2228

C. Coston AND N. H. NACHTRIEB

AS = ll’r ll\ (D()/‘Y(lzll) (1-))

The choice of » is diflicult and has been related to a
normal mode analysis of lattice vibrations by several
authors.®'z  In practice, the Debye frequency is used
as the best available estimate.  In this experiment the
jump rates differing by a factor of 4 can only be the
result of differences in AS and », and the uncertainty in
y is compounded further. Consider three  cases:
va = v, and the Dy differences are reflected in AS;
va = 4w, the jump rate difference being almost entirely
due to » differences; v, = 2p, an intermediate case.
These cases are presented in Table VII, with calcula-
tions based on v, = v, where 0p = 142°0K.27 It is
interesting that AS, = ASif v, = 2v.. The AS values
do not agree well with Meakin and Klokholm, who
apparently used a much different Debye temperature.

Table VII: Activation Iintropies

Case ASqa. €.u. ASe, ©.u. Relationships
1 ) 16.6 17.8 vy = 4v,
2 16.6 156.1 Vg = Ve
3 16.6 16.4 Ve = 20,

Keyes'® has used continuum theory to write
AS = 2(y — /3)aAG (16)

where « and y are the thermal expansion coeflicient
and the Griimeisen constant.  To a first approximation,
this study gives AG >~ All = 25.3 keal. and AS = 5.2
e.n. Trom this estimate AG = AH — 7A8 = 23.0
keal., and AS = 4.75 c.u. This is much lower than the
observed AS values and scems to cast doubt on the ap-
plicability of the theory.

Volume. It is interesting to note that DeVries,
Baker, and Gibbs,” in a preliminary report, have found
an activation volume for creep in tin of about 30%
of the molar volume, in close agreement with the 33%
observed in this study. Their results have not been
fully published to date so further comment is difficult.

Keyes'¢ has also developed the relation

AV =2 (‘y — %) kAG (17)
where « is the compressibility. Using AG = 23.0
keal., we have AV = 5.1 em.?, in excellent agreement
with the observed 5.3 cm.?. Hence, the strain energy
approach gives quite good agreement for AV, though the
predicted AS is not good.

We can get some indication as to why no anisotropy
in AV was observed in this study from considering eq.
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12a in the Appendix. The S, are sums of elastic con-
stants, the same for all & directions, so anisotropy
comes only from the M[F (the yRTsby term is small,
o anisotropy from this source is negligible).  But
the M F arc defined by eq. 8a in terms of a formation
and a motion contribution, w, and m; only the latter
can be anisotropic. But we have scen that in gold
this term is only 22% of the total activation volume,
and in general wy 2 m* is probably valid. Therefore,
any anisotropy in m* for different k is largely masked
by the isotropic w; contribution.

Probably the largest contribution to anisotropy in
AV, arises because the blocking atoms nust assume
a breathing mode before the diffusing atom may ex-
change with the vacancy. But the previous comments
about vibration amplitudes in tin show that this effect
will be small at best, since little or no “excess” volume
is required. Hence, AVa should be almost equal to
AV.,.

I'rom eq. 10a we can get some idea of the magnitude
of the Mk The tin clastic moduli were taken from
Mason and Bommel.?* Ior the a-axis isotherm at
225.6° we have

4,89 e = (Mil 4 Me(10.3 X 10729 +
M(7.8 X 10-13)  (18)

so that an upper limit for MFis ~5 X 10" ergs =
10% keal. The work of Liu and Drickamer® on the
offcet of uniaxial compression on diffusion in zine can
be used in a consistent way®! to evaluate some individual
M [ values.  Irom the clastic data for zinc of Hear-
mon,* we find that A,* = 35 X 10% keal. and Mz® =
190 X 10% keal. These values are up to two orders of
magnitude greater than the upper bounds found for
tin and also execed similar upper limits determined
from the hydrostatic pressure results for zinc by the
same margins. Two possible explanations of this dif-
ficulty are: (1) the effect of pressure is not adequately
accounted for by a sum over the individual stress com-
ponents of the form of eq. 10a; (2) some gross difficulty
exists in the experiments. Neither alternative is
favored; indeed both may be partially correct.
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