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Measurements are reported for a-axis and c-axis self-difTusion in tin from 0 to 10 kbars and
for temperatures in the range 160 228°, At zero pressure, D, = 10.7 exp(—25,100 =+
800)/RT and D, = 7.7 exp(—25,600 = 1000)/R7T. ‘The activation volume is 5.3 =% 0.3
em.? g-atom ' (33%, of the g.-atomice volume) for both principal direetions and appears to

be independent of temperature.

The data are most simply interpreted in terms of a

vacancy mechanism, in which two distinet kinds of jumps oceur.

Introduction

Activation energies A/l determined from the tempera-
ture dependence of the diffusion rate in single erystals
of the elementary metals are most satisfactorily cor-
related with theoretically caleulated activation energics
for a vacancy diffusion mechanism.'  Recent work on
the pressure dependence, which leads to the activation
volume AV, has supported this mechanism.?  The work
of Simmons and Ballulli* provides near-conclusive
evidence for the existence of high concentrations of
vacancies in the noble metals and aluminum near their
melting points.  Tlenee, a vacancy dilTusion mechanism
is reasonable in these and similar metals.

Solid-state diffusion  has been  considered an
activated process, with a Gibbs free energy of activa-
tion AG. Tor the vacancy mechanism, it is natural
to distinguish between contributions to AG from the
formation of sessile vacancies at equilibrium in the
lattice, AGy, and from the additional free energy A(/,,
necessary to move the vacancy from the equilibrium
position to the midpoint of the diffusive jump. The
activation enthalpy and volume have analogous
components; diffusion studies yield only their sum.
I'or close-packed hard spheres, AV should be 1 molar
volume, and AV, should be of this order.? Other
crystal structures will have smaller motional contri-
butions. Measured values of AV range from about
25%, of an atomic volume (lithium) to 909, (silver),
and are greater than 509, for close-packed structures.?

Rice and co-workers*—® have developed a dynamical
theory of diffusion which, while formally equivalent
to activated state theory, avoids the least tenable
assumptions of the activated state, and which identi-

fies the important microscopic contributions to the
diffusive process. The activation energy is replaced

by
All = Us+ X U+ X Hy + aHy (1)
i k>1

where (7, is the translational energy a diffusing atom
must obtain to successfully effeet the jump, 25 U, is

J
the excess energy over the thermal average for any
atoms hindering the motion of the dilfusing atom to
move sufliciently aside for that atom to pass, and

3 I, accounts for adjustinents of the surrounding
k>l
atoms not specifically included in the jump process.

Al is the formation enthalpy of a vacancy.

Using this approach, Rice and Nachtrieb® conclude
that a correspondence between diffusion and melting
should exist in the form

[a_ll (D/a%)

o1/ T :lr.,, = constant (2)

and that
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