
,j.JJ and ;;olllewhat lower in Do than the uncorrec!.cd 
isobar results. 

Hince the isobars in Fig. 8 arc essentially parallel, 
we can determine the relative jump frequencies, 
defined 4 as 1'1 = IIleAS;/fle-MI;/Ur for the ith jump type, 
by substituting 'Yaa2 = 1/ 4a2, 'Yce2 = 1/2(2)(e)2 = 
c\ and D./ Da = 0.:306 into eq. 10. Thus 

1.19 !! 
l'a 

or 

1'. = 0.2;)71'a 

Tlence, !.ho jUlllP froqllt'l1cy for direct vacancy Illot i(l ll 
alollg the c-axis is only roughly 2:)% of t.he frequ('lw,\ 1) 1 

"n;' jumps. This result provides considern1>lp illr<ll' 
nw t ioll a,holl!. the details of the jlllllP lllechanisl1l ill t ill , 

H iec nnd co-workcrs 4-6 have analyzed the conc! it ,io lll"l 
for a difTusive jump, Briefly, t.he atom must kwe a 
erit.ical alllplitude in the direction of the vacaIW,)', nlld 
sinIlJlI,aneo\l;;ly, and also most rcst rictively, all hl()f'ki ll i!: 
:d,OllIS mu;;t move a;;ide with a Im'ltthing mode or 
suflicient amplitude to allow the difTusing atom {,(l pass, 
These cri!.eria may be visualized for tin ill {,el'l llS or 
Fig. 7a and 7b. l"i~ure 7h is a view of tlw a- r pia Ill ' 
looking alollg the a-direc!.ion in the tin crystal. HIiPPOKl' 
that in Fig, 71> the s it.e laheled 1 is vaeant,. rr a "I'" 
jUlllP is to ocellr (exchange with Lhe sit,e Ittbell 'cJ :\), 
t,he ll ho!.h utoms labeled 4, pillS the two hody-c('llI rl 'pc\ 
!LtOI1lS not shown, must move aside. Thus, hol.h t lH' 
conditions of sufficient amplitude of the difTlisinp; at.OIlI 
and a suitable breathing Illode of the foul' blocking 
at.ollls mllst be satisfied. But from Fig. 7a it is evid(,llt. 
that allY one of the atollls laheled 2 may move in I 0 t 1)(' 
vacancy at 1 without interference from blocking; nLOI I I"; . 

lIence, the only condition for "a" jumps is th nt. (!tv 
diffusing atolll have sufficient amplitude to eff(·('t (Ill ; 

Jump. Relaxation of the atoms toward the V!1l'll.II('Y 
will modify this picture only slightly, since 111)11' ,I 

breathing motion is required for the other atoills la\)ehl 
2 in Fig. 7a if one of these is to jump. But the required 
amplitude is small, and should be easily achieved. 
Thus, "a" jumps are greatly favored, s ince the fre­
quency of occurrence of the necessary breathing mode 
in hoth pairs of blocking atoms involved in "e" jlllllPS 
is expected to be l11uch lower than the frequency with 
which the amplitude conditions arc fulfilled for either 
jump. This agrees with (14). 

But the activation energies should be different for 
these jumps, since the jump conditions are different. 
We use eq. 1 to compare the relative importallce of 
various contributions to !:lH . !:lH/ is the same fo r 
each jump type, since all vacancies are presumed equiv-

2227 

alent. The StllllS L: !:llh, should be very nearly the 
k>l 

Rame for hot h jump !.ypes. The terms Uo will he close 
\'0 equa l for each jump type, though perhaps s lightly 
Iargr l' fo r "e" jumps. At first the energy contributions 
from L: Uj appear quite anisotropic, since the sum is 

j 

zero for "a" jumps, but finite for "e" jumps into all 
unrclaxcd vacancy. Helaxn.tioll should increase this 
cont.ribuf,ion Heady equally for each type. To de­
tnrmine the a.llisotropy in !:llf, it is necessary to form 
SOlllC estimat.e of L: Uj for "e" jumps. 

j 

TI\(~ dYIHtlllical theory, as developed by l\Ianley,23 
idC'llt.irips aR Lhe critical variable for each atom j the 
.1ifTl·I·(' IH!e !:lqj hetween the maximulll attainable 
'1I Ilp lit,llde, ![},n"x, and the neceRsary amplitude to just 

pf'l'lliit t.he. ,jump" q/, ,,,;:,. J~I: tin L1~e g~ol,n~tr~ i~ such 
Lhut, If}"';,, IS O.lOr) A. <It 2.) , and lL dCClrases slightly 
wit.h (.( ' 111 pl'mLlII'e. But from i\ IOssh:llIer ll1 easure­
Illell t.s in tin24 t he root moan sq1la red vibrational 
~.mplitlldes of atoms in t.he (100) direction at. :300 0 1\:' 
is roo.. 0. [.;0 .\.. and incl'(~ases to 0.178 A. at 400 ° K. and 
t.o O.:.W·I _\.. at ;)00° I\". Apparently, at the diffusion 
t.empl'ra(.urt:s Lhe root, llIoan squa red amplitudes 
[L rO Iwariy a fact.or of t.wo hrger than qi'" in, and the 
:d,OlllS.i do IlOt lI eed to acquire extra energy for a dif­
fusivl' jllilip. Ohviously, they 1l1llst still satisfy the 
hr('uLilili g nlode requin' ll1ent, and this will limit the 
JUIlIJ) rat!'. But anisotropy ill !:lll due to difTerent 
eOlltl'i\)IILioll8 from L: Uj will be s ll1all, since both jump 

j 

t,yp('s require litUc or no increase over the mean thermal 
C' nergies for t.he interfering atoms. 

1 t ean still be a rgued that the activation energics 
('.l)uld l)( ) qui te unequal if the admittedly nonidentical 
fact.or:; Uo a lld L: U, of (1) were dominant. It ha:; been 

j 

l'Stillln,kci1i t hat the various tel'ms for a simple l110del 
Ilav(' I,lll) ILpproximate weigh ts !:lH/ = 20-40%, Uo = 
:1O- r;Q%, (lj = 1:)-2.')% , and L: Mhz = !)- 1O%. 

k>l, 

l1ecellt l'e,'mlLs of qucnching measurements and lattice 
dilatation st,udies in Ag,25 AU,2G and eua show that a 
more probable \H'igh t for !:lIl r for the noble metals is 
close t.o 00% . While tin is far from a noble metal, 
it st'l' IllS likely that. the formation enthalpy is still 
close to iiO% of the total efTect. Thus, anisotropy in 
the activation energies must be small as observed. 

Entropy. The activation entropy, !:lS, was calcu­
lated from the usual relation 1 
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