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pure gold the activation energy observed in
all three experiments approaches 0.90+0.04
eV. This we believe is the migration energy
of the single lattice vacancy.

(5) Very little of the data obtained in the pres-
ent experiments yield the 0.69-eV energy seen
in gold by Ytterhus and Balluffi. ' Additional
experiments have been done which show that
slowly quenched specimens of high purity
(p4 2 K

= 0.15 x10 ' 0 cm, size corrected)
give the 0.69-eV energy. The rate of quench
was about 7x10''Cjsec. The rate used to ob-
tain the data given in the table was (7 + 2) &&104 'Cj
sec. Apparently the 0.69 eV is associated with
tightly bound divacancies. Vacancy-divacan-

cy equilibrium is probably not attained during
the annealing of the fast quenched specimens
because the dislocations introduced by the fast
quench provide too many sinks. The binding
energy of the divacancy is probably the 0.4-eV
value of Ytterhus and Balluffi rather than O. l
eV as claimed by Kino and Koehler. '
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The pressure dependence of the elastic constants of CsCl, CsBr, and CsI was mea-
sured up to 10 kbar by an ultrasonic technique and found to be nonlinear. The second
pressure derivatives of the elastic constants and three linear combinations of the
fourth-order elastic constants were determined.

The complete set of the single-crystalline,
third-order elastic (TOE) constants or some
of their linear combinations have been measured
up to the present for about ten or 30 materi-
als, respectively. No data, however, are as
yet available on fourth-order elastic (FOE)
constants, although their contribution to anhar-
monic effects may be comparable with that
arising from the TOE constants.

The elastic constants of CsCI, CsBr, and
CsI were measured at 298'K as a function of
hydrostatic pressure up to 10 kbar by using
the ultrasonic-pulse superposition technique.
This extends previous measurements' on these
materials to a higher pressure range and in-
creased accuracy. Four independent runs re-
ferring to different propagation and polariza-
tion directions were made to determine the
three elastic constants as a function of pres-
sure and to obtain one internal check which
indicated good self-consistency of all measure-
ments. Figure 1 shows typical results for the
square of the reciprocal transit time versus
pressure. The change of the path length con-
tributes at most one-half of this curvature in
the case of cy2 and much less for cgy and c44.
It was taken into account by Cook's method, '
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FIG. 1. Square of reciprocal transit time of trans-
verse waves (propagating in [110]and polarized in
[110])versus pressure for CsCl, CsBr, and CsI. The
solid lines represent a least-sqaures fit to a parabola.
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using the isothermal values for the bulk mod-
ulus and its first pressure derivative calculat-
ed according to Overton. ' The adiabatic elas-
tic constants can be represented as a quadrat-
ic function of the pressure. The elastic con-
stants and their first and second derivatives
obtained from a least-squares fit to the exper-
imental data are compiled in Table I. The er-
ror shown arises from the standard deviation
of the least-squares fit and, predominantly,
from the uncertainty in the pressure reading,
which was taken from a Foxboro recorder in
connection with a Manganin cell and estimat-
ed at 1.5%. The quantities C,&y~' and C,&yf"
are the isothermal pressure derivatives of
the adiabatic elastic constants.

From them the mixed adiabatic-isothermal
partial contractions I'$jQ$ C,jp)~~ and I'pj
= C,&y~~mpp of the tensors of the TQE and FQE

Table I. Adiabatic elastic constants Cijp) (in 10
dyn cm 2}, their first isothermal pressure derivatives
Cijy)' (dimensionless), and their second isothermal
pressure derivatives Cg&pi" (in 10 dyn cm ) for
three cesium halides.

Cs Cl CsBr CsI

C(ggg
S

Cg(2
S

Cnu S

Cg~g(

C((22
C(2(2

C(L22

i2i2

3.670+ 0.017
0.889 + 0.013
0.808 + 0.009
7.01+ 0.23
5.14+0.22
3.69 + 0.15
-6.8+ 1.2
-1.8+ 1.1
-2.5 + 0.7

3.063 + 0.017
0.809 + 0.018
0.753 + 0.010
6.71+0.26
5.21+0.31
3.81+0.19
-7.5 + 1.5
-2.4 + 1.7
-2.2 + 1.0

2.452+ 0.015
0.667 + 0.016
0.628+ 0.010
6.72+ 0.25
5.12+ 0.30
3.84~ 0.18
-9.2+ 1.6
-3.0+ 1.7
-2.5+ 1.0

constants can be determined by means of Birch's
formula for the zero-pressure value of the first
pressure derivative, '~'

S

and its extension to the zero-pressure value of the second pressure derivative, '

2 S

T

(2)

Table II. Partial contractions ~ijy) = Cijklm~ and
r,&~g"'= C,jy)m~pp of intermediate adiabatic-isother-
mal TOE and FOE elastic constants (in 10~~ dyn cm 2).

CsCl CsBr CsI

Here BT= &~C;,&jT is the isothermal bulk mod-
ulus, B'= &C~~&&' its isothermal pressure deriv-
ative, both at zero pressure, and 6 the Kroneck-
er symbol. The numerical data are listed in
Table II. It is apparent that the partial contrac-
tions of the TQE constants are about 10 to 25
times, and the partial contractions of the FQE
constants about 200 to 500 times larger than

the corresponding second-order elastic constants.
This illustrates the slow convergence of the
Taylor expansion of the internal energy with
respect to the Lagrangian strains. All partial
contractions are negative for the TOE constants,
but positive for the FQE constants. Validity
of the Cauchy relations for the TOE and FOE
constants would require that E'»»' '= I'»»"'
and I' „' '= I' „' '. Qbviously these relations
are approximately fulfilled both for the TOE
and for the FQE constants with the deviation
increasing from about 10% for CsCl to about
20% for Csl.

(3)

I'~u2 (3)

I'nu (3)

(4)

~f122
(4)

k4)

—43.9+ 2.9
-21.7 + 2.0
-24.4+ 1.8

730+ 130
410+ 90
460+ 80

—36.2+ 2.7
-18.9 + 2.2
-21.4+ 1.8

600 + 130
360+ 100
420 6 80

—30.0 + 1.9
—15.4 + 1.6
-17.9 + 1.3

490 + 100
290+ 70
350 + 60
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