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ABSTRACT

Enthalpies and heat capacities have been determined by differential scanning calorime-
try for temperatures between 230 and 1000 K for 16 alloys from the Cu + Ga, Ag + Ga,
Au + Ga, Cu +In, Ag + In and Au + In systems. In addition, values for the enthalpy of
transformation and fusion have been derived for several of these phases. The erdo:herms
monitored in this study provide valuable information concerning the various phase trans-
formations occurring in these systems. Many of these data substantiate the accepted
phase diagrams. However, we recommend that the accepted phase diagram for the Cu + In
system should be modified to account for the endotherms reported here; phase diagrams
for other systems may also have to be altered to account for thermal effects observed in
this investigation.

INTRODUCTION

In this paper we describe the determination of the heat capacities and ent-
halpies of various binary alloy phases formed between gallium or indium
with copper, silver or gold. This study constituted a portion of a larger pro-
gramme of measurements concerned with the thermal properties of Hume—
Rothery phases formed by the Group IB metals. From this larger programme
it was hoped that the extent to which the heat capacity of a Hume—Rothery
phase was affected by the structure of the phase could be ascertained. In pre-
vious papers associated with this measurement programme, we have reported
heat capacity and enthalpy data for the Group IB alloys with Sb and Bi [1],
with Ge, Sn and Pb [2] and the v phase formed with Cd and Zn [3].
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However, the phase diagrams for Cu, Ag or Au with Ga or In are very
complex and contain regions of considerable uncertainty. The thermal
effects monitored in these heat capacity measurements provide valuable
information concerning the various transformations occurring in these alloys.
Thus, it was hoped that this study would also help in the clarification of the
uncertain and disputed regions of the various phase diagrams.

EXPERIMENTAL

The alloys used in this study were prepared from high purity materials
(99.9995%); the Cu and In were supplied by Preussag AG, the Ag and Au by
Degussa and the Ga by IMC Ltd. (U.K.). The alloy components were melted
together in sealed silica capsules and the products quenched, ground and
annealed at 5 K below the solidus temperature. Discs were prepared from the
powder and stored energy effects caused by the cold work were removed by
further annealing. Further details of the preparation are given elsewhere [41].

The measurements were carried out in a Perkin-Elmer differential scanning
calorimeter (DSC) model 2. Enthalpy and heat capacity values were derived
using the methods described previously [5,6]. The performance of the
apparatus was checked by measuring the heat capacity of Ag; the scatter of
individual C, points from the Cy(T) curve due to Hultgren et al. [7] had
standard deviations of 1% and 2%, respectively, for the temperature ranges
250—600 K and 600—1000 K.

RESULTS AND DISCUSSION

In this paper molar properties are for 1 mole of A.B;_., where x < 1 and
A is Cu, Ag and Au and B is Ga or In.

Cu + Ga system

The phases, “CuGa,” §,, {1, f and various ‘v’ phases, whose stability
ranges are markedly dependent upon temperature and composition, are
reported in the phase diagram due to Hansen and Anderko [8].

The stability ranges of the “¢” phases have been redefined in the more
recent phase diagram due to Kittl and Massalski [9]. These workers have
shown that the low temperature phase, denoted {', decomposes peritecto-
idally above 595 K into the close-packed hexagonal { phase, which in turn
transforms into the 3 phase above 763 K. Heat capacity and (Hy — H,qg) val-
ues for temperatures between 235 and 797 K were measured in the { alloy,
Cug_785Gag.215- The results shown in Fig. 1 reveal the presence of an endo-
therm with the peak in the C,(T) curve occurring at 600 K. This endotherm
is probably due to the {’ - { transformation. The transformation was found
to be readily reversible; this behaviour would thus rule out the possibility
that the peritectoid decomposition of the { phase, which is known to be diffu-
sion-controlled, could be responsible for the obssrved endotherm. The ent-
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halpy of transformation has a value of ca. 0.7 kJ mole™!; the shoulder on the
C, peak occurring around 550 K is probably caused by the sluggish nature of
the {’' - ¢ transformation and the dynamic nature of the measurement tech-
nique.

The two-phase mixture ($ + ;) should attain a single ({) phase at 690 K
[9] but inspection of Fig. 1 shows the absence of any thermal effect around
690 K which could be associated with this event. This behaviour could be a
consequence of the combined effects of the sluggishness of this diffusion-
controlled process and the relatively high heating rates used in DSC. Heat
capacities for temperatures between 250 and 480 K are given by eqn. (1).

C,/JK~! mole~! =25.23 +27.0 X 103 (T/K) —123 450 (T/K)~ 2. 1)

The f phase with a body-centred cubic structure is formed only at high
temperature and corresponds to an electron/atom ratio of 21/14. Heat
capacities and enthalpies were measured between 235 and 798 K for the
composition Cug ;6Gag 24; the results are given in Fig. 2. As very high
quenching rates are required to obtain the § phase, this alloy contains only
two phases (y; + {') below 595 K [9]; at this temperature the {' - ¢ transfor-
mation occurs and results in an endotherm with the C, peak at ca. 600 K.
The value, A H = 0.45 kJ mole™! was obtained for this endotherm. Predel
and Stein [10] have reported a value for the enthalpy of fusion of the
B phase. Heat capacities for the temperature interval 250—480 K are given by

eqgn. (2)
C,/JK~! mole™! =23.67 + 5.80 X 1073 (7T/K)—69 480 (T/K)~ 2. (2)

The “y”’ phase region corresponds to an electron/atom ratio of 21/13 and
it exists as four different modifications, vy, v, Y2 and 3, all of which possess
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Fig. 1. The heat capacity and enthalpy of the {'-phase, Cug_735Gag_215; — — —, extrapola-
tion of enthalpy data.

Fig. 2. The heat capacity and enthalpy of the (7 + ') phase alloy, Cug 76Gag.24:———,
extrapolation of enthalpy data.
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a 7y brass structure with only the copper-rich compositions of the 7y phase
possessing a full number of atoms per unit cell. The «; ~ v transition is of
the order—disorder type. Heat capacities and enthalpies were determined for
a 7; phase alloy with a composition, Cug ¢sGag 3; for the temperature inter-
val 250—798 K. The results, given in Fig. 3, show that no thermal effects
were recorded for this temperature range and are thus consistent with extant
phase diagrams [8,9]. Predel and Stein [10] have reported an entropy of
fusion, AfusS =15.4 J K™! mole™, from enthalpy of mixing data for an alloy
Cug. 679Gag 321 Heat capacities for temperatures between 298 and 700 K are
given by eqn. (3).

Cp/JK ! mole =16.46+19.8X 1073 (7/K) + 147700 (T/K)™2. (3)

Ag + Ga system

The phase diagram due to Hansen and Anderko [8] lists the existence of
the {, ' and & phases. The phase diagram reported by Elliott [11] has modi-
fied the stability ranges for the {’ phase. However, the most recent phase dia-
gram due to Predel and Stein [10] indicates the & phase does not exist and
also shows that the {’ phase is transformed first to the ¢ phase at 698 K and
the { phase in turn transforms at 790 K to a phase with a different structure.
In addition, they report the { phase can exist at higher gallium contents than
the ¢’ phase but on cooling the { phase undergoes a tranformation at 573 K
to a different, unspecified structure. The ¢ and {’' phases both have closed-
packed hexagonal structures.

Heat capacities and enthalpies for the ¢’ phase alloy with the composition
Agy 69Gag. 3; were measured for the temperature interval 235—798 K. The
results shown in Fig. 4 indicate the occurrence of an endotherm which con-
tains four distinct C; peaks at 585, 620, 675 and 710 K. It is difficult to
explain the origin of these peaks on the basis of the extant phase diagrams
[8,10,11]. If we adopt the phase diagram due to Predel and Stein [10], the
peak at 710 K can be attributed to the completion of the ¢’ — ¢ transforma-
tion (698 K [10]) and the 620 K peak to the onset of this transformation of
the {’ phase into a two-phase ({' + {) mixture. One possible explanation for
the peak at 675 K is that it is a non-equilibrium effect caused by the dy-
namic nature of the measurement technique and sluggishness of the ¢’ -
{ transformation. The C,, peak at 585 K cannot be explained although it may
be associated with the thermal effect reported to occur at 578 K on cooling
a { phase alloy with a higher gallium content [10]. It is obvious that further
phase diagram studies are required for an unequivocal interpretation of the
data presented in Fig. 4. No attempts have been made to calculate A; H val-
ues from the enthalpy data owing to the difficulties in the interpretation of
the various C, peaks. Predel and Stein [10] have reported a value for the
AsusH of the § phase. Heat capacities between 250 and 500 K are given by
eqn. (4).

Cp/JK~! mole™! =15.38 + 25.9 X 10—2 (T/K) + 189 500 (T/K)—? (4)
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Fig. 3. The heat capacity and enthalpy of the 7y; phase, Cug_¢0Gap_31.

Fig. 4. The heat capacity and enthalpy of the {’ phase, Agg.69Gag.31; ®, experimental val-
ues of (Hp— Hy9g); — — —, extrapolation of enthalpy values, no attempt has been made
to extrapolate values in the region of the transformations.

Au + Ga system

The phase diagram due to Cooke and Hume-Rothery [12] contains the 8,
v, “AuGa’’ and “AuGa,” phases.

The ¥ phase has an electron/atom ratio of 21/13 but does not possess the
characteristic, cubic, v brass structure. The « phase alloy studied here had a
composition Aug 69:Gac 308 and heat capacities and enthalpies- were deter-
mined between 235 and 585 K. The results shown in Fig. 5 indicate that no
transformations occur in this temperature range. Heat capacities for this tem-
perature interval are given by eqgn. (5).

C,/J K™ ! mole™! =23.37 +7.68 X 1073 (7T/K) —26 126 (T/K)2. (5)

The “AuGa’’ phase has a MnP type structure. Heat capacities and values of
(Hp — H,9g) were determined for Au, sGay s for temperatures between 235
and 768 K. The results, given in Fig. 6, indicate the presence of an endo-
therm due to the fusion of the sample, which occurs at 735 K according to
Cooke and Hume-Rothery [12]. The values, of A,;,.H = 13.6 kJ mole™! and
A¢ysS =18.1 J K™ mole™ were obtained from these data; the latter value is
in reasonable agreement with the value A;,.S=16.2J K™ mole™ obtained
from calorimetric studies by Bergman et al. [13], but is much smaller than
the value A¢, .S = 26.5 J K™! mole™?, obtained by Predel and Stein [10] from
enthalpy of mixing data. These vaiues can be compared with estimated A;,.S
values; the value A¢,.,S=13.9 J K™! mole™! was obtained using the additive
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Fig. 5. The heat capacity and enthalpy of the 7y phase, Aug_¢92Ga0.308-

Fig. 6. The heat capacity and enthalpy of Aug 5Gag_s; ®, experimental values for (Hp —
H,45); — — —, extrapolation of enthalpy values.

method * and a value A¢, S=19.7J K™ ! mole™? was obtained when the
additional term for ordering was introduced. As this compound exhibits a
narrow range of homogeneity, the A;,S termm would be expected to be
closer to the latter value. Thus the estimated value would appear to support
the experimental value A;,.S=18.9J K™! mole™ obtained in this investiga-
tion.

Heat capacities for temperatures between 235 and 700 K are given by
eqn. (6). :

Cp /I K~! mole~* =23.73 + 6.86 X 10~ (T/K)—33 480 (T/K)™* (6)

The “AuGa,” phase has a cubic (CaF,-type) structure. Heat capacities and
(Hp— Hagg) values were determined between 235 and 782 K for the alloy
Aug 34Gag ¢6- The results given in Fig. 7 show that an endotherm occurs
between 715 and 775 K and that two peaks in C; were observed at 725 and
773 K; these correspond to the solidus and liquidus temperatures, respec-
tively. The values A;,.H =16.8 kJ mole™! and A, ;S =21.7J3 K™! mole™
were obtained for Au, 3,Gag ¢s; the latter value is in reasonable agreement

* In the additive method [14,15], A¢, S for an alloy A, B;_, is estimated by addition of
the contributions for each element, viz.

AfusS[AyBl—y] =y AgysS[A] + (1 —¥) AfusSIB]

However, a highly-ordered alloy has an additional entropy term available to it which is
not available to an element on disordering at the melting point; this additional ordering
term would have a value of —R(x4 In x4 + xg In xg), where R is the gas constant. It has
been pointed out [15] that highly-ordered solids for which this term would be applicable
would usually possess a very narrow range of homogeneity.
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with the value A¢,;S =19.4J K™! mole™ obtained from calorimetric studies
[13]. Predel and Stein [10] have reported a much larger value, A4, S =
28.6 J K! mole™, from enthalpy of mixing data; however, an estimated
value, A, S=154J K™ mole™!, was obtained by the additive method
and a value of 20.7 J K™! mole™ was obtained when the additional contribu-
tion for the ordering in alloys was included. As this phase possesses a very
narrow range of homogeneity, it would be expected to contain a high degree
of ordering and thus A¢, S would be expected to be close to the higher esti-
mated value. Thus, the estimated value would appear to support the AgysS
obtained in the present investigation.

Values for the heat capacity for temperatures between 235 and 700 K are
given by eqn. (7).

C,/JK™! mole™' =24.12 +6.29 X 10—3 (T/K) —63 600 (7/K)? (7N

Cu + In system

The phase diagram due to Hansen and Anderko [8] shows the existence of
the n, B8, 8 and y phases. The 8 phase with a body-centred cubic structure
exists only at temperatures abovc 847 K; it decomposes into the (a + 0)
phases below this temperature. The 8 phase does not occur at the usual elec-
tron/atom ratio of 21/14, owing to size factor effects. Heat capacities and
enthalpies were determined for temperatures between 239 and 798 K for the
composition Cug gIng ,. The results given in Fig. 8 show a sharp increase in
C, above 700 K, this is possibly associated with the incipient formation of
the B phase from a mixture of (a + &) phases. Alternatively, the endotherm
may be due to a hitherto unreported transformation. Heat capacities for
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Fig. 7. The heat capacity and enthalpy of Aug_ 34Gag_¢6; ®, experimental values for (Hr —
Hjg9g); — — —, extrapolation of enthalpy values.

Fig. 8. The heat capacity and enthalpy of the (& + &) phase alloy, Cug_ glng 2.
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temperatures between 250 and 650 K are given by eqn. (8).
C,/J K~ ! mole™! =24.47 + 3.88 X 103 (7/K)—92 720 (7/K)? (8)

The 6 phase decomposes above 900 K into the v phase; the structure of
the latter has been variously reported as tetragonal and as a superlattice
structure of the NiAs type. The 6 phase has an electron/atom ratio of
slightly less than the normal 21/13 ratio owing to size factor effects. Heat
capacities and enthalpies for the alloy Cug ;Ing s were determined for the
temperature interval 230—284 K. The results shown in Fig. 9 indicate the
occurrence of two endotherms with the peaks in the C; occurring at 910 and
960 K, respectively; these are associated with the transformations (6 - 7)
and (v — liquid), reported [8] to occur at 903 and 995 K, respectively. Ent-
halpy and entropy values for the (8 = ) transformation and the (y - liquid)
fusion were derived from the enthalpy values plotted in Fig. 9; these were
A H=245 kJ mole™, A,,S=2.7J K™ mole™, Ay H = 9.3 * kdJ mole™
and A, S=>= 9.7 *J K! mole™, respectively. The value, A¢,S=9.0J K™!
mole™! was estimated by the additive method; this implies that the -y phase
does not possess a high degree of ordering; this view is supported by the wide
range of homogeneity exhibited by the v phase. Heat capacities for tempera-
tures between 250 and 750 K are given by eqgn. 9;

Cp/IK™! mele™! = 23.81 + 5.68 X 103 (T/K) — 64 200 (T/K) 2 (9)

The 1 phase which possesses a NiAs type structure, corresponds to an elec-
tron/atom ratio of 21/12 and exhibits an appreciable and complex range of
homogeneity [16]. Heat capacities and enthalpies were determined between
230 and 888 K for two compositions of the 7 phase, Cug ¢sIng. 35 and Cug g25-
Ing_ 375; the results are given in Figs. 10 and 11, respectively.

The C,(T) curve for Cug esIng 3s reveals the occurrence of two endo-
therms, the peaks in C, occurring at 675 and 740 K. Weibke and Eggers [17]
have reported that a transformation occurs at 662 K but this transition was
undetected in a subsequent study [18]; however, the most thorough investi-
gation due to Jain et al. [16] indicates that transformations occur at 615,
660, 728 and 750 K. No thermal effect of 615 K was detected in this study,
corresponding to the transition [16], Cu,_.In(C) ** - Cu,_,In(B) **. How-
ever, the transition at 675 K, A, H ~ 0.17 kJ mole™, observed in this study
corresponds to the transformation [16] of the latter into Cu,_.In(A').
According to Jain et al. [16] the A’ phase should undergo the following
transitions

723 K

Cu,.In(A") "3 Cu,_,In(A) "~ Cu,_.In(h)
The endotherm recorded at 740 K, A, H = 0.22 kdJ mole™! probably corre-

* The proximity of the varicus Cp, peaks to each other makes the selection of tempera-
ture ranges for the determination of Ay H or Ag, H extremely difficult. Attempts have
been made to determine these values but the values obtained may be slightly low owing
to the nature of these experiments.

** Nomenclature adopted by Jain et al. [16].
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Fig. 10. The heat capacity and enthalpy of the 17 phase, Cug_gs5Ing_3s5; ®, experimental val-
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Heat capacities for temperatures between 250 and 600 K are g1ven by egn.
(10)
Co /dK™! mole™! =20.63 +13.2 X 1073 (T/K) + 11 960 (T/K)~? (10)

Three endotherms were detected in the C,(T) curve for Cug g25Ing 375
shown in Fig. 11; the peaks in C, occurred at 430, 580 and 635 K. The
endotherm at 430 K, with A, H = 0.048 kJ mole™}, is obviously associated
with the presence of free indium (m.p. 430 K). This provides clear evidence
that the ¢ phase does not exist. Calculations based on the recorded A, H
value permit the amount of free indium to be calculated and from this we
deduce that the B phase must occur at ca. Cug g33Ing.367, in excellent agree-
ment with the findings of dain et ai. [16]. The phase diagram reported by
dain et al. [16] indicates that transformations should occur at 580, 640 and
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(14U s, 111€ enuor,nerm d.l'; OUU D\ Qg — V. (U KJ m01e } COHESPOHQS to the

transition [16]

Cu,_,(B) 289K, Cu,_, In(A)
and that at 635 K to
Cu,_,.In(A’) 849K, Cu,_ . In(A

St

No thermal effect was detected at ca. 720 K in this investigation which
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Fig. 11. The heat capacity and enthalpy of the 1 phase, Cug_g25Ing_375; ®, experimental
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corresponds to the transformation

Cup—.In(A) 1205, Cu,_, In(h)

Ag + In system

The phase diagram due to Hansen and Anderko [8] shows the presence of
the ¢', ¥' and ¢ phases at room temperature; the 8, ¢ and « phases are stable
at higher temperatures. However, there are considerable uncertainties in the
phase diagram, particularly in the compositional range x;, = 0.2—0.4.

The cubic (bcc) § phase exists only at high temperatures and decom-
poses on cooling first to the ¢ phase and then to the {' phase. The 3 phase
corresponds to an electron/atom ratio of 21/14. Heat capacities and enthal-
pies were measured for temperatures between 229 and 888 K for an alloy
Agy 745In4 2555 the results are given in Fig. 12. One endotherm, with the peak
in C, at 493 K, was observed. This endotherm can be attributed to the ¢’ -
{ transformation reported to occur at 460 K [8]. This transformation is
reported to belong to the order—disorder type; the values A; . H = 1.0 kd
mole™ and A, S = 2.1 J K™ mole™! were derived for this transition.

Heat capacities and enthalpies were determined over the temperature
range 108—936 K for the 7' phase alloy Agg ¢;Ing 3s- The results given in
Fig. 13 reveal the presence of three endotherms, with C, peaks at 445, 567
and 918 K. The endotherm at 445 K is probably associated with the 7y’ -
7 transition, which is reported to be an order—disorder transformation. How-
ever, the recorded 7' — 7 transition temperature (445 K) is considerably
lower than the temperature cited in the phase diagram [8] (477 K). An alter-
native but less likely explanation is that the sample contained some ¢ phase
and this underwent peritectic decomposition at 439 K [8]. The value A, H =
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Fig. 12. The heat capacity and enthalpy of the {’ phase, Agg 745Ing_255; ®, experimental
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Fig. 13. The heat capacity and enthalpy of the 7' phase, Agg ¢7Ing. 3s5; ©, experimental
values for (Hy — Hjy9g); — — —, extirapolation of enthalpy data.

0.015 kJ mole™ was obtained for this endotherm, although this may not
represent an equilibrium value for an assumed ' — v transformation, as
annezling times of considerable duration would be required for the conver-
sion of any 7 phase left on quenching the sample.

The endotherm of 567 K can be attributed to the peritectic decomposi-
tion of the vy phase and the formation of the { phase, reported to occur at ca.
560 K [8]. The values A, ,H =0.90 kJ mole™! and A,;S=1.6J K~! mole™!
were obtained for this transformation.

The third endotherm commences around 760 K and culminates in a C,
peak at 919 K; this endotherm is clearly attributable to the ({ - { + liquid)
transformation, as the temperatures are in agreement with those cited in the
phase diagram [8] (770 and 910 K). It is possible to derive AH and AS for
the fusion of the { phase by extrapolation of the (H; — H,9g)—temperature
relationship for the range (600—750 K) to 918 K; the values obtained,
AsusH =~ 8 * kJ mole™ and As, S = 8.7 * J mole™! K1, are identical with
values obtained by the additive method.

Au + In system

According to the phase diagram reported by Shunk [19], the folowing
phases exist at room temperature, ‘“Auln,”, “Auln”, v, €', {; and { and the vy,
and e phases exist at higher temperatures. In this study we have measured
heat capacities of the Auln,;, Auln and ' phases.

* See footnote p. 76.
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The v and ' phases correspond to an electron/atom ratio of 21/13; the
' phase has a 7y brass structure and the <y phase has a close-packed hexagonal
structure. Heat capacities and enthalpies were determined for temperatures
between 235 and 798 K for the 7' phase alloy, Aug ;Ing 3; the results are
given in Fig. 14. Two endotherins were observed.

The first endotherm, which exhibited a peak in C; at 665 K, is due to the
" - v transformation which has been reported [8] to occur at 638 K and
646 K for In-rich and Au-rich boundaries of the ' phase, respectively; values
of A H =0.82 kJ mole™! and A, S=1.25J K~! mole™! were calculated for
this transformation.

The second endotherm contains two C,, peaks at 740 and 760 K and these
represent the solidus and liquidus temperatures, respectively, for the fusion
of the v phase. These temperatures are in agreement with the solidus and
liquidus temperatures 738 and 758 K, respectively, cited in the phase dia-
gram due to Shunk [19]. Values of A¢,,H =7.0 * kJ mole™ and A¢,.S =
9.2 * J K™ mole™! were derived from these measurements. The latter value
can be compared with the estimated value, A;, .S =8.9 J K™ mole™ calcu-
lated using the additive method. This suggests that this phase does not
possess a high degree of ordering, a view supported by the wide range of
homogeneity of the ~ phase. Heat capacities for temperatures between 250
and 550 K are given by eqn. (11).

Cp/IK™! mole™! =21.89 +11.6 X 1073 (T/K) — 488 80 (T/K)~? (11)

The “Auln” phase has a triclinic structure. Heat capacities and enthalpies
were determined for the allov Aug sIng s for temperatures between 229 and
749 K. The results given in Fig. 15 show the occurrence of three endotherms
with C, peaks at 636, 730 and 790 K. The 790 K endotherm obviously
refers to the liquidus temperature and the 730 K endotherm refers to the
solidus temperature for compositions lying outside the Au-rich boundary of
the “Auln” stability range. Thus, the Au-rich boundary of this phase must
occur at a composition Aug s.yIng s-,, where y is positive. The small value
derived for A, H = 0.015 kJ mole™! obtained for the 730 K endotherm, indi-
cates the rather small quantity of 7y phase present. The values Ag, H =
11.34 kJ mole™! and A;,.S =14.4J K™! mole™! were obtained from experi-
mental daia. The latter value can be compared with estimated AgysS values
of 85 J K™! mole~! obtained by the additive method and 14.3 J K™
mole™ when the additional contribution for ordering in alloys is included.
Thus “Auln” would appear to have a fully-ordered structure, in keeping with
the narrow homogeneity range exhibited by this phase.

The cause of the endotherm at 636 K cannot be readily explained on the
basis of the phase diagram due to Shunk [19]. At first glance it would
appear that an earlier phase diagram [8] affords a possible explanation for
the occurrence of this endotherm at 636 K; we have seen above that the sam-
ple contains a small amount of the 7' phase and that this transforms to the
v phase at 637 K [8]. However, this explanation would appear to be unlikely
because by use of the value A;.H = 0.120 kJ mole~! for this transition we
can calculate that the sample contained 15 mole % of the y phase ** and this

* See footnote p. 76.
** Based on the value A, H = 0.82 kd mole™! for Aug.7Ing. 3.
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Fig. 14. The heat capacity and enthalpy of the 7 phase, Aug_7Ing 3; @, experimental val-
ues for (Hp — H,43).

Fig. 15. The heat capacity and enthalpy of the phase, Aug sIng s; ®, experimental values
for (Hpr—Hagg); - - - - » extrapolation of C,, data.

is obviously not the case. Thus, we must conclude that further phase studies
are required to account for the endotherm at 636 K. Heat capacities for the
range 250—500 K are given by eqn. (12).

Cp /I K~ ! mole~! = 23.77 + 8.65 X 103 (T/K) —57 860 (T/K)~? (12)
32
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Fig. 16. The heat capacity and enthalpy of the phase, Aug_34Ing g¢; ®, experimental val-
ues for (Hy— Hjgg); " - - * *, extrapolation of C data; — — —, extrapolation of enthalpy

data.
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The Auln, phase has a cubic (CaF,-type) structure. Heat capacities and
enthalpies for the composition Aup_ 34Ing ¢¢ were determined for the tempera-
ture range 235—984 K. The results given in Fig. 16 show the occurrence of
two endotherms with C, peaks at 771 and 827 K. These represent the
solidus and liquidus temperatures for compositions lying outside the Au-rich
boundary of the “Auln,” phase; the phase diagram [19] cites temperatures
at 769 and 813 K, respectively. The values A¢,H = 14.5(b) kJ mole™! and
AsuS =17.5(b) d K™! mole™ were calculated from the experimental data.
The latter value can be compared with estimated A¢, S values of 8.2 J K1
mole™! using the additive method and 13.5 J K™! mole™! when the additional
term for ordering in an alloy is included. Thus, we conclude that the
“Auln,” phase contains a high degree of ordering. Heat capacities for tem-
peratures between 250 and 700 K are given by eqgn. (13).

C, /JK~! mole~! = 22.91 + 8,15 X 10—3 (T/K) + 17 820 (T/K)™2 (13)
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