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IT has recently been shown1 that palladium can accom- 
modate up to ca. 10 atomic yo of cerium in the form of solid 
solution, and that Pd-Ce alloys have desirable character- 
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Formation of P-Phase Hydrides by Palladium-Cerium Solid Solutions 
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FIGURE 2. Comparison of changes with alloy composition of 
lattice c on st ants^^^^^ and solubilities of hydrogen under 1 atm. 
pressure at 25 "C. Pd-Ce, X; Pd-B, 8;  Pd-Ag, 0. Q0,51r, , :  
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similar to those described previ~usly.~ Measurements were 
at  25” C. Concurrent measurements of changes with time 
of electrical resistance and electrode potential were made 
during absorption of hydrogen ; and relationships between 
hydrogen content and hydride vapour pressure derived 
under conditions where the kinetics of hydrogen absorption 
were governed by diffusive transport through the Brunner 
Nernst layer.4 

The general form of the pressure-composition relation- 
ships shown in Figure 1 is similar to those of the Pd-Ag- 
H3y5,6 and Pd-B-H3,4,7 systems, in that with increasing 
cerium content, there is a decrease of the steady state 
pressure over the pressure invariant ranges of hydrogen 
contents corresponding to an a-+p-phase hydride trans- 
formation.3 Figure 1 also shows, in keeping with X-ray 
results of Wise, Farr, and Harris,l that with increasing 
cerium content there is a continuous narrowing of the 
transition (two phase) region. These systems will therefore 
exhibit maxima4 p 6  in relationships between hydrogen 
solubility and alloy composition at  reference pressure 
below that corresponding to the a+P-phase transformation 
for the Pd-H system. However when comparisons are 
made at  higher reference pressures, addition of cerium is 
shown to have effected a rather sharp reduction of the 
solubility of hydrogen which closely parallels the effect of 
added boron-despite the fact that over a wide range of 
reference pressures, (including those relevant to Figure 1) 
cerium itself absorbs considerably higher contents of 
hydrogen than palladium.2,3 

Although cerium and boron are formally in the same 
periodic group, the marked differences in their physical 
properties and general chemistry (particularly in regard to 
the forms of their products of combination with hydrogen) 
make i t  highly unlikely that they would behave equiva- 

lently in terms of any donation of electrons to the palladium 
band structure. 

An increase of the lattice constant of the Pd-Ce alloys 
with increasing cerium content shown in Figure 2 is com- 
patible with its substitutional presence as a basically 
atomic (metallic) entity and not the much smaller tri- 
positive ion.2 Evidence however suggests that boron 
forms an interstitial alloy with palladium,a and difficulties 
in reconciling the behaviour of the Pd-B-H system with an 
electron band model have already been pointed out.* 

Although there is increasing general evidence2 that most 
alloying elements (rhodium now seeming a probable excep- 
tiong-ll) adversely affect the absorption of high concentra- 
tions of hydrogen, it seems reasonable12 that alloying 
elements giving rise to expansive straining of the palladium 
lattice will cause a decrease in the volume of adjacent 
interstices and so make their occupation by hydrogen more 
difficult from steric and mechanical standpoints. 

A good correlation between decreasing hydrogen solu- 
bility and increasing lattice parameter-anticipated as 
reflecting a summation of strain-is indicated in Figure 2 
for alloy series where the hydrogen pressure over the a+/% 
phase transformation is lower than for pure palladium, 
and so for which a comparison of solubilities a t  one atmos- 
phere pressure may be regarded as reasonably equivalent. 

Because of the initial ‘supplementary’ strain introduced 
by alloying elements which produce an increased averaged 
lattice parameter, it can be suggested that a reduced 
amount of additional strain will be required from the 
absorbed hydrogen to initiate an a+p-phase transforma- 
tion.13 It therefore seems possible to account on this basis 
for the lower chemical potentials of hydrogen at  which such 
phase transforinations occur in these alloy systems. 
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