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ABSTRACT
Heat capacities of ‘.pﬁre gold and 'AuCu> m bqth the ordered ahd
disordered states_haVé i)’e'_en' measured befween 20 and 298 K by
isothermal cé.lorﬁirribertr.y;v ‘Vélues for pure gold .agr-eve well with previo_uS_
data except.in the '-temperature‘.’rang_e'7.0-1 50 K, wh‘ere they are
0.5-1.0 percent higher. COmbiné.-tién of the heat capa{city data for
AuCu obtained in this study with existing high;tempe_réturle data yields
the configurational entropy of- tﬁe disordered staté:
S.° (0K, disdﬁdered) =(1. 195 £ 0.1) cal g-atom™! K™, - This value is
somewhat lower than the theoretical value of 1. 38 cal g-atom~t K71

expected for a cOmplé’_cely disordered alloy of this composition.  The

difference: is_attrib’u‘ted to short-range o‘rder; the existence of which

is confirmed by heat of formation measurements.
Ordered and disordered states both show a slight positive deviation
from Kopp's Law up to abbut 175 K; then the deviations become s'lightly

negative. ‘The heat ca‘pacity of the disordered state is higher than

that for the ordered state t0.100 K, above which it becomes slightly

lower. In agreement with previous data on AuCu3 below 4.2 K, little

change of Cp on ordering was observed.
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1. INTRODUCTION
The lou}'-temperature latticé heat capacit& of binafy metallié alloys has-
not beéni'stuaied extensively. Of 141 alloy systems presented in the
unpubli_éh-éd-supplement to the compilatién' by Hﬁl’cg‘ren’, Orr, 'An'der»son',.;ﬁ»
-a'nd Kelleyfl) 63 ;have"low-‘temper‘ature heat é'apéci-ty data, and only 20
of these 6'3"sys-tevms have daté extending é‘bo_ve 20K Kopp's Law,
stating'-.th'at the heat c‘apacity of ah alloy e'qﬁals th;; surﬁ of the heat
capacities of the constituent elements, is usualiy applied in the absehce
of data; whereas large deviations from Kopp's Law ‘éan exist,
espéc.ial'ly' in the temp‘eratﬁre range where Cp is rising rapidly. No |
stuay hés'been madé of the effect of ordering on ﬁhé lattice heat
capacity of an alloy. 'Heaf capaci?cies- of ordered Cd-Mg alloys have
| béen m'ea_sxllr'ed;_(z‘ 3) Cp values were very close to Kopp's Law, but no
meavsux;eménts were made on the disordered alloys.

This study was undertaken to.obsé.rve the effect of ordering on the |
1attice' heat capacity of AuCu and to attempt to calculate AS® (0 K), the
-zero point entropy of the "disordexjed" alloy. The Au;Cu system

was chosen for this work because.much previous wbrk at high
temperatures has been done on this s.ystevm, (1) méking the- extrapolatioh
of Cp to 0 K less 'uncerta_iﬁ, -and also because preparation of the sample'b.
does nét pose any special difficulties. The heat cépac'ities of both the
Qrder‘ec.lvls'tate and the disordered state were meésﬁred by isothermal .
calorirne'try. _Thve degree of short-range order rémaining in the

disordered sample after Quenching was estimated by heat of solution
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méasure’m'ents'. In addition to the measuremenis o_‘r'1"thbe4 alloys, the Cp _
“of pure go_la also was méa’sured. . o |
| 2. EXPERIMENTAL

Apparatus o e | I B .. n
‘The saﬁiplé"hoider' (caléfiméter), .éhown'i»n" figﬁre 1  is madé of copper’,.'
0.015 inch thick, and is 5% inches long and 1% inches in diameter. A "
sméll well for insertion of the calorimefer thermoco'uple,‘é.lso of copper,
is sélderéd to the bottom 6f the c.an. The uppevr end ‘of the can, and the
% inch diameter ”'chimney"", are made of Monel. - The lid is soft
,solder‘ed int.o place after ih‘s_ertionv of fhe ‘.sampl‘e'.: A small pinhole in o
the lid allow&s for evacuation and baékfilling .with 'fl' atm of helium b.eforé
final sealing. The outer surface of fhe can is_éovered_With several thin_'
layers of G. E. 7031 F’ormivar varnish, woiind':'w"ithv 612 turns .of silk-wrapped
No. 40 (B &S) gold wire, and covered with 0. 0025 in"ch‘bp'latinum foil.
 The gold wire ‘s.erves both as a resistance the‘rm.omete‘r and heater during
thé m‘easuremenfs.

The entire samplel holder is placéd in a hi'gh'-vacuﬁm.sysfem, shown
in figure 2. The samplé lh_ol_der is su'rr'ounded' by a heavy copper jacket,-._..
into thé upper portion of which is casf 2500 gra:mé_ of lead.. The jacket'
serves as a .nearly. constant temperature shield aréund the calorimetef. ‘
| The c,alpfimeter- jackét assembly is suspended llin‘sivdev én outer .Mo.nel
can, Which:'is connected to a diffusion pump and mechanical 'forepumvp,

through a liquid nitrogen trap. A vacuum of betfer than 5 X 10_6 torr

was maintained during the measurements.
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Cooling was accomplished by submerging the outer c’ah and .jacket
assémbly in.'a_ Pyrex dewar vessel contaihing the .co‘o.lant. Li'quid_'
hydrogen, vl'iqui_d' riitrogen, a dry ice-acetone slurry, and an'ice-
water rn.ixture were used asbdblants. A s_mall.amount_ 6f helium
admitted to the high-'vaéuum system during cool'in'g 'providéd heat
exchange between the's_ysterri and coolant.. The hezlium‘was' pumped
out before cbmmencing measurements. =

With this arrangement, measurements could be made between
20 K and room temperature. Facilities were aVailaBle irivthe apparatus
to redﬁc-e the pressufe over fhe liquid hydrégeh ébblant,‘ the'rfeby -
making 1t possible to attain temperaturéé as low as 15 K, but the
extra timé and effort needed to géin»this small reduction in temperaturevv
were judged unnecessary in this study, si’nc’}e’ithe'extrapolat_ion of the
Cp values to 0 K introduces only a negligible uncerfainty in the entroi)y.'

Electrical measurements to the nearest 0.1 micro&olfvﬁrere’
rﬁade-_Using a White do_ubie potentiometér. Power was sup}_ﬁlied to
- the resistance thermometér by t\}vo, 2 volt, low-discharge cells y
conneCtéd in series.. The thermometer currént Wés maintained at
approxiinately 2‘50 microamperes. The. resistance of the thermometer
Was determined by meaéufements of the current ~through.l',. ahd thé
‘voltage drop acros_é, ‘the- gold resistance wire. |

Bef‘ore_ a'ineasﬁrement, the temperature of the jacket was

adjusted so as to be 1 or 2 degrees above the temperature of the
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calorimeter. ‘A small -ﬁpviard_, lineér,'drift'-in fche.'i'esisfance was
observed due to héét'trahsfer;_ After this d:rif't_ rafe_ had been
sétiéfactohily e'st‘abl_i‘she_d‘, he'ati_hnga's initiated. ' During the ‘heéting »'
| interva_i. ‘the cu:reﬁt from the resistance 'thermép;xeter battery was
‘diréétéd .thi‘oﬁgh a éeries of "'duxrimy"" resiétdré whiéh had been
previoﬁsiy matched to the value of the actual resistance thermometer,
thus méinfainihg a ¢onstaﬁt, steady dischax."g"e' of ’Ith-e' thermometer :
battery. During the lf;e.ating‘ 'int'efval; ‘power was supplied to the |
: caloriz‘nete_f by 'twro 12 volt storage battérie_s connected in series.
Measufe?ﬁents of the voltage: and current were _r‘hade at intervals - |
during this period, in prder to determine the -p‘ov'v‘evr input to the
'c'alorirhe'te_r. _Heating wés contimied until the temperature of the
| ?:alorifn_etér was approximately 1 or 2 degrees above that of the
jacket. The length of the heating interval was measured by‘ a"timer‘ _ -
' gradua'fed in divisions of 0. 001 minute, and coﬁﬁégtéa'to a'110 VAC,
60 hertz tumng fork. The timer -Was_.conner:te:d in such a way that it
was au"cpmatically started ‘and stopped simultaneously with the power.
After heating ceased, vmeasurémentg of the reéiétance were made
as before the run, unﬁl thé final drif_t rate anci temperature were
estabiished. | |
Froih measureménté ‘o’f the pqwér input,. whicﬁ was calculated

from the voltage and current readings by fhe méthod_'deécribed by |
Gibson and Giauque(‘), and from the temper#tu_re ‘rige of the

calorimeter, the total heat capacity'was"caléulafed. Small
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. -cori:'ec_t.io:’ris‘-bweré x.'nade' to the results to account fof power losses

in the cofxﬁé'cting wires, Newton' s law heat 'tra'nsf_e»'r,v and the fact

that the 'éurfac'e temperature of the calorirheter, as measured by

the resistance thermometer, is slighﬂy higher tha:i the temperature
of the :sa}.mple becaﬁsé heat is riot distributed ins'tahféneOﬁsly during
heating. | |

A series of meaéuréments on the erhpfy czildrimet’er’p‘roVided‘

values f(.)r’ its heat capacity, which were subtracte& from the total
méasuréd Cp values, with minor corrections for the Cp of the

helium gas in the cal‘ofim,eter, and the vafying ampunts of solder used
to seal the ‘lid. to obtain the Cp of the sémple. ‘

D“rmg the m’easurementsv', “the 'resistahée' thefmbméter was
fd’uti_riély ;calibratertvi agaihsf the copper-conétanfaﬁ calbriméter
therm'oébﬁplé, AWhic'h 'h‘ad. been.calibrated.agairist’a Pt resisténce
thermbmefer standardized by the U.S. National Bureau of Standards.
A coniplete descriptién of the célorimeter and the method of

~operation is given in Reference (5), w1th an earlier_description in
Referenée (6). | |

Mafer’ials
99, 999-%_ ‘Au was obtvained,frofn’vComincq _Améric;é.n, Inc; , and

99. 999% Cu was obtaihéd from American 'Srheltihg and Refining -
Company. For both metals, all irﬁpurities were below the 1 ppm

1eve1, except that the copper had 2 ppm Te impurity.
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Aftef_ thev measurements on pure Aﬁ wéré completéd,‘ the AuCu -
alloy was prepared. The pure metals, weighéd to j;he pr:ope'r'composition,
were ni'elted together in a graphite crucible under helium .in-an |
induction fufnace“at 1200°C, then poured into a éhiued copper mold
to form én_ingot 1 ‘in.ch' in diameter and 6 inchés lo‘ng._l X-ray diffr‘actio‘n‘
vsho'_we‘d’a' single faée -centéred-cubic phasé with‘ a iéttice parameter
con’npatib_le with the composition x Au 0. 5.°f

The ingot was vslightly col‘d.wc':rke'd , then sealed into an evacuated -
quarfz tube, homogenized at. 590°C for 12 days, and quenéhed into an
ice-brine bath. After; quenching, t_ﬁe ingot was .sé.wed. into rods
i inch square by 5 inches long. The rods were given an ordering
vanneal by resealing tﬁem‘under vacuum into a quartz tube, holding
thém- at 365°C for 5 days, and then slowly cooling them to about
200°C Q_’w»ré;vr a period of 4 days, reducing th'e.furnaéé'_' temperafure
ébout 25°C. é_very 12 héuz;s. _'I;he x-ray diffraction pattern of the rods
. showev_d‘ shé.rp sup_erl"atticé lines with a well definéd, simple tetragonal | '
.structufe,, indicating that the sample was well ordered. | .

Aft_ef measuring the Cp of the ordered samples, the rods were.
again rééealed into evacuated quartz tubes. To insure rapidity of
quenching, each rod was individuallj sealed into its own tube. Five
' érriall pellets suitable for enthalpy of formation meaéﬁremen’cs wefe

also prepared and plac‘éd into five of the sample tubes, 80 that the

&
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| range' ordering energy of 135 cal g-atom .
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pevllete. were given the same heat treatment and quench as the rods.
All tubeszere then heafe& to (475+2)°C foi- 9 days and q_uenched .one '
by one _vihto.an. ice -brine. bath. The tubes shattered on contect with
the brine: selution, 80 that"Quenchir’_lg..w'as Very" fapid. The x-ray
patterﬁ of the quenehed sampiee Showed no eviaence of :superlattice |
lines, indicating the absence of long—ranée order.

- However, enthalpy of formatien m'easurement's by a liquid tin -
soluﬁqn calorimetry ehowed that short-'range brder was preseht.
For equilibrium alloys of this _compositiorx, Orr (lp)feund
AH® (320 K) = -2150 cal* g-atoni'l'-and AH° (720 K) = -1230 cal g-vatom-‘iv.
At 320 K, the sample is highly ordered; at 720 K, it is mainly

disordered. The difference between the two AH® values, -

920 cal 'g-atom'l. is nearly all due to ordering. For a sample quenched

from 873 K, Orr found AH® (320 K) = -1630 cal g-atom , so that,

even though no long-range order was evidenced by the X-ray data, the

sample had gained 400 cal g-atom-l of energy during the quench.

'This-ehergy is attributed to short-range order,

-

Enthalpy of formation measurements made in the same manner,
on the samples used in this work gave: AH (320 K) = -1365 cal g-atom-~1,_

showmg them to be highly d1sordered, but still posseseing a short-

|

* Thmughout this paper, _cai = 4,184J.
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3. RESULTS

'.Seventy-twb runs were made on pure gold. The 'experi_menfal results

are gi'ven‘in table 1, _and the smoothed va’iues in-t_able 3. The results

are also shown on figure 3, along with the values chosen by Hultgren,

(1 )
A('r)

Or_r,' and Kelle_y
(8)

data. of Franzosini' ', Geballe and Giauque' ', and Clusius and

(9)

Harteck ', except in the temperature range 70 - 150 K, where the

' present results are 0.5 to 1. 0% higher; Integfation of the values

obtained in this study yields S°(298.15 K) = 11.397 cal g-atom "K',

of which 0.012 cal g-ato'mv‘ 1K are extrapolated below 20 K, and

H° (298.15 K) - H°(0 K) = 1440’1 caﬁ K'l. Values of Hultgren, Orr,
and Ke_lley(l)‘ for the én'trbpj' and heat diffe'rénc’é ‘gré . r'especfively, :
(11.352 £0. 05) cal g-atom ' K7, and 1438 cal K |

Very little scatter in the data is. eyidenf belqw-ZOO K. Ab'oVe _
:-fchis temi)efa;cure, there is a slight iﬁcreaS'e in thg -é.rxioﬁnt-of scattér.
The precision of the data is within 0. 2%below'250 K, and within
0. 5% thereafter. The same .general tre;xd was bbs_erve,d with all »
samples, | and may be claused by thoisture in the helium use& to
backfill the calorimeter.

Forty—nine runs were made‘ on the ordered AuCu sample.
Figure 4 shows the experimental values, the smoothed curve,
‘and the. Kopp' s Law line"for the ordered alloy.vv Cp values were |

smoothed by dravv}ing a smooth curve on the ACp pldf, and were

extrapolated by extrapolating the ACp curve to 0 K. Integration

'The present résults 'agree i;vell with the previous v

*

&
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of the smootﬁed Valués gave S°(298.15 K) - S'; (0 K) = 9. 791
cal g-atom > K™, and H®(298. 15 K) - H° 0 K) = 1325 cal g-atom
- Forty-nine ru’xis were made on the 'disordereld AuCu sample. Theb

Cp and AC.}S 'data are shown on figure 5 | E:ttria_polation to 0 K was

done in the same manner as for the ordered alloy. Integration of

the smooth curve gave S° (298. 15 K) -'8°(0 K) = 9. 886 e.u., and
H°. ’(298'..'15 K)-H°(0 K) _=F; 132 3 cal g-atom'l. 'Experimé_ntal results’
for botl;xibrdered and disordered AuCu are given in 'téble 2. .SmOOthed.
Cp values, along with the deviations frpm Kopp' ._s Law, expressed as
ACp values, are given in table 3.

With the aid of high-t_emperature data, the zero point entropy -
of AuCu can nowvbe calculated. - Combinatic.)nv of ef',m; f. and entropy of

(1)

formatién measur_emehts at 800 K yields AS°(800 K) = 1. 448

L =1 =1 ' '
‘cal g-atom " K ', In the absence of other data, it was assumed that

‘the disordered alloy obeys Kopp' s Law to 298.15 K, so that thlS

same AS° value applies at that temperature. As shown in table 4,

AS° (0 K) can then be calculated, and is found to equal 1.195 cal

: -1 -1 '
g-atom K |, A small negative correction to AS° must be applied

to accd_unt for the fact that Kopp! sb Law is obeyed only to 400 K, -
rather than to»298v. 15 K. (See table 3).

One can also calculate AS® from thermal data for the equilibrium
alloy. AH° was measured as a funétion of texiiper-’ature 5_y Orr,

1) Gz ). 'i‘hey show
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a'cc'o'nsta’-nvt: AH® /f'rom 298; 15 K to 560 K, ‘followed b:y.a; continuous
incx:ease i'nf'A-H‘ frox_n.56'0 K to 683 K, followed by a first-order
transformation at 683 K, and then anothér slow'ihc_:réase in AH®
to 800 K, ‘a'b'ove which AH® is é:_ohstant‘.: The 'co:‘ri-stant' régions are
an _excevll‘ent' cohfifma_tion of Koppf s Law at those témperatureé.“ The
increaée in AHC below the transfo.rl.fnjati.on temperature is attribﬁ_ted o
tc/> the onset of disordering, while_ that ab'ové the trahsformaﬁori is
atfribuféd to the disappearance of short-rénge 6rdér. Slopes of the
AH° ve‘fsus. T curve ﬁrere taken, yigldiﬁg ACp 'valu'es., which were
then in;cegrated‘ to'give entro;ﬁes_. Assuming fh:_:it the ordered alloy
is completély ordered at 0 K, 1 e., that AS°(0 K, ordered) = 0.000
vc'al g-éx_tom-l. Kni.’ the value AS® (800 K) = 1. 445 lca‘Ll_g-ato'nri-1 K!

' can‘be; cal_Cul?ted from the pr_data as .shov'vn.in;.'table 5 This value
is 'onlj? 0. 003 .c'a'l g_-atom-lK-'l‘ lower than that obtained fronﬁ the
high-temperéture AG° and AH° ’measu‘reme‘nts, w’hiclhi.i's an.
‘excélleflt g;onfirmatiovn.of the present data, the hi.gh_-tempevrature
measurements, and the aésurriptio_n that the sample ._was nearly
.complét_ely ordered. The uncertainty in AS° is éstimated to be
+0.05 cal g-atom T K % “

Transferring the AS®(0 K) value to 298.15 K using the Cp

_ valuesz'rr‘xeasured in this work gives AS° (298..15 K) = (1.290 +0. 05)

cal g'--a'co.‘nci-1 K ' for the reactién: |

| (disordered).

0" 5

Auy Cuy 5(ordered) = Au, Cu

0.5




4. CONCLUSION
The value : of the zero point entropy of AuCi';' is less than the
, theoretieai value of “R fn 2 for a completely disor.dered»(random)'
50-50 alloy, showtng_ that seme short-'ran_ge'._order exists, although
- there is ho,evidencev of order fr‘oxh the X-—ray data.’ ‘More'_rapid |
cooling :ra'tee, suehi as‘ttr’odld be obtained by eplat cooling methods,
would prehably yieid a vaIue of AS°(0 K) closer to the theoreticali
ve_lue. | .'

Ordering had little et‘fect‘on_ the heat capa‘citie.s. At low
temperatures the Cp of the disordered state is'slightly higher
.than that for the ordered state wh11e at higher temperatures (above
‘approx1mate1y 175 K for AuCu) Cp of the ordered state is slightly
h1gher._ ‘The maximum Cp dlfference between the,two states is less
than 0. 05v'c.av11_gv—atom'f'1 K% The same general behavior has been
vobse'r"v‘ed vi'n recerit"rheasprements o:n Aquu‘iz (Qv)a One would_ expeet
.Cp (disojrdered) ,.to. be higher. at low temperatures because in a
disordered sample, with a less perfect lattice, there is a greater
opportumty for low- frequency lattlce v1brat10ns to occur, thereby
1owermg the Debye temperature and raising the heat capamty

(14- 15) below 4.2 K also' found little effect of

(16) (1)

ordermg on Cp;, while work on N1 Mn and CuPt

Previous work on AuCu

also below
4. 2 K, showed a large effect. It may be that in systems in which a

'1arge'effect is observed, other effects, such as magnetic effects,
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may bé responsible: | All;these studies, however, confirmed the fact
that Cp of ‘the ordéred state is lower than Cp for the disordered
state. At higher temperatures, one would aléé expect the Cpof
: thé 6rdéred state t_o be higher, -since as the tempex;atu;fe increéses,
the ordefg‘_d state releaseé énergy. -Howef;rer-, the crossover of
Cp (or_déré_d) over Cp (disordered) cannot be étti:;ibuted .to.the onset
of disordering, since at the'low 'temp'eratur"es of _this study, diffusion
: rétes of 'a‘toms in the alloy are so'smail as 6 be vn'egligib'le.A Enthalpy
of fornia_fi_oh measuremezit_s have _shoﬁﬁ thaf fhe diéordering_ does not

begin until the temperature is abo{re 560 K.

Mr. Stanley E. Ross and Mr. Hong-il Yoon gave valuable assistance-
in the measurements. This work was conducted under the aﬁspices

of the U.S. Atomic Energy Qpinmission;
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"I“AB_LE 1. 'Ex_befimentél Values for;'Puré Gold

P et -1 _ -1_-1
T/ K Cp/cal g-atom K : T/ K Cp/ecal g-atom K

19.68 . 0.656 111.61 5,323

21.61  0.876 | 116.56 5.428
2422 1.182’?v.' 121240 - 5.439
27.36 1. 602 ) . 127. 02 . 5.474
27.50 ‘,Hv1,624; 181.67 5534
:30;83  . 2;013fg_‘ f136.23-. .' 5.563"
” 31,34 : 2035 |  1>43.. 29 . 5.627 »
35;48] | 2.365 153.05 5.667
42.89 2.934 ?: ; 153‘48 5.709

49.70  3.446 £ 163.78 5. 132

58.75 . s.085 168.95 . 5.720
68.54 "4.414V'v 176.95  5.785
13,88 ae16 181.89  5.753
18.45 4.675,;‘. 187,49 o 5.795"
30,}5 '7'114;524'  - :.191.47 ) ';v 5.755
s2.86 4878 _;" 19857 5818
85.32 4831~ 20264 - 5.833
01.14  5.057 o ';f 20269 5.836i
f' 96. 06 _ '5.125fi?-' T 206.74 »5.811
101.38 . . 5.198 }f‘ R '_3210351 . 5.914

106.55 ‘5,273 . - . 210.84 5.867
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“~ TABLE 1. (_Contihued)_ :

- ::"I‘LI\"'_-'Cp/cal-g-;;atﬂ()m:l-l{_-l e ~ T/X Cp/cal gratom K-
'214;31".'#M‘5.879"v_' } "5,j o  246.83 | s.ééé o
2r4;96» .r‘5,8847f  o v  247,06 5.993“1" '
215195' | 5.860 S 2snza -51909“ '

219,81 l,. s.e8 255.35 5. 969
22’2,}'2’1' | Y y 5341 e 258.16 . 6.016
'223;91,.' ?r5;876“; T ,‘ ( 264.44 5.921
227,61 ;3 5,928 _;1  ‘ﬂ ‘A 15267}96 ; 5.959
231,44 '_s;aaal¥f f.‘f.' [h_~ ,_f273,89 . 5.973
232,03 -."5.885. .f-_';iv1hf';7 :277.33   5.983
235.06 - ; 5,882fff-f' | '_,u]fd ' 217.76  5.977
235,&5 ,';'5,9122;_ :.‘ "” " ;-  281is4 -‘_: 6.015  1H
230.0 5.015 - 28400 5.980
239.49 j5;946°f §v [71_*f” f*“ 285;74 ” 6013
' ga.55 '5 5f889:f,' f’f '  200.88 | 5. 998

243.19 - 5.900 - 295,70 6. 034
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TABLE 2. Experirhénfal Values for AuCu

' DISORDERED

A : -1 -1 : , o1 -1
T/K - Cpleal gratom K .. T/K Cp/cal g-atom K

25.08 0.784 - © 133.05 5.000
26. 97 0.921 - »,'  138;74 k '5;182 ,m
3022 1216 . ez soan
33.63 - __.1.462 ' i | 150,02 5.313_ 
49:35".' .88 | 156.87 - 5.325
4008 2.146 f'f,“ o i62;75 . s.357
48.20° 2450 - 168. 79 5.478
52.05 . 24672 ; - ":'”vf O lmael s.a27
57.40 2Q995j. »' - e 181.55 5;487“
64.25 34379: ; o S - 18710 5.511
"69;59_'f' " 3;619v‘;.- ; f“f” o  193209' . 5.586
'._75;49 v7 ';{3.861_f';;»’-  _' N 197.93 . 5;538 “
80.74 '.4f083:';'» ."j :7V1:'.: 203. 94 5.578
85. 50 4249 B ’;;" {; 209.91  5.854
9_4_‘.'765 : | '4.-456 L _ 3 o E | ,21.5.3'7 : 5, 553'
1¢°f6° 4' 34-579"f _' . '4;-‘ 220,05 5.693: 
106. 60 '_'.4-695 3 .'f.-  » ‘ » : f .227.87. 5136
1;2;75_ . f45733f | _'v“, :  : :253.96‘ ,':_5.751’3
- 118.81 4.916 o 'f El 1 240.08 5.721_f

12464 4982 500 5779




TABLE 2, (Continued)

 DISORDERED

- 251.87
258,02
263,77
© 269.87
27476
51,{;279.89:
_',285,80 E
f:231;52 }‘

Cr/x Cp/eal g-atom k™' -

5,775
5,765
5.825
' 5.849‘
»5;315 |
- 5.786
 _$;889 
© 5.843

- :._:5.‘.913 -

ot o e e bt e S inne -
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. 'TA‘BLE' 2.. (C»ontihu.ed)v :
ORDERED o

T/ Cp/eal Q"fé{:c')m-l.K-l L TJK Cp/cal g-a’r,om';lK-'1 o

24.66 ~  0.678 . 122.09 4.951
96.31 . o0.8%7 . 12830 15,059

23.42° - 1.025 . 13403 5185

(9]
[y
KN
(D%

1.248 | - R '_. "','i4o.oi”. 5219
:_1;507 o N   __,. B [ 145,94 3 5.271
40.08  "_ 1,719' [f- v:',E' L | 152,04 - 5.342
46.73 2,264 ":*'f7r5‘ o o  ‘157-87 5379
51,49 "2.608 o _fff;_‘ o o '.%63;88 5.358

55.41 -"2;843 - ';# :;f;ﬂ1_;.;.:a:';' : ;.'”1i6{28 5,443

s0.20 3114 |  _ 77;;5 'j "':il‘l' '176.13_ 1 5.5031 , 
65.83 3.410 S SRR 187;92‘ 557
71,91 \>é.652 - | "  | ., S 194f15 E 5.583
.15 s.047 f 1;   i.' o 199.87'-_  5.633
40.30 E |  3.992 - . 20804 5 62._8
84.42 4g179  751' o - 20m.82 . 5642

| o184 ‘4;254‘ R | o 21279 5.663
,97-94"' 43 “ 5 f:_’ _‘ 21675 5.684

10376 4.648 § '. B 22097 . sms

l09.77  amis 233511. o 5.765

115.77 . 4.911 - - . 238.85 . 5.748



 TABLE 2. (Continued)

TJK Cpfeal g-atom K '

-21- !

ORDERED

.

 245.04

- 251,50

256.14 -

1262.35

| 268.04

. 280.18

. 286.07

292:10

1295.98

5,829
5.825

5.802

5.824

5.831

5.899

- 5.905

5.926

e
! o

5.882
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TABLE 3. Smoothed Values

- PUREGOLD  DISORDERED AuCu ORDERED AuCu
TJK Cpjeal g-atom K™* <P ACp  Cp Cp

20 . 0.700 0.496 0.073  0.453  0.030

25 . 1.280 - 0.817 0.078  0.779  0.040

30 1.780 - 1.173  0.087  1.140  0.054

35 2,273 © 1.535 0.096  1.508 - 0.069

40 2,712 1.896 0.092  1.854 0.050

45  3.119 . 2,231 0,085 2.185  0.039

5Of : 3.474 r,‘ .2,554 1 0.084  2.507 ©0.037

55 3.1783  »-ff;f 2.858  o;oés_j ,2.815, 0.045
60 4.056 ;‘wvv °._ 3.142° 0.105  3.100  0.063
:55j,ﬂ 1 | 4.287 .3.413   0.130  3.361  0.078
70 j'_7‘4.48135ff;?9;-_,3;650‘- 0.145 3,600  0.095
75 4.5465‘f;f‘j £3.852  0.142  3.807  0.097
80 o 4.784 o 4,030 0.131 3,992" - 0.093
85 f, 4.902 + 4,184 0.115  4.158  0.089
%  5.008 ff.i}:4.325' 0.101.  4.309  0.085
95 5100 4.455_ 0.090  4.446  0.081
1Qb . s.81 ‘ f§T”- v 4.5701 0.080 4;566 0.076

110+ 5.817 . - 4,762 ° 0.060 ~ 4.770  0.068

120 5.425 . 4.927 0.042 - 4.944  0.059

130 5,513 - . 5,071 ~ 0.025  5.090  0.050

cal g-atom 1K "1 . cal g-atom~1K~1 |

W



TABLE 3. (Continued)
PURE GOLD - DISORDERED AuCu ORDERED AuCu_
T/ K Cpjeal g--"avtom.lK-I Cp | ACp. _C_Z_p . ACp.
o | ‘:c:aml»g-‘-’atom-l'K-'1 v,“c_al'g—iatom—IK-1
140 't;' 5.588 5,180 0.011  5.211  0.042
150 5.649 - 5.276 -0.004  5.315  0.035
160 5,701 5.356 -0.015  5.397  0.026
170 5,746 : o 5.424 -0.026  5.466 . 0.016
180 5.782  5.485 -0.034  5.527  0.008
 190 © 5.813  ; ’?-5.540 -0.040 ‘5;579 - -0.001
200 5839 5585 -0.045  5.620 -0.010
210 5.881 . 5.632 -0.049  5.664  -0.017
220 5882 5.673 -0.052  5.700  -0.025
230 . | 5, 900 | S B.T12 -0.054; . 5735 -0.029
240 se19 5.743 -0.055  5.766  -0.032
250 5987 35.774. -0.056v .'5.7§7 © -0.033
260 5955 S 5. 801 -0.055 . 5.825  -0.031
270 5.973 5.828 -0.052  5.851  -0.029
280 - 5,993 ; M_,ib 5.854 -0.049 '-5;877, -0.026
200 6.012‘ }5,};  5.879 -0.046 5.902  -0.023
| 298.15 . 6.027 ;ffiiv | v5.895'v#o{o44' _-5.920,-  -0.019

300 6.029 5.903 -0.042 5,929  -0.016



) TABLE 4
Calculation of AS° (0 K) for Disordered AuCu

: : ‘Reaction o B - -1_ -1
(1) O 5Au (298 K)+ 0 5Cu (298 K) = Auo 5 uo"5(298_ K, disordered) ' AS° =1, 448 calv-atom K

. . | . ” ‘ . . . | Lo - _ °  ' . N o o ‘-1 -1.
(2) Auo. 5Cu 5(%’98 K,v d1s-ordered) = AuO. 5¢u0. 5(O K, dlsordered)v“-—[s° ("298‘ K_)-S  (0 K)} = -.9.. ?8’6' .cal'g‘_-at‘or’n“ K
(3) . 0,5Cu(0K) = 0.5Cu (298 K) S %-[s° (298 K)-5° (OK)] = 3,962 calg-atom '
() c 0.5Au(0 K) =0.5Au (298 K) - o —%[S (298K)-S (0 K)] 5. 676 calg-a’com K
(5) Correction to disordered AuCu values between 298 and 400K . . 0 : ~0,005 calg-atom K

o _ . ' ‘ . , . . . _1 -1
(6) 0.5Au (0K)+0.5Cul{0K) = Au, Cu, (0K, disordered) - £S°(0 K) = 1. 195ca1g ~atom” K

0.5

. -t1g-

SN
-

O



- TABLE 5

Calculation of AS® (0 K) for Disordered AuCu Using Heat or Forrhation-Data

Reaction
(1) - 0.5Au ( 0 K) +0. 5Cu (0. K) = u, 5CY, ‘5(0 K, ordered) - - AS8°(0 K) =0.000 calg-atom K
o S y _ ' | o ool e e T
() Aug Cuy (0K, ordered) =Auy .Cuy (298 K, ordered) [5°(208 K)-5°(0 K)] = 9.791 calg-atom K
| ' . N o S, S
.(3)>_ VA‘_JO. 5Cu0,.v-5(?98_K,_ ordered) = Aug sCuy 5-(_6,83”K, ordered) .(S° (683 .K),_S (298 K)] = 5.759 calg-atom K
Co . P : , o ' . : -1 -t
(4) Auol_;SCu0_5(683,K,_ ordered) = Auo 5(:u (683 K,_disordered) . .. A8° =0.490 cal g-atom K
(5) Auo 5Cuo 5('683_K, <:_1isor<fle‘1"ed_)’= Auo_ 5 (800 K dlsordered) tS° (800 K) -S° (683 K)] =1, 191_'.¢a1g_-atom K
6) . 0. 5Au (800 K) = 0.5 Au (0 K) o -%[ °(800 K)-S°(0 K)] = -8.770 cal g-atom K
(-

-T. 015calg atom K
-0.00l calg- atom K

0. 5Cu (800 K) = 0. 5Cu (0 K) %{s (800 K)-5°(0 K)]
(8) Correc’uon to ordered AuCu values between 298 K and 400 K

(9) 0.5Au (800 K) + 0. 5Cu _(800 K) = AuO- 5C-uo (5_(800_.'K, .disorde'red) T AS°(80‘0_K) o, o= 1,445 calg-atom K.
Experimental value . AS°(800 K)  ="1.448calg-atom K

' ' o ' : ' -1 -1
Difference : : ~ =-0.003calg-atom K-

_ga_
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LEGAL NOTICE

This report was prepared as an account of Government sporsored work.
Neither the United States, nor the Commission, nor any person acting on
behalf of the Commission:

A, Makes any warranty or representation, expressed or implied, with
respect to the accuracy, completeness, or usefulness of the informa-
tion contained in this report, or that the use of any information,
apparatus, method or process disclosed in this report may not in-
fringe privately owned rights; or

B. Assumes any liabilities with respect to the use of, or for damages

s resulting from the use of any information, apparatus, method, or
process disclosed in this report. :

As used in the above, "person acting on behalf of the Commission”
includes any employee or contractor of the Commission, or employee of
such contractor, to the extent that such employee or contractor of the
Commission, or employee of such contractor prepares, disseminates, or pro-
vides access to, any mformauon pursuant to his employment or contract
with the Commission, or his employment with such contractor.
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