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ABSTRACT 

A h i g h  p r e s s u r e ,  s u p e r s o n i c ,  r a d i o  f requency  d i s c h a r g e  
n o z z l e  beam s o u r c e  h a s  been developed f o r  t h e  p r o d u c t i o n  of  
i n t e n s e  beams of ground s t a t e  oxygen atoms. An e f f i c i e n t  
impedance matching scheme h a s  been d e v i s e d  f o r  c o u p l i n g  t h e  
r a d i o  f requency  power t o  t h e  plasma as a f u n c t i o n  of  b o t h  gas  
p r e s s u r e  and composi t ion.  Techniques f o r  l o c a l i z i n g  t h e  d i s -  
charge  d i r e c t l y  behind t h e  o r i f i c e  of a water-cooled q u a r t z  
n o z z l e  have a l s o  been developed.  The above combine t o  y i e l d  
a n  a tomic  oxygen beam s o u r c e  which produces h i g h  molecular  
d i s s o c i a t i o n  i n  oxygen seeded rare gas m i x t u r e s  a t  t o t a l  p r e s -  
s u r e s  up t o  200 t o r r :  
m i x t u r e s  and 60-70% f o r  oxygen/helium m i x t u r e s .  Atomic oxygen 
i n t e n s i t i e s  are found t o  b e  g r e a t e r  t h a n  l O I 7  atom sr-1 sec-1.  
A b r i e f  d i s c u s s i o n  o f  t h e  r e a c t i o n  dynamics o f  0 + I C 1  -+ I O  + 
C 1  i s  a l s o  p r e s e n t e d .  

80-90% d i s s o c i a t i o n  f o r  o x y g e d a r g o n  

I. INTRODUCTION 

The r e a c t i o n s  of ground-s ta te  oxygen atoms a r e  of con- 
s i d e r a b l e  i n t e r e s t  and impor t ance  due t o  t h e i r  fundamental  r o l e  
i n  combustion p r o c e s s e s  and a t m o s p h e r i c  chemis t ry .  A h i g h  
p r e s s u r e ,  s u p e r s o n i c ,  r a d i o  f requency  d i s c h a r g e  n o z z l e  beam 
s o u r c e  h a s  been developed i n  o r d e r  t o  de te rmine  t h e  p r o d u c t s  
and r e a c t i o n  dynamics of  O(3P) r e a c t i o n s  i n  c r o s s e d  molecular  
beam exper iments .  Our m o t i v a t i o n  f o r  c o n s t r u c t i n g  t h i s  beam 
s o u r c e  i s  t h a t  s u p e r s o n i c  n o z z l e  s o u r c e s  c h a r a c t e r i s t i c a l l y  
produce beams of  g r e a t e r  i n t e n s i t y ,  and have lower t r a n s l a t i o n -  
a l  v e l o c i t y  d i s p e r s i o n  t h a n  e f f u s i v e  s o u r c e s . l  A l so  t h e  t r a n s -  
l a t i o n a l  energy o f  t h e  a tomic  beam can  b e  v a r i e d  u s i n g  t h e  
seeded beam t e c h n i q u e .  

The p r o d u c t i o n  o f  a s t a b l e  and e f f i c i e n t l y  coupled h igh  
p r e s s u r e  d i s c h a r g e  f o r  t h e  g e n e r a t i o n  of a tomic  s p e c i e s  i s  much 
more d i f f i c u l t  t h a n  t h e  p r o d u c t i o n  of  a low p r e s s u r e  ("1 t o r r )  
d i s c h a r g e .  Impedance matching of t h e  plasma t o  t h e  r a d i o  
f requency  power a s  a f u n c t i o n  of  b o t h  g a s  p r e s s u r e  and com- 
p o s i t i o n  i s  r e q u i r e d .  Plasma l o c a l i z a t i o n  d i r e c t l y  behind t h e  



o r i f i c e  must a l s o  b e  a c h i e v e d  i n  o r d e r  t o  l i m i t  a tomic  recom- 
b i n a t i o n  b e f o r e  t h e  expans ion .  F i n a l l y ,  s u f f i c i e n t  c o o l i n g  o f  
t h e  n o z z l e  i n  o r d e r  t o  p r e v e n t  meltdown and t o  l i m i t  w a l l  
r ecombina t ion  - w h i l e  n o t  i n t e r f e r i n g  w i t h  power c o u p l i n g  t o  
t h e  plasma - is mandatory.  The beam s o u r c e  d e s c r i b e d  i n  t h i s  
paper  meets a l l  of  t h e  above c r i t e r i a .  A boron n i t r i d e  skimmer 
i s  used and i s  found t o  b e  comple te ly  s t a b l e  w i t h  r e s p e c t  t o  
t h e  a tomic  oxygen beam. 

Miller and P a t c h 3  have p r e v i o u s l y  r e p o r t e d  an  a tomic  
oxygen r a d i o  f requency  d i s c h a r g e  beam s o u r c e  w i t h  -352 d i s -  
s o c i a t i o n  a t  60 t o r r  f o r  a 5% 02/He m i x t u r e .  
c e n t l y  r e p o r t e d  a microwave d i s c h a r g e  s o u r c e  w i t h  d i s s o c i a t i o n  
c h a r a c t e r i s t i c s  s imilar  t o  t h o s e  of Miller and P a t c h .  The 
impedance matching scheme, n o z z l e  c o n s t r u c t i o n  and ,  i n  p a r t i -  
c u l a r ,  plasma l o c a l i z a t i o n  t e c h n i q u e s  d e s c r i b e d  i n  t h i s  paper  
p e r m i t  a h i g h e r  d e g r e e  of  molecular  d i s s o c i a t i o n  t o  b e  achieved  
a t  t o t a l  p r e s s u r e s  of  200 t o r r .  A b r i e f  d e s c r i p t i o n  of t h e  
r e a c t i o n  dynamics of  0 + I C 1  -f I O  + C 1  i s  i n c l u d e d  i n  t h e  
l a t t e r  p a r t  of t h i s  p a p e r  as  e v i d e n c e  o f  this beam s o u r c e ’ s  
a p p l i c a b i l i t y  t o  c r o s s e d  beam react ive s c a t t e r i n g  s t u d i e s .  

Grice4 h a s  re- 

11. SOURCE CONSTRUCTION AND OPERATION 

A c r o s s - s e c t i o n a l  view of  t h e  s o u r c e  mounted i n  t h e  d i f -  
f e r e n t i a l  pumping r e g i o n  of  o u r  u n i v e r s a l  s c a t t e r i n g  machine 
i s  shown i n  F i g .  1, w i t h  a n  e n l a r g e d  view of t h e  i n t e r n a l  
s o u r c e  components and n o z z l e  t i p  a p p e a r i n g  i n  F i g .  2 .  Low 
c o n d u c t i v i t y  water i s  used as t h e  n o z z l e  c o o l a n t  and i s  flowed 
through t h e  c o n c e n t r i c  q u a r t z  water j a c k e t  a t  a r a t e  of  10 

prec luded  due t o  e x c e s s i v e  r a d i o  f requency  power l o s s  t o  t h e  
water. 

c m  3 /sec. U s e  o f  r e g u l a r  c o n d u c t i v i t y  w a t e r  as t h e  c o o l a n t  i s  

The o r i f i c e  i s  blown on a s p i n n i n g  g l a s s b l o w e r s  l a t h e  i n  
a n  o p e r a t i o n  r e q u i r i n g  two people .  One person  l o c a l l y  h e a t s  
t h e  t i p  of  t h e  q u a r t z  n o z z l e  and a c t u a l l y  blows t h e  h o l e  w h i l e  
t h e  o t h e r  s i m u l t a n e o u s l y  views t h e  h o l e  d i a m e t e r  w i t h  a 60X 
power measur ing-microscope .  Hole s i z e  r e a d j u s t m e n t  can b e  
c a r r i e d  o u t  w i t h  t h i s  procedure  t o  w i t h i n  0.005 mm of t h e  
d e s i r e d  d i a m e t e r .  When a n  o r i f i c e  of t h e  d e s i r e d  s i z e  i s  
achieved  i t s  s t r a i g h t n e s s  i s  always checked by  p l a c i n g  a s m a l l  
p o s i t i v e  p r e s s u r e  of  oxygen behind t h e  n o z z l e ,  which produces 
a small oxygen j e t  a t  t h e  o r i f i c e .  This  j e t  i s  then  i g n i t e d  
w i t h  a small  t o r c h  f lame w h i l e  t h e  e n t i r e  n o z z l e  i s  r o t a t e d  on 
t h e  l a t h e .  I f  any wobble o r  p r e c e s s i o n  of t h e  f lame j e t  i s  
d e t e c t e d  t h e  o r i f i c e  i s  reblown. Nozzle d i a m e t e r s  are  t y p i c a l -  
l y  0.075 mm f o r  oxygen/argon d i s c h a r g e s  and 0 .200  mm f o r  
oxygen/helium d i s c h a r g e s .  
b r i e f l y  e t c h i n g  t h e  i n n e r  q u a r t z  t u b e  w i t h  a d i l u t e  s o l u t i o n  

Nozzle p r e p a r a t i o n  i s  completed by 

e 
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F i g .  1. Sect ioned  view of  t h e  p l a s m a  beam s o u r c e  mounted i n  a 
d i f f e r e n t i a l l y  pumped chamber. A-Lucite i n s u l a t i n g  
f l a n g e .  B-Nozzle c o o l a n t  r e t u r n .  C-Quartz n o z z l e  gas  
i n l e t .  D-Cajon u l t r a - t o r r  f i t t i n g s .  E-Nozzle c o o l a n t  
i n l e t .  
G-Variable a i r  c a p a c i t o r .  H-Coupling c o i l  c o o l a n t  
o u t l e t .  I-Coupling c o i l  c o o l a n t  i n l e t .  J-Ceramic 
feedthrough f o r  RF r e t u r n  and c o i l  c o o l a n t .  
feed through f o r  RF i n p u t  and c o i l  c o o l a n t .  
t u b i n g  s e c t i o n s .  M-Stainless  s t e e l  s o u r c e  chamber. 
N-Plates f o r  5000 V / c m  i o n  d e f l e c t i n g  f i e l d .  
Rlsec d i f f u s i o n  pump, d i f f e r e n t i a l  r e g i o n .  P-4200 
Rlsec d i f f u s i o n  pump, s o u r c e  r e g i o n .  Q-Epoxy r e s i n  
mechanical  s u p p o r t .  R-Elec t r ica l  ground w i r e .  Not 
shown:-Wire mesh RF s h i e l d i n g  which c o v e r s  t h e  a i r  
c a p a c i t o r / R F  feedthrough assembly.  

F-RF power i n p u t  from RG-213/u c o a x i a l  c a b l e .  

K-Ceramic 
L-Poly-Flo 

0-1200 

of h y d r o f l o r i c  a c i d .  
recombina t ion  a t  t h e  w a l l s  of t h e  t u b e .  

T h i s  i s  b e l i e v e d  t o  i n h i b i t  a tomic 

The r a d i o  f requency  power ( h e r e a f t e r ,  RF) i s  g e n e r a t e d  by 
a Vik ing  r a d i o  t r a n s m i t t e r  which can d e l i v e r  a maximum o u t p u t  
of approximate ly  150 w a t t s  o v e r  a c o n t i n u o u s l y  v a r i a b l e  f r e -  
quency range of several hundred k i l o h e r t z  c e n t e r e d  a t  a f r e -  
quency of 14 megahertz .  
o p e r a t e d  t o  produce RF leve ls  i n  e x c e s s  of  1000 w a t t s .  

A l i n e a r  a m p l i f i e r  can a l s o  be 
However, 

. - __ . . . .~ . .-- . 
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Fig. 2. Sectioned view of the internal source components. 

I 

A - Variable ground tap. B - Swagelock reducer. 
C - Water-cooled quartz nozzle. D - Coupling coil. 
E - Quartz support rod for water inlet/outletassembly. 
F - Swagelock union joining copper and Polyflowtubing. 
G - Cajon VCO fitting. H - Kovar-pyrex section. 
I - Graded seal, pyrex to vycor. J - Aluminum support 
block at electrical ground. K - Boron nitrideskimmer, 
0.88 nun. L - 4X enlargement of nozzle tip; arrows 
indicate low conductivity water flow direction. 

power levels on the order of only 100-200 watts seem to be 
adequate for atomic oxygen generation. The plasma coupling 
tank coil and capacitor can be clearly seen in Fig. 1. The 
variable air capacitor (0-75 pf) is mounted outside of the 
vacuum to facilitate initial frequency matching of the tank 
circuit to the electronics. A grid-drip meter is used for this 
preliminary frequency tuning of the beam source. 

We have developed a novel impedance matching scheme which 
enables the source to routinely operate at a standing wave 
ratio (SWR) of less than 1 . 0 5 : l .  Figure 3 presents a schematic 
outline of the impedance matching circuitry, which can best be 
viewed in two stages. First, a variable ground tap on the tank 
coil (Fig. 2, A) produces a large stepdown of the plasma imped- 
ance, as seen by the final RF amplifier, to approximately 50R. 
This allows the RF power to be delivered by coaxial cable 
(RG 213/u) to the beam source from a remote location. Then a 
PI-network, series capacitor arrangement is used to critically 
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IMPEDANCE MATCHING 

REACTIVE TUNING 

rh 
Fig .  3. Schematic o u t l i n e  of  t h e  impedance matching c i r c u i t r y .  

t u n e  t h e  impedance match. T h i s  c i r c u i t  i s  c a p a b l e  of remote ly  
t u n i n g  o u t  any reactive o r  res i s t ive  impedances p r e s e n t e d  t o  
t h e  RF e l e c t r o n i c s  by t h e  plasma c o u p l i n g  t a n k  c i r c u i t .  Imped- 
ance  v a r i a t i o n  o c c u r s  when t h e  plasma i s  f i r s t  s t a r t e d ,  and as 
t h e  p r e s s u r e  i s  r a i s e d  from 1 t o r r  t o  t h e  d e s i r e d  v a l u e - u s u a l l y  
200 t o r r .  Tuning of t h e  impedance matching c i r c u i t r y  i s  
g r e a t l y  f a c i l i t a t e d  by cont inuous  u s e  of  an  i n l i n e  RF w a t t -  
meter and a s t a n d i n g  wave r a t i o  b r i d g e .  Power c o u p l i n g  t o  t h e  
plasma i s  ext remely  e f f i c i e n t  (> 99%) and power l eve ls  must b e  
l i m i t e d  i n  o r d e r  t o  a v o i d  meltdown of t h e  q u a r t z  n o z z l e .  The 
beam s o u r c e  i s  doubly i n t e r l o c k e d  t o  p r o t e c t  b o t h  t h e  n o z z l e  
and t h e  e l e c t r o n i c s .  The n o z z l e  c o o l a n t  f low r a t e  i s  monitored 
w i t h  a waterwheel  f lowswi tch ,  which t u r n s  o f f  t h e  RF power i f  
t h e  c o o l a n t  r a t e  d r o p s  belows a p r e s e t  p o i n t .  The e l e c t r o n i c s  
are  p r o t e c t e d  by a f a s t  e l e c t r o n i c  s w i t c h  which c o n t i n u o u s l y  
m o n i t o r s  t h e  SWR leve l .  

F i n a l l y ,  w e  have been s u c c e s s f u l  i n  l o c a l i z i n g  t h e  plasma 
d i r e c t l y  behind  the  o r i f i c e . .  T h i s  i s  of  c r i t i c a l  importance i n  
o r d e r  t o  a c h i e v e  h i g h  molecular  d i s s o c i a t i o n  i n  a h i g h  p r e s s u r e  
d i s c h a r g e .  T h i s  l o c a l i z a t i o n  i s  achieved  by p l a c i n g  around 
t h e  n o z z l e  t i p  ( o u t s i d e  of  t h e  water j a c k e t ,  n o t  a l o n g  t h e  
f r o n t  s u r f a c e  of  t h e  n o z z l e )  a c a r e f u l l y  shaped,  e l e c t r i c a l l y  
grounded b l o c k  of aluminum (Fig .  2 ,  J ) .  W e  o b s e r v e  t h a t  t h e  
d i s c h a r g e  changes from a n  i n d u c t i v e l y  coupled plasma a t  low 
p r e s s u r e s  t o  a c a p a c i t i v e l y  coupled d i s c h a r g e  a t  h i g h  p r e s s u r e s  
- w i t h  t h i s  c o u p l i n g  o c c u r i n g  between t h e  f r o n t ,  s m a l l  d iameter  
c o i l  t u r n s  and t h e  grounded aluminum block: A s  t h i s  c a p a c i t i v e  
c o u p l i n g  becomes s t r o n g e r  t h e  plasma l o c a l i z e s  towards t h e  
f r o n t  of  t h e  d i s c h a r g e  t u b e .  The t a n k  c o i l  h a s  a l s o  been 
d i f f e r e n t i a l l y  wound ( F i g .  2 ,  D)  i n  o r d e r  t o  f u r t h e r  l o c a l i z e  
t h e  plasma and i n c r e a s e  i t s  energy d e n s i t y .  The f i r s t  seven  
c o i l  t u r n s  n e a r e s t  t h e  o r i f i c e  are of 1 . 3 7  c m  I.D. w h i l e  t h e  
s i x  f u r t h e r  c o i l  t u r n s  are  of 5.08 cm I . D .  These l a r g e r  t u r n s  
decouple  from t h e  plasma as t h e  p r e s s u r e  i s  i n c r e a s e d ,  and 
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t h u s  t h e  energy  d e n s i t y  of  t h e  ( l o c a l i z e d )  plasma i s  con- 
s i d e r a b l y  i n c r e a s e d .  The c o i l  i s  c o n s t r u c t e d  of  0 . 3 2  c m  O.D. 
copper  t u b i n g  and w a s  wound on a low-speed l a t h e .  
c o n s t r u c t i o n  p o i n t  s h o u l d  a l s o  b e  mentioned h e r e  - t h e  e n t i r e  
t a n k  c i r c u i t  i s  f l o a t e d  w i t h  r e s p e c t  t o  e lec t r ica l  ground. 
This i s  r e q u i r e d  i f  t h i s  c o u p l i n g  scheme is  t o  b e  e f f e c t i v e l y  
used.  

One o t h e r  

The beam s o u r c e  i s  pumped by a 25.4  c m  d i f f u s i o n  pump 
( 4 2 0 0  l / s e c ) .  T h i s  l a r g e  pumping speed is  r e q u i r e d  t o  m a i n t a i n  
t h e  s o u r c e  p r e s s u r e  below 7 x t o r r  w h i l e  running  any 
oxygen/argon m i x t u r e s .  
decouples  from t h e  n o z z l e  and a glow d i s c h a r g e  of t h e  e n t i r e  
s o u r c e  r e g i o n  o c c u r s .  
u l t i m a t e l y  c o n s t r a i n s  t h e  o r i f i c e  s i z e  t o  0.075 mm d i a m e t e r  
f o r  gas  m i x t u r e s  c o n t a i n i n g  a rgon.  A l a r g e r  d i f f u s i o n  pump 
w i l l  soon b e  added t o  t h i s  beam s o u r c e  w i t h  hopes of i n c r e a s i n g  
n o z z l e  throughput  - a l l o w i n g  h i g h e r  Mach numbers and i n t e n s i -  
t i e s  t o  b e  o b t a i n e d .  F luxes  are p r e s e n t l y  - 1OI8 atoms 
sr-1 sec-1. 

For h i g h e r  background p r e s s u r e s  t h e  RF 

T h i s  glow d i s c h a r g e  problem i s  what 

111. BEAM CHARACTERIZATION 

The beam c h a r a c t e r i s t i c s  f o r  f o u r  o x y g e n / r a r e  gas  m i x t u r e s  
are  l i s t e d  i n  T a b l e  I. The t i m e - o f - f l i g h t  a p p a r a t u s  used i n  
t h e s e  s t u d i e s  c o n s i s t e d  of  a 1 7 . 7 8  c m  d i a m e t e r  aluminum d i s k  
having  f o u r  e q u a l l y  spaced 1 mm s l o t s  around i t s  c i rcumference .  
The d i s k  w a s  r o t a t e d  a t  e i t h e r  300 o r  350 Hz. The d e t e c t o r  
a p e r a t u r e  w a s  narrowed t o  0 . 1 2 5  mm d i a m e t e r ,  and t h e  d i s t a n c e  
between t h e  TOF d i s k  and t h e  e l e c t r o n  bombardment i o n i z e r  w a s  
1 8 . 4  c m .  The i o n i z e r / q u a d r u p o l e  mass s p e c t r o m e t e r  h a s  pre-  
v i o u s l y  been d e s c r i b e d  i n  d e t a i l . 6  
f a c e d  t o  an  o n - l i n e  minicomputer w a s  used t o  r e c o r d  s i g n a l  
i n t e n s i t y  as a f u n c t i o n  of f l i g h t  t i m e .  The sca le r  channel  
w i d t h  w a s  se t  a t  2.2  u s  f o r  t h e  he l ium m i x t u r e s  and 4.2  us  f o r  
t h e  a rgon  m i x t u r e s .  C o r r e c t i o n s  f o r  i n s t r u m e n t a l  b roadening  
and i o n  f l i g h t  t i m e s  have been i n c l u d e d  i n  t h e s e  r e p o r t e d  
v a l u e s .  

A 256-channel scaler i n t e r -  

The molecul_ar d i s s o c i a t i o n  w a s  c a l c u l a t e d  w i t h  t h e  fol low- 
i n g  two e q u a t i o n s :  

( 2 )  
R P e r c e n t  D i s s o c i a t i o n  - R+2 

where Io and Io are t h e  e x p e r i m e n t a l l y  observed mass 1 6  and 32 
number d e n s i t i e s ,  rl is  t h e  observed Io/Io count  r a t i o  w i t h  t h e  
d i s c h a r g e  o f f ,  and t h e  c r o s s  s e c t i o n s  r e p r e s e n t  t h e  f o l l o w i n g  

2 
2 
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. 

p r o c e s s e s :  
+ 

0 : 0 2 + e  -+ O2 + 2e 
0 ,  

+ 
0 : O  + e  + 0 + 0  + 2 e  D 2 

For bombardment b 250 e V  e l e c t r o n s  Go2 = 1.52 A2; 00 = 1.15 A2, 
and UD = .0.88 i2.v,8 An e q u i v a l e n t  e x p r e s s i o n  h a s  been used 
by Miller3 where t h e  approximat ions  l e a d i n g  t o  t h e  u s e  of Eq. 1 
are a l s o  e x p l a i n e d .  
d i f f e r e n t i a l  d e t e c t i o n  of  masses 1 6  and 32 by o u r  d e t e c t o r  - 
which i s  due,  i n  p a r t ,  t o  d i f f e r e n t i a l  t r a n s m i s s i o n  of masses 
1 6  and 32 th rough o u r  quadrupole  mass f i l t e r .  

The ( ~ D / G ~ ~ ) / T ~  t e r m  c o r r e c t s  f o r  any 

Table  I 
Beam C h a r a c t e r i z a t i o n  

~ -~~ ~ 

RF Oxygen 
Gas P r e s s u r e  Power Mach D i s s o c i a t i o n  V e l o c i t y  

Mixture  ( t o r r )  ( w a t t s )  Number ( p e r c e n t )  (105 cm/sec> 

5%02/Ar 100 140 1.3 86 1.43 
150 140 2 . 1  84 1 . 3 0  
200 140 3.0 80 1 . 2 0  

10%02/Ar 100 140 1.1 77 1.43 
150 140 2.2 74 1.30 
200 140 3.0  71 1.28 

5%02/He 100 140 4.9 58 2.39 
150 140 6 . 1  70 2.47 

10%02/He 100 140 4.5  58 
70 150 140 5.8 

x 

2.20 
2.25 

Table  I i n d i c a t e s  a n o v e l  p r o p e r t y  of o u r  oxygen beam 
s o u r c e :  even a t  t o t a l  p r e s s u r e s  of  200 t o r r  t h e  d i s s o c i a t i o n  
p e r c e n t a g e  remains v e r y  h i g h .  The i n t e n s e  d i s c h a r g e  l o c a t e d  a t  
t h e  n o z z l e  t i p  undoubtedly c o n t r i b u t e s  t o  t h i s .  The q u e s t i o n s  
of a c t u a l  n o z z l e  t e m p e r a t u r e ,  t h e  dependence of  d i s s o c i a t i o n  
on RF power, and f u r t h e r  a n a l y s i s  of  beam c h a r a c t e r i s t i c s  w i l l  
appear  e l sewhere  i n  t h e  l i t e r a t u r e .  However, a n  a n a l y s i s  of 
n o z z l e  tempera ture  f o r  1 0 % 0 2 / H e  and 10%02/Ar d i s c h a r g e d  by 140 
w a t t s  a t  150 and 200 t o r r ,  r e s p e c t i v e l y ,  i s  now p r e s e n t e d .  
Assuming t h e  o v e r a l l  energy  b a l a n c e  : 9  ,lo 

" 
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(where Xi is the mole fraction, Cp. the heat capacity, Vi the 
terminal velocity, Mi the mass, ana Ti the terminal temperature 
of each component of the beam), we can calculate TN, the nozzle 
temperature using the data presented in Table 11. 

Table I1 

Gas Mixture Velocity Temperature 
(105 cm/sec) (K) Component 

10% 02/Ar (200 torr) 0 1.28 20 7 
02 1.23 250 
Ar 1.17 200 

10% 02/He (150 torr) 0 2.25 176 
2.13 256 
2.53 244 He 

02 

The 02/Ar discharge is found to produce TN = 1400 K, and the 
02/He discharge yields Ti? = 1100 K. 

IV. REACTIVE SCATTERING: 0 + IC1 -+ IO + C1 
We would like to conclude this paper by presenting the 

experimental data, and its convolution into the center-of-mass 
reference frame, for the reaction 0 + IC1 + IO + C1. The 
oxygen atoms for this study were produced by discharging a 5% 
02/Ar mixture, and were found to have a peak translational 
velocity of 1.29 x lo5 cm/sec. The atomic oxygen Mach number 
was 3.8 for these studies. The IC1 was seeded in argon to a 
velocity of 4 . 9 5  x 104 cm/sec and a Mach number of 7.0. 
Figures 4,5, and 6 present the laboratory angular distribution, 
velocity distributions, and center-of-mass contour map, respec- 
tively, for this experiment. The high degree of forward- 
backward symmetry apparent in the contour map about the center- 
of-mass indicates that this reaction proceeds - via a long-lived 
complex whose lifetime exceeds one rotational period of the 
OICl complex. Analysis of the IO product translational energy 
distribution reveals that the decomposition follows RRKM-AM11 
statistical predictions when an IO bond strength of 53 kcall 
mole is assumed. This is in excellent agreement with Grice'sl2 
proposed bond strength for the IO radical obtained in a similar 
manner. 

V. CONCLUSION 

An atomic oxygen -supersonic beam source has been con- 
structed and its operating characteristics described for four 
rare gas mixtures. Plasma localization at the nozzle tip in 



0 u -  0 30 60 90 

Lab Scattering Angle e, (deg.) 

F i g .  4 .  Angular d i s t r i b u t i o n  of r e a c t i v e l y  s c a t t e r e d  I O  
p r o d u c t .  

Velocity 104cm/sec 
Fig .  5. F lux  d i s t r i b u t i o n s  f o r  r e a c t i v e l y  s c a t t e r e d  I O  a t  

e i g h t  l a b o r a t o r y  a n g l e s .  0 Experimental  d i s t r i b u t i o n s  
o b t a i n e d  from c r o s s - c o r r e l a t i o n  TOF; o C a l c u l a t e d  
b e s t  f i t  d i s t r i b u t i o n s .  
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0 + IC1 

E = 3.3 

+ r n + C I  

kc a I /mol e 

%- 
Fig. 6 .  Contour map of the IO product flux in the center-of- 

mass coordinate system produced in the reaction 
0 + IC1. 

conjunction with a novel impedance matching circuit has been 
shown to produce very efficient molecular dissociation at 
pressures as high as 200 torr. 
for the reaction 0 + IC1 were also briefly described to 
demonstrate that reactive scattering experiments can be 
successfully carried out with this beam source. It is hoped 
that the addition of higher pumping speed will allow beams 
of still higher intensity and Mach number to be produced by 
allowing larger nozzle orifices or pressures to be used. 

Reactive scattering results 
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