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P r e v i o u s  expe r imen t s  had shown t h a t  e x t r a c t i o n  of  hydrogen 
g a s  from l u n a r  m a t e r i a l  was n o t  comple te  when d e g a s s i n g  under  
vacuum. I t  i s  l i m i t e d  by a n  oxyda t ion  r e a c t i o n  s t a r t i n g  a t  
5 7 5 " ~  (1).  I n  o r d e r  t o  overcome t h i s  d i f f i c u l t y  w e  have b u i l t  a  
new e x t r a c t i o n  l i n e ,  based  on a  f l ow  sys tem,  working a t  atmos- 
p h e r i c  p r e s s u r e .  

The e x t r a c t e d  g a s e s  a r e  c a r r i e d  by hel ium.  The f l ow  v a l u e  
i s  50 cc/mn. A t y p i c a l  l i n e  i n c l u d e s  two s u c c e s i v e  t r a p s .  I n  t h e  
f i r s t  one ,  g a s e s  condensab le  a t  l i q u i d  n i t r o g e n  t e m p e r a t u r e  a r e  
r e t a i n e d .  The second one ,  i s  k e p t  a l s o  a t  l i q u i d  n i t r o g e n  tempe- 
r a t u r e  and,  i n  a d d i t i o n  i s  f i l l e d  w i t h  c h a r c o a l .  I n  t h i s  l a s t  
t r a p ,  hydrogen i s  c o l l e c t e d .  W e  have f o u r  l i n e s  of t h i s  t y p e .  
Each of  t h e s e  i s  used  i n  a  s e p a r a t e  r ange  of e x t r a c t i o n  tempera-  
t u r e .  The samples  a r e  h e a t e d  up t o  1200°C i n  q u a r t z  h o l d e r  by a  
r e s i s t o r  oven. A c o n s t a n t  h e a t i n g  ra te  of 4OC/mn i s  adopted .  De- 
g a s s i n g  between 150 and 200°C i s  performed f o r  90 minu te s  b e f o r e  
t h e  g a s  c o l l e c t i o n .  A t h i r t y  minu te s  p e r i o d  a t  1200°C comple tes  
t h e  whole h e a t i n g .  When t h e  e x t r a c t i o n  p rocedure  i s  comple ted ,  
he l ium i s  e v a c u a t e d  from t h e  whole of  t h e  i n s t a l l a t i o n .  Then t h e  
g a s  r e l e a s e d  f rom t h e  t r a p s  r e a c t  s u c c e s s i v e l y  w i t h  vanadium a t  
8 0 0 " ~ .  Vanadium a c t s  a s  a  chemica l  t r a p  f o r  a l l  compounds e x c e p t  
r a r e  g a s e s  and hydrogen-namely, H20 i s  r educed  i n  hydrogen. Then, 
hydrogen g a s  samples  a r e  t r a n s f e r r e d  t o  ampoules f i l l e d  w i t h  
c h a r c o a l  a t  l i q u i d  n i t r o g e n  t e m p e r a t u r e .  The samples a r e  r e a d y  
f o r  a n a l y s i s  by mass s p e c t r o m e t r y .  Be fo re  each  exper iment  t h e  
q u a r t z  t u b e  i s  degas sed  a t  1200°C. A f t e r w a r d s ,  a t  t h i s  same t e m -  
p e r a t u r e  a t  which p o l l u t i o n  by g r e a s e  shou ld  most l i k e l y  o c c u r ,  
b l a n k s  a r e  r u n  w i t h  f r e e  hel ium.  The amounts of  hydrogen and wa- 
t e r  c o l l e c t e d  a r e  a lways s m a l l e r  t h a n  0 . 3  mm3 S.T.P. 

Expe r imen ta l  r e s u l t s  o b t a i n e d  u s i n g  t h e  f low e x t r a c t i o n  
sys tem a r e  r e p o r t e d  i n  t a b l e  I. I n  t a b l e  I1 t h e  r e s u l t s  from ex- 
p e r i m e n t s  per formed w i t h  t h e  vacuum e x t r a c t i o n  l i n e  a r e  g i v e n .  
Sample 14003 c o n s i s t s  of f i n e s .  I n  t h i s  t a b l e ,  t h e  expe r imen t s  
f o r  which t h e  maximum e x t r a c t i o n  t e m p e r a t u r e  i s  8 0 0 " ~  a r e  s i n -  
g l e d  o u t  w i t h  a n ,  a  or a ' .  During expe r imen t s  l a b e l l e d  w i t h  b  
t h e  r ange  of  t e m p e r a t u r e  h a s  been ex t ended  t o  1 2 0 0 " ~ .  To p r e v e n t  
p o l l u t i o n  by g r e a s e  c r a k i n g ,  t h e  e x p e r i m e n t a l  set  up has  had t o  
& s l i g h t l y  mod i f i ed  i n  such  a  way t h a t  w a t e r  e x t r a c t e d  from t h e  
samples c o u l d  n o t  be  c o l l e c t e d .  

D i s c r e p a n c i e s  a r e  obse rved  between t h e  deu t e r ium c o n t e n t  of 
hydrogen e x t r a c t e d  from a  same sample i n  t h e  two t e c h n i q u e s .  We 
always measure lower  v a l u e s  when we u s e  t h e  vacuum t e c h n i q u e .  
Exper iments  a r e  underway t o  e l u c i d a t e  t h i s  problem. However t h e  
f o l l o w i n g  c o n c l u s i o n s  a r e  i ndependan t  of t h i s  f a c t  because  of  a  
d i f f e r e n t  o r d e r  o f  magni tude.  
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1. I n  a l l  r u n s  e x c e p t  t h e  f i r s t  one ,  t h e  amount of w a t e r  ex-  
t r a c t e d  by t h e  f l o w  sys tem i s  much s m a l l e r  t h a n  it i s  under  va-  
cuum e x t r a c t i o n  c o n d i t i o n s  and t h e  o p p o s i t e  i s  t r u e  f o r  t h e  hy- 
d rogen  q u a n t i t i e s .  T h i s  c o r r e l a t e s  d i r e c t l y  w i t h  t h e  p r e v i o u s  ob- 
s e r v a t i o n s  t h a t  under  vacuum oxyda t ion  of  hydrogen t o  w a t e r  i n  
p r e s e n c e  of  l u n a r  m a t e r i a l  t a k e s  p l a c e .  More p r e c i s e l y ,  t h e  t h r e e  
expe r imen t s  r u n  w i t h  t h e  f i n e  sample 14003 have been made f o r  
purpose  t o  check i f  t h e  n a t u r e  of t h e  m a t e r i a l  u sed  t o  wrap t h e  
moon sample c o u l d  c a t a l y s e  t h e  oxyda t ion  r e a c t i o n .  Exper iments  
run  w i t h  g o l d  ( a ' )  i n s t e a d  of p l a t i n u m  ( a )  d o n ' t  l e a d  t o  d r a s t i c  
changes .  Conve r se ly  i n  t h e  f l o w  sys tem,  t h e  p r e s s u r e  of 760 t o r r s  
of he l ium lower s  t h e  p r o b a b i l i t y  o f  r e a c t i o n  of t h e  e x t r a c t e d  hy- 
d rogen  w i t h  t h e  oxydes  of  t h e  l u n a r  sample.  The deu te r ium c o n t e n t  
of w a t e r  measured i n  b o t h  t y p e s  of  expe r imen t s  i s  i n  g e n e r a l  a-  
greement  w i t h  t h e  p r e v i o u s  o b s e r v a t i o n s .  Water e x t r a c t e d  from t h e  
samples  show, i n  t a b l e  I ,  v a l u e s  around 140 ppm. Values  around 
110 ppm i n  t a b l e  I1 co r r e spond  t o  a  m i x t u r e  of w a t e r  e x t r a c t e d  a s  
such and w a t e r  formed by combust ion of deu t e r ium d e p l e t e d  hydrogen. 

2 .  I n  b o t h  e x t r a c t i o n  p r o c e d u r e s ,  t h e  deu t e r ium c o n t e n t  of 
hydrogen e x t r a c t e d  from f i n e s  and b r e c c i a  d i s p l a y s  a  t y p i c a l  p a t -  
t e r n .  The second e x t r a c t e d  f r a c t i o n  (% 460'-725') i s  a lways de- 
p l e t e d  i n  deu t e r ium w i t h  r e s p e c t  t o  t h e  f i r s t  one and t h e  t h i r d  
one ( t a b l e  I ) .  W e  t e n t a t i v e l y  e x p l a i n  t h e  r e l a t i v e l y  h i g h e r  v a l u e  
observed  f o r  t h e  f i r s t  f r a c t i o n  a s  t h e  r e s u l t  of i s o t o p i c  exchan- 
ge  between hydrogen and deu te r ium r i c h  wa te r .  The main p a r t  of 
t h e  l a t t e r  i s  e x t r a c t e d  when h e a t i n g  i n  t h e  low t e m p e r a t u r e  r an -  
ge .  The second f r a c t i o n  r e p r e s e n t s  main ly  s o l a r  wind hydrogen 
which i s  known t o  be v e r y  low i n  deu t e r ium ( 1 , 2 , 3 ) .  I n  t h e  t h i r d  
f r a c t i o n ,  deu t e r ium formed by n u c l e a r  r e a c t i o n s  main ly  by s p a l l a -  
t i o n  p r o c e s s e s ,  i s  t h e  o r i g i n  of  t h e  i n c r e a s e  i n  v a l u e s  o f  D/H 
r a t i o s .  For  i n s t a n c e ,  d u r i n g  expe r imen t s  on a  b a s a l t  sample ,  
75.035,  a  v e r y  h i g h  v a l u e  o f  t h e  deu t e r ium c o n t e n t ,  258 ppm, h a s  
been o b t a i n e d  i n  t h e  hydrosen  e x t r a c t e d  between 7 2 5 ' ~  and 9 9 5 ' ~ .  

t h e  w a t e r  e x t r a c t e d  from t h e  samples .  c o n t a m i n a t i o n  canno t  be  r u -  
l e d  o u t  a s  i t s  deu te r ium c o n t e n t  i s  v e r y  s i m i l a r  t o  t e r r e s t r i a l  
water , though r e l a t i v e l y  h i g h .  The v a l u e s  around 155 ppm c o u l d  
be  due t o  an  i s o t o p i c  en r i chmen t  accompanying an a d s o r p t i o n  pro-  
c e s s  on t h e  l u n a r  m a t e r i a l .  

I n  c o n c l u s i o n ,  though t h e  o r i g i n  of w a t e r  c o l l e c t e d  i s  s t i l l  
u n c e r t a i n ,  ev idence  f o r  deu t e r ium formed by n u c l e a r  r e a c t i o n  on 
t h e  moon has  been g iven .  
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Table I 

Sample H ( D / H )  ppm H O  
H2 urno?es/cr umo?es/cr 

1 5 2 9 9 ,  m=0 .755  g - rock breccia 
a. 1 9 5  - 4 5 5 ° C  1.1 7 1 . 5  8 . 5  1 5 1 . 8  
b. 4 5 5  - 6 9 0 ° C  
c. 6 9 0  - 9 9 5 ° C  
d .  9 9 5  - 1 2 0 0 ° C  
whole sample 
1 5 2 9 9 ,  m=0 .827  g 
a. 2 0 0  - 455OC 
b. 4 5 5  - 7 2 5 ° C  
c.  7 2 5  - 9 9 0 ° C  
d. 9 9 0  - 1 2 0 0 " ~  
whole sample 

- rock breccia 
1.1 

1 4 . 8  
1 . 2  

- f ines  
3 . 9  

1 2 . 8  
1.0 

b. 4 5 0  - 7 2 5 ° C  
c. 7 2 5  - 9 9 0 ° C  
d.  9 9 0  - 1 2 0 0 ° C  
whole sample 
1 5 6 0 0 ,  m=0 .536  g 
a.  1 6 0  - 3 8 0 ° C  
a ' .  3 8 0  - 4 6 0 ° C  
b. 4 6 0  - 7 2 0 " ~  

- f ines  
0 . 9  
2 . 0  

1 0 . 3  
c. 7 2 0  - 1000"~  0 . 7  1 2 4 . 3  < 0 . 0 1  - 
whole sample 1 3 . 9  3 5 . 8  3 . 8  1 4 0 . 9  
6 8 5 0 1 ,  m=0 .546  g - f i n e s  
a. 1 6 0  - 4 6 0 ° C  3 . 2  4 3 . 7  4 . 1  1 4 0 . 3  

d. 9 8 5  - 1 2 0 0 ~ ~  0.3 8 7 . 5  <0.01 - 
whole sample 1 7 . 1  4 4 . 5  5 . 2  1 3 7 . 9  
7 5 0 3 5 ,  m=0 .653  g - basa l t  
a. 1 7 0  - 4 7 0 ° C  0 . 0 4  1 2 0 . 3  2 . 2 2  1 4 0 . 2  
b. 4 7 0  - 7 2 5 a C  0 . 1 9  1 7 0 . 5  0 . 2 6  1 5 1 . 7  
c.  7 2 5  - 9 9 5 ° C  0 . 0 7  2 5 8 . 5  <0.01 - 
d. 9 9 5  - 1 2 0 0 ~ ~  ' ' ' 'Oi '02 ' ' '1'2'9'. '6 ' ' '<O.'Ol - 
whole sample 0 . 3 2  1 8 0 . 9  2 . 4 8  1 4 1 . 4  

Table I1 
1 4 0 0 3 ,  m=0 .230  g ( a ' )  1 8 . 8  31.3 
1 4 0 0 3 ,  m=0 .242  g ( a ' )  2 0 . 1  3 0 . 7  
1 4 0 0 3 ,  m=0 .209  g ( a )  2 1 . 6  3 1 . 9  
1 5 6 0 0 ,  m=0 .223  g ( a )  1 4 . 6  n.  d 
1 5 6 0 0 ,  m=0 .254  g ( a )  1 2 . 0  2 4 . 8  
1 5 2 9 9 ,  m = 1 . 9 2 5  g (b) 8 . 1  2 9 . 3  
1 5 2 9 9 ,  m=0.759 g (b) 8 . 5  2 9 . 1  
6 8 5 0 1 ,  m=0.372 g (b) 1 2 . 1  2 7 . 0  
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