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A.  In t roduc t ion  and Objec t ive  

Q u a n t i t a t i v e  a n a l y s i s  by rocke t -  and s a t e l l i t e - b o r n e  mass spec- 

t rometers  of t he  atomic oxygen d e n s i t y  i n  t h e  e a r t h ' s  upper atmosphere 

i s  made d i f f i c u l t  by t h e  r e a c t i v e  c h a r a c t e r  of t he  oxygen atoms. These 

s p e c i e s  can i n t e r a c t  w i t h  s o l i d  s u r f a c e s  by adso rp t ion ,  by formation of 

ox ides ,  and by c a t a l y t i c  product ion of molecular  oxygen. Hence, t h e  

oxygen atom concen t r a t ion  as seen by a mass spectrometer  may be substan-  

t i a l l y  d i f f e r e n t  from i t s  real  va lue  i n  t h e  environment because of atom 

removal on t h e  s u r f a c e s  of t h e  ins t rument .  The o b j e c t i v e  of t h i s  pro- 

j ec t  i s  t o  e l u c i d a t e  t he  k i n e t i c s  and mechanisms of i n t e r a c t i o n  of oxy- 

gen atoms wi th  s o l i d  s u r f a c e s  of engineer ing  i n t e r e s t  under cond i t ions  

s i m i l a r  t o  those  encountered i n  the upper atmosphere. Such information 

w i l l  c o n t r i b u t e  t o  t he  q u a n t i t a t i v e  i n t e r p r e t a t i o n  of atomic oxygen com- 

p o s i t i o n  data repor ted  by mass spec t rometers  i n  f l i g h t .  

Our experimental  approach employs a r e a c t i o n  vesse l  i n  which t h e  

t o t a l  gas  p re s su re  and the e n t e r i n g  f l u x  of oxygen atoms a r e  held con- 

s t a n t .  The r a t e  of i n t e r a c t i o n  of oxygen atoms wi th  a metal su r face  i s  

eva lua ted  by observing the  diminut ion i n  atom f l u x  a t  t h e  o u t l e t  of t h e  

ves se l  when a specimen of t he  material of i n t e r e s t  i s  i n s e r t e d  i n t o  t h e  

r e a c t o r .  Our preceding r e p o r t s  have descr ibed  and d iscussed  the  k i n e t i c s  

of i n t e r a c t i o n  of oxygen atoms wi th  a number of metal s u r f a c e s  which have 

been employed i n  t he  f a b r i c a t i o n  of f l i g h t  mass spec t rometers .  These 

metals included gold ,  s i l v e r ,  t i t an ium,  aluminum, and s t a i n l e s s  s tee l .  

Recently w e  have s tudied  t h e  i n t e r a c t i o n  of hydrogen atoms wi th  gold and 

oxygen-covered gold .  In a d d i t i o n ,  w e  have carried ou t  experiments wi th  

oxygen atoms i n  a r e a c t o r  of modified geometry t o  provide a d i r e c t  test 
of our  a n a l y t i c a l  model. 

B. Experimental  Resu l t s  and' Discussion 

1. The I n t e r a c t i o n  K i n e t i c s  of Hydrogen Atoms wi th  Gold 

Based on our  ear l ier  work*, t h e  surv iv ing  f l u x  of hydrogen atoms 

through t h e  o u t l e t  of our  r e a c t o r  i s  reduced by approximately one-half 

when a 23-cm2 gold r ibbon i s  i n s e r t e d  i n t o  t he  r e a c t o r .  

measurements of t h e  ra te  of adsorp t ion  of hydrogen atoms on gold under 

Flash-f i lament  
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similar  cond i t ions  of temperature  and p res su re  i n d i c a t e  t h a t  a t  s teady 

s t a t e  less than  10% of t h e  metal s u r f a c e  i s  populated w i t h  adsorbed hy- 

drogen atoms.'  

f o r  t h e  appa ren t ly  high t o t a l  loss of atoms on t h e  gold su r face ;  hence 

w e  performed a d d i t i o n a l  experiments t o  i n v e s t i g a t e  t h e  dependence of t h e  

su r face  k i n e t i c s  on atomic hydrogen p res su re  and coverage. 

This low su r face  coverage seemed i n s u f f i c i e n t  t o  account 

A s  befo re ,  w e  employed the  f lash- f i lament  technique .2  W e  va r i ed  

t h e  atom p a r t i a l  p re s su re  by changing t h e  t o t a l  hydrogen f l u x  through 

t h e  r e a c t o r .  T h i s  a f f e c t s  both atomic and molecular  hydrogen p res su res  

i n  t he  r e a c t o r ,  but  t h e  rate of adso rp t ion  of molecular  hydrogen on gold 

i s  n e g l i g i b l y  small a t  t h e  temperature  of our  experiment (25'C).  Figure  

1 shows t h e  su r face  coverage as a func t ion  of t i m e  f o r  var ious  H atom 

p res su res .  The r e s u l t s  show the  s t eady- s t a t e  su r face  coverage i n c r e a s e s  

wi th  t h e  p re s su re  of a tomic hydrogen. The i n i t i a l  ra te  of adso rp t ion  on 

c l ean  gold ,  however, seems t o  be first o rde r  w i th  r e spec t  t o  atom pres-  

s u r e  w i t h i n  t h e  p r e c i s i o n  of our p re s su re  measurements. The c a l c u l a t e d  

s t i c k i n g  c o e f f i c i e n t s  are shown i n  F ig .  2 .  They are i n  agreement w i t h  

t h e  prev ious ly  repor ted '  va lues  a t  low su r face  coverages.  

W e  a l s o  measured t h e  ra te  of deso rp t ion  of hydrogen (as molecules) 

from gold.  The observed ra te  (F ig .  3 )  from an i n i t i a l  coverage of 0.016 

x l o t 5  atoms/cm2 i s  about a f a c t o r  of 10 lower than the  clean-surface-  

adsorp t ion  ra te  a t  an atomic hydrogen p res su re  t h a t  g ives  t h i s  s teady-  

s t a t e  coverage (compare wi th  F ig .  1). 

The observed c h a r a c t e r i s t i c s  of the  atomic hydrogen-gold system 

are of p a r t i c u l a r  i n t e r e s t  because they can r e a d i l y  be i n t e r p r e t e d  i n  

terms of the  k i n e t i c s  of t h e  three elementary processes3 normally consid-  

ered t o  be occurr ing  a t  t h e  s u r f a c e .  With t h i s  model w e  can then  eva lua te  

t h e  r e l a t i v e  importance of t h e  two mechanisms of recombination. The f o l -  

lowing l ist  a s s o c i a t e s  t h e s e  processes  w i t h  mathematical expres s ions  re- 

l a t i n g  the  rate of popula t ion  or depopulat ion of hydrogen on t h e  su r face  

t o  t h e  concen t r a t ion  of gaseous atoms, n ,  t h e  su r face  number d e n s i t y  of 

a v a i l a b l e  adso rp t ion  si tes,  N ,  and t h e  f r a c t i o n  of s i tes  occupied by 

adatoms, 8 .  
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Sorption 

Recombination: 

Langmuir- 
Hi n sh e lw ood 

= k,N( 1-8)n dt 

Based on equilibrium data, the probability of atom desorption from 

gold is virtually nil, so we need not consider the reverse of reaction 

(1). In addition, under the conditions of our experiments, we do not 

observe sorption of hydrogen from the molecular state; hence, the reverse 

of reactions (2)  and (3) is eliminated from our consideration. 

Using these elementary steps and assuming a mass balance in a 

dynamic steady state, we can equate the rate of sorption to the combined 

rates of recombination: 

k,N(l-B)n = k, ( N e ) '  + k3NBn . (4) 

Rearrangement of Eq. (4) gives a statement of the functional de- 

pendence of 8 on n: 

k,N8 

k, (1-8) -k38 
n =  

The reaction rate constants (k,, k , ,  k3) in Eq. (5) may be evalu- 

ated from our experimental rate data: 

k,, obtained for the observed coverage from data in Fig. 3 

using Eq. ( 2 ) ,  = 5.1 x (atoms/cm')-' min-l; 

k , ,  computed from data in Fig. 1 using Eq. (l), = 1.25 x 10-l' 
(atoms/cm3)-' min-l; 

k,, obtained from Eq. (3), first computing the value of k3N8n, 

for the observed coverage using Eq. ( 4 ) ,  = 7 . 2  x lo-' (atoms/cm3)-' 

min-l. 
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The adso rp t ion  isotherm (0  - vs  n)  ob ta ined  by so lv ing  Eq. (5) us ing  

t h e s e  va lues  of t h e  rate c o n s t a n t s ,  p r e d i c t s  a maximm s t e a d y - s t a t e  sur -  

face coverage less than 0.02 monolayer as  n -, a. This  va lue  i s  consider-  

ab ly  smaller than  t h e  maximum observed i n  ou r  experiments (F ig .  1). How- 

eve r ,  based on t h e  observed r e l a t i v e  f l u x  of hydrogen atoms surv ing  t r a n s i t  

through the  r e a c t o r  wi th  t h e  gold specimen,'  i t  i s  ev ident  t h a t  a s i g n i -  

f i c a n t  f r a c t i o n  of t h e  i n c i d e n t  atoms do no t  recombine. Consequently,  

k3  was ad jus t ed  t o  a lower va lue  (2 x 10'' (atoms/cm3)-' min-') t o  g ive  

an isotherm i n  reasonable  agreement w i t h  t h e  d a t a  (F ig .  4 ) .  

The r e l a t i v e  va lues  of t h e  ra te  c o n s t a n t s  i n d i c a t e  t h a t  adsorp- 

t i o n  is  t h e  r a t e - l i m i t i n g  process  i n  t h e  recombination of hydrogen atoms 

on gold .  This  conclus ion  i s  f u r t h e r  supported by the s i m i l a r i t y  i n  va lue  

of t h e  recombination c o e f f i c i e n t  y determined previous ly3  a t  a r e l a t i v e l y  

h igh  p res su re  (P z t o r r ;  y = 0.072) and t h e  c lean-sur face  s t i c k i n g  

c o e f f i c i e n t  (S = 0.065). 

basis of f irst  o rde r  Eley-Rideal  kinetic^:^ 

H 
W e  may compute k, from t h i s  va lue  of y on the  

YE k3 = - 
4N0 

where E is  t h e  mean atomic v e l o c i t y .  

l i m i t  of 8 = 0.06, t h i s  computation g i v e s  k, = 4 x lo-", i n  reasonable  

agreement w i t h  t h e  va lue  der ived  from our  low p res su re  ra te  measurements. 

I f  w e  assume t h e  high p res su re  

2 .  The I n t e r a c t i o n  of Oxygen Atoms and Hydrogen Atoms on Gold 

The  hydrogen atom concen t r a t ion  i n  the  upper atmosphere i s  much 

smaller than t h a t  of  oxygen atoms. T h i s  f a c t ,  considered toge the r  wi th  

t h e  r e l a t i v e l y  high rate of adsorp t ion  of atomic oxygen on gold ,  sugges ts  

t h a t  one should be concerned w i t h  t he  ra te  and n a t u r e  of t h e  i n t e r a c t i o n  

between gaseous hydrogen atoms and oxygen adatoms. 

We have i n v e s t i g a t e d  t h i s  r e a c t i o n  by means of t h e  f l a sh - f i l amen t  

technique.  The gold r ibbon specimen, f l a s h  c leaned ,  was exposed t o  a 

f l u x  of atomic oxygen f o r  a s u f f i c i e n t  t i m e  t o  s a t u r a t e  t h e  su r face  w i t h  

a monolayer of adatoms. The oxygen supply t o  t h e  system w a s  then c u t  o f f ,  

and, fo l lowing  a b r i e f  per iod  of evacuat ion ,  hydrogen a t  a predetermined 
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cons tan t  f l u x  w a s  admitted t o  t h e  atom source and the  r e a c t o r  f o r  a 

per iod of t i m e .  A f t e r  t h i s  exposure t o  hydrogen atoms, t h e  hydrogen 

supply w a s  i n t e r r u p t e d  and t h e  r ibbon w a s  e l e c t r i c a l l y  heated t o  desorb  

r e s i d u a l  adsorbed oxygen. 

evaluated the  mass of oxygen remaining on t h e  gold su r face  a f t e r  expo- 

s u r e  t o  a cons tan t  f l u x  of hydrogen atoms f o r  va r ious  pe r iods  of t i m e .  

The r e s u l t s ,  co r rec t ed  f o r  Langmuir-Hinshelwood oxygen atom recombina- 

t i o n ,  are shown i n  F i g ,  5. The i n i t i a l  ra te ,  shown by t h e  dashed l i n e ,  

i s  comparable t o  t he  i n c i d e n t  f l u x  of hydrogen atoms under the  cond i t ions  

of the  experiment (P Z 5 x lo-’ t o r r ) ,  and i n d i c a t e s  t h a t  t h e  r e a c t i o n  

occurs  wi th  approximately u n i t  e f f i c i e n c y .  The products  of t h e  r e a c t i o n  

could not  be determined. A blank experiment,  i n  which an oxygen-covered 

gold su r face  w a s  exposed f o r  8 minutes  t o  a f l u x  of molecular hydrogen 

a t  PH = 

c u l a r  hydrogen w i t h  oxygen adatoms on gold i s  n e g l i g i b l y  s m a l l .  

Using our  e s t a b l i s h e d  t echn ique12  w e  t h u s  

H 

t o r r ,  i nd ica t ed  tha t  t h e  ra te  of r e a c t i o n  of gaseous mole- 
2 

3. Experiments i n  a Reactor w i t h  Modified Geometry 

To ob ta in  q u a n t i t a t i v e  va lues  f o r  the  c o n s t a n t s  desc r ib ing  t h e  

s o l i d  s u r f a c e l g a s  atom r e a c t i o n s ,  t h e  gas  flow equat ions  desc r ib ing  flow 

through a c y l i n d r i c a l  tube  w i t h  a p e r t u r e s  a t  e i ther  end and w a l l s  of v a r i -  

a b l e  r e a c t i v i t y  must be so lved .  Unfor tuna te ly ,  s o l u t i o n s  from our analy-  

t i c a l  model4 could be obta ined  only f o r  geometr ies  where t h e  l e n g t h  and 

diameter  of t h e  c y l i n d e r  are comparable. The use  of such a geometry f o r  

our f l a sh - f i l amen t  adsorp t ion  experiments w a s  imprac t i ca l ;  hence most of 

our d a t a  w a s  obtained i n  a r e a c t o r  w i t h  a length ld iameter  r a t i o  of 5.5/1. 

To provide a direct  empir ica l  tes t  of t h e  a n a l y t i c a l  model, w e  

c a r r i e d  out  a s e l e c t e d  set of experiments u s ing  a new r e a c t o r  wi th  dimen- 

s i o n s  similar t o  those  of t h e  model shown i n  F ig .  6 .  The r e a c t o r  w a s  

f a b r i c a t e d  from fused  q u a r t z .  The diameter  and l e n g t h  were each 5 . 1  c m  

(L/D = 1);  t h e  diameter  of t h e  en t r ance  a p e r t u r e  was 0 .6  c m  whereas t ha t  

of t h e  e x i t  a p e r t u r e  w a s  1 .25 c m .  A l l  o t h e r  components of t h e  system 

were i d e n t i c a l  t o  those  employed w i t h  t h e  long r e a c t o r . 2  

The f r a c t i o n  of atomic oxygen i n  t h e  o u t l e t  f l u x  of t h e  r e a c t o r  

was determined f o r  t h e  c l e a n ,  empty r e a c t o r  as a func t ion  of the  temp- 
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erature of the tungsten atom source and the oxygen pressure at the 

source inlet. A second set of similar measurements was carried out after 

inserting in the reactor a silver foil liner, which covered exactly one- 

half the side wall of the reactor nearest the end containing the exit 

aperture (Fig. 6). This liner was cut from 0.010-in. silver foil, pol- 

ished with a pure alumina abrasive, and washed thoroughly in distilled 

water. Rolled into a cylinder of slightly larger diameter than the re- 

actor, it was held in place by spring tension. After evacuation, the 

silver was initially degassed by heating to approximately 3OO0C with a 

resistance heater surrounding the quartz reactor. Silver was chosen f o r  

this experiment because of its demonstrated5 indifference to carbon 

monoxide as a catalytic poison fo r  oxygen-surface reactions. Consequently, 

we could be confident that it would exhibit its characteristic steady- 

state activity toward atomic oxygen without periodic flash cleaning. 

The results of these experiments (Fig. 7 )  demonstrate a reasonably 

constant fractional diminution in the flux of oxygen atoms that survive 

transit through the reactor with the silver wall, over a range of source 

temperatures and pressures. The analytical model permits interpretation 

of this fractional loss in terms of a loss coefficient, CY The aver- 

age observed value of relative exit flux, n/n+$ = 0 . 3 1 ,  corresponds to an 

overall loss coefficient, c~ 0 . 1  (Fig. S), according to the analyti- 

cal model. This value of loss coefficient is in reasonable agreement 

with our earlier measurements on the atomic oxygen-silver system, on the 

assumption that atom recombination by the Eley-Rideal mechanism is very 

slow. 

silver surface by occlusion and Langmuir-Hinshelwood recombination was 

found to be approximately one-tenth the rate of impingement of gaseous 

atoms. 

band 

band 

In these earlier experiments,6 the total atom loss rate at the 

C. Practical Conclusions 

1. The high efficiency of the reaction between gaseous hydrogen 

atoms and oxygen adatoms on gold observed in our experiments seems to be 

in conflict with reports of hydrogen atom number densities of the order 

of 10' cmw3 reported by the OGO-F satellite mass spectrometer at perigee.' 
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Since no ion  fragments t h a t  could be a t t r i b u t e d  t o  water or t o  molecular  

hydrogen appear  i n  t h e  upper atmosphere mass spectrum, hydrogen atoms 

must su rv ive  t r a n s i t  through t h e  sampling antechamber e i t h e r  a s  gaseous 

atoms or i n  some o t h e r  combined form. W e  may specu la t e  on two p o s s i b l e  

sources  of hydrogen atoms. 

a .  Hydrogen atoms might react wi th  su r face  sorbed oxygen t o  form 

t h e  metas tab le  r a d i c a l  OH. A t  25OC, t h i s  s p e c i e s  possesses  a 9 .4  k c a l  

endothermic hea t  of format ion , '  so  i t s  genera t ion  from i t s  c o n s t i t u e n t  

atoms, even where one of them i s  i n  an adsorbed state,  i s  thermodynami- 

c a l l y  q u i t e  f avorab le .  Such r a d i c a l s  would undoubtedly d i s s o c i a t e  a f t e r  

a few c o l l i s i o n s  wi th  t h e  w a l l .  However, t h e  products  would be t h e  con- 

s t i t u e n t  atoms, f o r  t h e  number d e n s i t y  of adsorbed hydrogen i s  so low 

t h a t  an encounter  wi th  a hydrogen adatom t o  form water i s  h ighly  u n l i k e l y .  

In c o n t r a s t ,  t h e  p r o b a b i l i t y  t h a t  t h e  hydrogen atoms from c o l l i s i o n -  

d i s s o c i a t e d  OH would react wi th  another  oxygen adatom i s  h igh ,  and w e  can 

conceive t h a t  a hydrogen atom could su rv ive  t r a n s i t  through t h e  sampling 

antechamber by success ive  formation and d i s s o c i a t i o n  of OH r a d i c a l s .  In  

t h e  ion source of t h e  mass spec t rometer ,  t h e  p r o b a b i l i t y  i s  high t h a t  

nea r ly  a l l  t h e  OH r a d i c a l s  ion ized  by e l e c t r o n  impact would be f r a c t u r e d  

i n t o  H and 0' i o n s .  Consequently only mass peaks a t  amu 1 and amu 16 

would be observed. I t  has  been reported '  t h a t  i n  t h e  OGO-F mass spec- 

t rometer  d a t a ,  t h e  i n t e n s i t y  of t h e  mass 16 peak demonstrates  a s l i g h t  

i nc rease  i n  conjunct ion wi th  i n c r e a s e s  of t h e  mass 1 peak. This  r e s u l t ,  

of cour se ,  i s  c o n s i s t e n t  w i th  t h e  proposed atom t r a n s p o r t  mechanism. 

+ 

b.  The source of t h e  observed hydrogen might be nonatmospheric. 

I t  has  been demonstrated' t h a t  hydrogen d i f f u s e s  r e a d i l y  through gold a t  

temperatures  as low as 100°C. 

i ng  on t h e  mass spectrometer  antechamber su r face  (or even hydrogen in -  

cluded i n  t h e  s t a i n l e s s  s teel  s u b s t r a t e )  would d i f f u s e  t o  t h e  f r e e  sur -  

f a c e  where, by r e a c t i o n  wi th  an oxygen adatom, i t  would leave  t h e  sur -  

f a c e  as  an OH r a d i c a l .  

Hence, hydrogen occluded i n  t h e  gold p l a t -  

By making a number of reasonable  assumptions,  w e  can estimate t h e  

concent ra t ion  of hydrogen a t  t h e  g o l d - p l a t e l s t e e l  i n t e r f a c e  r equ i r ed  t o  
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mainta in  a s t eady- s t a t e  number d e n s i t y  of H = 10' 

Our assumptions a r e :  

i n  t h e  antechamber. 

i) t h e  gold su r face  i s  t h e  s o l e  source  of hydrogen; 

ii) t h e  ra te  of a r r i v a l  of atoms by d i f f u s i o n  from t h e  s o l i d  

Ddn /dx i s  balanced by t h e i r  depa r tu re  through t h e  an te-  

chamber i n l e t  o r i f i c e  wi th  f l u x  ; 
S 

0 
iii) t h e  concen t r a t ion  n of H(s) a t  t h e  gold su r face  approaches 

S 

ze ro ;  

i v )  t h e  d i f f u s i v e  concent ra t ion  g rad ien t  of atoms i n  t h e  gold i s  

1 i n e a r  ; 

v) t h e  th i ckness  x of t h e  gold-p la te  l a y e r  i s  0.002 i n .  (5 x 
c m ) .  

From t h e  dimensions of t h e  antechamber and i t s  o r i f i c e :  

(6) 4 = Ddn /dx 2 10' atoms/sec . c m 2  . 
S 

The d i f f u s i o n  c o e f f i c i e n t  D f o r  hydrogen i n  gold a t  25OC, obtained by 

e x t r a p o l a t i o n  of a v a i l a b l e  da t a , "  i s  5 x lo-' cm2/sec. 

t i o n s  iii, i v ,  and v t o  Eq. (6)  g i v e s  a s ta tement  of t h e  approximate 

va lue  of t h e  hydrogen concen t r a t ion  n a t  t h e  go ld - s t ee l  i n t e r f a c e :  

Applying condi- 

S 

10 ?x  n s- 1 . 2  
S D 

The molar d e n s i t y  of gold a t  

puted va lue  of n r e p r e s e n t s  
S 

mole 
cm3 cm3 

f017 atoms = 1 . 9  - . 

25OC is  9.8 x lo-' - . Hence, t h e  com- 
cm3 

a f r a c t i o n a l  hydrogen content  of 1 .9  x 

9.8 x 10" or - 2  ppm. The presence of an  occluded hydrogen concentra-  

t i o n  of t h i s  magnitude i s  q u i t e  p l a u s i b l e .  Therefore ,  t h e  s o l i d  s u r f a c e  

of t h e  mass spectrometer  antechamber cannot be discounted as  t h e  source 

of t h e  observed hydrogen (amu 1) peak. A cri ; t ical  a n a l y s i s  of t h e  va r i a -  

t i o n  of amu 1 wi th  a l t i t u d e ,  r e l a t i v e  t o  concurrent  v a r i a t i o n s  i n  amu 16 ,  

may provide f u r t h e r  i n s i g h t  i n t o  t h e  source of atomic hydrogen. 

2 .  The apparent  a p p l i c a b i l i t y  OP t h e  a n a l y t i c a l  model t o  i n t e r -  

8 



pretation of experimental data obtained in a short reactor (L/D ? 1) sug- 

gests that solutions of the model fo r  a long reactor geometry (L/D 6) 

would be of great value in interpretation of data from the OGO-F mass 

spectrometer. The antechamber in this instrument possesses a length/ 

diameter ratio L/D 6. Consequently, refinement of this computational 

problem is considered to be of great importance to derive maximum prac- 

tical benefit from the surface kinetic data obtained in this study. 

D. Final Report 

A Final Report summarizing the results of this project and dis- 
cussing their 2ignificance is currently in preparation. 

E. Personnel 

Personnel participating in this project during the past quarter 

include Bill R. Baker, J. W. van Gastel, Henry Wise, and Bernard J. Wood. 
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FIGURE 1 THE ADSORPTION OF ATOMIC HYDROGEN ON GOLD AT 25OC AS A FUNC- 
TION OF PRESSURE. 
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FIGURE 2 STICKING COEFFICIENT S OF ATOMIC HYDROGEN ON GOLD AT 25OC 
AS A FUNCTION OF SURFACE COVERAGE OF ADATOMS M. Points are 
normalized to coincide at M = 0 within precision of pressure measurements. 
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FIGURE 3 SPONTANEOUS DESORPTION OF HYDROGEN ADATOMS FROM GOLD AT 
25'C. Initial coverage at time 0 = 0.016 x 1015 atoms/cm2. 
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experimental points from data in Figure 1. 
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The loss coefficient, &band, 
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