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hfs is reduced to 13. It is obvious that the satura- 
tion of the central transition (+g, 0) - (-i, 0) by a 
short pulse of shf will lead to the saturation of 
the transitions (+a, 1) - (-$, 2) and (+i, -1) c-1 
- (-b, -2) because they have the same energy 
((m, M) denotes the state with the projections of 
the electronic spin m and the total nuclear spin M). 
At shifting the field to the neighbouring compo- 
nent, it will be in the state of saturation, because 
it represents the superposition of transitions 
(+i, -1) - (-$, -1) and (+i, 0) u (-i, 1). The same 
thing will also take place for the component 
(+0, -2)~ (-b, -2) which is observed together with 
the transitions (+$, -1) - (-$, 0) and (+i, 0) - 
- (-+,2). The picture is completely symmetric 

**** 

to the left of the central saturated transition. So 
by saturating the central transition a discrete 
saturation consisting of 5 lines with a parameter 
equal to 6 Oe is expected. 

We would like to express our thanks to Dr. 
L. L. Buishvili for valuable discussions. 
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Permeation of hydrogen through Ni, Fe and Pd has been used as a tool for studying the angular distribution 
of desorbed H2 molecules. The measured angular distributions are strongly peaked forward. 

The interaction between a gas and a metal 
surface can be studied in many different ways. 
One of the methods is to measure the angular 
distribution of the gas molecules that leave the 
surface after they have been supplied to the sur- 
face by means of a molecular beam. We have 
used another technique for the supply of gas, i.e. 
hydrogen, to the surface, namely that of diffusion 
of atomic hydrogen from the inside of the metal 
to the surface. After association of the atoms, 
hydrogen molecules will leave the surface in ac- 
cord with the potential energies involved. A po- 
tential energy diagram can be found in ref. 1. 
The angular distribution of the desorbed mole- 
cules depends strongly on the activation energy 
EA for dissociative adsorption, as is shown 
later on. 

The measurements were performed in a vacu- 
um apparatus. The hydrogen desorbed from a 
thin circular (diameter 1.5 mm) metal plate, 
which could be heated to 1000’K. This plate had 
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been soldered in a copper tube such that the angle 
between plate and tube axis was 45’. The tube 
was turnable around its axis and stuck for some 
distance in the vacuum chamber. Through the 
tube hydrogen was admitted to the back of the 
metal plate. The hydrogen permeated through the 
plate and desorbed into the vacuum chamber. A 
part of the desorbed H2 went directly into a beam 
detector, situated at 2 cm distance from the 
plate. It caused in the detector an extra pressure 
proportional to N(B), the number of molecules 
per steradian ejected in the direction 9, where 
is the angle between the surface normal and the 
direction of the detected molecules. The angular 
resolution was about 4’. 

The results N(B)/N(O) for the mechanically 
polished, polycrystalline metals Fe, Ni and Pd, 
at 900°K, are shown in fig. 1. Remarkably 
peaked distributions were found, depending on 
the metal used. These distributions hardly de- 
pend on temperature in the region from 
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Fig. 1. Experimental angular distribution of H2 de- 
sorbed from Pa, Fe and Ni at 900°K. A and B are theo- 
retical curves for T = 900°K with EA = 0.55 and 1 eV 

respectively. 

800-1000°K. Two different iron plates gave 
nearly the same results. 

Assumptions for a theoretical analysis are: 
a) Equilibrium exists between the adsorbed hy- 
drogen atoms and the hydrogen gas molecules. 
This means that the angular distribution of de- 
sorbed molecules can be found by calculating the 
angular distribution of molecules which are able 
to adsorb dissociatively on the surface (principle 
of detailed balancing); b) the activation energy is 
constant over the whole surface and the aequipo- 
tential planes parallel to the surface are flat; 
c) the variation of rotation and vibration energy 
of the molecules with temperature is not con- 
sidered; d) the sticking probability is 1 for dis- 
sociative adsorption of the molecules which are 
energetically able to adsorb on the surface. The 
result is: 

N(0) =N(O) 
EA + kT COS' 0 

(EA + kT) cos ~9 
“W[- (EA/kT)ta’8] 

where k is the constant of Boltzmann and T the 

absolute temperature. This distribution for T = 

= 900°K is shown in fig. 1 by the curves A and B 
for EA = 0.55 and 1 eV respectively. 

The nearly temperature independent experi- 
mental distributions do not fit in this simple 
theoretical description. The activation energies 
to be used in this formula to get approximately 
the measured distribution for 0 < 6 < 30’ are: 
for Ni 0.4, for Fe 0.27 and for Pd 0.16 eV. These 
values of EA for Fe and Pd are much lower than 
those determined from permeation measure- 
ments. The latter measurements result in about 
1 eV for Fe (unpublished work of the author) and 
0.55 eV [2] for Pd. Measured values of the acti- 
vation energy of Ni are not known to the author. 

The discrepancy between experimental and 
theoretical result can be explained, at least 
partly, by the influence of the surface roughness. 
The roughness broadens the distribution and di- 
minishes the influence of the temperature on the 
distribution. 

It is noted that this “permeation technique”, 
in contrast with the “molecular beam technique”, 
ensures the measuring of only desorbed particles. 
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