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\\"11('1"C' Lhe slinscripL III refers to fusioll. \\ i ii , (.~) 

alld (:{) hold remarkably well for a large' Idl llll )" 1" t)f 
metals to 10 kbars7 1I udson and IIolTll1an~ ha\,( ' found 
In rge deviations for lead aL higher pressure. TIl(' ('or
rC', pondenee between diffusion and melLing P!'Oklhly 
exists ollly in the limit of zero pressure, 

From the fon·going it is evidf'nt LhaL V:tI'UII('Y dif
fusion occurs in nldals which crystalli:1\C ill clos('- p~\(.: k('d 
st,I'uctures in whieh the void voluIne is a Illillillllllll. 
AnisoLropic sLrucLures typically have larg;I '1' \'oid 
volullles; and if interstitial self-diffuflion Oel'lIl'S in 
m tals, thos(~ wi Lh an isotropic strllcturf's should he 
relatively favorC'd. Since IlO Lheoretical clIi<:1I1:I I inns 
for acLivatioli energies have been made for slI('h 
sYflt.ems, it is necessa.ry to deternline the ael ivat ion 
':oluInes, as well as aciivation energies, to form rl'iiahlc 
conclusions about the diffusion mechanism. Whitc' 
tin is. anisotropic, with a void volume at, 2ijo of 4IiJi%, 
and IS thus a favorable meta.l. Self-diffllsioll f;t.lldies 
in tin at zero pressure have been reported hy FI'lIsiIall1!1 
and by Meakin and l\.lokhohn. lo The result.::; of 1-'<'118-

ham are anomalous, giving activation eneq.o;ip;. II hic:h 
disagree with results for similar metals. l\'ll'akill allJ 
Klokholm fOllnd close agreement with 01.l"·1' low 
melting metals, but eOllld show only that a Vllf':UlI',y 
mechanism was consistent with their result:.; , lloL thaL 
it was required. This study was undertaken to de
termine unequivocally the dilTusion Jl1echani~;r11 ill 
tin, 

It is pprhaps desirable to ask at this poillt. \\,11:tt is 
the significance of the quantity (0 In /) / 01').,. ill an 
anisotropic system. Cit'ifalco alld Grillws ll have 
analyzed the effect of strain on the diffllsion 1'01 a I.iom; 
a8 developed by Vineyard. '2 Their resulLs arc general
ized to anisotropic systems in the Appendix, and it 
is clear Lhat the measured quantity is indeed a volullle, 
related to .the usual activation volume in isotropic 
systems. This result adds confidence in the conclusions 
drawn from this study, 

Experimental 
Large single crystals were grown from 9()'!)!)fJ% 

tin l3 by a modified Bridgman technique. CrysLal 
quality was checked with a modified Laue hack
reflection technique, in which the only collimation of 
the X-ray beam was a O.IO-in, diameter pinhole. This 
gave a beam which struck about I cm. 2 of the crystal 
surface. Any crystal defects in this are.'l. appeared 
as irregularities in the X-ray film spots. Only crystals 
which gave nearly perfect spots were accepted for 
diffusion studies. 
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Thl~ large cryst-ail; were oriented by the IIslIal Lalle 
ba,ek-rf'fl('<:I,ion technique. Cubes approximately 1 
rill. 011 all ('cl~e alld wiLh their faces oripn ted close to 
\Jl!rpelldieular to the (100) or (001) axis, principle 
axes for dilTusioll, were cut ou\' \\' ith a Servolllet spark 
C'lItter. These cubes were again checked for quality 
with larg<'- 'pot X-rays. No difTerence in quality of 
fa,I'es perpendicular or parallel to the tetragonal (001) 
n. ,is was uetl'ct,('u. Once again only the best crystals 
W('I'( ' 1'(·lained. Two faef's of ('ach cube were oriented 
011 a slllall goniometer head by X-rays so Lhat the de
"in'd crystal axis and the goniometer axis were parallel 
to OJ)o of arc. The goniometer head was then 
n,lig;lH'd optically ill a microtome to cut the crysta.l 
fa(:I! p!'\'pendicular to the c\<'sired axis. i\ I icrotoming 
~a\'t' u. planc basal :<\I ), r , . .1 to within 2 1-', 

Thn crystal was alll lf'" \ to re11l0ve the 
sli!l:ht cold work in\'rodw'Pl1 ' ,Y ,,' lll ir' l'o t 'lme. 

Sn 113 in carrier metal was vapor depo'iteu on the 
diffllsion raees at pressures less than 10-6 mm. Typi
ca.lIy, fi I illS 1('s8 than 1 I-' thick and having an activiLy of 
closo to 106 counts pCI' min. were achieved. 

The erystal was scaled in a Pyrex ampoule under 
vaellum and placed ill a wire-wound resistance furnace 
at. the dC'sirC'J temperature for the zero pressure all
nrl.lls. Temperature was measured wiLh a carefully 
calibrated iron-constantan thermocouple positioned 
ncar the ampoule at the center of an aluminum bronze 
hlock which minimized temperature gl'll.dients around 
thC' ampoule. Temperature was measured to 0.1ijo 
and absolute temperature at the crystal was prohahly 
corrrct to within 1°. Correction for finite warm-up 
rate was applied, in IlO case being greater than 0.1)% 
of the anneal time. No cooling correction \Va: ncc·ded. 

lligh pn'SSUl'e was gellcrateu by a liquid hydraulic 
system of the Bridgman Lype,14 Pressure was tralls
mil,ted by Dow-Corning 200 silicone fluid and measured 
with a mangflllin wire coil calibrated against the freez
ing point of mercury (7G40 kg./Clll. 2 at 0°). Automatic 
pressure control, plus a continuolls pressure record, 
was obtained hy monitoring the imbalance of a Wheat
stone bridge wiLh a recording potentionwter. Pres
suro WIlS maintained to within 10 kg./cl11 , 2 of the Illean 
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