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TAIlI.E 1 r. Activatioll ""Iumcs for gold. I ',, : 
molar volume uf guld, 10.2 cm~/mole . 
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• I'n'f4(' lIl "XI H'ri1llrnt. 
II 111H'1"' IH'r 11 1111 110ll1ltl1 (ltd. 1M). 
• I "'Sotl ,o (Rd. I~ ). 
• Sllllll10 tl O atlt! 1I.,lItlfli ( Ref. J). 
'Icmtick (Rcf. 14). 
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cm2/sec. Thc error limit s shown arc lil e sl:lnd a rd 
dev ial ;OIlS. 

Co., "I nill~ the slopes of thesc lines wil h I he 11lllt'h 
small, . crms involving J\.r and "Yo in lile expression 
for Ll it .liJove, onc obtains thc following values of Ll V: 

860°C: Ll V=6.1±O.R cm3/ mole, 

910°C: .:lV=7.7±O.S cnNmolc, 

960°C: Ll V = 6.2± 1.4 cmJ/molc, 

where lhc error limits herc arc derived frolll Ih e sland­
ard deviations of the slopes. 

It was assumed that the temperature deJl(,ndelll '(' of 
the activalion volume, if any , is very slll:dl cOlllp:m'd I() 
t hc lInec rl Oli nl ies in I he presen I res lI Its, and a \I'( ·igh It'd 
average of LlV was ('ollllHlled frolll the X()() :11111 I)\O" C 
valucs. The rcsult is 

Ll V = 7.2 ± O. ·1 cm3/ lllolc, 

wherc Ihe error limit here is the standard d( :vi :llion of 
thc weighted average. The diflirullies t'1l('OIIlII('1'('d in 
Illak ing sun',',;s f\ll runs at Ihe highest. ICIII(H'r:illIIT, 
960°C, lilllited th e dala 10 such an exlelll Ill. ll IIII' 
unccrt:linty in LlV for that tcmperature was greal 
enough LO producc a ncgligible erred on I he value of 
thc wCI ._ n lcd averagc. 

T;lblv II shows valucs of Ll V f for gold determinl'd 1)\' 
oth er ('perilllelll :ti investi g:llions. These :lrc ('olllilinl';1 
with ,i·. lIlrick's value for Ll V m to givc a tot al va lue for I he 

TAIlLt: If!. Acti\'atioll votumcs for fcc metals. 
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• Prescnt expcrfmL .. t. 
b Tomizuka (Ref. II). 
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• Alurcchl and TOI.lllUka (Ref. 12) . 
d Tichelaar and Lozaru. (Rei. 24 ). 
• Nachlrieb. Resin R. and Rice (Ref. 8). 
'liudoon lind lIoffman (Ref. 9). 
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:l, .' \ '1 volume. COlllp:lr ison of these val ues with the 
n · ~' . 11 " .• IIC prescn tin vestig:Ll ion shows good agreemen t. 

j'>q)l'I'imen t:ti resulls for aClivation volumes in 
~t·\ · ('r.tl oi I he fcc mel nls nre collected in Table 1 I r. 
TIll' raciioaclive trace r and sect ioning teclmique was 
lI ';"') ill all II1It one of these inves ligations: 'J.'khel:l:lr 
:llIcI LaZ:lJ' lIs:' 4 determined the :Lct ivat ion volul lle for 
Agl. n hy 1IH': ls liring I he el'feet of pressure on the :UH'I:lSI ic 
r, ·I.,'(a lion ill Ihal a lloy. 

The v:llu('s I!,iv('n for t he al'l ivai itlll voluilles in 
'J'.ti) Il'!-; I I :l l1(1 III indir:llc that considerab lc rel:Lx:l lion 
occurs :tiHlllt :l V:lc:tIll lattice sitc in :lIl fc(' uyslal. 
Many Iheo relical ca\rula tions are in dis:lgreemtnl wi l h 
Ihis finding. For example, Kanzaki2f, and :\"ardl'lli 
and l{cp:ln:li2n prC'dil't a volume coni rac tion about a 
vac:lIl('Y ill :lll kc l:lll ice of Icss t h:m \ (1<) of an :ltomic 
volume. Nq~ligiblc rclaxations abo arc predicted by 
c:ticu lat ions of st :11 ic lallice energies and configurations 
by Ha1l 27 and by Girifalco and Strcetman.28 Lawson, 
Ricc, Corncliussen, and Nachtrieb29 argue thal the 
above calculat ions could not have correclly predicted 
thc rel:lxalion, since they did not include thc anhar­
monic forces which are responsible for relaxation. They 
perform a calculation which includes such anharmonic 
lerms, and predicl a volumc rclaxal ion of 33% ahout a 
v:lc:lnl laltice sile in a cubic rryslal. 

i\f:lny del :liiC'd calculal ions of energies and lat t irc 
dislllrt iOI1S of various defects in copper h.lvc ileen m:lde 
dur ing I he past fl'w years. Allhough (;i\'son, Col:lnd, 
I\lilgr:lIll, a lld Vineyard;") find thc volume rela);:llion 
:i1)I)lIt a V:lC;1I 11 silc to lIe quilc snlall- IO(Yc) at I!losl -
nl hers have calcul:\ led mu('h i:tr~cr relaxat ions. Cal­
cuial ions hy ' l't,:' \'ordl':" Tcwordl and Bennemalln,:l2 
S('t'l-ier ;lIlri i\1:llln,"" 1!\'nnem:lnn,J4 and lohnson 'and 
IlroWll la yield vallll 's of LlVJ!V M which' arc in good 
a~re('nl('nL wil h I he exp('I'imenlal indical ions of COIl ­

s iderablc voluille rclax:lI ion about vaclnries in fcc 
nlCl:ll s. Table IV conlains most of Ihe results of thesc 
(' :ticui:tlions, in the forl1\ of LlV,/VA(. It should bc noted 
t ha l I hese calrulal ions of the lallice dis tortion take into 
arrounl an imporlant ciTed first pointed ouL by 
Esil (' lby Y' li e showcd Ih:'l Ihe slress-free surface of a. 
f'llile nyslal gives rise to an image term in Ihe dis­
placcment ahoUI a point impcrfeclion i this terlll has a 
largc erred upon the magnitudc of the volume relaxa-
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