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The s u r f a c e  chemis t ry  of Apol lo  17  l u n a r  f i n e s  samples 74220,35 ( t h e  
orange  s o i l )  and 74241,42 ( t h e  g r a y  c o n t r o l  s o i l )  h a s  been  s t u d i e d  by measur ing  
t h e  a d s o r p t i o n  of n i t r o g e n ,  a rgon,  and oxygen ( a l l  a t  77OK) and a l s o  of wa te r  
vapor  ( a t  20°C). There  a r e  g e n e r a l  s i m i l a r i t i e s  and some marked c o n t r a s t s  be- 
tween t h e s e  f i n e s  and t h o s e  from t h e  Apol lo  1 2 ,  1 4 ,  and 1 6  m i s s i o n s .  ' Simi- 
l a r i t i e s  inc lude :  1. I n i t i a l l y  ( p r i o r  t o  wa te r  a d s o r p t i o n )  t h e s e  two samples 
had a low s p e c i f i c  s u r f a c e  a r e a  (Table  1 ) .  2. There was no ev idence  f o r  a  
po re  system of t h e  t y p e  t h a t  a f f e c t s  g a s  a d s o r p t i o n  i so the rms  ( i . e . ,  g i v e s  r ise 
t o  c a p i l l a r y  condensa t ion  h y s t e r e s i s  l o o p s  and a r e  less t h a n  a few hundred 
angstroms i n  s i z e )  a s  t h e  i n i t i a l  n i t r o g e n  i so the rms  were comple te ly  r e v e r s i b l e  
ove r  t h e  e n t i r e  p r e s s u r e  r ange  (Figure  1 ) .  3. Both samples were a t t a c k e d  by 
water vapor a t  h i g h  r e l a t i v e  p r e s s u r e s .  4. The a t t a c k  by wa te r  vapor  i n -  
c r eased  t h e  s p e c i f i c  s u r f a c e  a r e a  and c r e a t e d  a po re  sys tem which g i v e s  r i s e  
t o  a c a p i l l a r y  condensa t ion  h y s t e r e s i s  l oop  i n  t h e  i so the rms  (F igu re  1 ) .  

S p e c i f i c  s u r f a c e  areas o b t a i n e d  from t h e  n i t r o g e n  a d s o r p t i o n  d a t a  (by t h e  
BET method4) are g i v e n  i n  Tab le  1. The v a l u e  f o r  sample 74220 a f t e r  ou tgas s -  
i n g  a t  300°C (pre-H20) is  i n  good agreement w i t h  t h a t  r e p o r t e d  by Cadenhead 
(0.46 m2 / g ) .  s 

I n  s p i t e  of t h e  g e n e r a l  s i m i l a r i t y  of  a l l  t h e  r e s u l t s  ob ta ined  t o  d a t e  
t h e r e  a r e  s i g n i f i c a n t  s p e c i f i c  d i f f e r e n c e s ,  n o t  o n l y  between 74220 and 74241, 
b u t  a l s o  between t h e s e  two and t h e  p r e v i o u s l y  s t u d i e d  f i n e s . 2  ' 3  Both of  t h e  
Apol lo  17  samples were  hydrophobic i n  t h e i r  i n i t i a l  i n t e r a c t i o n  w i t h  w a t e r  
vapor (water  s u r f a c e  a r e a s  were abou t  h a l f  of t h e  n i t r o g e n  v a l u e ) .  T h i s  c a n  
be c o n t r a s t e d  w i t h  t h e  h y d r o p h i l i c i t y  o f  t h e  p r e v i o u s  samples? ' However, 
b o t h  of  t h e  Apol lo  1 7  samples were s t r o n g l y  h y d r o p h i l i c  a f t e r  t h e  a t t a c k  by 
wa te r  vapor  a t  h i g h  r e l a t i v e  p r e s s u r e s .  The a l t e r a t i o n  of sample 74220 was 
completed w i t h  one  c y c l e  i n  wa te r  vapor  t o  h i g h  r e l a t i v e  p r e s s u r e s .  T h i s  i s  a 
s h a r p  c o n t r a s t  t o  Apol lo  12 ,  1 4 ,  and 1 6  samples where t h e  a l t e r a t i o n  p r o c e s s  
cont inued through s e v e r a l  T h i s  d i f f e r e n c e  may be  r e l a t e d  t o  t h e  
v e r y  h i g h  g l a s s  c o n t e n t  of sample 7 4 2 2 0 . ~  Another d i f f e r e n c e  i n  sample charac-  
t e r i s t i c s  may b e  s e e n  i n  t h e  b l o c k i n g  a c t i o n  of i r r e v e r s i b l y  adsorbed w a t e r .  
That  t h e  dependence of  s p e c i f i c  s u r f a c e  area and t h e  s i z e  of t h e  h y s t e r e s i s  
l oop  on o u t g a s s i n g  t empera tu re  i s  due  t o  t h e  p re sence  of i r r e v e r s i b l y  adsorbed 
wa te r  i s  shown by t h e  f a c t  t h a t  one  can  r e v e r s e  t h e  e f f e c t  of o u t g a s s i n g  a t  a n  
e l e v a t e d  t empera tu re  by t h e  s imp le  exped ien t  of i r r e v e r s i b l y  adso rb ing  wa te r  
on t h e  sample. I n  t h e  c a s e  of sample 74220 t h e  e f f e c t  of  i r r e v e r s i b l y  adsorbed 
wa te r  on t h e  s p e c i f i c  s u r f a c e  area and h y s t e r e s i s  i s  much less t h a n  t h a t  ob- 
s e rved  w i t h  p r e v i o u s l y  s t u d i e d  samples.2' I n  t h i s  r e s p e c t  sample 74241 i s  
i n t e r m e d i a t e  between 74220 and t h e  p r e v i o u s  samples. I n  t h e  c a s e  of sample 
74241 (and t h e  p r e v i o u s  samples)  t h e r e  i s  a n  i n c r e a s e  i n  b o t h  t h e  s p e c i f i c  
s u r f a c e  area and t h e  s i z e  of  t h e  h y s t e r e s i s  l oop  when t h e  o u t g a s s i n g  tempera- 
t u r e  i s  i n c r e a s e d  from 200 t o  300°C. Obviously t h i s  i s  n o t  t h e  c a s e  w i t h  
sample 74220. 

The g e n e r a l  n a t u r e  of t h e  a t t a c k  of  l u n a r  f i n e s  by adsorbed wa te r  a t  h i g h  
r e l a t i v e  p r e s s u r e s  can  be  exp la ined  on t h e  b a s i s  of forming a system of p o r e s  
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having wide bod ies  and narrow openings,  wi th  t h e  narrow openings a s  t h e  s i t e  
where i r r e v e r s i b l y  adsorbed water b locks  access  of n i t r o g e n  t o  t h e  pore  sys- 
tem. The mechanism f o r  t h e  format ion of t h i s  pore  system has  n o t  been f i r m l y  
e s t a b l i s h e d .  

Nei ther  of t h e  two Apollo 17 samples would chemisorb carbon d iox ide ,  
independent of t h e  presence o r  absence of chemisorbed water. I n  t h e  c a s e  of 
t h e s e  two samples t h e r e  i s  no danger of s u r f a c e  contamination due t o  chemisorp- 
t i o n  of carbon d iox ide  from t e r r e s t r i a l  atmospheres. 
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TABLE 1 

Surface  Area i n  m2/g 

Outgassing Temp. (OC) Sample 74220,35 Sample 74241,42 

25 ( p r e - 3 0 )  0.35 0.36 
300 11 0.42 0 -37 

25 (post-H20) 0.90 0.57 
100 I t  1. 02 0.64 
2 00 11 1.40 0.88 
300 11 1.38 1.01 
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Adsorption of N2 on 74220,35 a t  77 O K  

Sample Outgassed a t  Indicated Temperature. 
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