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Remarkable Interstitial Hydrogen Contents 

Observed in Rhodium-Palladium Alloys 

at High Pressures 

Sir: There has been considerable recent interest in the 
absorption of hydrogen by palladium alloys because 
these systems provide valuable tests for theories of 
hydrogen absorption. With the exception of the nickel­
palladium system, 1 these investigations have been 
limited to palladium alloys in which the added metal 
is generally considered to absorb only insignificant 
amounts of hydrogen, e.g., silver-palladium,2-5 gold­
palladium, 6, 7 platinum-palladium,8, 9 rhodium-pal­
ladium,10,l1 copper-palladium,12,13 tin-palladium. 14 In 
none of these studies have hydrogen-to-palladium 
atomic ratios in excess of 1 been reported; i .e., there is 
no evidence that the added metal absorbs hydrogen 
when located within the palladium matrix. 

Table I: Hydrogen Contents Observed in 
Rhodium-Palladium Alloys after Removal 
from the High-Pressure Vessel 

Alloy Hydrogen-to- Hydrogen-to-
% Rh palladium metal 

.') 0 .90 ± 0.02 0.86 ± 0 .02 
5 0.86 0.82 
5 0.95 0.91 

10 0 .99 0.89 
10 1.02 0.92 
1.') 1.07 0 .91 
20 1.15 0 .91 
20 1.26 1.01 
20 1.22 0 .97 
30 1.34 0.93 
30 1.44 1.00 
30 1.46 1.01 
40 1.52 0 .90 
40 1.61 0 .96 

Max. H. 
pressure 

used , atm 

2,300 
5,100 

23,200 
2,300 

21,300 
21,300 
2,300 
5,100 

23,200 
2,300 
5,100 

23,200 
2,300 
5,100 
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In this research we wish to report for the first time 
hydrogen-to-palladium ratios well in excess of 1 (Table 
I) for an alloy system, rhodium-palladium, where the 
added metal" is believed to be, itself, a nonabsorber of 
hydrogen. Evidence that pure, bulk rhodium absorbs 
appreciable amount.s of hydrogen has never been pre­
sented. 15,16 

The hydrogen was introduced into a high-pressure 
vessel (25°) described elsewhere. 17 The samples were 
in the form of thin foil. The pressure was applied to 
the samples in stages over a period of many hours. The 
final pressures (Table I) were applied for a period of at 
least 1 hr. The vessel was cooled ("-'-60°), the 
samples were removed and stored in liquid nitrogen 
prior to their examination with X-ray diffraction and 
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the analysis of their hydrogen contents mass spectro­
metrically. 

The hydrogen-free alloys were fcc with lattice spac­
ings corresponding quite well with those reported by 
Raub. 18 Upon absorption of hydrogen the alloys re­
mained fcc with a single lattice spacing indicative of an 
increased lattice parameter. The observed parameters 
were consistent with the large hydrogen contents ob­
served. For example, the 20% rhodium-palladium 
alloy's lattice parameter increased from 3.87 to 4.08 A 
when the alloy's hydrogen content increased from 0 to 
hydrogen-to-metal = 1.01 ± 0.02. The consistency 
of this increase, 0.21 A, with the observed hydrogen 
content can be more fully appreciated when com-

• • 0 

pared to the lOCI'ease of parameter of 0.151 A for the 
palladium- hydrogen system when palladium absorbs 
hydrogen to form H-to-Pd = 0.7 at an equilibrium 
pressure of 1 atm (25°).19 

At pressures between 2300 and 5100 atm stoichio­
metric 1: 1 hydrides have been obtained for the 20 and 
30% rhodium-palladium alloys. Concomitant mea­
surements of the electrical resistance of the samples 
supports the view that these are limiting hydrogen 
contents, at least for the investigated pressure range, 
because significant resistance changes did not occur 
between 5100 and 23,200 atm, i.e., changes which could 
not be attributed to purely hydrostatic effects. Such a 
limiting stoichiometry has not been obtained as yet 
even in the pure palladium-hydrogen system. I, 19 It 
can be noted from Table I that there is not always an 
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increase of hydrogen content with pressure. This is 
because hydrogen may be lost from the sample upon 
cooling, reduction of the pressure, and removal from the 
vessel. 

These results suggest that either rhodium itself can 
absorb hydrogen, but in a higher pressure range than 
palladium, or that rhodium can function as an absorber 
of hydrogen only when situated within the palladium 
matrix. So far we have not been successful in obtain­
ing hydrogen absorption by pure, bulk rhodium but 
efforts are continuing in this attempt. 
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