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13 ASSTRACT

8. Tin solution calorimetry has been used to measure the heats of formation
of selected face-centred cubic palladium-rich sciid solutiuns of the
palladium-silver-tin system. The resuits show that alloys of constant
electron coacentration are characterised by neats »f formation which vary
almost exactly linearly between the values for the terminal binary alluys)

The results are discussed in relation to the possible contributions
associated with electrenic energy and ion-iom interaction effects, Latticr
parameters of the alloys have been measured and & linear variation of
these is also observed.

The technique based on the precipitation of an alloy phase from liquid
tin has been used for the study of the aluminides Pt}AlS(NizA13~type),

RhAl (CsCi-type) and NiAZ {CsCi-type)}, while normal solution calorimetry
has been used to investigate the compound PdGa (FeSi-type). Values ob-

| toined for the heats of formation of these aret PtoAlg,aH = ;23,05*0,2;
RhAl,AH = -25.21%0.2; NiAl,aHt = -14.64%0.2; PdGa,AH = -17.25-0.06 Kcal/
g.atom. These and previously determined heats of formation of related
compounds are compared and trends and influences in the heats of for-
mation of transition metal aluminides and palladium - Group IIIB com-
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Szgogsis.

Tin solution calorimetry has heen used to measure the heats of formation
of selected face-centred cubic palladium-rich solid solutions of the palladium~
silver-tin system. The results show that alloys of constant electron
concentration are characterised by heats of formation which vary almost
exactly linearly between the values for the terminal binary alloys (60 Pd 40 Ag,
AN = = 890 cal/g.atomi.3 90 Pd 10 Sn, AH = - 6200 cal/ge.atom). The results
are discussed in relaticn to the possible contributions associated with
clectronic energy and ion-ion interaction ~ffects, Lattice parameters of
the alloys have been measured and a limear variation of these is also observed.

The technique based on the precipitation of an alloy phase from 1liquid

tin has been used for the study of the aluminides Pt Al, (Ni2Al3 - type),

273

KhAl (CsC€l - type) and NiAl (CsCl - type), while normal solution calbrimetry
has been used to investigate the compound PdGa (FeSi - type). Values obtained
for the heats of formation of these ave: Pt,Al , &H = - 23.05 * 0,2; RhAl, )
AH = - 25,81 + 0,23 NiAl, AH = ~ 14,64 + 0,2; PdGa, AH = - 17.25 % 0,06 K.cal/
g.atom, These and previously determined heats of formation of related
compounds are compared and trends and influences in the heats of formation

of transition metal aluminides and palladium - Group III B compounds are

discussed.




1. Introduction

The present investigations of selected ternary solid soclutions and
binary intermediate phases furm part of the continuing programme of acquisition
and ahalysis of critical thermodynamic data for transition metal 'alioysl-s.
Measurements on the face-centred-cubic nhases of the Pd-Ag-Sn system were
undertaken in the course of current attempts to investigate the different
factors influencing the behaviour of Pd=rich solid solutions; alloys were

selected with a view to controlling the predominant electronic energy contrib-

-ution in order to examine the nature of the influence of ion-ion interactions

in the ternary alloys- Systetﬁic studies of intermediate phase of transition
metal systems were initiated by zarlier investigations of Pd—Snu, Pcl--m6 and
Pﬂ-Al7 alloys. This -section of the programme is continued with the measurements
on the CsCl and related structires in the Pt-Al, Rh-Al, Ni-Al and Pd-Ga which

are reported here. The prii:cipal technique used has again been tin-solution.

- :éalp'rimetx'y; the isoperibol calorimeter has been operated in both- the normal

and- precipitation modes., Details of the apparatus and the alternative modes of

operation have been described preitiously"’s.
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2. The Palladium-Silver-Tin Solid Scilutions

2.1 Experimental

The equilibrium diagram of the palladium-silver-tin ternary system
has not been investigated, but the phases involved in the constituent

binariesg’lo

at near room temperature are indicated in the schematic diagram
shown in Figure 1. At such temperatures the solubilities of tin in palladium
and in silver are of the order of 16 and 9.4.atom per cent of tin respectively-
while silver and palladium are mutually soluble at all concentrations. Thus
akcbntinuous range of solid solutions may be expected to exist between the
binary phases a(Ag-Sn) and a(Pd-Sn). It is likely, however, even if.no new
ternary phases are involved, that the excepticnally high stability of the
Pd-Sn binary intermediate phasesu will force the ternary a solid solution
limits to much lower tin céntents than those corresponding to the indicated
linear boundary joining the binary a(Ag-Sn) and o(Pd-~Sn) limits. The<prescnt
measurements were undertaken for the purpose of observing the variation of the
heat of formation in a series of f.c.c. palladium based alloys of constant

’electron:'étom ratio. Assuning effective valencies of 0, 1 and & for palladium,
silver and tin respectively, lines of constant e/a will ﬁe as indicated

in Figure 1. In order to satisfy hoth the necessity of keeping within the

ill defined o-phase field and the desirability of having comparatively large
heats of fermation for examinatioﬁ,a series of alloys along the line e/a = 0.4
vere selected for study. In addition to the terminal binary alloys 90 Pd.10Sn
and 60 Pd,u04g, four equally spaced intermediate alloys were investigated.

7 Alloys were prepared from 99,999% pure palladium, silver and tin.

Approximately 4g samples were obtained hv direct comdination of the pure

~components by H.F. induction melting under «rgor in sealed silica capsules
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All alloys were then homogenised by cold working and annealing, again in
argon filled capsules, at 1100°C for 2 weeks. Compositions were checked
by weighing; weight losses during melting and heat treatment were found to
be negligible, so that the maximum final uncertainty in composition was
equivalent to only 0.03 atom per cent Sn. The alloys were finally rolled
into thin foil (0.02 cm thick), annealed at 900°C for 30 minutes to remove
cold work and finally cut and coiled to provide calorimetric samples.
Metallographic and X-ray examination showed all the alloys prepared
as above to be homogeneous single phase f.c.c. solid solutions. Debye-
Scherrer patterns were obtained from annealed filings using Cu radiation
with Ni filter and 3 hr. exposures. Values determined for the lattice
parameters are given in Table 1 and plotted in Figure 2.
Using the solution calorimetric technique, the heats of formation
of these alloys have been obtained in the usual manner from the difference
in heats of solution,in molten tin,of the alloys and the individual pure
ccrponents. Samples-were dropped from an;initial témﬁerature of 320K into
a tiu bath at 656°K.  Under these conditions a strongly exothermic solution
process of about 2 minutes durationvand~yeildihg goodrtpermOgrams was observed
for all alloys. In view of the desirability of obtaining data of the highest
possible precision in this study, a somewhat larger number of measuremer -
usual were made on each élloy. The results obtained &re summarised in Table 2
and plotted in Figure 3.

Z.2. Discussion

No thermodynamic measurements have been madeipreviously on selid
ternary alloys of this system, but within the limits of experimental precision
the 4H value for the 60 Pd. Ag 40 binary alloy shows good agreement with data

obtained by Huligrenll. The precision of the heats of formation obtained

‘i




Table 1. Lattice Parameters of Ternary Palladium
- Silver - Tin F,C.C. Solid Solutions of

Constant Electron Concentration.

Alloy Lattice parameter
fatom %) a, (KX units)
60Pd4CAg. $3,9517
66Pd,32Ag.2Sn. 3.9442
72Pd,24Ag U4Sn, 3.9366
78Pd,16Ag.65n. 3.9250
84Pd,.8Ag.85n. 3.9213

90Pd.10Sn, 3.9134
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Figure 2. Lattice parameters of Pd-Ag-Sn f.c.c. solid solutions.
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Table 2,

Alloy
(atom %)

60Pd. 40Ag,.

66Pd,324g.2Sn,
72Pd.24Ag.4Sn,
78Pd.16Ag.65n.
84Pd,8Ag.8Sn.

90Pd.1CSn.

Reference states:

Heats of Formation of Ternary Palladium

~ Silver - Tin FaCuCs

Solid Solutions of

Constant Electron Concentration,

Number of AH formation,
Measurements 320°K (cal./g.atom)
10- - 892 ¢+ 63
13 - 2084 *+ 68
13 - 2989 + 69
16 - 3958 £ 71
12 - 5048 + 90
13 - 6197 * 102

Pa(S), Ag(S), Sn(s)
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for the ternary alloys is particularly high and corresponds to only 3% of the
measured heats of dissolution of samples in the szlvent tin bath.

From Figure 3 it will be seen that the plot ~% ’H for the alloys in
the chosen ternary section is essentially linear and no obvious inconsistencies
in the OH values are indicated. The small deviations from lineargty only
slightly exceed the limits of experimental uncertainty &nd are of the order of
100 cal/g.atom.

1,4 that the unusually exothermic heats

It has been pointed out earlier
of for—ation of the Pd-B sub group f.c.c. solid solutions are probably a
consequence of a filling of the incomplete #d rand of palladium on alloying.
With the B-sub group elements Cd, In, Sn and Sh there exists a good correlation
between the relative heats of formation and the rate of filling of the d-band
as indicated hy specific heat or magnetic property measurementss’12. Fuether-
more the similarity of the heats of formation of these phases, viewed as a -
function of electron congentration, sugests that a iocalized-redistribution of
electrons between the s and d liands of palladium, rather than inter-cemponent
transfer, is involvedq. Much larger differences Letween the heats of formation
with different solutes would be eépected,if the latter mechénism operatec,
because of the likely wide variation cf the valence bhand energies of the

* 40

different solutes. The ahove interpretation is consistent with the '"sliding

13 for the electronic

hand model" recently proposed by Montgomery et al
structure of binary alloys of Pd with noble and polyvalent elewments. In
centrast with its alloys with the above pelyvalent elements, the heats of
formation of Pd-Ag binary solid soluti.ns are of an order of magnitude less
exothermic anC it has been suggested that this is due to a large endothermic
centribution associated with tle ion core regulsion energys’lz. Unfortunately,

it is impossible to resolve the separate electronic and ionic contribution from
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‘an examination of individual binary systems, since both contributions will

vary with composition in manners which cannot be readily defined. However,

by examining a series of ternary alloys of constant electron concentration, it

is reasonable to assume from the characteristic behaviour of the binaries that

a constant state of Pd alloy d-band f£illing will be maintained while the number
and type of ion-ion interaction will still vary. Aleng such a line tha elactronic
(Fermi energy) contribution to the heat of formation mighth be expected to be
constant if, as suggested above, an s-d redistribution without inter-component .
transfer is the electronic process involved. Observad deviations from such a
cénstant value in the experimental heats of formation may thus give a clearer
indication of the nature of ion-ion interactions.

As is clearly shown by the data plotted in Figure 3, the heats of
formation 6f the chosen series of ternary alloys of expected identical band
fillg'.ng are not constant, but vary in a simple near-linear fashion between the
- values for the terminal binary alloys. While it should-be noted that this
variation would be consistent with a rigid band model and ‘inter—component
transfer, providad ion-ion effects are negligibie throughout, such s explanation
of the ternary zlioy bebaviour appears improbable in view of the incompatibility
of the specific heats, magnetic and thermodynamic pmpcpties of the binary alloys
with this model. It is considered thersfore that cbserved variation of the
Lheats of formation must be treated as a manifestation of ion-ion interaction
effects.

No suitable model gxists permitting the exact theoretical calculation of
ion interactions in camplex transition metal alloys. For heuristic purposes,
howsver, consideration has been given to tha possibility that experimental heats

of formation of the alloys investigated may be represented empirically in the

S bk WSROI € ¢ 1
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form

X, + A, %

AH (observed) = 4 Ag 2

Heleq ¥ Al *2d

pe *sn + *3 xAg xSn

This is based on the assumption that the electronic contribution (Aﬂelec)
and the ion-ion interactions (kl, Az, As) between particular pairs of
components are independent of composition; it further assumes that the total
ion~ion contribution to the heats approximates to the sum of nearest
neighbour pair-wise interactions. Preliminary attempts have heen made tc

evaluate AH and the A coefficients using the data of Table 2. While it

elec
has been established that the observed linear variation can be surprisingly
well fﬁttedAto the pairwise model, unambiguous evaluation of the coefficients
without making adéitional assumptions has not so far proved possible. The

A values are eit:gmély sensitive to the assumed magnitude of the slectronic
contribution. Using an early crude estimate1 of AHeléc as ~¥ Kcal/g.atom
for alloys of this composition yields the values Al = + 13 Kcal/g.atom

A, = =24 K.cal/g.atcm and 13 = -55 K.cal/g.atom for the Pd-Ag, Pd-Sn and
Ag~Sn intéréctioﬂs. Little significance should he attached to these values,
however, and re-examination of these data using a more specific model for ion

interactions is being undertaken.

3. Transition Metal Aluminides

3.1. Expasrimental Teéchnique

In the investigation of the heats of formation of phaces of exception-
ally high stability, normal use of the solution calorimetric technique may
be irhibited by an extremely low solubility of the alloy compound in the
liguid solvént. This problem was first en.ountered in attempfs to measure
heats of formation of Pd-Al7 alloys for, although Pd and Al separately have

moderate solubilities in liquid tin at the calorimeter operating temperature




-1

the Pd-Al alloys were found to be virtually insoluble. Nevertheless good

values for the heat of formation of the equiatomic phase PdAl (FeSi structure)

Were obtained7 by using the solution calorimeter in a precipitation mode. This

precipitatioxi technique has now been employed for measurements on other

transition metal aluminides. A fuller description of the technique was

given in the previous mpz:'t7 so a brief reiteration of the principle of the

precipitation mode of operation of the tin-solution calorimeter will suffice

here. The heat of formation of the most stable compound of the A-B system

may be determined by the addition of A to a dilute solution of B in liquid tin,

theniby causing the precipitation of the insoluble equilibrium phase, say

AxBy‘ The heat effact accompanying this precipitation is measured in the

normal way and, by combining its value with that for the heat of solution of

B in tin, the heat of formation of AxBy at the tin bath temperature calculated

from the following relatienships,

(1) <A> + 3;- [5] o *

2) X pi> =

i
y

<N

<AxBy> ‘ 8H,y
[i,d] Sn 3“2

which combined, using Hess's Law gives

(3) y<A> 4+ «<B> -+ <AxBy

MH. = yMl, + x4H,

>

Satisfactory results were obtained by making successive drops, of about

.001 -.002 g.atom Al, into liguid solutions of the respective transition

elements ir tin; the concer;tration of the solutions employed depen&ed, on the

solubility of the element involved.

Where possible, after removal of the tin

bath from the calorimeter at the end of the precipitation experiments, the

precipitated phase was i.ached out by immersion in concentrated hydrochloric

acid and the comphund identified by X-ray parameter measurements. In cases

YRS WOy f Resmstrae 0 ¢
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vhere this is not possible the compositicn of the precipitating phase may
be established within close limits by observing the "equivalence" of the
reaction, i.e. from a knowledge of the quantities of the elements present
in or added to the tin bath and noting the number of consistent values
obtained for the heat of precipitation.

3.2 Platinum-Aluminium System

Preliminery measurements of the heat of solution of platinum in tin
at 656°K were made using samples consisting of Pt filings enclosed in small
tin capsules. Observations vwere made difficult by the slow rate of solution
at this temperature, but three satisfactory values were obtained yielding a
value of Aﬁpt = -26,758 + 250 cal/g.atom. This is in reasonable 3greement
with values reported by Walker and Darbyluibﬁpt = -27302 cal/g.atom; 698%K)
and by Geiken15 (Aﬁpt = ~26951 cal/g.atom; 900°K). For the purpose of the
present calculations a value of &gPt = =27000 + 200 cal/g.atom was therefore
employed.

Once again it was observed that the addition of aluminium to dilute
solutions of platinum in fin resulted in large excthermic heat effects - in
contrast to the behaviour observed when—platinum is absent. Initial attempts
to use the technique were, however, unsatisfactory since the platinum contents
L3ed proved to be in excess of the liquidus composition of the Pt-Sn binary
system. From observations made during these early mms it is apparent that this,
at the bath temperature (656%K)»is only about 0.35 - 0.45 atom per cent Pt,
rather than the much higher value reported in the literatuxeg’lo. By reducing
the initial Pt content of the baths to lower values therefore, satisfactoryr
precipitation results were obtained. In calculating the heats of precipitation

(AHl) in this and all other aluminide studies, the heat content change of

2luminium between the sample drop temperature (320°K) and bath temperature

|




Table 3, Heats of Precipitation arid Formation at

656°K of the Compound Pt,Al,.

Expt. No. Initial 8H,, Heat of Pptn AH_, Heat of form.
Conc. of Pt %cal/g.at Al) of Pt2A13 (cal/g.at)
- 3 9,
in solution at. %

1.1 0.35 -20391 ~23035
1.2 ' -20395 ~23037
.3 -20475 -23085
2.1 © 0.35 -20628 -23177
2.2 ‘ ~20219 -22931
2.3 ; ~20436 : -23026

Heat of Formation of Pt,Al, at 656K =

-23.049 + 0.2 k.cal/g.atom.

H '
LA Sk st so st
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(656°K), vwhich must be deducted from the measured heats, was obtained from
the data assessment br Hultgren et alls.

The overall "equivalence" of the reaction indicated a composition for
the precipitating phas of 60 + 1 atom per cent A_l; suggesting the formation.
of Pt2A13 rather than the equiatomic compound. Crystals of the precipitated
phase were successfully extracted from the- tin bath on removal from the calor-
imeter and confirmed as Pt2A13 (Ni2A13 type structure). Lattice parameters were
measured and found to be

a=4,210§, c=517158

These may be compared with values of a = 4,208 R and ¢ = 5.172 § reported by
Ferro et a117).

Six measurements were made of the heat of precipitation of PtzAls.

These and the corresponding values for the heat of formation of this compound

are collected in Table 3,

3.3 Rhodiug - Altminium“Sys‘tem

Since difficulties in obtaining heats of solution of Rh were anticipated,
owing to its low solubility in tin, no attempt was made to remeasure AﬁRh.
Satisfactory values for this quantity have been reported by Dav}:’y18 (Aﬁkh =
~30,000 cal./g.atom; 698°K) and by Miner, Spencer and Pool'® (afi = -29950
cal./g.atom; 700°K) and the more preciée of these, AﬁRh = ~29950 cal./g.atom,
was adoptedrin the present calculations.

As with the case o_f Pt, difficulties were encountered in the early
precipitation experiments due to -the :solubility of Rh being even less than
prévi‘.ously reported. Present experience showed that at 656°K the liquidus is
in the range 0,3 - 0.% atom % Rh, considerably lower than suggested previouslyg.
Reduction of the starting Rh contents of the tin baths to 0.3 atom % Rh or less

yielded satisfactory results. Attempts tc extract samples of the precipitated




Table 4. Heats of Precipitation and Formation at
656°K of the Compound REAL.

Expt. No. Initial conc. AAH]_’ Heat of Pptn. AHf, Heat »f form
of Rh in sol. (cal./g.atom Al) of RhAl (cal./g.at.)

(at. %)
1.1 0.30 -21454 ~25715
1.2 -21659 -25805
1.3 21540 ~25745
2.1 0.20 -22042 ~25996
2.2. -21381 ~25666
2.3 ~21760 ~25855
2.4 21770 -25860

Heat of Formation of KhAl at 655°K =
~25.806 + 0.2 k.cal./g.atom.




..lQ..
‘phase proved to be impossible owing to its attack and decomposition by
solvent acids. X-ray structural data and identification have therefore
not been cbtained. From the equivalence of the precipitation reactions,
howewer, its composition has been vnambiguously established as 50 + 1 atom
per cent Al. There is no doubt therefore that the observations refer to
the phase RhAl (CsCl structure). From the observed behaviour in the
precipitation experiments it can further be seen that the solubility of the
phase RhAl in liquid +in at 656°K does not exceed 0.0001 mole fraction.
Seven measurements have been made of the heat of precipitation of RhAl,
these and the derived heats of formation are given in Table 4.

3.4 Nickel-Aluminium System

Aithough heats of formation of the NiAl phase (CsCl structure) have
been measured previous by Kutaschewski?o and by Oelsen and Middelzl, direct
reaction or liquid mixing techniques were employed and quite large uncertain-
ties (+ 1000 cal./g.atom) attach to the reported values. A re-determination
using the precipitation technique therefore appeared to be of interest.
Several studies have been made of the heat of solution of Ni in liquid tin at
near the present operating temperatures. Values are reported by Hertz22
(AﬁNi = =12750 cal./g.atom; 623°K), Leach and Bever23 (AﬁNi = -9t40 cal./g.
atom; 623°K) and Darby18 (AﬁNi = ~10918 cal./g.atom; 698°K). Of these the
last appears to be the most reliable and has been used in present c*’é&latibns.
The composition of the precipitating phase was established fron :ps
observed equivalence of the reaction to lle be:wen 48 and 52 atom per cent
Al and hence is clearly the phase NiAl (CsCl-structure). As with RhAl, the
NiAl phase was attacked by solvent acids and hence no enriched samples could

be extracted for X-ray examination. The solubility of NiAl in- liq'id cin at

656°K was indicated by observed precipitation behaviour to be not more than




Table 5. Heats of Precipitation and Formation at
656°K of the Compound HiAl.

Expt. No. Initial conc. 4H,, Heat of Pptn. AHf, Heat of form.

of Ni in sol. (c%l/.g.at Al) of NiAl (cal./g.at.)
(at. %)
1.1 0.49 -18456 -14687
1.2 ~-18454 -14686
1.3 ~18603 -14761
i.4 -18320 -1u4619
1.5 -18306 ~14612
2.1 0.23 . -~17985 ~14451
2.2 -18408 -14663

Heat of Formation of NiAl at 656°K =
-14.64 + 0.2 k.cal/g.atom.

- %
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0.C001 mole fraction.

lleats of formation of XiAl obtained using the present technique are
shown in Table 5. They must be compared with the value «f AH = -1i.05 +
1.C k.cal/g.atom reported by Kubaschewski2o for the equiatomic composition.
It may be noted that the uncertainty of + 0.2 k.cal/g.atom associated with
the praesent values is largely attributable to deviations in the value of
AﬁNi which was employed.

In experiments with this system it was found that tle addition of
excese aluminium to the Sn{-Ni) solution rasulted in the cnset of a very
slow slightly exothermic reaction which possibly corresponds to the entry of

the bath corposition into the NiAl + Ni2A13 + Sn phase field,

4, Palladium-Gallium System

To complete the comparison with the other Pd-IIIB equiatomic¢ phases
examined previously6’7, measurements were made of heats of formation of the
phase PdGa (FeSi-s¢ructure). In this case the phase has significant solubility
in liquid tin and thersfore the normal technique of tin-solution calorimetry
was employed. Alloys were prepared by the procedure described in section 2.1
and their homogeniety and structure checked by X-ray diffraction.

Preliminary measurements of the heat of solution of Ga in tin showed
good agreement with previously reported valuesle. The present measurements
yielded for ths isqthermal heat of solution of liquid Ga in liquid Sn at 656°K,
AﬁGa = + 737 cal./g.atom (mean of 12 measurements; standard deviation = 25 cal./
g.atom).

The results cbtained for the heat of formation of PdGa are shown in
Table 6., It should be noted that aithough Ga is liquid at the refarence
temperature of 320°K, the data in the table are expressed relative to solid Pa

and superheated solid Ga for Letter comparison with other systems. Cp for




Table 6. Heats of Formation of the Compound PdGa
at 320°%¢. (Reference states: Pd (solid
and Ga (superheated solid)).

Expt. No. Aﬂfm. (cal/g.atem)

1.1 17342

2.1 -17285 A
2.2 -17303 :
2.3 -17261

2.4 ~1733% :
2.5 -17330 ;
2.6 17257 i
3.1 -17155. ;
3.2 -17105 ;
4.1 -17108 ]
4.2 -17177 3
5.1 ~17276 é
5.2 -17352 %
5.3 -17183 ;
6.1 -17266 :

Heat of Formation PdGa (FeSi structure)
= =17.254 k.cal/g.atom (mean deviation
C¢.062),
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sclid Gal‘ has been directly extrapolated to higher temperatures for the

change of gtandard state calculations.

5. Discussion of Intermediate Phases

The heats of formation of the transition metal -B sub group element
intermediate phases studiad thus far in the current programme are assembled in
Table 7. Also included for the purpose of discussion are two values
measured by other workers. Although the present systematic studies are not
yet complete, a number of interesting trends are evident from the data
already available.

The strongly exothermic character of all the phases is certainly
associated with a strong heteropolar component in their bonding. This way
be regarded as probably deriving from a mixture of electronegativity effects
of a conventional kind, combined with electron redistribution between the
components due to the tendency of the transition elements to take electrons
into their incomplete d-states. These influences are well illustrated by
the aluminides.

Although no data are yet available for the PdAl (CsCl structure)
phase, previous studies7 indicate that its heat of formation will not differ
greatly from that shown for the FeSi form. Similarly, an almost equal
stabiiity of the PtAl (CsCl) and Pt2A13 phases is suggested by the Pt-Al
phase diagram9 incicating that the heats of formation of these two phases are
closely comparable, Considering these estimated values in conjimction with
the experimental measurements on CsCl aluminides given in the table shows a
systematic increase of the heats of formation in the order NiAl, FdAl, PtAl,
RhAl. The very large differer.ce between the values for NiAl and PdAl and the
smaller one between the latter and PtAl clearly reflect the variation of the

electronegativity differences between the components. On the other hand, the
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Table 7.

Al

NiAl (CsCl)
-14.67(2)
N12A13(°)
“130 85

PdAl (CsCl)

PdAL (FeSi)
-22.,07(%)

Pd_ Al (Ni A13)

RALy (N5,
-19.20¢F

PtAl (CsCl)

N3 AN
Pt2A13 .N12A13)

-23.05(®

RhA1 (CsC1)
-25.8(*

Heats of Formation of Selected Transition
Metal -~ Group B Element Intermediate Phases
(x.cal/g.atom)

_Cig In Sn

NiGa (CsCl)

N126a3 (N12A13)

PdIn (CsCl) Pdsn (MnP)
~14,70¢¢) -14.60(®)
PdGa (recgi)
-17.15(®)
Pd21n3(§§i2A13)
-13.20

PtSn (NiAs)
Pt21n3 (Ni2A13)

RhIn (CsCl)

(a) Present wark
(%) J.N. Pratt and A.W. Bryant. (Ref. 7)

(c) J.N. Pratt, AH. Bryant and W.G. Bugden (Ref. §) -

(d) J.N. Pratt, A.W. Brvant and W.G. Bugden (Ref. 4)
(e) 0. Xubaschewski (Ref. 20)
(f) R. Ferro and R. Capelli (Ref. 24)

KBRSt
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even larger heat formation of RhAl is considered to result from the poseibility
of a greater electron transfer to the initially less-filled d-states of Rh.

The phases NizAls, szAl and Pd21n3 have heats which are very similer

3
to, but consistently less exothermic, than their corresponding equiatomic
neighbours. This is consistent with the fact that the ﬁizﬂla (ordered trigonal}
~type structures are related to CsCl, but involve an ordered arrangement of a
large number of vacancies and with the expectation that, owing to the compos-—
ition differences, a smaller electron transfer per mole of alloy may occur. The

effect of electronegativity differences is again apparent from a comparison of

c ¢ } i - Pq £y P .\
the heats of formation of N12A]d, .12!13 and tQAL

5°

Finally it is of interest tc compare the heats of formation of “he
equiatomic compounds of Pd with different IIIB element partmers. It will be
noted that these values become less exothermic as the difference between the
Periods of the components decreases No significant variation of electro-
negativities or electron structure is involvec in this zroup of phases, but
the observation that the ionic size of the B-components increase in the
sequence Al, Ga, In suggests that a variation of ion repulsion may he a
significant factor in this series.

Attempts will now be made to complete the present studies by the
examining of the simiiar isomorphous phases occurring in the remaining binary
systems represented in the array in Tahle 7. This should define more precisely
the present trends and influences and begin to quantify the factors responsible
for the choice of specific structural type (CsCl, TeSi, MnP, NiAs) which may be
adopted by the equiatomic phase.

6. Further Work

In addition to the investigations reported here, solid elactrolyte

studies of Pd-In alloys and vapour pressure measurements of selectei ruarg~earth

T TR

PRV R———
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- group V element systems are also in progress. Some further measurements on
these are necessary before computation of their thesmodynamic properties can be
undertaken. These are now in progress and the complete studies will be

described in a subsequent report.
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