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Abstract .  A f a c i l i t y  f o r  t h e  inves t iga t ion  of t h e  i n t e r a c t i o n s  of 
ene rge t i c  atomic oxygen with s o l i d s  i s  described. The f a c i l i t y  i s  
comprised of a four-chambered, d i f f e r e n t i a l l y  pumped molecular beam 
apparatus  which can be equipped with one of a v a r i e t y  of sources  of 
atomic oxygen. 
source which produces a f l u x  of atomic oxygen i n  excess of 10 
a t  t h e  target, a t  a ve loc i ty  of 3.5 km sec-l. 
of t h i s  f a c i l i t y  t o  the  s tudy of t he  reac t ions  of atomic oxygen with 
carbon and polyimide f i lms  are b r i e f l y  reviewed and compared t o  d a t a  
obtained on var ious f l i g h t s  of t h e  space s h u t t l e .  A b r i e f  d i scuss ion  of 
poss ib l e  app l i ca t ion  of t h i s  f a c i l i t y  t o  i n v e s t i g a t i o n  of chemical 
r eac t ions  which might con t r ibu te  t o  atmosphere-induced veh ic l e  glow is  
presented. 

The primary source is  a DC arc-heated supersonic  nozzle 
15 cm-2sec-1 

k s u l t s  of app l i ca t ions  

I n  t r odu c t i on 

A spacec ra f t  i n  t he  a l t i t u d e  range of 200-700 km experiences 
bombardment by an atmosphere whose primary cons t i t uen t  i s  n e u t r a l  atomic 
oxygen [Hedin e t  a l e ,  19771. Although the  ambient gas temperature i s  
only on t h e  order  of 1000 K, t he  8 km sec-1 v e l o c i t y  of t h e  spacec ra f t  
causes the  oxygen atoms t o  s t r i k e  satel l i te  su r faces  a t  a r e l a t i v e  
k i n e t i c  energy of 500 kJ  mole-1 ( 5  eV). A t  s h u t t l e  a l t i t u d e s ,  t h e  
atomic oxygen dens i ty  is  on the  order  of lo9 ~ m - ~ ,  which corresponds t o  
a f l u x  of about 1015cm-2 sec'l. These condi t ions  present  a regime of 
gas-surface chemistry which has been the  sub jec t  of very l i t t l e  
experimental  i nves t iga t ion  because of t h e  d i f f i c u l t i e s  inherent  i n  
reproducing them i n  the  laboratory.  A v a r i e t y  of e f f e c t s  observed on 
NASA and USAF spacecraf t  have been ascr ibed  t o  t h e  a c t i o n  of t h e  ambient 
atmosphere. These inc lude  material erosion [Leger e t  al., 1983, 19841, 
o p t i c s  degradat ion [Arnold e t  a l e ,  19821, and luminescence [Banks e t  
al., 1983; Yee and Abreu, 19831, 

i n v e s t i g a t i o n  of t h e  i n t e r a c t i o n s  of ene rge t i c  atomic oxygen with s o l i d  
sur faces .  The major elements of t h i s  f a c i l i t y ,  which are descr ibed 
below, are t h e  four-chambered, d i f f e r e n t i a l l y  pumped molecular beam 
apparatus ,  t h e  provis ions f o r  mounting and i n t e r r o g a t i n g  s o l i d  samples, 
and t h e  DC arc-heated supersonic  atomic beam source. Resul ts  of 
experimental  work using t h i s  f a c i l i t y  which demonstrate i t s  u t i l i t y  i n  

This  paper descr ibes  a f a c i l i t y  assembled s p e c i f i c a l l y  f o r  t h e  
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performing i t s  appointed t a s k  are b r i e f l y  presented along with a br ie f  
assessment of t h e  p o t e n t i a l  f o r  app l i ca t ion  of t h i s  f a c i l i t y  t o  
inves t iga t ion  of chemistry which may con t r ibu te  t o  veh ic l e  glow. 

F a c i l i t y  Descr ipt ion 
Vacuum System 

Figure 1 shows a schematic r ep resen ta t ion  of the  molecular beam 
apparatus. The vacuum system i s  comprised of fou r  d i f f e r e n t i a  l y  pumped 
s t a i n l e s s  steel  chambers. The f i r s t  t h r e e  chambers are 0.46 m boxes 
equipped with Viton o r  Buna-N "O-ring" seals. Each is  pumped by an o i l  
d i f f u s i o n  pump. The pumps on the  second and t h i r d  chambers are equipped 
with ga t e  valves  and l i q u i d  n i t rogen  cooled baf f les .  

The fou r th  chamber i s  a c y l i n d r i c a l  c l ean  chamber u t i l i z i n g  crushed 
metal sea ls .  It i s  recessed i n t o  chamber 3 t o  reduce the t o t a l  l eng th  
of the  f a c i l i t y  (as  measured from the  source).  
equipped with a high vacuum gate valve (Huntington model GVAP-600) and a 
570 l-sec-' turbomolecular pump ( B a k e r s  model TPU 510). 
turbomolecular pump i s  used i n  preference t o  more conventional UHV 
pumping technology because of t h e  l a r g e  helium load which t h i s  chamber 
must bear. 

4 

This  chamber is 

The 

Sample and Analysis Systems 

The f a c i l i t y  i s  equipped with a quadrupole mass spectrometer 
(Extranuclear  Laborator ies ,  Inc.) comprised of a crossed-beam e lec t ron -  
impact i on ize r ,  a quadrupole mass f i l t e r  with 17 mm diameter rods,  and a 
Johnston MM-1 p a r t i c l e  mul t ip l i e r .  The m a s s  spectrometer has been used 
s o  f a r  only f o r  b e a m  source charac te r iza t ion .  

chamber 2, when i t  is  d e s i r a b l e  t o  maximize the  a v a i l a b l e  b e a m  f l u x  on 
t a r g e t ,  o r  i n  chamber 4 when sample c l ean l ines s  is  t h e  paramount 
concern. A l i q u i d  n i t rogen  cooled shroud surrounds samples i n  chamber 2 
t o  i n h i b i t  contamination. The beam is  t y p i c a l l y  col l imated t o  subtend a 
c i r c u l a r  spot  of approximately 7 mm i n  diameter when samples  are mounted 
i n  t h i s  shroud, however, spo t s  as l a r g e  as 17 mm are poss ib le .  A th ree-  
axis-plus-rotat ion p rec i s ion  manipulator is  provided f o r  mounting s o l i d  
samples. Active temperature con t ro l  on the  range of 300-450 K is  
typica l .  

The only i n  s i t u  d iagnos t ics  cu r ren t ly  ava i l ab le  i n  t h i s  f a c i l i t y  are 
op t i ca l .  Transmission measurements of samples mounted i n  e i t h e r  
l oca t ion  are possible.  Figure 2 shows a schematic r ep resen ta t ion  of the  
o p t i c a l  path f o r  t ransmission measurements i n  chamber 4. U l t r a v i o l e t  
t ransmission has been used t o  measure t h e  rate of ox ida t ion  of carbon 
by high ve loc i ty  atomic oxygen [Arnold and Pepl insk i ,  1984aJ and 
i n f r a r e d  t ransmission has been used t o  measure the  e f f e c t  of atomic 
oxygen on c lean  and contaminated i n f r a r e d  o p t i c s  [Arnold e t  al., 19821. 

When s o l i d  samples are t o  be bombarded, they may be mounted e i t h e r  i n  
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Atomic Oxygen Sources 

The primary b e a m  source used i n  t h i s  f a c i l i t y  is a DC arc-heated 
supersonic  nozzle source which relies on a modified, commercially 
ava i l ab le  plasma torch. The beam source has been descr ibed i n  d e t a i l  
elswhere [S i lve r  e t  al.,  1982; Arnold and Pepl insk i ,  1984bI. Typical 
beam source opera t ing  condi t ions and performance s p e c i f i c a t i o n s  are 
summarized i n  Table 1. 

Two o the r  b e a m  sources  f o r  producing atomic oxygen are a v a i l a b l e  f o r  
use i n  t h i s  f a c i l i t y :  a microwave discharge source [Arnold et  al., 19821 
and a res i s t ive ly-hea ted  thermal d i s s o c i a t i o n  source [Henderson e t  al. , 
19691 f o r  which i r id ium o r  rhenium source tubes with a v a r i e t y  of 
o r i f i c e  diameters are ava i lab le .  Both sources are capable of producing 
s u b s t a n t i a l  f l uxes  of atomic oxygen, but with v e l o c i t i e s  on t h e  order  of 
1 km sec-l. 
complete understanding of t he  k i n e t i c s  of the  reac t ions  of atomic oxygen 
with so l id s .  

A l l  t h r e e  of t he  sources produce l i g h t  as w e l l  as atomic beans. This 
l i g h t  presents  a p o t e n t i a l  i n t e r f e rence  t o  experiments aimed a t  
measuring luminescence. In  t h e  case of the  microwave discharge source,  
t h i s  problem can be circumvented by introducing a bend i n  t h e  source 
between t h e  discharge region and t h e  nozzle. For t h e  o the r  two sources 
t h i s  is  not possible .  

Since the  beam from e i t h e r  t h e  DC arc source o r  t h e  thermal 
d i s s o c i a t i o n  source i s  comprised of n e u t r a l  atoms and molecules, 
s epa ra t ion  of t he  beam from the  l i g h t  can only be readi ly  e f f e c t e d  by a 
mechanical chopper. A two-segment s lo t ted-d isk  ve loc i ty  s e l e c t o r  of 40% 
nominal transparency has been designed f o r  t h i s  f a c i l i t y  [Fluendy and 
Lawley, 19731. The r o l e  of t h i s  device is  not t o  prepare a beam of 
narrow ve loc i ty  d i s t r i b u t i o n ,  but merely t o  block spec ie s ,  such a 
photons, t r ave l ing  a t  v e l o c i t i e s  i n  excess of t he  se l ec t ed  ve loc i ty .  
Since the  s e l e c t o r  has only two d i sks ,  i t  na tu ra l ly  has an i n f i n i t e  
number of l o w v e l o c i t y  s i d e  bands. This device has not  here tofore  been 
used f o r  experiments performed i n  t h i s  f a c i l i t y .  

These lower ve loc i ty  sources  are needed t o  ga in  a more 

F a c i l i t y  Applications 

Reaction of Atomic Oxygen with So l ids  

This f a c i l i t y  has been used t o  i n v e s t i g a t e  the  rate of r eac t ion  of 
atomic oxygen with two types of carbon [Arnold and Pepl insk i ,  1984a, 
1985al and with Kapton f i lm,  a polyimide material manufactured by E. I .  
du Pont de Nemours & Co., Inc. [Arnold and Pepl insk i ,  1985bl The 
r e s u l t s  of t hese  inves t iga t ions  are summarized very b r i e f l y  below. 

Carbon. Figure 3 shows an Arrhenius p l o t  ( i n  carbon su r face  
temperature) of t h e  p robab i l i t y  of reac t ion  of atomic oxygen with carbon 
inc luding  da ta  from ground-based measurements and f l i g h t  experiments and 
o ther  observat ions from various f l i g h t s  of t he  space s h u t t l e .  The 
r eac t ion  p robab i l i t y  p l o t t e d  is  def ined as the  p robab i l i t y  t h a t  an 
oxygen atom impact w i l l  remove a carbon atom from t h e  su r face ,  
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r ega rd le s s  of i t s  f i n a l  s t a t e  of aggregation. (For a d e t a i l e d  
d i scuss ion  of t h e s e  d a t a  t h e  reader  should consu l t  [Arnold and 
Pep l insk i ,  1984al and works c i t e d  the re in . )  

The open circles and open t r i a n g l e  represent  t h e  r e s u l t s  of 
measurements performed i n  t h i s  f a c i l i t y .  The dashed l i n e  l abe led  "Park" 
i s  a f i t  t o  s e v e r a l  l a b o r a t o r y  measurements of t h e  rate of r e a c t i o n  of 
atomic oxygen wi th  va r ious  forms of carbon, under more o r  less thermal  
condi t ions  [Park,  19761. The o t h e r  d a t a  inc lude  l i m i t s  on t h e  r e a c t i o n  
p r o b a b i l i t y  i n f e r r e d  [Arnold and Pep l insk i ,  1984al from removal of 
carbon s u r f a c e s  on t h e  STS-3 Plasma Diagnost ics  Package (G.B. Murphy, 
Univers i ty  of Iowa, Department of Physics  and Astronomy, Iowa Ci ty ,  I A ,  
p r i v a t e  communication, 1982) and on t h e  STS-4 Marshall  Space F l i g h t  
Center ' s  Induced Environment Contamination Monitor Pass ive  Sample Array 
[Pe ters  e t  al . ,  19831, a p r o b a b i l i t y  c a l c u l a t e d  from t h e  observed 
th ickness  l o s s  of v i t r e o u s  carbon included on t h e  STS-5 Evalua t ion  of 
Oxygen I n t e r a c t i o n  wi th  Materials (EOIM) pass ive  sample a r r a y  [Arnold 
and Pep l insk i ,  1985a1, and t h e  r e a c t i o n  p r o b a b i l i t y  c a l c u l a t e d  from t h e  
observed rate of mass loss from and amorphous carbon-coated temperature- 
con t ro l l ed  qua r t z  c r y s t a l  microbalance on t h e  Goddard Space F l i g h t  
Center ' s  Contamination Monitor Package flown as a "Get-Away Spec ia l"  on 
STS-8 (J.J. T r i o l o ,  NASA/Goddard Space F l i g h t  Center ,  Greenbel t ,  MD, 
p r i v a  t e communi cat i o n  , 1 98 4 ) . 

These d a t a  l ead  one t o  t h e  conclusion t h a t  t h e  rate of r e a c t i o n  of 
atomic oxygen wi th  carbon,  a t  c o l l i s i o n  ene rg ie s  of up t o  100 k J  mole-' 
(1 e V ) ,  does not  depend s t r o n g l y  on t h e  t r a n s l a t i o n a l  energy of 
iapact. Indeed when one compares l abora to ry  and f l i g h t  d a t a  f o r  s i m i l a r  
samples of carbon, t h e  evidence t h a t  rates occurr ing  on-orbi t  are 
s i g n i f i c a n t l y  d i f f e r e n t  from t h e  thermal  rate of r e a c t i o n  of 0 atoms 
wi th  carbon i s  not  s t rong .  However, t h e  r e s u l t s  of Gregory and Peters 
(not  shown on Figure 4 ) ,  who i n f e r  p r o b a b i l i t i e s  i n  excess  of 0.1 from 
STS-8 EOIM r e s u l t s ,  m i l i t a t e  a g a i n s t  drawing an unambiguous conclusion 
i n  t h i s  matter (J. C. Gregory, Chemistry Department, t h e  Univers i ty  of 
Alabama a t  Hun t sv i l l e ,  p r i v a t e  communication, 1985). 

Kapton. Table 2 shows a comparison between t h e  average p r o b a b i l i t i e s  
f o r  t h e  r e a c t i o n  of atomic oxygen wi th  Kapton measured i n  t h i s  f a c i l i t y  
[Arnold and Pep l insk i ,  198583 and i n f e r r e d  from t h e  STS-5 and STS-8 EOIM 
experiments [Leger e t  al., 1983, 19841. I n  t h i s  case, t h e  r e a c t i o n  
p r o b a b i l i t y  i s  convent iona l ly  def ined  as t h e  th i ckness  of material 
removed d iv ided  by t h e  f luence  of atomic oxygen i n c i d e n t  on t h e  sample. 

comparison t o  t h e  u n c e r t a i n t i e s  i n  t h e  var ious  data .  This r e l a t i v e l y  
good agreement sugges t s  t h a t  t h e r e  i s  not  a g r e a t  dependence on 0 atom 
impact energy of t h e  average e f f i c i e n c y  of t h e  r e a c t i o n  of atomic oxygen 
wi th  Kapton ove r  a range of impact energy from 1 t o  5 eV.  

The agreement between t h e  l abora to ry  and f l i g h t  d a t a  i s  q u i t e  good i n  

Luminescent React ions 

Seve ra l  p o s s i b l e  c o n t r i b u t i n g  mechanisms have been proposed t o  
exp la in  the v e h i c l e  glow phenomenon. 
recombination of a tmospheric  r a d i c a l s  [Torr  e t  a l . ,  1977; Reeves, 19821, 

These inc lude  s u r f a c e  ca t a lyzed  
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production of exc i t ed  products from oxygen reac t ions  with materials 
[Slanger,  19831, recombination c o l l i s i o n a l l y  d i s soc ia t ed  of n i t rogen  
[Green, 19841, and veh ic l e  plasma i n t e r a c t i o n s  [Papadopoulos, 19841. 

unambiguous da t a ,  one cannot y e t  make any d e f i n i t i v e  assessment of t he  
r e l a t i v e  importance of these  var ious  processes i n  c r e a t i n g  t h e  observed 
glows. However, one can proceed reasonably t o  i n v e s t i g a t e  t h e s e  
processes experimental ly ,  with both f l i g h t  and l abora to ry  experiments. 
It is  a v a l i d  and important point  t h a t  t he re  appears t o  be no way t o  
s imulate  the  ' * shu t t l e  glow" i n  t h e  laboratory.  The s h u t t l e  environment 
i s  too  complex and uncertain.  However, s imula t ion  i s  not necessar i ly  
the  proper func t ion  of labora tory  inves t iga t ions  of spacec ra f t  
environmental phenomena. Rather,  their r o l e  i s  t o  e l u c i d a t e  mechanistic 
d e t a i l s  which are d i f f i c u l t  t o  address  i n  f l i g h t  experiments on account 
of opera t iona l  c o n s t r a i n t s ,  background in t e r f e rences ,  s c a r c i t y  of 
oppor tuni t ies ,  o r  expense. 

Considering t h e  complexity of t h e  problem and the s c a r c i t y  of 

V i s ib l e  luminescence from su r face  catalyzed exc i t a t ion .  I n  the  
earliest published reference t o  atmosphere-induced veh ic l e  glow [Torr e t  
a l . ,  19771, i t  w a s  hypothesized t h a t  recombination of adsorbed 
atmospheric 0 and NO t o  produce exc i t ed  N O 2  i n  t he  gas  phase was 
responsible  f o r  t he  observed v i s i b l e  emission. This  explanat ion has 
subsequently been proposed repeatedly.  [Reeves, 1982; Mende and Swensen, 
19851 . 
recombination is a well-documented phenomenon [Mannella and Harteck, 
19611. However, both Mende and Swenson and Torr et al. have suggested 
t h a t  f o r  t h e  0 + NO recombination luminescence t o  account f o r  t he  
majori ty  of t he  observed glows, t h e  spectrum of the  NO2 product must be 
s h i f t e d  compared t o  t h e  spectrum obtained from 3-body gas-phase 
recombination [Golde e t  al., 19731. There i s  not s u f f i c i e n t  information 
from experiments i n  which the  spectrum of the  product NO2 i s  not  
perturbed by subsequent gas-phase c o l l i s i o n s  t o  answer whether t h i s  
mechanism i s  important i n  the  c rea t ion  of t he  observed s h u t t l e  glow. 

Clear ly  one wishes t o  i n v e s t i g a t e  the  luminescence from surface-  
catalyzed NO2 production under "s ingle  c o l l i s i o n "  condi t ions so  t h a t  one 
measures the  spectrum of the  nascent products. This suggests  t h a t  
molecular beam techniques be used. A schematic r ep resen ta t ion  of such 
an experiment i s  shown i n  Figure 4 .  

number dens i ty  of NO2 
recombining may be formally expressed as 

The production of exc i t ed  products by sur face  catalyzed r a d i c a l  

One may estimate tke s i g n a l  from such an experiment as follows. The 
product near  a sur face  on which 0 and NO are 

where 

1. Reaction of an inc ident  0 atom with an adsorbed NO molecule; 
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2. Reaction of and inc iden t  NO molecule with an adsorbed 0 atom; 

3. Reaction of an adsorbed 0 atom w i t h  an adsorbed NO molecule. 

In  equation (1) t h e  rate c o e f f i c i e n t s  kl and k2 have u n i t s  of area 
( r eac t ion  cross-sect ion)  and k3 
d i f f u s i o n  coe f f i c i en t ) .  
wi th  which t h e  product is  e j ec t ed  as a r e s u l t  of each of t h e  t h r e e  
formation processes. 

I n  p rac t i ce ,  t o  make a rough estimate of t h e  photon emission rate 
from such an experiment, one approximates equation (1)  by assuming t h a t  
t h e  NO2 production rate w i l l  be l imi ted  by one o r  t h e  o the r  of the  
reagent f luxes.  Therefore one obta ins  

has u n i t s  of area/time ( l i k e  a 
The q u a n t i t i e s  vi are t h e  average v e l o c i t i e s  

* N  

[NO2 I = pF1/<v> 

where F1 i s  the  l i m i t i n g  f lux ,  p is some e f f e c t i v e  p robab i l i t y ,  and <v> 
i s  an average ve loc i ty  of t h e  product. 

average r a d i a t ' v e  l i f e t i m e ,  T 
from an 0.5 cm 
de t ec to r  p e r  u n i t  wavelength, S ,  i s  given by 

* 
I f  one approximates the  volume emission rate as [NOZ ] divided by the  

and assumes c o l l e c t i o n  with f / l  o p t i c s  d' 3 volume, then  &?e rate a t  which photons f a l l  on t h e  

If  one presumes t h a t  it is  the  0 atom f l u x  t h a t  l i m ' t s  t he  r e a c t i o n  
rate, then one needs t o  envoke a value of about lo-' f o r  p t o  
r a t i o n a l i z e  t h e  r b i t a l  ob ervat ions.  I n  t h i s  f a c i l i t y  0 atom f luxes  on 
t h e  range of 1012-1015 cm-' sec-' are e a s i l y  real ized.  The product 
<v>.rr 
expecfed t o  be approximagely 3000 8. Thus t o t a l  photon a r r i v a l  rates 
range from 10-1000 phot<~:i/A/Sec. Using cooled, a red-sensi t ive 
photomult ipl ier  tube,  with photon counting de tec t ion ,  measurement Of a 
moderately w e l l  resolved spectrum a t  these  s i g n a l  l e v e l s  should be 
possible .  

can be expected t o  range from 3-20 cm. The bandwidth, A X 9  is 

Inf ra red  Luminescence 

The observat ion of moderately in t ense  luminescence i n  the  v i s i b l e  
near spacecraf t  sur faces  n a t u r a l l y  raises the  ques t ion  of whether t h e r e  
is  a l s o  a s i g n i f i c a n t  i n f r a r e d  component assoc ia ted  wi th  t h e  glow. A t  
least one of t h e  proposed mechanisms f o r  glow production suggests  such 
t o  be the  case [Slanger,  19831. Observation of t he  s h u t t l e  from t h e  
ground suggests  t h a t  t h e r e  may be more near  i n f r a r e d  emission from t h e  
s h u t t l e  than can be explained by thermal emission o r  s c a t t e r i n g  from 
other  sources  (F. Witteborn, NASA/Ames Research Center,  p r i v a t e  
communication, 1985). 

The long l i f e t i m e s  
labora tory  inves t iga t ion  of i n f r a r e d  luminescence under "s ingle  
c o l l i s i o n  condi t ions"  d i f f i c u l t .  Excited molecules tend t o  leave the  

assoc ia ted  wi th  in f r a red  emission render t h e  

2 17 



d e t e c t o r  field-of-view o r  t o  strike chamber w a l l s  i n  times much less 
than  t h e i r  r a d i a t i v e  l i f e t i m e s .  However, t h e  technology f o r  d i r e c t ,  
laser-induced f luo rescence  (LIF) measurement of i n t e r n a l  s ta te  
d i s t r i b u t i o n s  of r e a c t i o n  products ,  from which one may r e a d i l y  c a l c u l a t e  
n e t  emission s p e c t r a ,  i s  w e l l  e s t a b l i s h e d  [Kinsey, 19771, Recently t h i s  
technology has  begun t o  f i n d  a p p l i c a t i o n  i n  gas-surface s c a t t e r i n g  
research  [Card i l l o ,  19851. 

Because of t h e  wide use  of carbon, carbon-f i l led ,  and carbon- 
conta in ing  materials on s p a c e c r a f t  s u r f a c e s ,  t h e  i n t e r n a l  s tate 
d i s t r i b u t i o n  of t h e  CO product of t h e  0 + Cs r e a c t i o n  i s  of i n t e r e s t .  
Since LIF is  a number d e n s i t y  d e t e c t o r ,  one a g a i n  needs t o  estimate t h e  
number d e n s i t y  o r  " e f f e c t i v e  pressure"  of products  t o  a s c e r t a i n  whether 
a measurement is  f e a s i b l e .  This  number dens i ty  i s  g iven  by 

where p i s  t h e  r e a c t i o n  p r o b a b i l i t y ,  Fo i s  t h e  f l u x  of atomic oxygenrand 
vco i s  t h  For a r e a c t i o n  p r o b a b i l i t y  of 0.01, a f l u x  
of 4 x lof4 c$ sec-', and a thermal product v e l 0  i t y ,  one estimates t h e  
CO number d e n s i t y  t o  be approximately 8 x 10 c m  , whi h i s  roughly 
equiva len t  t o  a p res su re  a t  room temperature of 3 x lo-' Torr. 

accomplished by e x c i t a t i o n  of t h e  A-X t r a n s i t i o n  a t  approximately 148 
nm. Hepburn has  reviewed t h e  technology f o r  coherent  VUV gene ra t ion  f o r  
t h i s  a p p l i c a t i o n  [Hepbu n,  19841. He estimates t h e  d e t e c t i o n  l i m i t  f o r  
CO (at  300 K) t o  be Torr. Thus, by t h e  a p p l i c a t i o n  of e s t a b l i s h e d  
technology, a u s e f u l  experiment t o  assess t h e  p o t e n t i a l  f o r  non-thermal 
i n f r a r e d  luminescence from veh ic l e s  i n  LEO is  f e a s i b l e .  

p ro  u c t  v l o c i t y .  

7 -5 

Detect ion of CO i n t e r n a l  s t a t e  d i s t r i b u t i o n s  by LIF can be 

Summary 

A f a c i l i t y  which has  proven t o  be use fu l  i n  t h e  i n v e s t i g a t i o n  of 
oxygen atom i n t e r a c t i o n  wi th  materials has been descr ibed.  Order-of - 
magnitude estimates of s i g n a l  s t r e n g t h s  suggest  t h a t  t h i s  f a c i l i t y  w i l l  
be u s e f u l  i n  t h e  i n v e s t i g a t i o n  of surface-catalyzed e x c i t a t i o n  r e a c t i o n s  
and of energy d i s p o s a l  i n  gas-sol id  r eac t ions  which produce v o l a t i l e  
products.  Both of t h e s e  processes  have been suggested as c o n t r i b u t o r s  
t o  t h e  " s h u t t l e  glow." 

Acknowledgments. This  work was supported by t h e  Aerospace Sponsored 
Research program. 
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showing path f o r  i n  s i t u  op t i ca l  transmission 
measurements. 

222 



I I I 1 
PDP 

- STS-3 I- 1- I 
- 

- 10- 

3 

= 10- 0 - 

- - - 
- 
- 

- - 
\ 

:\ -PARK. 

- - 

- - - \ 
\ 

\ 
\ 

% 
. 

- 
- .. 
- ?MSFC+ - 
- A VITREOUS, STS-5 (RMS) - 

- A VITREOUS, LABORATORY - 

- 
-< - - 

STS-4 

2 -  

- .AMORPHOUS, GSFC STS-8 - 

I I 
0 AMORPHOUS, THIS WORK 

10- 

Fig. 3 Arrhenius p l o t  ( i n  carbon sur face  temperature) of t h e  
p robab i l i t y  of t h e  r eac t ion  of atomic oxygen with carbon, 
Various labora tory  and f l i g h t  da t a  are shown. (See text , )  

223 



fx 
W 
m 
5 e 
I 
0 

> 
I 
3 

0 
7 

W 

m 

U 
W 

2 
il 

5 
R 
Y w 
M 

z 
a 
0 
I- 

0 

I 

c, 

4 

224 



TABLE 1. TYPICAL BEAM SOURCE CHARACTERISTICS 

Feed Gas 

Flow Rate 

He:02/98: 2 

265 SCFH (2 l - a t m  see ) 
- 1  

Power Diss ipa ted  16 kW 

0 Flux on Targeta 5,OxlO' ec" 

O2 F lux  on Ta rge ta  7 . 5x1Ol5 em-2sec-1 

B e a m  Veloc i ty  (oxygen atoms) 3.5 see-' 

aTarget mounted i n  chamber 2; see Figure  1. 

TABLE 2. COMPARISON OF LABORATORY AND FLIGHT MEASUREMENTS OF THE 
AVERAGE PROBABILITIES FOR THE REACTION OF ATOMIC OXYGEN 

WITH KAPTON 

Rea i o n  P r o b a b i l i t y  
10-5' cm3/0 atom 

Kapton Temperature 
(k e l v i n )  La bo ra t  orya STS-5b STS-8' 

300 2.1+1.1 
1.7+0.9 

--- 2.3+0.9 

338 

393 

1.4+0,9 

1.5+0.9 

2.0+0.8 3.0+1,2 

2.1+0,9 2.9+1.2 

Arnold and Peplinski [1985b]. a 

bSee Table 3 of Leger et al. [1983]; Nominal uncertainty is +40%. 
See Table 5 of Leger et al. [1984]; Nominal uncertainty is T40%. C 

- 
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