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~IeasurclllcntH are reported fOl" fI -axis and c-axis l·wlr-diITIlRion in tin fl"OlI1 0 t.o 10 kl>cLrs and 
for \,elllp<'ra.t,1I1"<'.8 in the mnJ!:(' I (iO ·228 o. At Z('I"(\ prmiSllre, Da = 10.7 exp( - 2:), 100 ± 
800)/ 1l'J' and D. = 7.7 exp( - 2:i,nOO ± 10(0) / U'l'. Thc activa.tion volume is !i.:~ ± 0.3 
Cillo 3 g.-atclIn - 1 (a:l% or th(' J!:.-at.!llllic voillme) for hoLh principal dil'cctions amI appean, to 
he indcpcndcnt of tcmp('rat\ll"c. The data arc IllOHt. simply intcrprctcd in terms of a 
vacancy IllCcho.nisllI, in which two diHtinct. kind!! or jumps occur. 

Introduction 
Activat.ion energies 61/ detcrlllined from t,he tcmpern.

tll\"C depcndence of the difTusioll rate in single crystals 
of thc clem('ntn.ry metals are most satisfactorily cor
n,lated with t,hroret.icu.lly calculated activation cllerJ!:i!'H 
ror IL va.caJl(:y difrusion ll1eehanisll1. 1 lteccnt work on 
til(' pJ"(~"HUr(! dependencc, which load!! to the a(:t.ivnt.ioll 
VOllllllC 6 V, I ilLS Hupport.('d thi!! 11I!~(!11IL1liHIII.2 'I'll(' work 
of f:\illlillons and BallufJi3 provid(,H IHlar-c()lIehIHiv(~ 

cvid(,lIc!~ for the (lxiHt,eJl(!(! of hiJ!:h eonc(~lItrn.t.i()lIs of 
vn.caneieH in the nohle Illdais n.nd allllllinuill II('ar t,hc·ir 
Illelting point.s. llclIlce, a vacancy difTu:;ion niechanisill 
is reasonahle in these and similar metals. 

Solid-st,atc difTuHion has been considered nn 
activated Pl"Oc('::;s, wit.h a. Gibbs frce encrgy or aetiva
tion 6(;. For the vacancy III cclltLni::;m , it i::; na.tural 
to distill~\lish between contrihutions to 60 frolll t.he 
forma.tion of sessile vacancies at equilibriullI in the 
lattice, 6(;" and f!"Om the additional free energy M:", 
necessary to move the vacancy from the equilihrium 
position to the midpoint of the difTusive jump. The 
activation enthalpy and volume have analogous 
components; diffusion studies yield only their SUIll. 

For close-packed hard spheres, 6 V f should be 1 molar 
volume, and 6 V m should be of this order.2 Other 
crystal structures will have smaller motional contri
butions. Measurcd valucs of 6 V range from about 
25% of an atomic volume (lithium) to 90% (silver), 
and are greatcr than 50% for closc-pn.cked structurcs. 2 

Rice and co-workers4 - 6 have developed 9 . dynamical 
theory of difTusion which, while formally equivalent 
to activated state thcol'y, avoids the least tenahle 
assumptions of the activatcd state, and which identi-

fics the important microscopic contributions to the 
difTusive process. The activation energy is replaced 
by 

611 (1) 

where ([n is (,ll<! t,mnslo.tiolud ('II('rJ!:Y a difTusing aLOlli 
IlIlIHt oht.aill to Hlu!eessfully (~fT('(:t, t,lH) jUlllP, L U, is 

i 
l.Iw ('XC('SS ellC'r).!;y ov(:r t,he t,hnrllml u.v(!ra.go fOI' !Lily 
nt,olllS hilHkrillg t.lre lllotioll or thc dilTIIHinJ,!; atolll to 
movl: suffi ei('nt,ly aside for tlm(, at.om to pass, I1ml 
L Ilk! accounts for a.djustments of t.he surrounding 
k>! 

atoms not fipecirically included in the jump proccss. 
6//, iH tllC! formation cnt,hn.lpy of 0. va.cancy. 

Using t.his approach, H.ice and Nachtricb6 conclude 
that a cOITc!>pondcnce between difTusion and melting 
should exist ill the form 

constant (2) 

and that 
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