + N2 
NO+ + NO, occur t o  any a p p r e c i a b l e  extent ,  i n  s p i t e  o f  t h e  f a c t  t h a t  b o t t  these re- 
a c t i o n s  a r e  expected t o  be exothermic.  

Experiments i n  which water  was no t  excluded showed t h e  appearance o f  many i o n i c  
i n te rmed ia tes  o f  bo th  pure oxygen and n i t r o g e n  and t h e i r  mix tures.  
c o u l d  be t raced  and t h e i r  f i n a l  convers ion t o  hyd ra ted  p ro tons  fo l lowed.  

Discharge i n  A i r :  

were c a r r i e d  out  i n  o rde r  t o  determine the importance o f  i o n i c  species of  ox ides Of 
n i t r o g e n  i n  these systems. The r e s u l t s  o f  these exper iments a r e  shown i n  F igu re  5 .  

o f  oxygen. The lower l i m i t  o f  water  vapor i n  these exper iments was 5 x IO' 3 mole %. 

A l l  these ions 

Experiments i n  a i r  i n  t h e  absence o f  water  vapor ( l e s s  than  5 x mole %) 
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F i g .  3 .  V a r i a t i o n  o f  t he  r e l a t i v e  abundance of d i f f e r e n t  ions w i t h  pressure 

The pressure sca le  f o r  02+ i o n  i s  shown on the top  
i n  a p o s i t i v e  corona d ischarge i n  oxygen c o n t a i n i n g  2.0 x 10-2 mole % 
o f  water vapor. 
o f  t he  f i g u r e .  

PRESSURE IN TORR 

F ig .  4. V a r i a t i o n  of the r e l a t i v e  abundance o f  d i f f e r e n t  ions w i t h  p 
i n  a p o s i t i v e  corona d i scha rge  i n  n i t r o g e n  c o n t a i n i n g  1.2 x 
of  oxygen and less than 5 x 10-3 mole % o f  water vapor. 

essure 
0-1 mole % 
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As expected from t h e  p rev ious  sect ions,  O$4?on appears as t h e  most abundant i o n  i n  
t h i s  system. A lso  as expected, 04+ i o n  appears i n  the  system and as t h e  pressure i s  
increased, i t  becomes an impor tant  charge c a r r i e r  and i t s  r e l a t i v e  abundance even tua l l y  
reaches a p la teau.  
oxygen ion, i n  t h i s  system, i n d i c a t e s  the  h i g h  a f f i n i t y  o f  t h i s  i o n  f o r  h y d r a t i o n  as 
t h e  gas conta ined less  than 5 x 10-3 mole % water i n  the  d i scha rge  tube. 

exper imental  c o n d i t i o n s  used here.  I t s  r e l a t i v e  abundance remainedlconstant as t h e  
d ischarge pressure was v a r i e d  between 2 t o  40 Tor r .  
per iments and i t s  absence i n  exper iments c a r r i e d  ou t  i n  n i t r o g e n  c o n t a i n i n g  0.1 m o l e  % 
o f  oxygen, i n d i c a t e s  t h a t  these ions  a r e  probably  formed through t h e  r e a c t i o n  

The appearance o f  t he  i o n  02+(H20), hydrated form o f  molecular  

N i t r i c  ox ide i o n  was the  o n l y  ox ide  o f  n i t r o g e n  found i n  t h e  system under t h e  

The presence o f  NO+ i n  these ex- 

N ~ +  + o2 + NO+ + NO, AH = -4.5ev 

+ 
Assuming t h a t  02' a r i s e s  e i t i 4 e r  through charge-exchange w i t h  Ng i o n  o r  by 

d i r e c t  e l e c t r o n  impact on n e u t r a l  oxygen molecule, one can use t h e  d a t a  i n  these ex- 
per iments t o  o b t a i n  a r e l a t i v e  r a t i o  of t h e  rate-constants  f o r  t h e  charge-exchange 
r e a c t i o n  o f  N2+ w i t h  oxygen t o  t h a t  o f  ion-molecule r e a c t i o n  (8). 
t o  be equal t o  8, a va lue  which i s  lower than the  r a t i o  o f  t h e  p u b l i s h e d  va lues o f  
these rate-constants  (IO). Th is  i n d i c a t e s  t h a t  p o s s i b l y  o t h e r  r e a c t i o n s  such as N+ + 
02 + NOf 0 and O+ + N2 
a l s o  c o n t r i b u t e  t o  the  t o t a l  y i e l d  o f  NO+ i on .  

Th is  r a t i o  i s  found 

NO+ + N o r  o the rs  i n v o l v i n g  n e u t r a l  a tomic species 

CONCLUSIONS 

Mass spec t romet r i c  s tud ies  of l o w  pressure p o s i t i v e  d.c. corona d ischarges i n  
atmospherrc gases c o n t a i n i n g  t r a c e  q u a n t i t i e s  o f  water  vapor show a complex se r ies  
o f  reac t i ons  w i t h  each component l ead ing  t o  t h e  fo rma t ion  o f  hyd ra ted  protons i n  t h e  
system. 
formed through ion-molecule r e a c t i o n  and charge-exchange o f  N2+ and N4+ w i t h  water 
molecules. These species l a t e r  form the  hyd ra ted  p ro ton  through p r o t o n  t r a n s f e r  re -  
a c t i o n s  i n  subsequent c o l l i s i o n s  w i t h  water molecules.  In m o i s t  gaseous oxygen, i t  
appears t h a t  the  hyd ra ted  form o f  t h e  p r imary  i o n  02+(H20)2, p l a y s  an impor tan t  r o l e  
i n  the  convers ion o f  t h e  charge c a r r i e r s  t o  hydrated protons.  I t  i s  suggested t h a t  
t h i s  t rans fo rma t ion  may occur through the  fo rma t ion  o f  t h e  i n t e r m e d i a t e  (H20)2+ which 
has been found i n  t h i s  system. I n  exper iments where water  vapor i s  exc luded from t h e  
system, a concen t ra t i on  o f  1 . 2 ~  10-1 mole % oxygen can transform, through charge- 
exchange react ions,  a l l  i o n i c  species o f  n i t r o g e n  t o  02+ a t  a d i scha rge  pressure o f  
20 Torr ,  and t h a t  ion-molecule reac t i ons  l ead ing  t o  the  f o r m a t i o n  o f  ox ides o f  
n i t r o g e n  a r e  by f a r  l ess  probable w i t h i n  t h e  pressure range inves t i ga ted .  

I n  t h e  case o f  n i t rogen,  i n te rmed ia te  species N2* and H20+ a r e  presumably 
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