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Effects associated with the interaction of atomic oxygen and chemical  detectors  were previously  de-  
scr ibed in [1]. F r o m  the degree of blackening of the chemical  detector  (measured photoelectrically) it is 
possible to judge the concentrat ion of atomic oxygen in the medium. We now present  the resul ts  of an ex-  
per imental  investigation of the possibi l i ty  of using chemical  detectors  to measure  the absolute concent ra -  
tion of atomic oxygen par t ic les  in dissociated gases.  

The experimental  apparatus was previously  descr ibed in [1, 2]. The atomic oxygen was obtained by 
means of an e lec t rodeless  high-frequency discharge.  As distinct f rom our previous experiments ,  on this 
occasion we were able to r ecord  the change in the t ransmit tance  of the detectors  continuously during the 
experiment~ The setup is i l lustrated in Fig. 1: light f rom a stabilized source 1, pass ing through the chemi -  
cal de tec tor  4 at the end of the discharge tube, falls on a FSK-1 photores is tor  5 connected to one of the 
a rms  of a bridge 6. The change in the t ransmi t tance  of the chemical  detector  during a high-frequency d i s -  
charge in molecular  oxygen is r eg i s te red  by a m ic roammete r  inserted in the bridge diagonal 7 (2 denotes 
the d ischarge  chamber ,  3 the discharge coil). 

F r o m  the values of the cur rent  flowing through the bridge diagonal it is possible to es t imate  the 
change in the t ransmi t tance  of the chemical  detector  result ing f rom interaction with atomic oxygen p a r t i -  
cles. 

The experiments  were conducted at initial molecular  oxygen p r e s s u r e s  P0 = 10-2-10-3 mm Hg in the 
discharge chamber.  The change in detector  t ransmi t tance  (at a fixed hf -genera te r  voltage U = 5 V) was 
recorded  as a function of the exposure t ime at various p r e s s u r e s ,  i.e., for different densit ies,  determined 
f rom the degree of dissociat ion of the molecular  oxygen and the initial p r e s su re  P0. 

The degree of dissociat ion was measured  by the method descr ibed in [3-6], for which purpose two 
thermocouple  l a m p s w e r e  attached to the discharge tube. 

A fine s i lver  mesh was introduced into the inlet opening of one of these lamps. This vir tually p r e -  
vented atomic oxygen f rom reaching the filament [3, 5, 6]. The distance f rom the d ischarge  p lasma to the 
filaments of the thermocouple lamps was so selected that the hi field of the high-frequency generator  had 
prac t ica l ly  no effect on the measurements .  The hf d ischarge c rea tes  a t empera tu re  difference between the 
fi laments of the thermoeouple lamps that is determined f rom the thermocouple emf. The filament t e m p e r -  
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ature of the thermocouple lamp without a s i lver  
insert  increases  as a resul t  of the recombination 
of atomic oxygen par t ic les  f rom the discharge 
chamber  with the par t ic les  adsorbed on the s u r -  
face (i.e., O+O (adsorb) ~ O 2 + q, where q is 
the heat of the unit recombination event). 

Using the heat balance equation of the fi l-  
ament and the ratio ~ = n/N (where N is the total 
number  of par t ic les ,  and n the atom concen t ra -  
tion), we can go over f rom the t empera tu re  dif-  
ference to the degree of dissociation.  
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H e r e  AT is the  f i l a m e n t  t e m p e r a t u r e  d i f f e r e n c e ,  K B o l t z m a n n ' s  c o n s t a n t ,  and a the  a c c o m m o d a t i o n  
coe f f i c i en t  for  a t o m i c  oxygen  at the  f i l a m e n t  s u r f a c e .  The a c c o m m o d a t i o n  coe f f i c i en t  a ~ 1 [7], whi le  q can  
be  d e t e r m i n e d  f r o m  p u b l i s h e d  d a t a  [8]. Thus ,  by  e x p e r i m e n t a l l y  m e a s u r i n g  AT, we can  d e t e r m i n e  the d e -  
g r e e  of d i s s o c i a t i o n  of  O 2 in the  d i s c h a r g e  c h a m b e r .  The  e s t i m a t e d  m e a s u r e m e n t  e r r o r  is  of  the o r d e r  of 
15-20~/0 of the  m e a s u r e d  va lue  [3, 8, 5, 6]. 

In F ig .  2 the m e a s u r e d  d e g r e e  of d i s s o c i a t i o n  is p l o t t e d  a g a i n s t  the  h f - g e n e r a t o r  vo l t age  fo r  P0 = 2 �9 
10 -3 m m  Hg. T h e r e  is  a t e n d e n c y  fo r  o~ to i n c r e a s e  wi th  vo l t age .  

In F ig .  3 the  d e g r e e  of  b l a c k e n i n g  of the  c h e m i c a l  d e t e c t o r s  is p lo t t e d  a g a i n s t  e x p o s u r e  t ime ;  c u r v e s  
1-5  c o r r e s p o n d  to the  fo l lowing  d e n s i t y  v a l u e s :  n = 3.0, 3.5, 4.0,  5.0, 15 p a r t i c l e s / c m  3 1012. 

The r e l a t i o n  ob ta ined  be tween  D I / d t  and a t o m  c o n c e n t r a t i o n  n is  p r e s e n t e d  in Fig .  4. As m a y  be s een  
f r o m  F igs .  3 and 4, the d e g r e e  of  b l a c k e n i n g  i n c r e a s e s  l i n e a r l y  wi th  t i m e ,  and d I / d t  is  d i r e c t l y  p r o p o r t i o n -  
al  to n. 

Hence  f r o m  the  s l o p e  of the  c u r v e s  t an  fl = d I / d t  we can  e s t i m a t e  the  a t o m i c  oxygen  c o n c e n t r a t i o n  
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and,  hav ing  d e t e r m i n e d  d I / d t  fo r  s o m e  c o n c e n t r a t i o n  by  o t h e r  independen t  m e t h o d s  ( for  e x a m p l e ,  s t a r t i n g  
f r o m  the  m e a s u r e d  v a l u e s  of the  d e g r e e  of d i s s o c i a t i o n  and the in i t i a l  p r e s s u r e ) ,  we can  a l so  d e t e r m i n e  
the  a b s o l u t e  c o n c e n t r a t i o n  of a t o m i c  p a r t i c l e s .  

The  m e a s u r e m e n t  e r r o r  of the  me thod  d e s c r i b e d  is c h i e f l y  d e t e r m i n e d  by  the e r r o r  in c a l i b r a t i n g  
and m e a s u r i n g  the d e g r e e  of b l a c k e n i n g  of the  c h e m i c a l  d e t e c t o r s .  A c c o r d i n g  to [ 1] the e r r o r  in m e a s u r i n g  
the change  of t r a n s m i t t a n c e  is of the  o r d e r  of  10-15%. Since  the c a l i b r a t i o n  e r r o r  is  15-20%, the m a x i m u m  
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s c a t t e r  of the c o n c e n t r a t i o n  d a t a  ob ta ined  by  the method  d e -  
s c r i b e d  should  be  of the  o r d e r  of 20-30%. H o w e v e r ,  the  use  of 
m o r e  a c c u r a t e  c a l i b r a t i o n  me thods  wi l l  m a k e  it p o s s i b l e  to r e -  
duce  the e r r o r  in m e a s u r i n g  the a t o m i c  oxygen  c o n c e n t r a t i o n .  

C h e m i c a l  d e t e c t o r s  can  be u sed  to  d e t e r m i n e  the r e l a t i v e  
c o n c e n t r a t i o n  of a t o m i c  p a r t i c l e s  in a n o t h e r  way. Since  the d e -  
g r e e  of b l a c k e n i n g  de pe nds  l i n e a r l y  on the n u m b e r  of p a r t i c l e s  
s t r i k i n g  the d e t e c t o r ,  by  d e t e r m i n i n g  the change  in the  d e g r e e  of 
b l a c k e n i n g  at  d i f f e r e n t  p r e s s u r e s  for  the  s a m e  m e a s u r e m e n t  
t i m e ,  we can  find the r a t i o  and,  a f t e r  c a l i b r a t i o n ,  the  a b s o l u t e  
c o n c e n t r a t i o n  of a t o m i c  p a r t i c l e s .  
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and,  a f t e r  c a l i b r a t i o n ,  the abso lu t e  c o n c e n t r a t i o n  of a t o m i c  p a r t i c l e s .  
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Finally, we note that the resul ts  of the exper iments  conf i rm the possibi l i ty  of using chemical  de tec t -  
ors  to measure  the concentrat ion of atomic oxygen par t ic les  in ra ref ied  dissociated media. Despite c e r -  
tain disadvantages (limitation on the accuracy  of the measurement  t ime determined by the density of the 
medium, etc.), the method descr ibed has a number of good points: a) it i s  of independent value in connec-  
tion with the surface interactions of atomic par t ic les ;  b) as distinct f rom most spectroscopic  methods it 
can be used to measure  the concentrat ion of atoms in dissociated gas flows not in thermodynamic  equil-  
ibrium; c) as distinct f rom methods based on the use of thermal  probes  it pos se s se s  selectivity,  i.e., it 
r eg i s t e r s  a par t icu lar  species of par t ic les ,  e.g.,  O; moreover ,  e r r o r s  introduced by measur ing the r e c o m -  
bination coefficients at the sensitive elements  of the thermal  probe are eliminated. With fur ther  improve -  
ment (in methods of prepar ing  the chemical  detectors ,  calibration methods,  methods of recording  the de-  
gree of blackening, etc.) the ability of chemical  detectors  to change their  t ransmi t tance  upon interaction 
with O may provide a basis for the design of a rocke t -borne  instrument to measure  the atomic par t ic le  
concentrat ion in the upper layers  of the atmosphere.  

The author thanks Yu. A. Bragin, I. K. Konkashbaev, and V. N. Kikhtenko for their  ass is tance.  
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