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NOTES 

Reduction of Hydrogen Solubility by Alloying RNi, Systems with Al* 

LaNi, has been extensively studied be- 
cause of its ability to absorb and release 
large quantities of hydrogen (I). As a prac- 
tical hydrogen storage material it suffers 
from high cost and weight. To correct these 
deficiencies temaries with Al partially re- 
placing Ni, e.g., LaNi& are being thor- 
oughly investigated (24). LaNi, absorbs 
hydrogen at room temperature at about 5 
MPa to form LaNi&16.9 (5), whereas the 
system in which 20% of the Ni atoms are 
replaced by Al absorbs hydrogen to a much 
smaller extent (2), LaNi&lH4.3. At the 
same time the plateau pressure decreases 
sharply from about 0.2 MPa for LaNi, to 
~10~~ MPa for the Al-containing system. 
The purpose of this note is to offer an 
explanation for these rather striking 
changes. 

Lundin ef al. have shown (6) that the 
plateau pressure is inversely related to the 
size of the interstitial hole in which the 
hydrogen is situated in the lattice. The 
reduced plateau pressure for hydrogenated 
RNi& compared to that of RN& appears to 
be a simple consequence of the enlarge- 
ment in the lattice when Ni is replaced by 
Al. This substitution produces an increase 
(2) in the unit cell size by about 5%. A 
lower hydrogen vapor pressure is expected. 
Lundin et al. find that an enlargement in 
tetrahedral hole size by 4% in the RN& 
series lowers the free energy by about 10 kJ 
per mole of H. Thus, with the lattice en- 
largement produced by replacement of Ni 

* This work was assisted by the National Science 
Foundation through Grant CHE 7908914. 

with Al a reduction of pressure by some 
four orders of magnitude is expected, and 
this is borne out by experiment (2). 

The reduction in hydrogen-escaping ten- 
dency when RNi& is formed from RN& 
implies greater stability for the hydride of 
the former material. This in turn would 
suggest, on the basis of superficial analysis, 
that the hydrogen capacity for the ternary 
material should be greater; the stabler hy- 
dride system would take on more hydro- 
gen. This is not observed. It is thus clear 
that the reduction in capacity is a more 
subtle effect than the reduction in plateau 
pressure. 

The structure of hydrided LaNi, has re- 
cently been determined (7-9). Essential 
features of the structure are represented in 
Fig. 1. Shown there are slices through the 
unit cell perpendicular to the c axis and at 
2 = 0 and t. Hydrogen (actually deuterium) 
occupies completely the octahedral sites at 
Z = 0 (2 La and 4 Ni neighbors). It statisti- 
cally occupies the tetrahedral sites at Z = t 
(2 La and 2 Ni near neighbors). There are 
twice as many tetrahedral sites as there are 
hydrogen atoms to fill them. The tetrahe- 
dral sites atZ = a and 4, which have only Ni 
near neighbors, are unoccupied. Actually, 
the hydrogen in the occupied sites is 
slightly displaced from the ideal tetrahedral 
or octahedral site, but these displacements 
are small and unimportant for the present 
consideration, and will be ignored. 

There is strong chemical atlinity between 
hydrogen and a rare earth, R. This is evi- 
dent from the fact that the hydrides RH3 are 
strongly exothermally formed from the ele- 
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FIG. 1. Atomic arrangement in LaNi& at the Z = 0 
and Z = 4 planes. The plusses and minuses indicate 
small displacements of atoms in the Z direction. 

ments (10). Bonding in these hydrides 
comes close to being ionic. The hydrogen 
1s electron is contained in a band composed 
of antibonding orbitals (11) that are low- 
ered in energy below the conduction band 
of the host metal by the Madelung interac- 
tion. Thus to a first approximation the R-H 
bond can be considered ionic (12). It is 
proposed that this bonding is carried over 
into the hydrogenated RNi, and RNiaAl 
systems. In these cases, in contrast with 
RH3, the systems are conducting and a 
screened coulomb potential is involved. 
Accordingly, nearest-neighbor R-H inter- 
actions will be by far the strongest. 

Ni also bonds to hydrogen. It forms a 
nickel hydride. Moreover, on the surface of 
LaNi,, which consists of La(OH), and Ni 
(13), Hz/D, exchange occurs at a very rapid 
rate (14). This involves cleaving the hydro- 
gen and deuterium bonds, and this is ac- 
complished because of the moderately 
strong (compared with the R-H bond 
strength) Ni-H interaction. Thus when H is 
in the octahedral or tetrahedral site it is 
bonded to its six or four near neighbors, 
two of which are R. It is proposed that when 
Ni is replaced by Al, the sites immediately 
adjacent become very energetically unfa- 
vorable for hydrogen, so unfavorable that 
they are not populated. With that simple 
idea the decrease in hydrogen capacity of 

RNi& compared to RN& can be readily 
understood. By counting the number of 
sites which are rendered ineffective it is 
possible to establish the hydrogen capacity 
of the RNi&l systems. 

Achard et al. (15) and Mendelsohn et al. 
(16) have shown that in the LaNi,-,Al. 
system Al substitutes randomly for Ni at 
the 3g position, i.e., at the planes lying at 
Z = .+ in Fig. 1. Consider a volume element 
shown by the dashed lines in Fig. 1. It 
contains R&1,JI12 with hydrogen distrib- 
uted equally between octahedral and tetra- 
hedral sites. For RNi&l we assume that 
this volume will contain two Al atoms. 
These will incapacitate two octahedral 
sites. As regards the tetrahedral sites there 
are two possibilities. The two Al atoms may 
be adjacent to one another in the host 
lattice or not. If the former is true, they will 
eliminate three tetrahedral sites; if the lat- 
ter, four sites will be eliminated. 

The 2 Al atoms can be introduced 30 
ways. The number of nonadjacent com- 
plexions is 18. Thus on the average 7.2 sites 
[=2 x (0.6 x 4 + 0.4 x 3)] will be elimi- 
nated, or 3.6 atoms, since the sites are only 
half occupied statistically. Accordingly, the 
total atoms “expelled” on passing from 
hydrogenated LaNi, to LaNia is 5.6. 
Hence, from the known capacity of the 
binary system LaNiH,., one expects for 
the ternary LaNi&lH4.,. Experimentally, 
one observes LaNitiH4.3, in excellent 
agreement with the estimated values. 

Good capacity data for other RNi, sys- 
tems are unavailable because of the large 
pressures entailed. It is to be expected that 
they would be similar to that of LaNi,, and 
hence the RN&Al systems would have a 
H /RNifi ratio the same for all values of R . 
The average value for this ratio for the six 
systems with R = La, Ce, Pr, Nd, Sm, and 
Gd is (2) 3.8 whereas the value computed 
from the present model is, as noted in the 
preceding paragraph, 4.1. The model there- 
fore seems to be a reasonable representa- 



NOTES 437 

tion of the situation prevailing in these 
several ternary systems. 

References 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

J. H.N. VAN VUCHT, F. A. KUIJPERS, AND H. C. 
A. M. BRUNING, Philips Res. Rep. 25, 133 (1970). 
T. TAKESHITA, S. K. MALIK, AND W. E. WAL- 
LACE, J. Solid State Chem. 23, 271 (1978). 
D. M. GRUEN, M. H. MENDELSOHN, AND A. E. 
DWIGHT, in “Transition Metal Hydrides” (R. 
Bau, Ed.), Advances in Chemistry Series No. 167, 
p. 327, Amer. Chem. Sot., Washington, D.C., 
1978. 
M. H. MENDELSOHN, D. M. GRUEN, AND A. E. 
DWIGHT, in “The Rare Earths in Modem Science 
and Technology,” (G. J. McCarthy and J. J. 
Rhyne, Eds.), p. 25, Plenum, New York, 
(1978). 
F. A. KUUPERS AND H. H. VAN MAL, J. Less- 
Common Met. 23, 395 (1971). 
C. E. LUNDIN, F. E. LYNCH, AND C. B. MAGEE, 
J. Less-Common Met. 56, 19 (1977). 
A. F. ANDRESEN, in “Hydrides for Energy Stor- 
age” (A. F. Andresen and A. J. Maeland, Eds.), p. 
61, Pergamon, New York, (1978). 
P. FISCHER, A. FURRER, G. BUSCH, AND L. 
SCHLAPBACH, He/v. Phys. Acta 50, 421 (1977). 
V. V. BURNASHEVA, V. A. YARTYS, N. V. PA- 

IO. 

Il. 

12. 

13. 

14. 

15. 

16. 

DEEVA, S. P. SOLOVLEV, AND K. N. SO~UENKO, 
Dokl. Acad. Nauk SSSR 238, 844 (1978). 
See, for example, G. G. LIBCWITZ, “The Solid 
State Chemistry of Binary Metal Hydrides,” p. 
78, Benjamin, New York (I%9). 
A. C. SWITENDICK, Solid State Commun. 8, 1463 
(1970); Int. J. Quant. Chem. 5, 459 (1971); Ber. 
Bunsen. ges. Phys. Chem. 76, 535 (1972). 
W. E. WALLACE, S. K. MALIK, T. TAKESHITA, S. 
G. SANKAR, AND D. M. GUALTIERI, J. Appl. 
Phys. 49, 1486 (1978). 
H. C. SIEGMANN, L. SCHLAPBACH, AND C. R. 
BRUNDLE, Phys. Rev. Lett. 40, 972 (1978). 
K. SOGA, H. IMAMURA, AND S. IKEDA, Nippon 
Kagaku Kaishi 9, 1304 (1977). 
J. C. ACHARD, F. GIVORD, A. PERCHERON- 
GUEGAN, J. L. SOUBEYROIJX, AND F. TASSET, 
J. Phys. (Paris) 40, CS-218 (1979). 
M. H. MENDELSOHN, D. M. GRUEN, AND A. E. 
DWIGHT, Nature (London) 269, 45 (1977). 

W. E. WALLACE 

E. B. BOLTICH 

Department of Chemistry 
University of Pittsburgh 
Pittsburgh, Pennsylvania 15260 

Received October 25, 1979 
in final form March 24, 1980 


