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TanLe TL Activation volumes for gold. 1
molar volume of gold, 10.2 em?/mole.

AV, AV AV

(em¥/mole)  (ecm?/mole)  (em?/mole) AV/ Vo AV Vi
7o 071 in
5.0" 1.50 7.1 0.70 (.55
5.8° i.5 7.3 0.72 R
4.0" i.5 0.1 0.60 0.7

& Pregent experiment.
b Huehener and Homan (Ref, 18),
° DeSorho (Ref, 15).

d Sirmmons and Ballufii (Ref. 3).

o limrick (Ref. 14).

em?/sec. The error limits shown are the standard
deviations.

Co.ooming the slopes of these lines with the much
smalle,  erms involving Kz and ye in the expression
for AV above, one obtains the following values of AV:

860°C: AV =06.140.8 cm*/mole,
910°C: AV=17.7£0.5 cm*/mole,
960°C: AV=0.241.4 cm*/mole,

where the error limits here are derived from the stand-
ard deviations of the slopes.

It was assumed that the temperature dependence of
the activation volume, il any, is very small compared to
the uncertaintics in the present results, and a weighted
average of AV was computed from the 860 and 9107C
values. The result is

AV=T.2-+40.4 cm*/mole,

where the error limit here is the standard deviation of
the weighted average. The difficulties encountered in
making successful runs at the highest temperature,
960°C, limited the data to such an extent that the
uncertainty in AV for that temperature was greal
enough 1o produce a negligible effect on the value of
the weizinted average.

Table 1T shows values of AV, for gold determined by
other cxperimental investigations. These are combined
with mrick’s value for AV, to give a total value for the

TapLE L. Activation volumes for fcc melals.

AV Vo

Metal (cm?/mole)  (cm®/mole) — AV/Var
Aur 7.2 10.2 0.71
Agb 9.2 10.3 0.89
Au in AuAg® 7.8 10.3 0.7
Ag in AuAg® 7.2 10.3 0.70
AgZn? 5.4 10.0 0.51
Phe 13.0 18.2 0.71
Pbf 11.6 18.2 0.64

s Present experimeiit.

b Tomizuka (Ref, 11).

¢ Albrecht and Toinizuka (Ref. 12).

d Tichelaar and Lazarus (Ref. 24).

* Nachtrieb, Resing, and Rice (Ref. 8).
'Hudson and Hoffman (Ref. 9).

Li., AND TOMIZUKA

activnovolume. Comparison of these values with the
resuil ow e present investigation shows good agreement.

Experimental  results for activation volumes in
several of the fee metals are collected in Table II1.
The radioactive tracer and sectioning technique was
used inall but one of these investigations: Tichelaar
and Lazarus® determined the activation volume for
AyZn by measuring the effect of pressure on the anclastic
relaxation in that alloy.

The values given for the activation volumes in
Tables 1T and 1 indicate that considerable relaxation
oceurs aboul a vacant lattice site in an fee erystal.
Many theoretical calculations are in disagreement with
this finding. For example, Kanzaki** and Nardelli
and Repanai?® predict a volume contraction about a
viicancy in an fee lattice of less than 197 of an atomic
volume. Negligible relaxations also are predicted by
calculations of static lattice energics and configurations
by Hall?” and by Girifalco and Strectman.?® Lawson,
Rice, Corncliussen, and Nachtrieb® argue that the
above calculations could not have correctly predicted
the relaxation, since they did not include the anhar-
monic forces which are responsible for relaxation. They
perform a calculation which includes such anharmonic
terms, and predict a volume relaxation of 33%, about a
vicant lattice site in a cubic crystal.

Many detailed calculations of energies and lattice
distortions of various defects in copper hiave been made
during the past few years. Although Gibson, Goland,
Milgram, and Vineyard® find the volume relaxition
about a vacant site to be quite small-—10%, at most-—
others have calculated much larger relaxations, Cal-
culations by ‘Teword(,"" Tewordt and Bennemann,®
Seeger and Mann,® Bennemann,® and  Johnson and
Brown" yicld values of AV,/Va which are in good
apreement with the experimental indications of con-
siderable volume relaxation about vacancies in fee
metals. Table TV contains most of the results of these
caleulations, in the form of AV ;/V . Tt should be noted
that these calculations of the lattice distortion take into
account an important effect first pointed oul by
Ixshelby.® Tle showed thet the stress-free surface of a
finite crystal gives rise to an image term in the dis-
placement about a point imperfection; this term has a
large effect upon the magnitude of the volume relaxa-
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