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Résumé. 2014 Après implantation d’une forte dose d’hydrogène dans des échantillons d’aluminium, Lamoise et al.
ont obtenu un accroissement de la température critique de passage à l’état supraconducteur. Puisque les obser-
vations expérimentales indiquent la possibilité d’un ordre de l’hydrogène, nous avons étudié la modification de la
structure électronique et de l’interaction électron-phonon de Al pur par formation de AlH et AlH2. A cet effet,
le paramètre électronique ~ défini par McMillan a été obtenu à partir de nos résultats APW de structure de bande,
en utilisant le modèle de Gaspari-Gyorffy. Les bandes s-p du métal sont fortement affectées par l’interaction métal-
hydrogène. Pour le mono- et le dihydrure, nous trouvons à basse énergie une bande d’états liants métal-hydrogène;
de plus, pour le dihydrure, une bande antiliante due à l’interaction hydrogène-hydrogène apparaît en-dessous du
niveau de Fermi EF. Les deux hydrures sont métalliques ; leur densité d’états à EF est de l’ordre de 25 % plus élevée
que celle du métal pur. Les principaux résultats obtenus pour ~ peuvent être résumés comme suit : alors qu’au site
de l’aluminium, pour le mono- et le dihydrure, ~Al décroît de 50 % à partir de sa valeur pour le métal pur, nous
obtenons des valeurs élevées de ~H, plus fortes que celle de ~H dans PdH. Ceci est essentiellement dû à la valeur des
densités d’état de symétrie s et p au site de l’hydrogène et fait de ces hydrures des métaux simples, de bons candi-
dats à la supraconductivité.

Abstract. 2014 The superconducting transition temperature of high dose H implanted Al samples has been found by
Lamoise et al., to be higher than that of pure Al. Since experimental observations indicate the possibility of H
ordering, we have studied the changes in the electronic structure and the electron-phonon interaction of pure Al
upon formation of A1H and A1H2. For this purpose, the McMillan parameter ~ was determined from our aug-
mented plane wave band structure results, using the Gaspari-Gyorffy model. The metal s-p bands are rather
strongly affected by the metal hydrogen interaction. For both the mono- and the dihydride, a metal-hydrogen
bonding band is found at the low energy side; in addition, a hydrogen-hydrogen antibonding band appears in the
dihydride, below the Fermi energy EF. Both hydrides are metallic; their density of states at EF is of the order of
25 % higher than in the pure metal. The essential results obtained for ~ can be summarized as follows : while at
the Al site, for both the mono- and the dihydride, ~A1 decreases by about 50 % from its value in the pure metal,
the values of ~H are found to be large, even larger than those of ~H in PdH ; this feature which can be essentially
ascribed to the magnitude of the partial s and p densities of states at the H site makes these simple metal hydrides
good candidates for superconductivity.
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1. Introduction. - The ion implantation technique
can be used to load aluminium samples with hydrogen.
An enhancement of the superconducting transition
temperature of Al over its bulk value Tc = 1.2 K has
been observed by Lamoise et al. [1] at Orsay after ion
implantation of H and D at low temperatures into Al
thin films. A maximum value of Tc = 6.75 K was
reached for high hydrogen concentrations in Al

samples. Resistivity annealing results [2] of Al after
high dose H implantation suggested that H ordering
or a phase transformation occurs. Since high dose

implantation of hydrogen into palladium is known
to lead to high values of T,, ( Tmax , 8.8 K) [3], it
could be speculated that the high value of T, in the
Pd-H and Al-H systems has a common origin. In the
case of the Pd-H system, it is now established from
theoretical models [4-6] and experimental observation
[7-9] that the electron-optical phonon coupling is

responsible for the high value of Tc. Alternative
explanations for the rise in Tc in H-implanted Al
should also be considered since Lamoise et al. [1, 10]
have also observed an increase in the Tc of Al by
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implantation of heavier ions such as He, C, 0, Al
(T,,"’ = 4.2 K for C implantation) which they
ascribed to disordering in the Al lattice. Similar
disorder effects on Tc have also been obtained on films
prepared by quenched condensation of Al with

02 [11]. The importance of lattice disorder on Tc has
not yet been assessed in H-implanted Al samples;
nevertheless, several experiments indicate that besides
this possible effect, additional changes in the electron-
phonon interaction due to the formation of ordered
compounds should be considered; Lamoise et al. [1]
have shown for instance that the Tc of a sample of
H-implanted aluminium (Tcmax = 6.75 K) decreases
to the limits found for Al-0 and Al-He implantations
when additional disorder is created by implantation
of a low dose of Al. At the same time, the transition
which was very sharp in the case of H-implanted Al
samples becomes broad as in the case of disordered
samples.

Motivated by the experimental results briefly sum-
marized above, we attempted to approach the problem
from a different point of view. Assuming, as suggested
by the experimental results [2], that ordered com-

pounds are formed, we have studied the modifications
in the electronic structure brought about by the pre-
sence of high concentration of hydrogen in an Al
f.c.c. lattice. We have then evaluated how these diffe-
rences in the electronic structure affect the electronic
contribution to the electron-phonon interaction.
The lattice location of hydrogen implanted in f.c.c.

metals has been investigated [12, 13] by nuclear
reaction analysis and channelling techniques. The
results indicate that above 35 K the hydrogen occupies
the tetrahedral interstices of the f.c.c. metal lattice and
that this site occupation seems to be associated with
the formation of monovacancies created by the implan-
tation process. However, Bugeat and Ligeon [13] pro-
posed that by analogy with other f.c.c. metals (Ag, Cu,
Pd, Pt), the octahedral position for hydrogen in Al
should be more stable at temperatures below 35 K.
It is to be noted that the relative stability of the tetra-
hedral versus octahedral interstitial position of hydro-
gen in an aluminium lattice has not yet been fully
ruled out by the theoretical models presently available
[14, 15]. Thus, in this work, we considered the two
possible site occupancies by studying the monohydride
AIH with a rocksalt structure (in which H occupies the
octahedral interstices) and the dihydride A1H2 with
the fluorite structure (in which H occupies the tetra-
hedral interstices). The remainder of this paper is

organized as follows : in section 2, we describe the
modification of the electronic structure of Al upon
hydrogenation by a comparison of the energy bands
and densities of states of AIH and AlH2 obtained by
the augmented-plane-wave (APW) method, to the

corresponding results for Al. The changes in the cha-
racteristics of the states at the Fermi energy EF are
duly emphasized by means of a site and angular
momentum analysis of the density of states (DOS)

at EF. In section 3 the band structure results are used
to calculate the McMillan [16] electronic parameter q
with the Gaspari and Gyorf’y [17] model, based upon
the rigid muffin-tin approximation.

2. Electronic structure of AIH and A1H2. - 2.1
AIH. - Since the octahedral site occupancy is gene-
rally observed at low temperatures for f.c.c. metals
and has also been found from theoretical models, we
have investigated the electronic structure of rock-
salt structure AIH assuming a lattice constant

a = 8.056 a.u. which corresponds to a - 5.3 % linear
increase in the lattice parameter of pure f.c.c. Al

(a = 7.6527 a.u.). The choice of this linear dilatation
was guided by the experimental results for f.c.c. Ni
and Pd hydrides. The APW method with warped
muffin-tin potential was used as described previously
for other metal hydrides [18,19], to generate the energy
eigenvalues at 89 k points in the 1/48th irreducible
Brillouin zone (BZ). The energy bands of AIH along
several high symmetry directions are plotted in

figure 1. In figure 2, we plotted the energy bands of

Fig. 2. - The energy bands of Al along several high symmetry
directions. Energies are in Rydberg.
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Table 1. - Energy eigenvalues of AIH and angular momentum analysis of the charge (zk) inside the Al and H
muffin-tin spheres for some high symmetry points.

pure f.c.c. Al. If we compare the two sets of results, the
first remarkable feature is the presence in the case of
AIH of a split-off band at the low energy side of
figure 1. The composition of the states forming this
low-lying band is shown in table 1 where we give, for
some high symmetry points, an analysis of the charge
into its angular momentum components inside the
muffin-tin Al and H spheres. Note that the corres-
ponding wavefunctions are normalized in the unit cell
volume ; the analysis given in table 1 does not include
the charge in the interstitial region. The results listed
in table 1 reveal the importance of the hydrogén-s
and metal states in the split-off band. Similar analysis
is given in table II for pure f.c.c. Al. The rI state of
pure s symmetry in f.c.c. Al is found to be a bonding
combination of H-s and Al-s states in AIH. The
admixture of metal and H states in the low-lying band
is also very clear for other high symmetry points
analysed in table 1 ; their energies have been lowered
by the metal-hydrogen interaction.
The existence of low-lying metal-hydrogen bonding

states in rocksalt structure transition metal hydride
PdH was first emphasized by Switendick [20] and also
in subsequent work [18, 21] ; the photoelectron
spectroscopy data of Eastman et al. [22] for PdH and
more recent data on other transition [23] and rare
earth [24] metal hydrides consistently show the forma-
tion of such H-derived states. The present calculation

Table II. - Energy eigenvalues of Al and angular
momentum analysis of the charge (z,) inside the Al

muffin-tin sphere for some high symmetry points.

shows that similar metal-hydrogen bonding band
exists also in s-p metal hydrides like AIH.
Two structures are observed in the DOS of the low
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lying bands of AIH around E = 0.035 Ry and
E = 0.147 Ry as can be seen in figure 3. They corres-
pond respectively to a flat band around L2 and to a
flat band between XI and K1. As observed for other

Fig. 3. - The total DOS of AIH, full line curve, left-hand side

scale ; units are states of both spin/Ry unit cell. The total number of
electrons, dashed line and right-hand side scale.

metal hydrides, the position of the low-lying band
depends upon the strength of the metal-hydrogen
interaction which is directly related to the metal-

hydrogen distance. With the present choice of lattice
constant, the low-lying band of 6.44 eV width is

separated by a gap of 1.17 eV from the next band
complex. A partial wave analysis of the DOS inside
the Al and H muffin-tin spheres is given respectively
in figures 4 and 5. We can see that the low-lying
band is globally dominated by the hydrogènes contri-
bution ; nevertheless, the Al-s component is particu-
larly important at the bottom of the band, where it is
even larger than the H-s contribution ; at higher ener-
gies, the Al-p component and to a lesser extent, the
Al-d contribution are also important. It can be seen
clearly that the Al-p partial DOS gives an important
contribution to the peak in the total DOS observed
around L2 at E = 0.035 Ry, while the structure in the
total DOS found around KI and XI at E - 0.15 Ry
is mostly due to H-s states with a much smaller contri-
bution from the metal site. From a rapid glance at
figure 3, we can notice that the overall parabolic shape
of the total DOS of pure Al is very much altered in
AIH.

If we examine the partial wave DOS analysis we
can see from figures 4 and 5 that the bands above the
energy gap E &#x3E; 0.268 Ry are mostly composed of
metal s and p states ; the magnitude of the H-s and p
components is however important in this energy range
since it is comparable to the metal-d contribution.
This feature is specific to the simple metal hydrides ;

Fig. 4. - The angular momentum DOS analysis n, of AIH inside
the Al muffin-tin sphere RA1 = 2.459 6 a.u. ; 1 = 0 (full line) ;
1 = 1 (dashed line) ; 1 = 2 (dotted line). Units are states of both
spin/Ry unit cell.

Fig. 5. - The angular momentum DOS analysis ni of AIH inside
the H muffin-tin sphere RH = 1.568 3 a.u. ; 1 = 0 (full line) ;
1 = 1 (dashed line) ; 1 = 2 (dotted line). Units are states of both
spin/Ry unit cell.

it is very different from what we obtained for the
transition metal (TM) hydrides of the beginning or
of the middle of the TM series for which the partial
DOS of s type at the hydrogen site was found to be
very small. As we shall see in section 3, the presence of
sizeable hydrogen s and p components plays an impor-
tant role in the strength of the electron-phonon matrix
elements. The reader is referred to table 1 for an ana-

lysis of the charge at the points of high symmetry above
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the energy gap. The F, state at E = 1 .075 Ry is an
antibonding combination of metal s and hydrogen s
functions. In the bands of pure Al, this state lies much
above r 25 and F 15. A comparison of the bands of AlH
and pure Al in figures 1 and 2 shows that the metal s-p
bands have been quite strongly affected by the hydro-
gen interaction. This is in contrast to what is observed
in transition metal hydrides where the middle and
upper part of the metal d bands are not substantially
modified. This difference is due to the larger extension
of the nearly free electron functions of Al, as compared
to the more tightly bound d states, which results in an
increased interaction with the hydrogen site functions.
The sharp peak in the total DOS around E - 0.45

Ry corresponds to flat bands around K and U in the E
and S directions as can be seen in figure 1. The partial
DOS analysis of figures 4 and 5 shows that this struc-
ture in the DOS is due essentially to the large values
of the s and p metal state contributions.
As the low-lying hydrogen-metal bonding band can

accomodate 2 electrons, the two remaining electrons
fill the bottom of the metal bands hybridized with
H-s and p states. The Fermi level falls at 0.924 Ry
above the r 1 point which marks the bottom of the
metal-hydrogen band; this is to be compared to

the value of 0.819 Ry for pure Al. The higher position
of the Fermi level relative to the bottom of the bands
should not however be understood in terms of a rigid
band model applied to pure Al since we have empha-
sized the importance of the modification of the bands
due to the presence of H in the lattice ; the expansion
of the lattice plays also an important role. As we can
see in figure 1, 3 bands cut the Fermi level, and AIH
is found to be metallic. Bands 2, 3 and 4 accomodate
respectively 81.1 %, 18.3 %, 0.6 % of the two electrons
which partially fill them. The value of the DOS at EF
is 6.4 states of both spin/Ry unit cell. This value is
of the order of 25 % larger than that of pure Al which
is of the order of 5.0 states (Leonard [25] obtained a
value of 5.4 states while Papaconstantopoulos et al.
[26] found 4.78 states at EF).
The partial DOS analysis at EF is given in table III.

The p and s metal contributions are dominant at EF ;
however, the H-s component is very important since

it is only 50% smaller than the metal s and p terms and
it is larger than the metal d component. The hydro-
gen-p partial DOS is about 50 % smaller than the H-s
component. The hybridization with hydrogen s and p
states at the Fermi level is thus found to be important
in the case of AIH, in contrast to the results found for
trivalent transition and rare earth metal hydrides.
We give in detail in table III the contributions to the
DOS from each band ; we clearly see that the H-s
partial DOS at EF is provided essentially by the contri-
bution of the second band. This result is not surprising
in view of the presence of metal-hydrogen antibonding
states in this band, which we mentioned above.

2.2 AIH2. - Since channelling experiments indi-
cate the presence of hydrogen in the tetrahedral
interstices we have also studied the fluorite structure
aluminium dihydride. We will be concerned here with
an ideal perfect lattice without vacancies. Our choice
of the lattice parameter was guided by the linear
increase of nearly 8 % found experimentally in the
formation of rare earth dihydrides. Figure 6 shows
that like for fluorite structure transition and rare
earth metal dihydrides, two bands are found at low

Fig. 6. - The energy bands of AIH2 along several high symmetry
directions. Energies are in Rydberg.

Table III. - Total DOS N(EF) and site and angular momentum analysis ni of the DOS at the Fermi energy EF
for AIH and AIH2. The contribution of the different bands at EF is also given. Units are states of both spin/Ry
unit-cell.
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Table IV. - Energy eigenvalues of AIH2 and angular momentum analysis of the charge (zk) inside the Al and
the two hydrogen muffin-tin spheres, for some high symmetry points.

energy which are formed of metal-hydrogen bonding
states and hydrogen-hydrogen antibonding combina-
tions. From the results listed in table IV we can see
that the lowest ri point is a bonding combination of
metal-s and the two hydrogen s states while r2 is an

antibonding combination of the two H atom s states,
with a residual metal f contribution. The two low-

lying bands of width 13.8 eV overlap the hybridized
metal s-p bands located above the Xi point (see
Fig. 6). The position of the two low-lying bands and
their width which is given by the energy difference
between the bonding rI and antibonding T 2 states,
depend sensitively upon the metal-hydrogen and the
hydrogen-hydrogen distances.
As already mentioned for AIH the total DOS of

AIH2 plotted in figure 7 shows strong deviations from
the parabolic shape of the pure metal DOS. Several
structures are observed : the large value of the DOS
around E = 0.0 Ry corresponds to flat bands around
Li and X’ 4 and also L’ 2 as we can see in figure 6;
another peak structure around E = 0.12 Ry arises
from flat bands around W3 and from the crossing of
the If  and L 3 branches in this energy range. The value
of the total DOS of the two low-lying bands then drops

Fig. 7. - The total DOS of AlH2, full line curve, left-hand side
scale ; units are states of both spin/Ry unit cell. The total number of
electrons, dashed line and right-hand side scale.

as E increases and starts rising again for E &#x3E; 0.423 Ry,
above the XI point which marks the bottom of the
third band. The partial DOS analysis inside the muffin-
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tin Al sphere (see Fig. 8) shows the importance of the
metal s contribution in the first low-lying metal-

hydrogens bonding band, while the metal p states play
an important role in the energy range spanned by the
second band. The two structures previously described
in the total DOS appear clearly in the partial Al-p DOS
plotted in figure 8. A metal d contribution is also found

18___________________________________________________________

Fig. 8. - The angular momentum DOS analysis n, of AIH2 inside
the Al muffin-tin sphere RA, = 2.225 5 a.u. , 1 = 0 (full line) ;
1 = 1 (dashed line) ; 1 = 2 (dotted line). Units are states of both
spin/Ry unit cell.

in the DOS of band 2 essentially. Figure 9 shows
that the s component at the H sites gives the major
contribution to the total DOS of the two low-lying
bands. The contribution of H-p and H-d components
to the first two bands is extremely small.

"’Il

Fig. 9. - The angular momentum DOS analysis ni of AIH2 inside
the H muffin-tin sphere RH = 1.349 9 a.u. ; 1 = 0 (full line, left-
hand side scale) ; 1 = 1 (dashed line, right-hand side scale) ;
1 = 2 (dotted line, left-hand side scale). Units are states of both
spin/Ry unit cell.

Above the point X1, the total DOS is dominated by
the metal-s states. For energies larger than E = 0.6 Ry
which marks the bottom of band 4, the metal-p contri-
bution is found to rise very sharply and, although it
remains smaller than the metal s component, it gives
a very important contribution at the Fermi energy.
The metal d states have a much smaller contribution.
At the H site, the partial DOS decreases sharply in
bands 3 and 4 from its large value in the two low-lying
bands. On the contrary, band 3 and band 4 are marked

by a sharp increase of the H-p contribution to the
total DOS.

As can be seen in figure 7, the two metal-hydrogen
low-lying bands are filled by 4 electrons and the
remaining electron fills the bottom of bands 3 and 4
which accomodate respectively 87 % and 13 % of an
electronic charge. Like the monohydride, the dihydride
is metallic ; the Fermi level lies at 1.066 Ry above the
bottom of the bands ; this is to be compared to the
values 0.924 Ry and 0.819 Ry respectively obtained for
AIH and pure Al. The total value of the DOS at EF
for AlH2 is 6.3 states of both spin/Ry unit cell which is
very close to the value obtained for AIH and of the
order of 25 % higher than the DOS of pure Al.

The values of the partial DOS at E, resulting from
an analysis inside the muffin-tin Al and the two

hydrogen spheres are listed in table III. As for AIH
and pure Al the metal s and p components are domi-
nant at EF. Nevertheless, the hydrogen-s and p contri-
butions at EF are not negligible since they are larger
than the metal d component. From the results listed
in table III we can see that for A1H2 the partial DOS
of s type at the H sites is ~ 50 % smaller than for AIH.
In the case of AlH2 the two hydrogen atoms-p partial
DOS is slightly larger than the two hydrogen-s contri-
bution ; for AIH, on the contrary, the s component is
larger than the p term at the H site.

We also give in table III the detailed contribution
to the DOS from the two bands crossing the Fermi
level. The H-s contribution is provided mostly by
the third band ; however, this band has a dominant
metal s character (with a smaller metal p contribu-
tion) ; it is very different from band 2 of AIH which
was formed of antibonding metal-hydrogen states and
thus was giving a much larger H-s character at EF. In
the case of AIH2, band 2 which at F’ 2 is formed of

antibonding s states of the two H atoms in the unit cell,
has a larger s character ; this can be seen clearly in
figure 9, in the energy range spanned by band 2. Since
before starting the calculation, we did not possess any
experimental information on the lattice parameter of
Al hydrides, one could surmise that, with a smaller
lattice expansion of the Al lattice, the r2 point could
lie above EF and in that case, band 2 could give a
larger H-s contribution at EF. This remark should be
kept in mind for the discussion of the value of the
electron-phonon interaction in Al hydrides which is
given in the next section.
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3. Electron-phonon interaction. - The electron-

phonon coupling constant can be expressed in the

following way [16] in terms of the electron-phonon
spectral function a2(w) F(cv)

In eq. (2), Fq,, and wq,,, are respectively the eigenvector
and frequency of a phonon of wavevector q and
branch index v ; VV is the gradient of the screened
potential and t/lk the electron Bloch function where k
stands for both the wavevector k and the band index.
Direct calculation of Â using eq. (2) is a formidable
task since they involve a double integration on the
Fermi surface (FS) which requires a detailed know-
ledge of the phonon dispersion curves and electronic
wavefunctions. McMillan [16] proposed an appro-
ximate expression for à, : :

in which the mean square phonon frequency is defined
by :

 12 &#x3E; is the square of the electron-phonon matrix
element averaged over the FS and Ni is the DOS per
spin at EF. In eq. (3) Î" is defined as the ratio of an elec-
tronic contribution q to an effective phonon force
constant. The approximation a2 = constant is often
used in eq. (4) to evaluate  W2 &#x3E;. Using the rigid
muffin-tin approximation which ignores the screening
of the crystal potential associated with a lattice vibra-
tion, Gaspari and Gyorffy [17] have shown that q can
be easily calculated using the results of band structure
calculations :

In eq. (5) the summation on K runs on all the atoms
in the unit cell ; ôK is the phase shift of the muffin-tin

potential for site K, calculated at the Fermi energy ;
nKl is the partial DOS with angular momentum 1 at

site K and nlK(1) is the single site DOS defined by :

where Rl is the radial wavefunction with angular
momentum 1. The integration is carried out inside the
muffin-tin sphere of radius RMT at site K. Important
contributions to 1 from site K are expected when the
difference between the 1 and 1 + 1 phase shifts is close
to a resonance, provided that the ratios of the 1 and
1 + 1 partial DOS to their single site values are not
small.
As we can see from the results listed in table V, the s

phase shift at the H site is large in both AIH and AIH 2 ;
it is close to a resonance while the phase shifts of higher

Table V. - Value of several parameters entering the
calculation of À. The phase shifts of the scattering
muffin-tin potentials b l are given in radians ; the
McMillan electronic parameter tl is given in eV/A2 :
(’) from Papaconstantopoulos et al. [26] ; (b) from
Gupta and Burger [27].

angular momentum are much smaller. The strong
scattering of the conduction electrons by the hydrogen
potential is also found in the case of transition and
rare earth metal hydrides such as PdH, NiH, TiH2,
LaH2 [27]. Thus, the strength of the H site contribution
to the electron-phonon matrix elements in hydrides is
expected to be essentially governed by the magnitude
of the s and p type partial DOS values. As we men-
tioned previously in section 2, these values are rela-
tively important in the case of the simple metal mono-
and dihydrides presently studied since in both cases
the Fermi level falls in a portion of the metal s-p bands
where the hydridization with H-s and p states is quite
important. Particularly, we mentioned that for AIH,
the antibonding metal-hydrogen band which crosses
the Fermi energy is responsible for the enhanced value
of the H-s partial DOS at EF. In view of these remarks,
we expect IH to be quite large for the Al hydrides. We
also give in table V, for comparison, the values of the
parameters entering the calculation of 1 in the case of
PdH. For AIH2, the value of IH for each hydrogen
atom is slightly larger than that found in PdH. At the H
site, the s-p scattering is dominant since it gives 98 %
of the total contribution while the p-d mechanism gives
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only 2 10’ ln the case of AIH, the value of ’1H, which is
also dominated by the s-p scattering term is found to be
very large ; it is a factor of 3.5 larger than ’1H in PdH.
The magnitude of this term is due to the large value of
the H-s type partial DOS at EF and to the magnitude
of the H-p partial DOS which is only 50 % smaller
than ns ; this is in contrast to the case ofPdH where the

p-type DOS at the H site is an order of magnitude smal-
ler than ns. For AlH2, as we can see in table III, the
values of ns and np per H site are smaller than in AIH
and lead to a smaller value of ’1H’
The contribution to ’1 provided by the scattering at

the metal site is found to be small for both AIH and
AlH2. The results listed in table V show that, at the
metal site, the p and s phase shifts largely dominate
te d phase shift, as it is the case for simple metals.
The values for pure f.c.c. Al from the work of Papa-
constantopoulos et al. [26] are listed in table V for
comparison. Since at the Al site the p and s phase
shifts are of the same order of magnitude we can see
from eq. (5) that the s-p scattering term is expected to
be small ; the dominant term at the Al site is given by
the p-d scattering in both the mono- and the dihydride,
where it represents respectively - 92 % and - 79 %
of the values of IAI, the values of ’1AI found for AIH
and AIH2 are about 50 % smaller than ’1AI obtained for
pure f.c.c. Al using the same approximations. It
should however be noted that for simple metals, the
expressions of ÎI. given by eq. (3) in terms of the ratio
of an electronic to a phonon contribution underesti-
mates î, as has been shown by Allen and Cohen [28],
and that for simple metals, the screening is expected
to be more effective than in transition metals and

consequently the rigid muffin-tin approximation is not
expected to be as good. The values of ’1AI obtained by
means of Gaspari and Gyorffy’s model are too

small [26]. Nevertheless, the decrease in ’1AI from the

pure metals [26] to the metal hydrides is meaningful
since the same model has been used consistently. This
decrease suggests that the metal lattice may not be
responsible for the increase of Tc, unless the decrease
of the electronic contribution ’1 Al is accompanied by an
even larger decrease in the phonon contribution ;
in spite of the lattice expansion of the hydrides, such a
drastic decrease in the effective phonon force constant
seems to be doubtful [29]. Our results point out the
importance of the electron-phonon matrix elements at
the H sites in the aluminium hydrides since the total
value of fin is 1.49 eV/A2 for AIH2 and 2.29 eV/A2
for AIH compared to 0.64 eV/A2 for PdH. If the optic

modes are not too hard, the large values presently
found for ’1H should result in a substantial contribution
to the electron-optical phonon coupling constant ;-H.
Sufficient information on the phonon DOS of the
aluminium hydrides is not yet available and precludes
further estimate of ;,, and calculation of Tc. Tunnelling
data have been obtained for D implanted Al samples
[29] which seem to indicate that the optic modes do not
play a role for energies smaller than 50 meV. Further
investigations of the tunnelling characteristics at

higher energies, now underway at Orsay will provide
further in’sight on the origin of the high value of T, in
the aluminium hydrides.

4. Conclusion. - The study of the electronic struc-
ture of the mono-and dihydrides of aluminium shows
that upon hydrogenation substantial deviations from
the overall parabolic shape of the DOS of the pure
f.c.c. metal, occur. As for transition and rare earth
metal mono- and dihydrides, we observe the formation
of a low-lying metal-hydrogen bonding band and in the
case of AIH2, of an additional band due to the hydro-
gen-hydrogen interaction. The new feature is the

importance of the admixture of hydrogen s and p
states in the metal bands. This hybridization, which is
particularly large in the case of AIH at the Fermi
energy, is responsible for the large value of the elec-
tron-phonon matrix elements evaluated at the H sites ;
this feature makes these compounds good candidates
for superconductivity and should lead to an important
electron-optical phonon coupling provided that the
optic modes do not have a too high energy. Further
conclusion concerning the increase of T, over its
value in pure Al cannot be drawn prior a better
knowledge of the vibrational properties of the Al-
hydrides. As mentioned previously, the rise in Tc could
also be partially due to the lowering of the acoustic
phonons due to disorder in H-implanted Al samples.
Tunnelling experiments now in progress at Orsay
should provide a further clue to this interesting pro-
blem. The thrust of the present paper was to emphasize
the changes in the electronic structure and the electron
phonon matrix elements of Al, upon formation of AlH
and AIH2.
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