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THE TEMPERATURE DEPENDENCE OF THE ELASTIC CONSTANTS
OF Cu, Ag AND Au ABOVE ROOM TEMFERATURE

Y. A. Chang' and L. Himme1®
Inorganic Materials Research Division, Lawrence Radiation La.bora.»,ory?‘

and Department of Mineral Technology, College of Engmeering, University -
of California, Berkeley, California. _

ABSTRACT

‘The adiabati¢ elastic constants C%. 1/2 (Cn- sz) and .1./2 (Cu # ('J12 +

ZCM) have been measured for copper, silver and gold over the temperature

. range from 300° to about 800°K using the conventional ultrasonic puise-echo -

technique. The room temperature values of the stiffness coefficients are

shown to be in acceptable agreement with previously published data for the
. noble metals. Over the eni.tir'e range from 300° to 800°K it is found that, to
‘a remarkably good approximation, the elastic constants for all three metals

‘decrease linearly with temperature. Additional evidence is presented to show

that the linear temperature dependence of the elastic constants for silver

extends to at least 1000°K, i.e. to within 0.8 of the absolute meiting tem-

-perature. The isothermal compressibilities calculated from the elastic

constant data are used to evaluate the dilational term in the specific heat,

Cai © CP - CV,- and it is establishod that the approximate Nernst-Lindemann

relation for estimating Cdil is valid for Cu, Ag, and Au at least up to 800°K.

+ Present address: Materials Research Laboratory, Aero;et-General
Corporatxon, Sacramento, California.

¥ Present address University of California, La.wrence Radiation Laboratory,
szermore, California
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INTRODUC TION :

| Although generally la,cki'ng,l knowledge of the elastic constants of

connéééiéns. For example, the isothermal compressibilities, derived from
such ﬁa.i:a., make it possible to obtain an accurate estimate of the dilational or
thern*;al exp&ns.ion centribution to the specific heat. This dilational term,
which increases rapidly above the De'bye teméeraﬁure, must be subﬁx;a.cted,
along wi’ehéhe electronic aspecific heat, from'tl'lae calorimetrically determined
values of the specific heat é.t éons_t.ant pressure in order to separate out the
| cogﬁribuﬁion due solely to lattice vibrations. Moreover, the high tempeﬁaﬁure
- elastic p?operﬁies algo enter in an important v}ajr into vthe theory of diﬁuéion
.in cubic metals as Zenér“) and LeVCIaire(Z) have shown, the magnitude of
the pre-exponential factor, Do’ in the uvsual Arfheniizs equatioxi for the self
diffusion coefficient is expiicitly related to the témp erature dependence bf
the stiffness moduli. | -

Since the elastic constants of the monova.lént noble metals, copper,
- silver, and gold, have pvreviousiybeen determined only over the temperature
: .ramge from 4.2" to 300°K, we felt it would be desirable to extend the measure-
ments to substantially higl;ef temperatures. In the present inve‘sailgation, the
adiabatic stiffness coefficiénts for all three xﬁetals have been determined
_. from 300° to about 806“1{ usix;z.g the conventional ultrasonic pulse~echo technique. .
AUnﬁormmtely,‘ it was not pogsible‘to carry out measurementsva.bov,e 800°K “ .
' beéausa of deterioration of the epoxy resin which was used to cement the

quartz transducers to the single crystal specimens. Even if a better high ' .

*

temperature bonding agent were available, the measurements would still have

 been limited to about 846°K - the temperatute of the a-p transformation in

-

quariz - using the techmigues currently employed.
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. sé the ageciﬁ.c heat, i.e., CP- - C'v' The latter calculations, in turnm, have

_The. clastic constant data obtained for Cu, Ag and Au between 300° and

| 800°K have subsequently been employed to evaluate the dilational contribution.

permitted a fa.iz:ly stringent test to be made of the semi-empirical Nernst- -

{3)

Lindemann rclation'™, by means of which the dilational term is\frequemly

(@

approximated in the absence of the required compressibility data

EXPERIMENTAL DETAILS

Caopper, silver and gold single crysé&lé in the form of 2.5 cm diameter
spheres were grown under vécuum {~+5=x ‘10'6 Torr) in previously outgassed
reactor grade graphite .cruci.bles using a modified Bridgman éechnique. The
nomml purities and sources of the starting materials were ag follows: Cu,
99.99%%,. Américan Smelting and Refining Company; Ag, 99.9999%. oxygen~..
free grade, COCMINCQO Elecironic l?’rodu_cts, Inc.; Au, 99.99% Western Gold
and Flatinum Go‘mpany. Specimens with faces normal to the €1A0> direction
were then cut from each crystal by spark erosion. The orientations of these
sui_’faces were determined by the standard back refiection lLaue method and
were adjusied to within .25 degree of <1105, |

Inasmuch as the Laue reflections obtained directly from the spark ercded
surfaces were found to be gomewhat broad or diffuse,. the crystals were first
etched to remove the damaged surface layer resulting from the spark cutting
operation; after etching {dilute HNO; for Cu and Ag, aqua régia for Au) sharp

Laue reflections were observed. Xach crystal was then mounted inside a

surface ground hardened steel ring of appropriate thickness and polished with

3, diamond paste on a vibratory lap {Syntron) until the two {110} faces were
flat and parallel to within + 0.0002 cm. Lapping in this manner preserved

the sharpness of the Laue reflections, thus indicating that the specimen surfaces -



were camparatively free of distortion. Two copper specimens of different

- lengths were prepared as well as twa of silver and one of gold. The lenaths

of the reaultmg crystals, measured at 24°C were: Cu, 1. 2040 and 1. 6939 cm;

Ag. 1. 2037 and 1.5786 cm; Au, 0.6175 cm.

For cubic crystals, three mdcaendcm. combinations of the elastic

constants C,,, C,, and G, may be o‘btained»-by measuring the velocities of

- , upla.ne longitudinal waves and appropriamly‘polarized transverse waves propa-

- gating the <110> direction. The three clxrecaly measured quantities are, in

the nomtien introduced by Zener&s) C' }./& (C + sz + «.’.C}%) = pvz, G ,;__c:%;
p\?’q and @’ = };/2. (Cyy = Cpp) = pV‘e » Where p is the crystal density, V, is the |

 lonmgitudinal wave velocity and, Vﬁl ‘and Vﬁ: are the velocities of transverse

.,hea.r waves pola.naeci in the <300>and < 110> directions, respectively.

We have measured these sound. Wave velocities with a Sperry Preoducts ultra-

- sonic attem.auon comparai:ox‘q ). Longitudinal waves were generated by 1/2~in.
. dia. X-cut quartz crystal transducérs and transverse waves by Y-cut crystals,

" both resonant at 10 Me/ sec. The quartz transducers were bonded to the speci-

men surfaces with a special high-temperature epoxy resin consistmg of Epon
1031 {Shell Development Co.) and nadic methyl anhydride.

Expérience showed that the most satisfactory results were obtained
when the ‘epoxﬁr resin was applied without the use of a supplementary catalyst.
‘Ai‘te»zf. curing for about 2 hours at 150°C, the epoxy resin bond proﬁdsd
excellent acoustic coupling Setweén the quartz transducer and all three metals.
at temperatures up to roughly 550°K. Above this temperature, the quality of
the Eenﬁ varied depernding upoxi the partiﬁular me tal én&, to some extent, on

the mode of propagation. The ¢oupling, in general, was best for Cu and poorest

“This material was kindly supplied by Dr. H. Chen, formerly of the Shell
Develcpmenﬁ Company, bmeryviile, Calif. The exact proportions of the two
imgredients are WnkROWa.

: L)



for Au, with silver being intermelciiaﬁe.- A complete loss of coupling was
i‘reqﬁamly observed above about 550°K on initial warmup, as evidenced by
a sudden drop in echo intensity. However, it was found that by taiéing the “
temperature to about 700°K and then sl.ovg}.y cooling back to 500° - 550°K,
ufficient coupling could be reastored to permit additional measﬁr_eménts to be
made on reheating. |
With Cu and Ag, the longitudinal and the two shear modes could 211 be

propagated successfully up to 800°K. With gold, on the other hand, only the

-shear wave velocity, Vi, corresponding to particle displacement in the <100>

dizection could be measured to temperatures as high as 800°K; despite repeated

efforts, measurements of the other two wave velocities could not extend above

‘about 550°K because of the lack of sufficient acoustic coupling.

Me‘asnrements were made with the specimen mounted in a -émitable ‘hﬁlder |
inside a resistance heated furnace in which an atmospheﬁ:e of ‘dry argon was
mé.intaineei. A flat copper pléte:, against which the cryatal was held in good
thermal and elec%mcai contact, served as tne specimen support. Furanace
temperaames were controlled to + 2°C and ehe temnerature of %he specamen

was mc&oured to within + 1°C ma th a calibrated copper ~constantan thermocouple

mserﬁed in a small hole in the copper plate. A more detailed description of the

gquipment and measuring tecaniques has been given elsewhcre”).
To estimate thae magnitude of any possible transit-time corrections due
to the finite thickness of the accustic bond, a series of experiments were

carried out 2t room temperature using specimens of different length as well

. as different ‘bandirig agents {e.g., "Nonag’ stopcock gfea.se vs. epoxy resin}.

In all cases, the measured wave velocities agreed to within 0.1 %. This is
well within the scatter of the elastic constant data as a function of temperature

{(See F 1gurea 1-3)..
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‘ 4 The Toom tempera.mre aensztxes uaed in computing the elastic constamc,_
| vm., o= ¢,93? g/cm for Cu, 10,50 g/cm for Ag a.nd 19.30 g/cm foz' Au’

'_wes:e derwed from me x-ra.y lattice spacmg.a given by Fearson (@ ). These '

| densiu.es, zogeﬁ‘mr h the measured scund velocitics, were corr@cted for o
| thermal expansion usmg the data of Nix and Mcﬂazr(% and Balluffi and Simmcns(w}.'
RESULTS | |
The directly measured elastic coxzsta#ts C= sz for;"Cu. Ag and Au are

~ plotted as a fuaction of temperature in Figures 1 - 3. Tae solid lines shmm |

in these fzgures represent, in each case, the best least squa.res fae to i:he
c«bserve&'va.lues. In Tables I-1Il we have listed the smoothed values of the
adiabatic elastic constants Gn, c! zmci C ea.ken.from Figuree 1 -3 ag well a_xé
the calculated_sﬁiﬁness coefficients G, and C,,, Also included in these tablefs
- are the smoothed values of the adiabatic bulk moduli B g =1 /3 (Cn. + ZCn) =
B e " /3 and the isothermal compressibilities, ’)(T., which have been cai-
culated from B in the standa.rd manner( ). |

The number of sigmfxcant figures dlsplayed in 'X‘ablea z-m is greater

v than is warranted by the absolute accuracy of the measurements, but an extra
figure has been reté.ined both to mdicate. the smoothness of the data and to permit
a valid dei:ermﬁnaﬁmn of the temperature coeffzcxents. thz,s is Justﬁied, to some
extent, hecause the x‘ela.mve va.riatxon of the elastic constants with temperature
has been es;,a.bhshed with somewhat better accuracy than have the absolute
values. From i;he 5ta.ﬁw'eica.1 spread or scatter in the experimcntal da.ta. shown »
'in .E‘x.guxes 1_ - 3, the uncerta.intxcs in the du-ectcly measured constants Che © |

| vand C' are found to be + 0.5%. Usmg the standard propagation-of-error {reat- .
ment, (1) the coéresponding uncertainties in the calculated quantities are as

follows: C,, & 0.7%, C,,, + 0.9%; B, + 0.9%.

12
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Comparison with Previous Reom Temperature Measurements
) ' T RS D

A detailed comparison between the results obtained at 300°K and room
temperature elastic constant data for the noble metais pre.vieésly reported
in the literature is given in Table IV. The most accurate measurements for

{12)

Cu ars those of Overton and Gafiney'” ' who also employed the ultrasoaic pulse-;
echo technique. Agreemenﬁ is secn to be quite good ~— within 0.3% for the

shear constanta C and C'; 0.5% for C';x andVO. % for B.. Thg pxese;nt experi-~
mental values foﬁ Ag are likewise in good égréement with earlier 'measure—_

{15)

ments by Bacon and Smiﬁhﬁm) ,Néigl;bbq;‘s and Alers(M‘} and Corll » the

- mazimum percentage difference between any of the values listed in Table IV

befmg only about 0.6%. For geld, héwever, the agreemenﬁ is somewhat less
.good, especially for C' which is about 2% higher than ‘Neighbours and Aler S,’
value. The isot};erma.l c§mp_ressibiliﬁes computed {rom the adiabatic bulk
moduli also compare favorably with previously published data for these metals
and are within 2% of Bridgman's static roc.n:n temperature values. Chang and

(7

Hultgren' ® have recently measured the longitudinal and transverse sound

velocities in polycrystalline Cu over the temperature range 77° to 800°K; they

- report virtually the same temperature dependence of the compressibility as

that from the present single crystal measurements. ¢

Temperature Dependence of the Elastic Constants

The most nkotewo'x’thy feature of the data recorded in Figs. ‘1‘ A~ lis
tht, vwithin the uncertainty of the measurements, the elastic stiffx;ess coefficients
for 21l three metals decrease linearly with temperature over the entire range
investigated. For further reférence we have also plotted in Fig. 1 &he. éla.sﬁc .
constants of Cu between 4.2° and 300°K taken from the‘work of Overéon and

Gaffney; similarly, the low tém;:erature data of Nei’g_hbou%s: and Alers for Ag



we have"'ca.lculated the Yoxmg"s moduli, E, and E

o e

e

. e N " : . : J . : "
and Au are reproduced in Figs. 2 and 3, respectively. In general, by making

~only slight relative shifts along the vertical axes, the least-squares lines which

*

describe the present high temperature measuremdénts may be joined, without

any appreciable discontinuity in slope, to %he corresponding low temperature

AN

curves. This offers further support for the consistency of the data and also
i_ndicates that the linear variation of the elastic constants holds to good approxi-

mation down to about 50°K for Au and Ag and nearly 100°K for Cu. These

temperatures roughly correspond to about one-third the Debye temperature

in each case.

Accurate modulus data which confirm and extend the observed linear

temperature dependence for silver have recently been obtained by Guinan('m).

Using the resonant bar technique, Guinan has meagured the elastic moduli of

| < 106> ~and <1il> - amented silver single crystals of both 6 9's pure and

| "chygen saturated {~ 40 ppm) specxmens over the range from 2,00" to 1000°K,
His da.ta, {0 wmch small corrections have been applied for lateral inertia
effects are plotted as a function of 'temperature in Fig. 4. -Thejy demonstrate
that Young'e moduli for silver continue to decrease with tem?erature in strictly

_ vlinear fashion at least up to LOOO“K, ancl perhaps well beyend.

To grovzde a more succincﬁ companson with Guinan'a measurementn,

™ 11’ for mlver from our data
é.ia.ble i) as well as from the low ﬁ»n’merature data ef Nenghb@ufs,.and \AdErs.
’I‘he following standard relations between the moduli arnd the elastic constants

have been employed( )
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The resulting values are plotted in Fig. 4, It is clear from this ﬁ-:rure that

B me calculated values @f e a.nd E, 2nd the tempera.ture depcndence of E,
' and By £rmm our data as well as those of Ixeighbours and Alers agree
) reasonably well with the asrectly measured values of Ag by Guinan within the

experimental erxor.

We should also meation here that because of experimental limitations,
most of the constants for gold above 550°K could only be arrived at by linear
extrapolation. However, in view of the behavior exhibited by Cu and Ag, and

the obaeyved linear temperature dependence of C a4 for Au over the full tem-

perature range, this extrapolation can be carried out with complete confidence.
Although we feel that these extrapeolated values are probably xelia.ble to within

+ 1%, ﬁncy are enclosed in parenﬂzeses in Table III to disﬁnguish them from

the ezperimentally measgured c;uantztxea.
’Ehe therma,l variation of the elastic conata.nts near room tempez‘atuze
is summarized in ‘I‘a.ble V. Following the procedure adopted in the review by

Aun%mgten“s}, we have listed in Table V the values of 1/C. (dci /d'I‘} at.

| | 4
300°K computed from the data given in Figs. 1 « 3 and Tables X ~ IIl. These

temperature coefﬁciema are expzessed in parts per/106°K. The cor responding

' 'quantzt.zes dé‘eﬂuceé from the measurements of Overfzan and Ga.ffqey and

Neighbours and Alers are also presentied in this table, as are the va.lues of

{dE

106 ux/ dT) for silver. The temperature coefficientd i

/fvr) and 1/E,
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for the directly measured constants, C, C' and C,, for Cu and Au are seen

 to be iniga ed accord with earlier results, but the thertjmai variation of C,, and

C* for Ag s 10 - 15% greater than that found by Neighbours an& Alers., This
a.,ecomi:.sifdr the somewhat smaller temperature depeﬁdence of E oo calculated
from Neighbours and Alers* déta. The exceilent correspondence previously
 noted between Guinan's measuretﬁenﬁs on silver and tﬁe temperature. coefficients
of Enoo and E,,, derived fz'ozn‘ the present experiments is also demonstrated in
Table V., |

Dilational Contribution to the Specific Hea.f

- Knowing the isothermal compressibilitics of Cu, Ag and Au begwéen
- room temperature and 800°K, {see Tables I - 111} the dilational term in the

specific heat, C aip® ¢an be computed from the well~known thérmodynamic

(3}

relation
| - 9pfTv |
Can = Cp-Cy = Xp : (3)

: Wher’e C-'p and Cv are the sPIecific heats at consta.ht pressure and volume,
re_specﬁively,. f is the linear cqéfficient of thermal expansion and V is the atomic
volurhe. in 'ma.king‘ these éalcuiations. ﬁze necessary va.lués of f have been

' obtained from the thermal expansion data of Nix and 3veNaix(® and Balluffi

{10)

and Simmons » and the atomic volumes, corrected for thermal expansiOn,
hawe been computed from the lattice constants given by Pearsorx(s). 'v _

When compressibility data _a.é high temperatures are J.a;:king. as is
o gehe_ra.lly the case, C dil is fre_quéntly approximated using the Nernst-Lindéménn

relation

z |
= AC' T ' 4
ACIT | o



" of Cp {T} for Cu, Ag and Au given in the recent compilation by Hultgren, e%.al{;}‘

~ decrease in essentially a linear manner with thermal energy. Moreover, it

-1l

and taking the Nernst-Lindemann parameter

~

A = 9?52\//0929(.[ ' o {5)

to be constant independent of temperature. The validity of this assumption

'may be tested with the aid of the data recorded in Tables I - IIf and the values

9N

We listed in Table VI, for exainple, the values of A for all three metals between
300° and 800°K calculated from Eq. {5) solely on the basis of experimventa;lly |
determined quantities. The essential constancy of A for Cu and Au over this

rela.ﬁively,,,wi@g temperature range is indeed apparent. For silver. the ja.lue%

. of A decxeases roughly 8% between room temperature and 300°K. However,

in terms of specific heat, the error introduced using the value of A obtained
at room temperature amounts to only 1% of the total specific heat at 800°K.

DISCUSSION

The data presented above demonstrate that the linear temperature |

dependence of the elastic constants for Ag holds remarkably well to tempera-

-tures of at least 1000°K, or to within 0.8 of the absolute melting temperature.

' The thermal variation of the elastic constants of Cu and Au appears quélita.%iveiy

similar in all aspects. Although the linear variation with temperature has been
established experimentally for these two metals ozily up to about 800°K, the

fact that ﬁxey have higher meliling points than Ag would seem to suggest that

. the existing data for Cu and Au could safely be extrapolated ina linear fashion

t0 0.8 Tm = 1100°K. The strickly linear decrease in the stiffness coefficients

of Cu, Ag and Au with temperature indicates that the elastic stiffness coefficients -

EE”
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suggests that relaxation processes could have exerted but little influence on

the .méasured moduli. If this were not s0, 2 depariure from lineari‘c'y; would

have been cbserved, especially a.ﬁ high temperatures, and associated with the

- Iowerma of f.he true modulus.

Turning now to a consideration of the dilational specific heats,

‘A N
' Gsc}meidner@ 4 has recently indicated that the constancy of the parameter A

in Eq. (4) bas been demonstrated experimentally over a wide temperature

range for many metals. The basis for this statement was not documented,

but the caleulations summarized in Table VI demdnstra.te that it applies quite

 well to the noble metals at temperatures up to 8G0°K. In fact, the assumption

that A is a:constant independent of temperature is well enough supported
ex;;eriﬁxﬁexiéallﬁr to justify the use of the approximate Nernst-Lindemann ‘félaéion-
ship in estimating C a1 @t &emperatuxes conszderably beycn& those covered in

this inveétigation. For this p.zrpose it appears that a shorhtly more relmble

' esmmate of G djy Petween say 800 °K and the melting point mighﬁ be cbtained bv

‘- usmg the v&luea oi’ A at 800°K listea in Table VI instead of the room tempera~

ture values.

Some additicna.l cé.lculations not recorded here ha.ve been carried out.

Using the approxima.ee Nernsﬁ Lindcma.xm relatxon, Eq. (4), and assummg

that ﬁhe clec?,ronm specafm heat varzes Imearly wztn tc-nnera.ture, we have
’ evalua.ted the lattace conﬁributmn to the spec;fxc heata from room temperai:ure

te the respective melting points for all three metals. As might be anticipated,

the lattice specific heats so obtained are in excellent agreement with the values

predicted by the simple Debye continium model, and the Dulong and Petit value, ¢

G, = 3R = 5.96 cal/deg-g-atom is approached within 0.04 cal/deg-g-atom at

the melting point of Cu and Ag. For gold, the agreement is less goed, but it

i
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appears that either the dilational or the electronic contribution may have

been sverestimated since the calculated values of Cv decrease with tem-

- peraturs above about 900°K and fall about 0.20 cal/deg.g~atom below the .

Dulong-Fetit value at the melting point.
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 Table 1. Adiabatic Elastic Constants in Units of 10'2 dyne/cm? A

| »:.a;nd,iaothetx‘nal Compressibility in Units of AO'“C&mz/dyne» e )

~‘for Copper o | .

TR G | c! ' Cs‘z Cn | C’zz Bs /X'z'

300 0,758  0.2355 2.220 - 1.700  1.225  1.385  7.44

350 0.745  0.2305  2.190  1.675  1.215  1.370  7.56

400 0.731  0.2250 2.165  1.655  1.205  1.355  7.69

450 0,718  0.,2200 2.135  1.635  1.195 1,345  7.80
500 0.704  0.2145  2.105  1.615 185 1,330 7.93
| ,550;5"' 0.691  0.2095  2.075 1595 1,175 1.315  8.06
"véegif) 0,677 0.2045  2.045 - 1.575  1.165  1.300 8.19

650  0.663  0.1990  2.020  1.555 1,155 1,290  8.33

700 0.650  0.1940 1.990  1.535  1.145  1.275  8.47

756  0.636  0.1885  1.966  1.515  1.135 1,260  8.63

800  0.623  0.1835 1.930  1.495  1.125 1,250  8.77

.
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Table If. Adiabatic Elastic Constants in Units of lozz,dyne/ cma and

- Isothermal Compressibility in Units of 107" cm’/dyne for

Silver

TK G ¢t ¢, . S, c B,  Xp
300 0.465  0.1525  1.555  1.240 . 0,940 1,040 10,00
350 0,455 0.1480  1.530  1.225  0.930  1.025  10.20
400 0.446  0.1440 1.510  1.205  0.920  1.015  10.40
450 0,436  0.1400 1.485  1.190 ,o;éxo 1.005 10,60
500 0.426  0.1360 1.460  1.170  0.900 0,990 10,80
550  0.417  0.1315  1.440  1.155  0.890 'é.aaa 11.05
600  0.407  0.1275  1.415  1.135  0.880  ©0.965  11.25 |
650  '0.398 0.1235  1.395  1.120  0.870  0.955  11.50 -
700 0.388  0.1195  1.370  1.100  0.860  0.940 13,75

750 0.379  0.1155 1,345 11.085v‘ 0.855  0.930  12.00 |

800 0.369  0.1110  1.325  1.065  0.845 0.915  12.25



Table Il. -

800

T°K C

300 0.424
350 0.417
400 0.410

450 0.403.
500 0,397
550 0,390
600 - 0.383
650  0.376

700 0.369'
750 0,362
0.355

CI

0.1485

' 0.}460

0.1435
0.1410
0.1385
0.1360
0.1335
0.1310
0.1285

0.1260
0.1235

+
cﬂ.i

2.200

2.180

2.155

2,135

2,115
2.090

2,050

16

- 2.070

2.025 .

2. 005

11,985

éi'i_abaﬁic Elastic Gonstants in Units of 10 © dyne/cm’ and
:";"_Iélsotherma.l Compressibility in Units of 107 cmz/dyne for
‘Gold

1.725

1.705
1.700
1.685

1.670

1.655
1.645
1.630
1.620

1.600

1.580

6.01

6.10

_6.19.
6.28 .. .

6.38
6.48
6.58
6.69

6.80

- 6.90 -

7.06
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Table IV. Comparison of Present Results with Literature Data at 300°K

. T _ i v 13
Metal  Investigators GXIGB }(?::‘211101z Bsan %'I’xlo

Cu This Study 0,756 0.235 © 1.38 ©7.49
20
Schmunk & Smit% ) 0.7489 © 0£.2338 1.395
12 -
Overtm&@affne;g ) 0.7539  0.2348 1,371

21
Goens & Weerg:s ) 0,753 0.263 1,38

Lazarusﬁzz) 0.756 0.235 1,40
Bri&gmagé) : .‘ 7.64
Chang & Hultgr(gr)x . "?.4;2
Ag This Study 0.464 0.152 1.04 9.98
'Bacon & Smitk(im) 0.4613  0.1528 1,036
Neighbairs el 04612 0.1516 . 1.038
Corntt? 0.4632  0.1527  1.038
Bridgmaf(x4) ‘ SR ‘ 9.93
Au This Study 0.424 0.149 . 1.73 6.01

14 ' :
Neighbaurs &Ale(rs) 0.4195  0.1460 1.729

Brid {4) :
ridgman 5.78
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Table V.

18

Thermal Variation of Elastic Gonatants of Cu, Ag, and Au

o ,  4c,. e \
Expressed by ~ = 3 - in parts /10 °C at 300°K.
ij '
Meml '  Iavestigator ~TC -TC' -TC', TE ~TE,,,
Cu This Study 360 449 260 - -
Overton & Gaffney 370 425 240 - -
“Ag' . ThisStudy - 4l2 540 295 515 380
| ... Meighbours & Alers 400 470 . 260 455 375
Guinan, oxygen ffee - - - 540 390
Guinan, oxygen sat'd - - - - 380
Aw ' This Study 325 340 195 - -
Neighbours & Alera 300 340 190 - -
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e o Table VI. Values of Lindemann Farameter

-5
Axi0 in g-atom/cal

T K Cu Ag Au
300 1.67 . 2.21  1.97
400 1.67  2.16 1.97
500 . 1.67 . 2.15  1.97
600 1.67  2.08  1.95
| 700 . 1.64  2.06  1.95

8060 i.61 2.0  1.92

&




20

FIGURE CAPTIONS

| -Figure 1. , Elé.stic 'Consﬁa.n%sb of Gu as a Fuaction of Temperature | LT
Figuré Z, Elaétic Congtants of Ag as a Function of Temperature o v
- Figure 3. Elastic Constants of Au as a Function of Temperature - |
Figure 4. The Young's Moduli in the Directions <111>and <100>for

Ag as a Function of Temperature.

v
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