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It has been reported in a previous 

study that the motionally narrowed hydro- 
gen seen with pulsed nuclear magnetic 
resonance in i r radiated Li( H,'H) does 
not have the same isotopic composition 
as the original lithium hydride. This ex- 
periment has been repeated with a differ- 
ent isotopic composition to  extend the 
range of the data. The hydrogen that 
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gives rise to the motionally narrowed 
NMR signal has  been shown to be in high 

density gas bubbles that must fo rm by 
diffusion processes.  
difference in isotopic composition is due 

to  the mass  dependence in the diffusion 
coefficient, and arguments a r e  given to  

support the idea that the diffusing species  

is molecular hydrogen. 

We propose that the 

Discussion 

It is well established that irradiation 
of lithium hydride resul ts  in considerable 

decomposition of this  mater ia l  into lith- 
ium metal  and hydrogen gas  that remain 
trapped in the lattice. 

whether the source of the radiation is ex- 
ternal, such as Y-irradiation of LiH, 
or internal, such as in lithium hydride 
containing H. 

The hydrogen that is produced has  
propert ies  expected of the gaseous mo- 
lecular  form2' 3; in particular, an  ortho- 

para  transition has been observed that 
is a positive indication of diatomic hydro- 
gen. Furthermore,  no paramagnetism 

has been detected in irradiated LiH by 

electron spin resonance that is not asso-  
ciated with either colloidal lithium metal 

or  F-centers,  even when i r radiated at 
liquid nitrogen temperature.' If i r rad i -  

ation were to  produce atomic h,ydrogen, 

This is t rue  
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trapped somehow in the lattice, paramag- 
netism due to these atoms would be de- 
tectable. This, too, is evidence that the 
"free" hydrogen present is diatomic in 
nature. The V-center absorption spectrum 

in i r radiated LiH has also been attributed 
to  molecular H2.5 More direct  evidence 
that hydrogen is present in gaseous form 

is the recent observation of cubic voids 
in  irradiated LiH by electron microscope 
techniques.6 These voids a r e  predomi- 
nently oriented with their  w a l l s  paral le l  
to the [ 1001 crystallographic directions. 
Upon observation of these voids, a nuclear 

magnetic resonance experiment (NMR) 
w a s  performed on an i r radiated single 

crystal  to observe the angular variation 
of the spin-echo T2-relaxation t ime of the 
gaseous hydrogen a s  a function of crystal  
orientation relative to  the applied mag- 
netic field.7 The resu l t s  a r e  entirely 
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consistent with the picture of hydrogen 
gas trapped in a cubic bubble. 

ation of the NMR relaxation t ime with 
crystal  orientation is as  would be pre-  
dicted from a model where loss  of phase 

coherence of the H2 magnetic moments is 

due to interactions with the bubble walls. 
Having firmly established that i r rad i -  

ation of lithium hydride produces diatomic 
hydrogen that is ultimately trapped in 
voids as a dense gas, it remains to be ex- 

plained how microscopic pockets of gas  
actually form. A particularly important 
clue is found in the observation that for  

Li( H, H) the ratio of "free" t r i t ium t o  
hydrogen found by NMR is significantly 

different f rom the isotopic ra t io  of the 
material .  

The var i -  
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Consider the following model. W e  
1 3  assume that in Li( H, H) the steady-state 

concentration of gaseous species contain- 

ing H and/or H is determined by the ef- 
ficiency of the radiation process  in ioniz- 
ing the 'H- and 3H- ions and by the ra te  
at which the species formed recombine 

with lithium. The gas  that collects inbub- 
bles is assumed to  sample the steady-state 

distribution of molecules o r  a toms pro-  

duced in the system by radiation. 
sume that the efficiency of ionization fo r  
1 -  H and 3H- is the same and, therefore, 
that the relative concentration of H- and 

3H-containing species as formed is sta- 
t ist ically determined. Diatomic mole- 
cules exist  in the gas bubbles, and we 

know that NMR sees  only three-fourths of 
'H2 and H2 because of the ortho-para 
equilibrium, but that all H H is seen. 

However, the weight given to  the signal 
1 3  1 from H H is one-half that f rom H2 o r  

3H2 as its contribution to the spin count, 
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We as- 

1 

3 
1 3  

1 3  since each molecule of H H has only one 

atom of each kind ra ther  than two. 
On the basis  of the foregoing, three 

cases a r e  easily visualized: 
Case  A: Radiation produces a mon- 

1 3 atomic specie ( H o r  H) that diffuses as 
a monatomic specie. 

Production by radiation, Hic) + H(c) + e, 

( la)  

Recombination, H ( C )  + Li(c) + LiH (C) '  

d3 
['HI = K-D I3H] 

dt 'H 

The t e r m s  in square brackets,  [ 1, always 
r e  pr e sent concentrations or  fractional 
concentrations. 
fusion coefficient of t h e i t h  specie. We 
assume that diffusion coefficients of s imi-  

lar H and H species  differ only by a 
m a s s  te rm.  

D. is the appropriate dif- 
1 

1 3 

At steady state: 

k [ l H ]  = KD1 ['HI 

kl3H] = K q  D1 13H] 

H 

H 

so that 

Here we assume that, since the gas a 

(4) 

- 
pea r s  as diatomic molecules, the forma- 

tion of molecules occurs  a f te r  the atoms 

0 
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'H2, 3H2 and H H molecules depends on 
reach the bubbles. 

1 3  

the quantity of each type of atom, 

dIlH21 dt = KD1 I"21 (9a) 
Since the number of 

-- 
H2 

[ 5321 PHI2  

[ 3 H 2 ] K  

and 

3 
since 2H$H2. Now the ratio of H atoms At state: 
to H atoms is 1 

kl1H-I2 = KDIH ['H21 (loa) 

= K q  D1 I ( lob)  

I3H2] + (sa) 2 
(lH3H] 

I1H3H] 
R' = 

r H 2 ]  + 
and the observed spin ratio is 

Using relations (4) and (5) 

RA=R1(' R I +a .) A s  in case A, the observed ratio, 

(7) 

(11) 
6 R I + T  

RA is plotted as a function of composition 
in Fig. 1 as curve A. 

specie ('H2, 'H3H, o r  'H2), which then 

Production by radiation, 2HTc) -, H2(c) 

Using 9 (a,b and c), 
Case  B: Radiation produces a diatomic 

(12) diffuses as a diatomic specie. RB 

+ 2e, This  is plotted as curve B in Fig. 1. 

-- 
dt 

Case  C: Radiation produces a diatomic 
1 3  (sa) species ( 'H2, 3H2, and H H) that must 

dissociate into atoms in order  to diffuse 

( l H  and 3H). 
(8b) Production by radiation, 2HTc) + H2(c) 
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3 
Fig. 1. The ra t io  of H spins to  proton spins plotted a s  a function of composition for  

three cases. 
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Proceeding as before, we get 

which is plotted as curve C. 
nation of Table I and Fig. 1, it is evident 
that ca ses  B and C a r e  not distinguished 
by the experimental results, and thus, 
e i ther  case may be valid. However, there  
are several plausibility arguments against 
case C. The energy of dissociation of 

hydrogen molecules is so  la rge  that it 
would seem unlikely that dissociation 
would be a common event. Moreover, if 
such a dissociation did occur appreciably, 
one would expect to have seen some evi- 

dence for  the presence of atomic hydro- 

gen by such a sensitive probe as electron 
spin resonance, even if its average exis- 
tence were short-lived. 

mination of the H/ H ratio2 for  two com- 
positions of Li( H, H) along with the cal- 

culated values of this ratio for  cases  A, 

B, and C; the values of the isotopic ra t ios  

On exami- 

Table I shows the resul ts  of NMR deter-  
3 1  

1 3  

fo r  these two compositions a r e  a lso shown. 
Figure 1 contains the plots for  the two 

points representing the two compositions, 
the curve for  the isotopic ratio, and the 

values calculated for  the three  cases  dis- 
cussed above. 
0.475 atom fraction of H-, the point rep-  
resents  measurements on several  samples  

stored at temperatures  of f rom -25OC to  
-250OCI. The point at 0.61 atom fraction 

3 of H- is from a single sample that w a s  
stored at 75OC. 

for  each point represents  the range of 
composition the sample has seen due to 
the radioactive decay of H. Although the 
experimental uncertainty in these mea- 
surements  is quite large, it seems that 
case  A is not a good description of results.  
Consequently, we  may say that in the ra- 
diation decomposition of lithium hydride, 
the formation of bubbles of hydrogen gas  
proceeds by the production of hydrogen 

molecules and the i r  subsequent aggrega- 
tion into bubbles, probably by diffusion of 
molecules through the latt ice to nucleation 

sites. 

F o r  the composition at 
3 

The width in composition 

3 

3 1  Table I. Isotopic ra t ios  and observed and calculated H/ H rat ios  for  two compositions 
of Li(lH, 3H). 

Isotopic h3-I ratio, RI RA Kg RC R(obs.) 

1.16 1.12 1.2 f 0.2 0.475 0.905-0.83 1.47 
0.610 1.564- 1.38 2.38 1.82 1.84 1.6 i 0.3 
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