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FIG. 1. Schematic drawing of the !In','',,,',· '. ' <"". 

many of the experiments are dinicult 11) J! 1'111 be-
cause of oxidation problems. Gold );,,, ' II (' II ,e IlH ,,1 

extensively studied fcc metal in illc "·.:j IC 'III, (':II;1I 
investigations, and it is the only one of 111<' """I , llu·l·tis 
for which independellt measurel11enls 1(:[\,(' I'l I 111:111,' 

of the volumes or formation and nlr)1 ion . 1',nl ril 'I,'" 
determined I he volume of III 0 I ion 6 V", I,)' "" '; I~ , lIr i ,..:. 
the errect of pressure Oil the annealing r.dl' oi Ilii'ncll"d­
in resistivity. DeSorlJo lo derived <1 vallie (, f 1 I' Vnllll 11 L' 
of formation 6V1 by combining Ili-; ,·.I" rillleiri c 
measurement of the total energy 1"<:1 , : ' I .Iming till' 
:mnealing out of quenched -in \, :L," ,vies \\ i 1 h the 
resistivity data of Bauerle and Koehl<:I'H' Sillll110llS il11(1 
BallufTt3 likewise derived;? value of 61 '1 by cOI11t)in ing 
their vacancy-concenl ra tion data wi t h I he cia ta of 
Bauerle and Koehler, and also with th e dala of ']';,ka­
mura,J7 both combinations yie!ding the sanH' value, hut 
dilfering from DeSorbo's value. A more direc t det.er­
mination of tJ. V/ was accomplished by 11ll<'Ilener and 
Homan : s who measured the efiect of pressure on the 
quenchcJ-in resistivity of gold. The pu rpose ,)f the 
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prescnt inycst igat ion is to provide all independen t 
determination of th e tolal act ivation volume, 611 
= 611/+ 61'"" by measuring the erfecl of hydrostatic 
pressure on the ratc of self-difTusion in gold. 

n. EXPERIMENTAL PROCEDURE 

A. Preparation of Specimens 

A single crystal of 99.99% pure gold (Sigmund Cohn 
Corporation), approximately ~. in. in diameter and -l 
iiI. in lenglh, \I' : I S grown under a vacuum of at least 
5X III ij mll1 of mcrcurv in a furn;Lce similar to that 
dcscr i! lcd hy Lazarus ;{nel Chipman. 19 The usual pre­
C<lut ions \\'(:re t;iI;.('n 10 cle;lI1 and bake out the high­
purity graph ite rrucii) le used for the crystal growth. 

The single crys tal was sec tioned with a jeweler's 
saw, and the standard ll1etallographic procedure was 
used lo polish, etl'l1, and anneal the cylindrical speci­
mens. The fmal size of t he specimens was 0.410 in. 
in diameter and 0.2 10 in. in thickness. A light etch 
af ter annealin g showed that some recrystallization had 
occurred in some of the specimens, hut the :;tmy grains 
were few and large enough to preclude competitive 
grain-boundary diffusion. 

The Auw 8 isotope was obtained from Oak Ridge 
:\at ional Laboratory in the form of a very high-
5pecilic-activily sol ution of AuCI 3 in a mixture of HCI 
:lnd I r:\o ~. An ac live layer of Au l98 was electroplated 
01, c.ILh ::.pecimen just p~ior to the difiusion anneal. It 
\\"a~ ~stimated lhat the lhickness of the pl a ted Ia.yer 
lould not have exceeded 100 A. . 

B. Apparatus and General Procedure 

i\ gas pressure system similar to the one described 
1)\' Coldsmilh and JIea rd ~1I was used in the present 
( ·.~IH'rill1cllt. ,\ schematic drawing appcal's in Fig. I. 
,\ I1li"t ur ' of argon and helium was used, the helium 
bei ng ;Lddecl in a sm;L1 1 amount to mak!.! possible lhe 
lise of a mas:; spectrometer leak detc ·tur tuned for 
helium. Cas leaking from connections or other possible 
lea kage si tes was lrapped and carried ou I side the 
safety hal'ric:tde by a set of polyethylene tubcs. A 
sni ffe r allachmentto the leak detec tor was then used to 
lind the locations and magnitudes of any leaks that 
exisled. 

Pressures up to 2 kbitr could be reached with the 
separator alone. lligher pressures were allanied with 
th e Ji arwood intensifier. Inevitable leaks during the 
diffusion a.nncals limited the rUll s to C) kbar. 

The sample vessel il self was machined irom 
Bethlehem "Omega )) tool sleel and hardened to Rock­
well C-S2. The volume available for the internal furnace 
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