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Isotope inter-diffusion in lithium metal of normal isotopic 
composition has been measured between 60 °C and 170 °C, 
using a thin film technique and mass spectrometric analysis. 
The diffusion coefficient is given by the equation 

-12,620 ±210 
RT • 

Preliminary measurements in lithium of "reversed" isotopic 
composition show diffusion rates approximately 20^ slower 
than the above values. 

A systematic investigation of the atom transport pro-
perties of lithium metal is being conducted at this 
laboratory. The experiments include the observation 
of electrotransport thermotransport 2 - 3 and impurity 
diffusion in lithium4-6. In such a survey, an exact 
knowledge of self diffusion is naturally of central im-
portance. 

Four sets of lithium self diffusion measurements 
have been reported, three by N M R 7 - 9 and one by a 
diffusion couple sectioning method 10. As can be seen 
from Table 1, the mutual agreement of these data is 
not satisfactory. In particular it is noticeable that the 
values for the activation energy, Q, tend to fall in two 
groups, one indicating a Q above 13 kcal mol - 1 , the 
other Q ~ 1 2 kcal mol -1 . A I L I O N and SLICHTER 9 sus-
pected that this difference might be due to sample de-
pendence. 

As the techniques of alkali metal sectioning and 
mass spectrometric analysis are well established in this 
research group, a re-investigation of lithium self dif-
fusion by a method similar to that used for the im-
purity diffusion was therefore considered to be a worth-
while project. The lithium (3N5) of normal isotopic 
composition was obtained from Foote Comp. On a 
cylinder of this material we evaporated a thin film of 
lithium of "reversed" composition (95.6% Li, supplied 
by Oak Ridge National Laboratory, 3N5 purity). The 
anneal and sectioning procedure has been described in 
connection with self and impurity diffusion work on 
several alkali metals 6> n . The mass spectrometric ana-
lyses were performed as in recent diffusivity measure-
ments on liquid lithium 12. The diffusion coefficient is 
a function of 6Li concentration, but in our experiment 
the 6Li concentration is high only in the very begin-
ning of the anneal period in and near the thin evapo-
rated film. The diffusion coefficient at low 6Li concen-
tration can therefore be evaluated from "penetration 
profiles" given by the equation 

-d\n (c* - c0) /d (x2) = (4 D t) ~1. 

Here c* is the concentration of solute (6Li) in a slice 
at a distance x from the surface of the cylindrical 
sample, c0 is the solute concentration in the sample 
outside the diffusion zone, and t is the anneal time. 

The accuracy of all concentration measurements was 
better than 0.4% throughout; the relative error of the 
difference (c* —c0) increased, however, with penetra-
tion depth (the concentration c0 here playing a role 
analogous to background activity in radioactive ana-
lysis) . The anneal times were arranged so that eight 

Reference Method Concentration 
% "Li 

Dn Q 
kcal-mol - 1 

Dx 109 

7 0 ° C 1 7 0 

10 Diffusion Couple 50 
8 NMR 7.4 
7 NMR 7.4 
9 NMR 7.4 

Present Work 8.3 

o.39:°e:°o2 
0.24!^ 

1 3 . 4 9 ± 0 . 0 7 

1 3 . 2 0 ± 0 . 4 0 

12.0 
1 1 . 7 9 ± 0 . 2 8 

12.62 ±0.21 

0 . 9 9 

0 . 9 4 

1.09 

86 
74 

7 2 

Table 1. Arrhenius Parameters and the Diffusion Coefficients at 70 °C and 170 °C. 
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to ten slices of some 0.1 mm thickness gave a meaning-
ful profile. As in corresponding impurity diffusion 
measurements in lithium and other alkali metals, the 
first and sometimes the second slice gave points some-
what above the straight profile line, owing to oxide or 
nitride blocking. 

As in earlier experiments, the penetration depth x 
was determined by dividing the weight per unit area 
of the slices by the metal density. In this particular 
investigation, special precautions had to be taken as 
the density varied according to the solute concentra-
tion. The concentrations in the slices after annealing 
usually ranged between 7.5% and 10% 6Li. Exact den-
sity data for the separated 7Li and 6Li metals are 
available 13, so that the correct density of each slice 
could be interpolated. 

The experimental results are shown in Fig. 1 and 
Table 2. The values have been corrected for thermal 
expansion and for heating and cooling times. The in-
dividual errors quoted were determined from the known 
error in the mass spectrometric analyses; the error 
determined from the standard deviation to the slope of 
the profiles was approximately 50% smaller and un-
realistic. 
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Fig. 1. Arrhenius Plot of the Diffusion Coefficient in Lithium 
of Normal Isotopic Composition 

T (°C) D-10 9 (cm2/sec) D'-IO9 (cm2/sec) D\D' 

165.5 61.3 ± 4 . 0 50.6 1.21 
162.0 60.9 ± 4 . 0 51.6 1.18 
156.8 42.3 ± 4 . 6 
145.3 31.1 ± 1 . 8 
133.5 19.5 ± 1 . 9 17.0 1.15 
119.9 10.1 ± 1 . 3 7.40 1.36 
108.3 7.35 ± 0 . 5 4 5.85 1.26 
96.2 4.23 ± 0 . 5 7 
83.1 1.99 ± 0 . 2 9 1.90 1.05 
75.6 1.65 ± 0 . 2 4 
73.0 1.38 ± 0 . 1 9 
61.2 0.615 ±0 .077 0.464 1.33 

Table 2. Experimental Results. D denotes the diffusion coef-
ficient in normal lithium, D' (preliminary values) that in 

lithium with 95% 6Li. 

In Table 1, the Arrhenius parameters D0 and Q in 
the equation D = D0 • exp (— Q/R T) have been comput-
ed by a least squares treatment of the points in Table 2. 
They are compared with the results of earlier investiga-
tions. It can be seen that the present value for the ac-
tivation energy lies in the middle of the range of the 
two previous groupings, showing an acceptable agree-
ment with the results obtained by HOLCOMB and N O R -
BERG 8, but not with the other values. It should be men-
tioned that the work of HULTSCH and BARNES 7 did not 
give a firm value for Q. In the work of N A U M O V and 
R Y S K I N 10, no account appears to have been taken of the 
residual concentration, c0 , nor of the fact that the den-
lity along the diffusion zone ranged from 0.46 to 0.53 
gm/cm3. It is not easy to understand the low value of 
A I L I O N and SLICHTER 9 obtained with lithium of similar 
purity to that used in the present work. The NMR 
measurements follow the motion of 7Li atoms in an en-
vironment of 7Li atoms, whereas the present work ob-
served the motion of 6Li atoms in an environment of 
7Li atoms. One might expect from the inverse root mass 
relationship that the latter motion would be some 8% 
faster than the former. 

We are presently extending the temperature range 
of these measurements and also investigating the dif-
fusion in lithium of "reversed" composition (95% 6Li). 
Preliminary measurements at seven temperatures (see 
Table 2) indicate that interdiffusion at high 6Li con-
centrations is about 20% slower than at low 6Li concen-
trations. This tendency is opposite to that found in li-
quid lithium 12. 
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