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A major c o n s t i t u e n t  of t h e  l u n a r  atmosphere i s  4 O A r ,  o r i g i n a t i n g  f r m  
decay of 4OK i n  t h e  l u n a r  i n t e r i o r .  The l i f e t i m e  of A r  exhaled from t h e  moon 
i s  s h o r t ,  on t h e  o rder  of months, due t o  t h e  i n t e r a c t i o n  of s o l a r  r a d i a t i o n  
wi th  t h e  l u n a r  atmosphere. Neutral  A r  atoms e f f u s i n g  from t h e  moon's su r face  
a r e  bound i n  b a l l i s t i c  t r a j e c t o r i e s ,  and on contact  w i t h  the  r e g o l i t h  may 
p e n e t r a t e  t h e  l u n a r  s o i l  t o  f i n i t e  depths  by a  random walk whose d u r a t i o n  i s  
c o n t r o l l e d  by t h e  temperature and adsorp t ive  p r o p e r t i e s  of t h e  r e g o l i t h .  Ar 
atoms i n  t h e  atmosphere may be ion ized  by pho to ion iza t ion  o r  charge exchange 
wi th  t h e  s o l a r  wind and a c c e l e r a t e d  by t h e  s o l a r  wind e lect romagnet ic  f i e l d ;  
about one h a l f  of t h e  i o n s  a r e  implanted i n  t h e  l u n a r  su r face  w i t h  energ ies  of 
-lKeV/nucleon, whi le  t h e  r e s t  escape 111. The l i f e  h i s t o r y  of an atmospheric 
A r  atom may thus  be in f luenced  by r a t h e r  complex i n t e r a c t i o n s  w i t h  t h e  l u n a r  
su r f  ace, g r a v i t a t i o n a l  f i e l d  and r a d i a t i o n  environment. 

Di rec t  measurement of t h e  atmospheric 4 "r concen t ra t ion  and i t s  tem- 
pora l  v a r i a t i o n s  was made by t h e  Apollo 17 mass spectrometer.  The f i r s t  v a r i -  
a t i o n  i s  synodic, c o n s i s t i n g  i n  t h e  gradual decrease  of atmospheric 4 o A r  a f t e r  
l u n a r  sunset ,  presumably due t o  enhanced a d s o r p t i o n  on t h e  cool ing r e g o l i t h .  
Concentra t ions  a r e  a  minimum a t  midnight and e x h i b i t  an  abrupt pre-sunrise 
inc rease  due t o  i n f l u x  of desorbed A r  from t h e  approaching s u n r i s e  terminator .  
The o t h e r  v a r i a t i o n  i s  a  change i n  t h e  abso lu te  4 O A r  amount (by as  much a s  a  
f a c t o r  of 2; r e f .  121) i n  t h e  atmosphere, wi th  an i n f e r r e d  6-7 month per iodi-  
c i t y .  These l a t t e r  v a r i a t i o n s  may r e f l e c t  changes i n  l u n a r  s e i s m i c i t y  o r  sea- 
sonal v a r i a t i o n s  i n  shading of p o r t i o n s  of t h e  l u n a r  surface  131. Exospheric 
s imula t ion  models developed by Hodges 131, which incorpora te  t h e o r e t i c a l  
modeling of t h e  s o r p t i v e  p r o p e r t i e s  of t h e  r e g o l i t h ,  a r e  capable of reproduc- 
ing t h e  observed synodic v a r i a t i o n s  i n  atmospheric 4 o A r  but  p r e d i c t  h e a t s  of 
adsorp t ion  of a t  l e a s t  6  kcal/mole. This  va lue  i s  r a t h e r  l a r g e  i n  comparison 
w i t h  r e s u l t s  ob ta ined  by conventional techniques  (1 t o  a  few kcal /mole) .  It 
i s  p o s s i b l e  t h a t  t h i s  d i f f e r e n c e  i s  a t t r i b u t a b l e  t o  s i te-compet i t ion e f f e c t s  
caused by atmospheric contaminat ion which i s  not  present  i n  t h e  more p r i s t i n e  
l u n a r  m a t e r i a l s .  

I n  t h e  p resen t  experiment we address  t h i s  p o s s i b i l i t y  us ing t h e  adsorp- 
t i o n  technique of Podosek e t  a l .  141 which we have previously  app l ied  t o  Xe 
adsorp t ion  on t e r r e s t r i a l  and l u n a r  samples crushed i n  vacuum t o  minimize 
i n t e r f e r e n c e  by atmospheric contaminat ion 151 . I n  our protocol  small  f rac -  
t i o n s  of a  monolayer of gas a r e  adsorbed (Henry's law regime) on newly c r e a t e d  
sur f  ace, a  s i t u a t i o n  which presumably mimics t h e  n a t u r a l  l u n a r  environment. 
The p r i n c i p a l  d a t a  obta ined by t h i s  technique a r e  Henry c o n s t a n t s  which a r e  
r e l a t e d  t o  d e s o r p t i o n  l i f e t i m e s  i n  a  manner e s s e n t i a l l y  independent of any 
p a r t i c u l a r  thermodynamic model. It i s  noteworthy t h a t  f o r  t h e  case  of Xe [ 5 1 r  
small  f r a c t i o n s  of t h e  f r e s h  l u n a r  mineral  s u r f a c e s  e x h i b i t e d  remarkably l a rge  
a d s o r p t i o n  p o t e n t i a l s  (-14 kca l /mole ) .  The f i g u r e  d e p i c t s  our p re l iminary  A r  
adsorp t ion  r e s u l t s  f o r  uncrushed t e r r e s t r i a l  l a b r a d o r i t e  which has been 
exposed t o  a i r ,  but  i s  u n t r e a t e d  except f o r  pre-analysis high vacuum exposure. 
Each datum i s  t h e  r e s u l t  of e q u i l i b r a t i o n  a t  t h e  i n d i c a t e d  temperature f o r  1 6  
hr ,  a t  P ( A r ) i  1.6 x lo-) atm. The d a t a  were c o l l e c t e d  i n  two s e r i e s ,  
separa ted  by a  continued vacuum exposure i n t e r v a l  of 2  weeks. The presence of 
a t  l e a s t  two kinds  of a d s o r p t i o n  s i t e s  i s  i n d i c a t e d  by t h e  n o n l i n e a r i t y  of t h e  
data.  The s imples t  model compatible wi th  both  d a t a  s e t s  i s  t h a t  t h e  sample 
su r f  ace has more and l e s s  e n e r g e t i c  f r a c t i o n s ,  whose a s s o c i a t e d  a d s o r p t i o n  
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e n t h a l p i e s  a r e  roughly 1 and 2.5 kcal/mole.  We i n f e r  t h a t  t h e  l e s s  e n e r g e t i c  
(more a v a i l a b l e )  s i t e s  remained cons tan t  i n  amount throughout t h e  experiment, 
but  t h a t  between t h e  f i r s t  and second s e r i e s  s i t e  compet i t ion wi th  a c t i v e  
s p e c i e s  was reduced on t h e  more e n e r g e t i c  s i t e s ,  g iv ing  r i s e  t o  enhanced A r  
adsorp t ion  a t  lower temperatures.  The dashed l i n e  shows t h e  p r e d i c t e d  tem- 
p e r a t u r e  d i s t r i b u t i o n  of Henry cons tan t s .  The model is  seen  t o  be i n  crude 
agreement w i t h  t h e  e leva ted  Henry c o n s t a n t s  observed f o r  t h e  higher  (2  700K) 
second s e r i e s  temperatures.  F u r t h e r  experiments on vacuum crushed t e r r e s t r i a l  
l a b r a d o r i t e  and l u n a r  rocks a r e  i n  progress .  
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Figure  1: Temperature dependence of Henry c o n s t a n t s  f o r  A r  adsorp t ion  
on ancrushed t e r r e s t r i a l  l a b r a d o r i t e .  See t e x t  f o r  d iscuss ion.  
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