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SELF-DrFFU~ION 10'> TI:\, AT lflGl1 PIn;sHtlHE 

• Meakin and Klokholm a - oxis 

• Meakin and Klokholm c- axis 

o This experiment a axis 

" This experiment c axis 
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Fil/;lIT<' G. COll1pariRon of a- and c-llxill difTuaion 
codTi{'ienls wilh datu of Meakin alld T(lllkh"lm. 

Discussion 

Thc zcro prcssurc rcsults of this cxpcriment arc 
cOlllpn.red with thc prcvious rcsults of i\Il'n.kin and 
l\:Iokholm in Fig. U. Evidently, the I1bsoll1(,c valucs 
of D agrec vcry wcll betwcen thc two studics, though 
the D valucs of thc prcscnt cxpcriment arc gcncrally 
slightly smaller, particularly at lower tempcratures 
for a-axis values. 6.H and Do valucs dcrived from each 
study arc given in Table VI. 

Table VI: Compa.rison of Zero Pressure Results 

~-Mcnkio and Klokholm~ ~Thi •• tudy~ 
a Qxia c axie a ",xie C luis 

Do, em.'/ 
Bce. 1 .4 ± 0 .5 8.2 ± 0 .6 10 .7±1 7.7 ± a 

l!.H, keal./ 
mole 23.3 ± 0 .5 25 .6 ± 0 .8 25.2 ± 1.0 25 .6 ± 1.2 

The differences in Mi and Do· values in Table VI 
seem outside experimental enol'. In view of the con-
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st.u,llt D./ Dc rat.io foulld ill thiH Ht udy, t.ll(' prcsent 
n.llthors CU,1l1l0t but fcd that, t1H'ir a-u,xiH r('sult.s arc 
more closely COlTeeL than t.he ('arliN vaIU!'H. Thc 
p;rc'a\'('r tcml)('mLure range of this l'xpl'ri nJ('1l t. illcreases 
tIl(' :l('c\II'acy of t.lH' isobar slope, and IH'llce :::"11, which 
suppor\'s this conclusion. 

Lack of agrecment, hetwc('11 the a-axis ('('suIts of the 
two s\'udips is puzzlin~, palticularly in view of the 
Cxc('llcnt c-tl,xis fiL, The only significunt divergence 
of thn ('xp('rinH~nl,!L1 t('e1tlliqlJ('s involved cuLLing Oil!. l.he 
difTllsioll speeilllcn. ;\Imkin and l';:lokhollll IIscd a 
finc j!'wcler'H saw, while u. Hpark ell!.!.('r was elllployed 
in t.hifl study. en'aLer long-range crYH!.I1.1 damage 
result,H from sawing !.hun spark erosion, which might. 
aceollilt for the lower]) values for 1110st of this study. 
TIl(' cl'Ossovnr for a-axis ditTlIsion is not, cxplaincd on 
thiH hasis. 

TIl{' conclusioll that. hlllk ditTllsion is observed rests 
Pl'illllll'ily 011 t.he Iincarity of the penet,ration profiles 
ohlaincd (Fig. 1) over more than all order of magnitude 
change in act.ivity. Assuming that this conclusion is 
valid, we inquire in\'o the nature of thc diffusive proc
ess. 

In close-packed Inctu,ls, activation volumcs on thc 
order of half the nlOlar volumc are assullled to indicate 
vacancy difTusion. 2 A smaller 6.V/V (=2(i%) in 
the nonr,]m;ie-paeked Illet.al lithium hus led to specula
t.ion t.hat in \'erstitial d itT usion m igh t he operating in 
t.haL IlIeta\.7 The present study has observed n. rela
tive aetivu,('ion volume of vcry similar sille (:t3%), 
Iwnee intersl,itial diffusion Hhould he considered. That 
it is not likely nlay he scen hy considering the queneh
resisk-wce studies of vacancies in gold. From thc rate 
of annen.lin:; under pressurc of quenched-in resistivity, 
Emrick 20 concluded that the motional act.ivation 
volulIlc of vacancies in gold was only l!i% of the atomic 
volume. The rcsistivity qllenched into gold at high 
pressures by TIcubcncr and IIoman21 indicates that the 
formation volumc of vacancics is 53% of an atomic 
volume. It is difficult to sec how in tin a largcr rela
tive volumc would be needed for motion than in the 
close-packed gold structurc. Hence, an upper limit 
of 6. Vmob/V = 0.15 implies a lower limit of 6. Vrorm / V = 

0.18, and this positive formation volume implics a 
vacancy diffusion mechanism. A similar analysis 
leads to vacancy diff usioll for lithium. 

A more eomplete description of thc white tin stl'llC
ture is necessary before discussing the proposed jump 
mechanism. Two interpenetrating body-ccntered 
tetragonal lattices give a unit cell with atoms at 

(20) R. M. Emrick, PhY8. Reo. , 122, 1720 (1961). 

(21) R. P. IIeubcner and C. G. Homan, ibid., 129, 1162 (1963). 
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