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The composition-dependent electronic structure of fcc LaH„, 1.9 «x «2.9, has been studied

using photoelectron spectroscopy with synchrotron radiation (10«h v «50 eV). -Complemen-

tary optical reflectance measurements (0.16 «h v «4 eV) have been performed for fcc LaH„,
1.9 «x «2.9, and NdH„, 2.01 «x «2.27. For LaH„, x = 2, the occupied d bands are -1.5 eV

wide and the hydrogen-induced bonding band is centered -5 eV below the Fermi level, EF (full

width -6 eV). Hydrogen occupation of both octahedral and tetrahedral sites is revealed for
x «2, analogous to what has beep observed for other metal dihydrides. %'ith increasing hydro-

gen concentration, emission from the d bands near EF decreases and the bonding band shifts to

higher binding energy; the optical spectra show a red shift of interband absorption features, in-

creased octahedral site occupation, and increased screening of a low-energy plasmon. For LaH

samples at the upper end of the composition range, x -2.9, the photoemission spectra show

very weak valence-band emission, and the optical spectra suggest semiconducting behavior. The
binding energies of the 5p&~2 3~2 cores, E~, measured relative to EF are shown to increase with x
(the total shift is -0.8 eV for La LaH2 and 0.9 eV for LaH2 LaH3). Our results are com-

pared to band calculations by Gupta and Burger and by Misemer and Harmon and to results of
NMR, specific heat, and resistivity studies.

I. INTRODUCTION

Lanthanum and neodymium hydrides, like several
other rare-earth hydrides, display interesting changes
in electronic structure induced by changes in hydro-

gen concentration. Lanthanum hydride is a particu-
larly favorable case in which to examine these con-
centration dependences since the La lattice retains its
fcc structure and the hydrogen atoms fill tetrahedral
and octahedral sites. Early resistivity measurements
by Stalinski' indicated that LaH2 was a metal, that

LaH286 was a semiconductor, and that LaH27 un-
derwent a temperature-dependent metal-to-
semiconductor transition. Bieganski and Drulis' re-
ported a A.-type specific-heat anomaly at 239 K for
LaH269 for which the specific-heat coefficient is an
order of magnitude less than that of LaH20, and sug-
gested that this change was due to a metal-to-
serniconductor transition. Similar behavior was ob-

served' in NdH270 de Groot et al. observed a phase
transformation at 243 K in deuterium magnetic reso-
nance studies of LaD262 but saw no evidence of a
metal-to-semiconductor transition although the
Knight shift was quite small. Instead, they reported a
structural transformation in which the La atoms were
in two different environments below the transition
temperature. One of these corresponded to the
LaH25 structure suggested earlier through neutron
diffraction results" awhile the other was of a higher
symmetry with La atoms having four rather than
three nearest-neighbor deuterium atoms. Neutron-
diffraction results4 indicated a tetragonal distortion in
LaD and CeD, for hydrogen to metal ratios, x, of
-2.3.

The properties of LaH„are similar in many
respects to those of the much-studied CeH, system
(CeH„ is also fcc for 2 & x & 3). Resistivity mea-
surements' have provided evidence of a composition-
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dependent metal-to-semiconductor transition at about
x =2.8. As with LaH„ this transition is temperature
dependent for 2.7 «x «2.8. Libowitz et al.6 deter-
mined the transition temperature to be 245 K for
CeH277 and 255 K for CeH»6. Their x-ray-
diffraction studies showed a tetragonal distortion oc-
curring near 245 K for CeH2 75 ~ A semiconductor
band gap of 0.104 eV has been reported' for CeH28~.

Band-structure calculations by Switendick for the
YHp- YH~- YH2- YH3 series were the first to explain
the electronic structure of hydrides, including the
metal-to-semiconductor transition, without evoking
the protonic or anionic models. His work showed
that new bands were added below EF as hydrogen
was added and that there was considerable hybridiza-
tion between the metal and hydrogen electronic
states. Kulikov and Zvonkov presented the first
band-structure calculations of LaH2, LaH3, CeH2, and
CeH3. Gupta and Burger' have recently reported
non-self-consistent augmented plane-wave (APW)
calculations for LaH2 and LaH3, and self-consistent
Korringa-Kohn-Rostoker (KKR) calculations by
Misemer and Harmon are now in progress. " Our
work with several lanthanide hydrides'2 ' and, in

particular, our previous studies" "of ScH2 and YH2
have strongly supported the band-structure results.

The present study was undertaken to examine
near-stoichiometric LaH2 and LaH3 and to go a step
further by studying the x-dependent electronic struc-
ture in the intermediate composition range. Addi-
tional studies were performed with NdH„
(2.01 ~ x ~ 2.27) to gain further insight into the
electronic-structure changes near the dihydride limit.
Our. results not only test the calculated bands of LaH2
and LaH3 (more complicated than those of ScH2 and
YH2 due to relativistic effects), but also reveal some
interesting x dependences which should stimulate
further theoretical efforts.

In the following we present the experimental de-
tails, results, and conclusions of our photoemission
and optical studies. %e begin by describing our sam-
ple preparation and measurement techniques in Sec.
II (see Papers I and III of this series for a more
comprehensive introduction to optical and photoemis-
sion spectroscopies, particularly as they have been ap-
plied to hydride systems). The experimental results'9
are presented in Sec. III. In Sec. IV we relate our
results to the previously mentioned studies of LaH„,
discussing the implications for the concentration-
dependent metal-semiconductor transition.

II. EXPERIMENTAL DETAILS

The samples used in this study were prepared in

bulk form starting with polycrystalline La or Nd. The
high-purity Ames Laboratory lanthanum and neo-
dymium typically contained less than 20 atomic parts

per million (ppm) total metallic impurities and 250,
30, and 93 at. ppm of 0, N, and C for La and 360,
21, and 84 at. ppm of 0, N, and C for Nd. In
preparation for hydrogen charging, slices of metal
were electropolished in a perchloric acid solution (6%
by volume in methanol at -200 K). They were then
wrapped in tantalum foils and heated under vacuum
in the hydrogen charging apparatus to 850'C (800'C
for Nd) to outgas the metal and increase the surface
permeability to hydrogen. The tantalum minimized
contamination from the quartz or stainless-steel fur-
nace tubes by reacting with carbon or oxygen. A
mixture of hydrogen and helium gases was used for
low-pressure hydrogen charging; helium served to
moderate the rate of hydrogen uptake and made it
possible to synthesize large, bulk samples free of
cracks and voids. Samples of LaH„with hydrogen
concentrations greater than 2.7 were first formed at
low pressure to form a low-x hydride, reheated to
-500'C and exposed to hydrogen pressures of up to
150 atm. All samples were analyzed for hydrogen
concentration by a hot-vacuum extraction technique
with an estimated accuracy of -2'lo.

For photoelectron spectroscopy, samples were cut
to -3 x 3 x 12 mm' and attached to copper sample
holders in an argon glove box. Since these samples
were to be fractured in situ in the photoemission
chamber, no further surface preparation was re-
quired.

The photoemission measurements were performed
at the Synchrotron Radiation Center of the Universi-
ty of %isconsin using radiation emitted by 240-MeV
electrons orbiting in the electron storage ring Tan-
talus. These experiments were done at room tem-
perature using radiation dispersed by a uhv 3-m
toroidal grating monochromator (10~ it v ~ 50 eV).
A double-pass cylindrical mirror analyzer was used to
detect the emitted electrons. The overall resolution
(electrons plus photons) was 0.4—0.6 eV. The exper-
imental geometry has been discussed elsewhere. '
Many samples, each attached to a copper holder,
were loaded onto a sample bank in the photoemission
chamber for extended runs. The samples were frac-
tured in situ at operating pressures of 5 —8 && 10 "
Torr (base pressure -3 x 10 "Torr) and translated
immediately to the mutual focus of the analyzer and
the radiation beam. No pressure bursts, which would
indicate the. escape of hydrogen from the hydride,
were observed with any sample at the moment of
fracture. There was no evidence of sample degrada-
tion due to hydrogen loss after cleaving; LaH„sam-
ples of high x aged in situ overnight did show con-
tamination features at -9.5 eV below EF.

Samples for optical spectroscopy were cut to
-2 x 8 x 8 mm and polished by wet grinding with
alumina abrasives through 0.3 p, m (Linde A). They
were ultrasonically cleaned in methanol, dried using
high-purity nitrogen, and transferred to the experi-



23 ELECTRONIC STRUCTURE OF METAL HYDRIDES. U. . . . 3905

mental apparatus as quickly as possible to minimize
exposure to moist laboratory air (within —5 min the
sample was inside the N2-purged measurement
chamber; evacuation of the chamber began after
another —5 min).

The optical'absorptivity (A =1 —R where R is the
reflectivity) was measured at 4.2 K in the photon en-
ergy range 0.16 ~ h v «4.0 eV. Monochromatic radi-
ation was focused onto the sample at near-normal in-
cidence. Part of the beam was absorbed and part re-
flected onto a gold-black coated absorber (absorptivi-
ty —100% in our spectral range). Both elements ex-
perienced increases in temperature (—mK above am-
bient) due to the absorption of microwatts of radiant
energy. Joule heating in matched 1000-0 metal
heaters was used to duplicate the temperature excur-
sion. The power required for that duplication was
then measured and the absorptivity was calculated
directly. This calorimetric method, as we have
termed it, makes it possible to measure A with an ac-
curacy of approximately 1—2% depending oo the total
light intensity (i.e., the temperature excursions of
sample and absorber), as discussed in detail else-
where. "

III. RESULTS AND DISCUSSION

A. Photoelectron spectroscopy

Photoelectron energy distribution curves (EDC's)
for LaH~ 98, LaH248, and LaH289 are shown in Figs.

1—3. A sequence of EDC's taken at different photon
energies, h v, for 1 1 ~ h v ~ 50 eV, is shown for each
hydrogen composition in Figs. 1(a)—1(c). In each
case, the number of photoelectrons is plotted in arbi-
trary units and the electron initial-state energy is
referenced to the Fermi level EF (x =1.98, 2.48) or
the top of the valence band E„(x=2.89). The spec-
tra in Fig. 2 (h v=40 eV) have been normalized to
the integrated emission from the La Sp~~2, Sp3~2 doub-
let. The energy distribution curves in Fig. 3 (h v = 19
or 20 eV) have been redrawn for comparison to each
other and to the calculated state densities. '0 "

The spectra for LaHI99 [Fig. 1(a)] show features
which are typical of all metallic dihydrides. In Fig. 4
we reproduce the self-consistent energy bands calcu-
lated' for YH2. The calculated density of states is
shown alongside the bands. The relatively narrow
band of emission shown in Fig. 1(a) within 1.5 eV of
F& reflects the width of the occupied metal d band.
The shoulder at —0.6 eV can be associated with the
relatively flat portion of that band in the symmetry
direction K~ 8'2 and is analogous to that observed
in ScH2 at —0.8 eV, YH2 at —.1.1 eV, and LuH2 at
—1.1 eV. The deeper band of emission reflects the
hybridized (sp-d) covalent bonding bands. As
Switendjck first pointed out s, i2-t9 these bands result
from the interaction of bonding and antibonding
combinations of H-derived orbitals with metal states
of the appropriate symmetry; some metal states are
lowered S—10 eV by the M-H interaction.

The density of states (DOS) for LaHq is shown
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FIG. 1. (a) Photoelectron energy distribution curves (EDC's) for LaH$ 98 showing the electronic emission as a function of
initial-state energy referenced to the Fermi level, F&. The feature within -2 eV of FF is derived primarily from La d-like states
and is termed the metal band in the text. The deeper emission feature, termed the bonding band in the text, is derived from
bands with mostly hydrogen s character which are hybridized with metal s-, p-, and d-like states. (b) Photoelectron EDC's for
the intermediate concentration LaH248 showing the diminished metal band near F+ and the bonding band shifted to higher
binding energy. (c) Photoelectron EDC's for LaH2 &9 showing very weak valence-band emission. As discussed in the text, the
energy zero is taken to be the top of the valence band for LaH289.
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ished by a factor of -6—8 (spectra normalized to La
Sp cores). The features in the bonding band have
shifted to higher binding energies (bonding band
center -5.2 eV below FF for LaH248 vs -4.7 eV for
LaHt98). As with LaHt98, the contribution of the
low angular momentum states to the EDC's is visible
at low photon energies.

The EDC's for LaH2 g9 [Fig. 1(c)) show that there
is only very weak emission within -2 eV of FF. The
emission strength of that feature is reduced by a fac-
tor of 200—400 relative to that of LaHt 9g (h v =30-
and 40-eV spectra normalized to La Sp core ernis-
sion). The choice of the energy zero was dictated by
studies of the LaSp core levels (Fig. 2). For
LaH~ 98 LaH248 there is a binding energy shift of
0.9 eV (core energies measured relative to EF) For.
LaH248 LaH289 one would expect either a further
increase in binding energies or no shift at all but not
a decrease. Alignment of the spectra for LaH289
keeping the core energieg fixed places the zero as
shown in Fig. 2, and it appears that zero corresponds
to the top of a weakly emitting semiconductor
valence band. If the hydride were taken to be metal-
lic, then FF would be halfway up the emission onset,
indicating a decrease of F~ by 0.3—0.4 eV and the
binding energies would be intermediate between
those of LaH~ 98 and LaH248. Our identification of
LaH289 as a semiconductor is consistent with recent
resistivity measurements by Finnemore et al.

The emission features of the bonding band for
LaH289 retain some similarities to those of LaHl 98

and LaH248. The center falls -5.2 eV below Ev with

a full width of -6 eV. The location of the bonding
band center represents an independent argument for
the energy scale shown since, if LaH289 was treated
as metallic, its bonding band center would be closer
to EF than for LaH248 and comparable to that of
LaHI 98. Again, at lo~er photon energies, a peak as-
sociated with low angular momentum initial states is
visible at —7 eV. For h v =40 eV, it has disappeared
and we observe only a relatively broad emission
band.

Two calculated' " densities of states for LaH3 are
shown in Fig. 3 for comparison to the experimental
spectra of LaH289 taken at h v =19 eV. The calcula-
tions indicate a broad bonding band centered -5 eV
below FF and show no peak at —7 eV. Again, there
is a La s-like peak in the projected DOS -1 eV below
the central peak" from which emission is presumably
enhanced at low photon energy. The discrepancy of-1 eV is typical for differences observed in ScH2 and
YH2 between the energy of the deepest bonding band
shoulder and the calculated band with which it must
be associated (Lt, Kt, and nearby volumes of k

space).

B. Optical spectroscopy

The absorptivity spectra for samples of LaH„
(x =1.9, 2.04, 2.15, 2.36, -2.45, 2.63, 2.67, and
2.87) and NdH, (x =2.01, 2.21, and 2.27) are shown
in Figs. 5 and 6 as measured at 4.2 K at near-normal
incidence. For clarity the spectra have been displaced
upward in units of 0.1 or 0.2 with increasing x;
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and is typical of materials with only a partially occu-
pied band near E~. Such materials typically have in-
terband absorption edges near 1—2 eV and are strik-
ingly colorful because of reflectance changes in the
visible part of the optical spectrum; for example
LuH2 is blue in color.

When only tetrahedral sites are occupied in the
CaF2 dihydride lattice, there are no interband struc-
tures below thc plasmon edge" '6 and the absorptivi-
ty can be described by a Drude or free-electron
model. Well below the plasma frequency, the ab-
sorptivity is small and nearly constant. In thc inset
of Fig. S we show a model calculation for 3 vs tee in
units of km~ for a free-electron metal. The behavior
of ScHi 6i below the experimental interband onset
and the plasmon edge (—1.5 eV) is described quite
well by such a model; it fails for LaH„because of the
low-energy feature labeled "octa" in Fig, 5.

For most dihydrides, there is structure belo~ the
plasmon edge which is visible in the absorptivity at
about 0.5 eV (see Fig. 5 for LaH„and Fig. 6 for
NdH„). We postulated'2 " that this structure indicat-
ed occupation of octahedral sites before all tetrahe-
dral sites were filled. Neutron diffraction, "NMR, '6

and ESR" studies have confirmed that interpretation.
Band calculations of ordered YqH9 and YqHii sug-
gest that octahedral occupation does modify the band
structure sufficiently for new low-energy interband
transitions to occur. The departure of thc experi-
rncntal spectra for LaH„, x = 2, from the free-
clcctron behavior reflects the optical transitions due
to occupied octahedral sites.

LaH has the largest lattice constant of the cubic
0

dihydrides (a0=5.65 A) and the octahedral sites ap-

pear to be occupied "more prematurely" in LaH,
than in the more compact dihydrides of yttrium
(a0=5.20 A) or scandium (a0=4.80 A). As the
results for LaH„show (Fig. 5), the octahedral feature
becomes more prominent with increasing hydrogen
concentration and the edge near 1 eV shifts to lower
energy. Similar behavior is shown in Fig. 5 for NdH„
(x =2.01, 2.21, and 2.27). With increasing hydrogen
concentration, the octahedral feature increases and
the plasmon is shifted to lower energy and broadened
(screened).

The results of Figs. 5 and 6 show that the inter-
band absorption features also shift to lower energy as
x increases. The doublet (minimum) near 2.2 eV
shown in Fig. 5 for LaHi 9 corresponds to a rnax-
imum in the interband absorption. That minimum
red shifts with x (—2.2 eV at x =1.9; -1.9 eV at
x =2.36; nearly absent for x =2.4S). The results for
NdH„(Fig. 6) show similar behavior and it appears
to be a general x-dependent property. It is important
to note that for NdH the optical interband features
near 2.5-eV red shift but do not significantly broaden
as the amount of disorder increases (for NdH227
there is at best -27'/o occupation of 0 sites and 100'/o

occupation of T sites; it is more likely, ho~ever, that
there are 0—10'/o T-site vacancies and 27—40'/o 0-
sites occupancy'9). The interband features are similar
to those observed in ScH„, YH, GdH, TbH„ErH„,
and LuH and arise from electronic transitions
between d-like bands, specifically aiong Q, W-K, and
X. Differences between the optical spectra of these
dihydrides can thus be related, to first order, to the
width of the elemental d bands. These bands are
largely d derived and are apparently insensitive to
disorder on the H sublatticcs at these concentrations.

At high hydrogen concentrations, LaH 26, the oc-
tahedral features dominate the low-eriergy absorptivi-
ty spectrum and a plasmon edge cannot bc identified.
For LaH287 (uppermost curve, Fig. S), the resem-
blance to LaHi 9 is almost completely lost. Instead,
the absorptivity is nearly constant in magnitude
(A =0.80) below —0.8 eV and shows no free-
electron edge (for metals one should see A =2/cour
and ultimately A —0 as @co 0). Indeed, for LaH„
the absorptivity seems to increase near the low-

energy limit of our measurements. The absence of
the free-electron edge indicates that LaH287 is serni-
conducting at T =4.2 K.

A more quantitative comparison of theory with ex-
perirnent comes through considerations of features in

~2, the imaginary part of the dielectric function, as
discussed in Ref. 12. To determine e2 from the ab-
sorptivity spectra, Kramers-Kronig (KK) integrals
have been evaluated. The extrapolations outside the
range of measurements were guided by reflectance
measurements of ScH2 for 4 «h v «2S cV; above 25
eV they were based on a power law of thc form
R =ROE. 3'. The infrared extrapolation was based
on a Drude behavior and was relatively straightfor-
ward. for LaH„, 1.9 «x «2.6, and for NdH„.

The infrared extrapolation for LaH287 was morc
uncertain. While a Drude model is sufficient for a
metal, for a semiconductor a variety of low-energy
mechanisms contribute to the infrared absorption
spectra. For example, the absorption coefficient,
n= e2cu/nc, has been shown to vary as co

3~' for
scattering by acoustical phonons, as eo for scatter-
ing by optical phonons, and as ~ '—~ "for scatter-
ing by ionized impurities. ' In general, thc dominant
mode of scattering depends on the impurity concen-
tration. Furthermore, at sufficiently low energy the
reflectance spectrum has structure related to the lat-
tice vibrational modes, Nonetheless, for LaH287 the
use of two very different extrapolations for thc ab-
sorptivity, one a constant and the other a rapidly de-
creasing exponential, led to relatively small differ-
ences in the dielectric functions at photon energies
greater than -0.6 eV.

These extrapolations are, of course, not unique.
Experience has shown that while the magnitudes of
the calculated dielectric functions will change by
10—20o/o, the shapes and particularly thc energy loca-
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culations by Gupta and Burger'a (caiculated onset
-1.3 eV) but there is less satisfactory agreement
with those of Kulikov and Zvonkov9 (onset -3 eV
near I').

The center of the prominent LaH204 interband
structure seen in ~2 or cr is at -2.2 eV. For
ScH2 YH2 the analogous structure shifts to higher
energ'y (-2.4 2.8 eV) and broadens, "an effect
which can be related to the increased width of the
elemental metal d bands upon going from 3d to 4d
transition metals. 30 That this structure in LaH2 ap-
pears at lour energy and is narrower can be related
to lattice size and d-band overlap: the LaH2 lattice is

significantly larger, in comparison to that of ScH2 and

YH2, than would be anticipated by comparing the ele-
mental metal lattices, and the LaH2 d-derived bands
are thus narrower. This narrowing can also be seen
experimentally in the photoemission results (Figs.
1—3) where a shoulder related to the band along II'-

K was observed at —0.6 eV.
The relatively broad feature in o centered at -I.1

eV for LaH2s9 (Fig. 8) can be associated with transi-

6p zero

g

I
I
I
I

I
(

6) Zero

p

I

l

Photon Energy (eV)

FIG. 9. Dielectric functions for NdH„shoeing effects
similar to those observed for LaH„.

tions occurring over a substantial volume of k space
extending outward from the center of the Brillouin
zone. The trihydride calculations " indicate that
such transitions are possible along I"-A-L between
bands 3 and 4, ~here I l is the top of the valence
band. Furthermore, an increase in aq or o (near 2.3
eV shown dashed in Figs. 7 and 8) is expected when
the L2 L3 interband transition threshold is
reached. This threshold occurs at -2.3 eV in the
calculations of Misemer and Harmon. "

IV CONCLUSIONS

The photoelectron and optical spectroscopy results
presented here support the results of recent band-
structure calculations for LaH2-LaH3 by Gupta and
Burger'0 and those of the self-consistent calcullations
for. LaH3 by Misemer and Harmon. " The energy
discrepancies between the theoretical peak positions
and those observed in the photoemission experiments
are not serious considering the sensitivity of states
with high hydrogen character to the choice of
muffin-tin radii. 3' The overall trends in going from
LaH2 to LaH3 predicted by Gupta and Burger are
reproduced. Specifically, the center of the bonding
bands shifts less than 0.6 eV to higher binding energy
and the metal-like states below EF in the dihydride
are lowered, causing the d-like peak just below EI: in
the LaH2 photoemission spectra to diminish with in-
creasing x There is less satisfactory agreement with
the calculations of Kulikov and Zvonkov where for
LaH2 LaH3 the center of the bonding bands was
lowered by about 3 eV (from -2.S to -S.4 eV below
g)

For LaH3, the various calculations disagree as to
whether LaH3 is a semiconductor or a semimetal.
Gupta and Burger calculated a direct gap of 0.53 eV
(I', —I'25), Kulikov and Zvonkov predicted an in-
direct band overlap of -0.4 eV (I"~-L3), and Mise-
mer and Harmon sho~ed an overlap of less than 0.05
eV, Our optical and photoemission results suggest
that LaH3 is a semiconductor, in agreement with re-
cent resistivity measurements. '4

The small specific-heat coefficient of LaH269 rela-
tive to LaH2 can be adequately explained by the
much smaller density of states at Fq as suggested by
our photoemission results (e.g. , Fig. 2). We have
seen that LaH 25 is metallic at room temperature but
the d-band emission is reduced by a factor of -6—S

relative to that of LaH2. The residual free-carrier
contribution to the absorptivity spectra of samples of
this concentration indicate that they are metallic at
4.2 K.

In our interpretation of the photoemission and op-
tical results we have been guided by calculations for
ordered, stoichiometric dihydrides and trihydrides.
awhile these are sufficient for understanding the
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behavior near x = 2 and 3, the observed x depen-
dences are difficult to interpret within this relatively
limited theoretical framework. For example, the rap-
id decrease in the d-derived density-of-states-like
initial-state features observed in photoemission spec-
tra can be qualitatively understood from band calcula-
tions which show strong d character near E+ at x =2
but not for x =3. At the same time, we see an in-
crease in the octahedral site interband feature as x in-
creases above x =2. However, we also see a red
shift of optical features with increasing x and this is
more difficult to understand. Since the lattice con-
tracts with the addition of hydrogen, one might rath-
er expect a blue shift due to the widening d bands. A
similar blue shift would accompany the drawing away
from EF of the occupied d states as the dihydride
converts to the trihydride. A band calculation of or-
dered LaH, with intermediate composition is neces-
sary to understand the observed red shift of the in-
terband feature. Such a calculation also represents a
logical theoretical step and will lead to a better under-

standing of the many experiments that have dealt
with the electronic properties of these hydrides.
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