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Self-consistent band-structure calculations have been performed for ScH, and YH2 using the Korringa-
Kohn-Rostoker method. The results indicate a net charge transfer from the metal to the hydrogen site and a
concomitant raising of the hydrogen bonding bands relative to those obtained through non-self-consistent
calculations. Comparisons are made between the results of our calculations and the results of optical studies

by Weaver, Rosei, and Peterson. Additional calculations were performed in which the Fermi level or band

gaps were rigidly shifted by a small energy increment. These calculations were used to simula'. e the
derivative structure obtained in thermomodulation spectra and helped to identify the k-space origin of several

experimental interband features found in the thermoreflectance of ScH, and YH~. The experimentally
observed, low-energy, stoichiometry-dependent optical features of YH2, which had partially inspired our
studies, were not interpretable within the framework of our calculations based on the CaF, structure in

which the hydrogen occupies all of the available tetrahedral sites. Instead, indirect evidence suggests that
these low-energy features are associated with partial occupation of octahedral sites.

I. INTRODUCTION

Hydrogen in metals is an important and rapidly
expanding field of theoretical and experimental
study. ' One of the challenging theoretical areas
of study involves the detailed characterization of
the electronic structure of metals that contain
either a relatively small amount of interstitial
dissolved hydrogen (disordered o. -phase solutions)
or a high density of hydrogen (ordered hydride
phases}. A theoretical treatment of an "alloy" of
a d-band transition metal with hydrogen, the sim-
plest of elements, is, however, fraught with a
variety of difficult and intriguing problems. For
example, there has been intense discussion re-
garding the charge character of a single proton
moving through or vibrating in a metallic host.
Even the question of whether a static proton in a
transition metal lattice has a bound state cannot
be easily answered.

Treating ordered hydrogen in a monohydride,
dihydride, or trihydride i.s considerably more
manageable than treating it when it appears in a
disordered hydrogen solution since the ordered
hydride can be handled within the framework of
band-theoretical methods. The pioneering calcu-
lations of Switendick were the first to show the
dramatic changes in the band structure of a metal
caused by a high density of hydrogen. ' These cal-
culations demonstrated the complex nature of hy-
drogen in metals and showed the weaknesses of
the numerous simple models which have been pro-
posed to interpret the diverse physical properties
of the hydrides (e.g. , the protonic and anionic

models}. Switendick's band model has only recent-
ly been supported by the results of photoelectron

, and optical studies. '"' The band model has also
been applied to other hydrogen-metal systems.
Among these, PdH (Pdo) hasbeenthe mostexten-
sively studied due to its superconducting properties
that exhibit an inverse isotope effect. ' Several. re-
cent detailed band calculations' "of PdH have
shown that H does not simply give up an electron
to the metal bands but rather that there is signifi-
cant lowering of energy of those states whose wave
functions have appreciable amplitude at the inter-
stitial 8 site and therefore sample the hydrogen
potential. It is observed that some formerly empty
states are drawn below E„and that E~ moves up-
ward to just beyond the top of the d barids. For the
dihydrides considered in this paper, the effects of
hydrogen on the metallic band structure are'more
dramatic, with additional hydrogenlike states ap-
pearing below the Fermi l.evel. However, as we
mention in discussing charge transfer, the elec-
tronic charge surrounding the hydrogen site is
similar in both PdH and the dihydrides.

In the present paper, we approach the general
problem of hydrogen in metals by applying the
Korringa-Kohn-Rostoker (KKR) band calculational
method to study ordered ScH, and YH,. These di-
hydrides can be viewed as prototypes of the large
number of metallic dihydrides which form in the
same (or nearly so) CaF, fcc structure. Our cal-
culations have been motivated in part by the re-
sults of xecent optical studies of ScH„YH„and
LuH, that revealed many spectral similarities,
but also some intriguing differences. hen the
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preliminary optical experiments with YH„of vary-
ing x (within the single-phase dihydride composi-
tion range) proved difficult to interpret from the
vantage point of the existing calculations of Switen-
dick, we undertook calculations to examine the
importance of self-consistency for determining the
electronic structure of YH, . So that we might
better understand the systematics of the trivalent
dihygrides, we also considered ScH, which has a
lattice constant approximately 10%%uo smaller than
that of YH, and hence a reduced hydrogen-hydro-
gen separation.

In Sec. 0, we give the details and results of our
calculations, emphasizing the differences between
the self-consistent (SC) and non-self-consistent
(NSC) energy ba, nds. We then compare our results
with optical-reflectance and thermoreflectance ex-
periments which have been presented in the com-
panion paper" (henceforth referred to as I}. In
Sec. IV, we review' pertinent experiments which
offer indirect evidence that disorder exists in the
hydrogen sublattice of YH, and the lanthanide di-
hydrides (LnH„'s) for xapproaching2. The implica-
tions that octahedral sites are occupied before all
tetrahedral sites are filled are then discussed.
We conclude by urging further studies that would
examine this disorder and elucidate its effects on
the physical properties of these important mater-
ials.

II. CALCULATIONAL DETAILS AND RESULTS

Both ScH, and YH, are reported to have the

CaF, fcc structure with the metal atoms positioned
on an fcc lattice and hydrogen situated at the tetra-
hedral sites (see Fig. 1 of I). The lattice constants
at room temperature for these crystals" are given
in Table I. The band-structure calculations for
these compounds were performed using the stan-
dard KKR method which requires the muffin-tin
approximation for the crystal potential. The muf-
fin-tin radii were chosen (following Switendick )
so that the sphere surrounding the metal site ex-
tended 65%%uo of the way to the hydrogen position.

Based upon the results of Papaconstantopoulos et
zl. ' for PdH, we do not expect the d-like energy
bands to be particularly sensitive to the relative
sphere sizes.

Initial non-self -consistent (NSC) calculations
were performed using the full Slater (o. = 1}ap-
proximation for exchange and correlation. The
potential was obtained by the usual prescription
of overlapping atomic charge densities for the
d's' configuration. All relativistic effects except
spin-orbit coupling were included, though these
effects are small. " The results were in excellent
agreement with Switendick's AP% results when the
KKH wave functions were expanded through $= 3
about the metal site and l= 1 about the hydrogen
site. '

Since the full Slater (o, = 1) approximation has
been found to over-estimate the effects of exchange
and correlation in SC calculations, we used the
Hedin-Lundqvist appr oximation to obtain the SC
bands. '4 This approximation has been success-
fully used to calculate the SC electronic structure
of all the paramagnetic elemental 3d and 4d tran-
sition metals. " For each iteration the bands and
wave functions were determined at 60 points in
the irreducible —', th of the Brillouin zone. The
points were chosen using the "special point" for-
malism of Chadi and Cohen. " The core states
of the metal were recalculated for each iteration.
The eigenenergies and the total charge within the
muffin-tin spheres w'ere coriverged to 0.001 Ry and

0.001 electron, respectively.
The self-consistent band structures for ScH, and

YH, are shown in Figs. 1 and 2. The dotted lines
represent the two lowest valence (or bonding) bands
from our NSC calculations based on the d's' atomic
configuration and highlight the major differences
between our SC and our (or Switendick's) NSC cal-
culations. Those differences are most pronounced
in the lower two bands that can best be described
as hydrogenlike bonding bands. The wave functions
for the I", state are largely covalent, having a
large admixture of both hydrogen s and metal s
character. The j.",' wave functions are nearly pure

TABLE I. Lattice constants and charge transfers for ScH2 and YH2.

Charge inside
muffin-tin sphere

ScH2, a=4.783 A
H Interstitial

YH&, a=5.204 A
H Interstitial

Atomic charge

Overlapping atoms

Chagge after final
iteration

19.019 0.536

19.531 0.707

19.323 0.844

2.055

1.989

36.793 0.578

37.283 0.756

37,116 0.896

2.205

2.093
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FIG. l. Self-consistent energy bands of ScH2
calculated with Hedin-Lundqvist exchange. The lower
two bands are sp-d hybridized and are termed the
bonding bands. The dotted lines indicate the positions of
the non-self-consistent (& =1) bonding bands. The bands
at Ez (except the pocket around I') are d-derived and
are relatively insensitive to potential approximations.
The energy separation of the I'~2 and I'2~ states reflects
the crystal fieM splitting of the d bands.

hydrogen s-like (8$fo of the charge for this state
is inside the relatively small hydrogen muffin-tin
spheres) and have been described as Bloch sums
of antibonding ls orbitals between the two hydro-
gens in the unit cell.'; the character of the I", wave
functions at the metal site is primarily f -like. As
shown, one effect of Hedin-Lundqyist exchange is
to increase the I', to I", separation and thus widen
the bonding bands. There is also an overall shift
of the two bonding bands upward relative to the
metal d-like bands. The combi'nation of these two
effects causes the I", state to rise slightly above
the Fermi energy for ScH, as shown in Fig. 1.
The partially occupied third band and higher bands
result from the d-derived states of the metal.

The calculated densities of states (DOS) for the
first five SC bands of ScH, and YH, are shown in
Figs. 3 and 4, respectively. To obtain the DOS,
the calculated first-principles eigenvalues at 84
points were least-squares fit with 45 symme-
trized plane waves (the typical rms error was less
than 1 mRy). These fits were used to generate the
band energies at the corners of 2048 tetrahedra
which filled the irreducible —'„th of the Brillouin
zone. The DOS was then obtained using the linear
energy tetrahedron method. " The most apparent
difference between the DOS of ScH, and that of YH,
is that only one peak derived from the bonding
bands is seen in ScH, whereas two are seen in
YH,. This difference reflects the character of the
flat bands along I.-Q-K and the energies of K and1

K3 re lative to 8'3. Furthermore, ScH, has a gr eat-
er bonding bandwidth than YH,. This is related to
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FIG. 2. Self-consistent energy bands of YH2 (see
caption to Fig. 1). For YH2, the bonding bands are,
completely below Ez, and the bonding bandwidth,
E( I'2) —E( I'~), is approximately 2 eV narrower in
YH2 than in ScH2.
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FIG. 3. Electronic density of states (DOS) for the
self-consistent energy bands of ScH2. Only the lowest
five bands have been included. The peak at about 4 eV
below E& reflects the position of the flat band extending
from L2 to K3 (see Fig. 1.).
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FIG. 4. Electronic density of states (DOS) for the
self-consistent energy bands of YH2. Only the lowest
five bands have been included. For YH2, there is great-
er dispersion in the bands along I.-R'-K, and that dis-
persion is reflected by the double maximum in the DOS
-4 eV below Ez.

the smaller lattice spacing in ScH„which leads to
a larger splitting between the hydrogen bonding
(I', ) and antibonding (l,') states. Photoemission
studies should easily observe these differences.

The joint densities of states (JDOS) for the first
five bands are shown in Figs. 5 and 6 for ScH, and
YH„respectively. These were obtained using the
techniques already described for the calculation
of the DOS. Care was taken to include only the
portion of the tetrahedron yielding empty final.
states or filled initial states whenever the Fermi
surface intersected a tetrahedron.

The JDOS is a quantity that, if one neglects the
effects of matrix elements for the interband elec-
tric dipole transitions, can be used as a guide for
assigning optical structures to specific regions of
the Bri.llouin zone. Generally, flat bands at sym-
metry points or regions of 0 space where bands
are parallel contribute significantly and account
for structure in the JDOS. In the JDOS of ScH,
(Fig. 5), for example, the small feature near 3.3
eV is partly due to transitions between the sym-
metry points 8; and W,' whereas the larger struc-
ture near 4.0 eV is largely due to the parallel
bands along Z. The calculated onset of transitions
in ScH, begins at 1.4 eV and is a result of the I'~
state lying close to the Fermi level. The onset
of transitions within the ScH, d bands occurs at
1.'? eV and the corresponding d-band onset occurs
at 2.3 eV in YH,. The difference in the onset of
the d-interband transitions partially reflects the
greater width of the d bands of YH,. This is con-

FIG. 5. Joint density of states (JDOS) for the first
five bands of (self-consistent) ScH2. The weak onset at
1.4 eV indicates interband absorption from states near
F. The stronger onset at 1.7 eV reQects the energy se-
paration of the third and fourth bands along Q.
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FIG. 6. Joint density of states (JDOS) for the first
five bands of (self-consistent) YH2. The predicted onset
for interband absorption occurs at 2.3 eV and is related
to transitions from band 3 a)ong Q (at Ez) to band 4.
These are observed experimentally as discussed in the
text.

sistent with the pure metal results which show
the 4 bands in the 3d transition metals to be nar-
rower than the d bands of the corresponding 4d
metals.

The amount and direction of charge transfer is
an important quantity in understanding the charac-
ter of the M-H bond. A precise definition of charge
transfer is elusive, however, especially if one
wants to specify its magnitude. The results tabu-
lated in Table I define our meaning of charge
transfer. The entry labeled "atomic charge" rep-
resents the number of electrons of a neutral atom
contained within a sphere of radius equal to the
muffin-tin radius. If a neutral atom is placed on

each appropriate site in the lattice, then the charge
inside a muffin-tin sphere is increased above that
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of the isolated atom due to the overlapping tails of
the neighboring atoms. The entries of Table I
indicate that this effect accounts for much of the
apparent "screening" of the proton since .the charge
within the hydrogen muffin-tin sphere is increased
by more than 30%. The iterations to self-consis-
tency resulted in a substantial charge transfer
(0.14 electron) to the hydrogen sphere, a value
quite close to that found for PdH (0.125 electrons). '
Experimentally, evidence for charge transfer away
from Sc sites can be found from x-ray photoemis-
sion measurements of the 2p core level shifts in
ScH,." In addition, Mossbauer measurements on

DyH, have given crystal field parameters which
indicate a negative charge on the hydrogen sites."
This charge transfer toward the hydrogen directly
contradicts the protonic or rigid band model which
has been too frequently employed for describing
metal hydr ides.

III. COMPARISON TO OPTICAL EXPERIMENTS

In this section, the optical results of I are dis-
cussed in light of our band structure calculations.
As we will show, there is good agreemerit between
theory and experiment when we cons'ider the low-
x dihydrides. The low-energy features that ap--
pear in the experimental spectra for ~- 2 cannot '

be iriterpreted within the framework of the dihy-
dride calculations, -arid alternate explanations ill
be proposed.

If matrix elements are approximately constant
throughout the Brillouin zone, one may write.,( ) ~&II&~'~( }/ ',
where II is a matrix element and 8(~) stands for

. the JDOS. The «, spectra of ScH, and YH, (Fig.
5 of I} can then be compared (when scaled by ~')
to the calculated JDOS. As can be seen in Figs.
5 and 6, the onset of interband transitions is pre-
dicted to occur at 1.4 eV in ScH, and 2.3 eV in
YH,. The states that are responsible for the inter-
band onset are different for the two dihydrides be-
cause of the different energies of the I", state
(i.e. , because the antibonding hydrogen levels
are pushed higher in the smaller, more constrain-
ing lattice of ScH, than in YH,). For ScH„ I", falls
above E~, and the onset of interband absorption,
as reflected by the relatively weak feature in the
JDOS, is due to transitions from the bonding bands
at E~ to final states near the d-like I",,. The
strong increase in the JDOS of ScH, near 1.V eV
and the steep onset in YH, at 2.3 eV reflect the
large number of states possible for transitions
within the d-like complex of bands 3 and 4 along
Q, W-Z, and Z.

The experimental onset of interband transitions

follows the trend pr-edicted by our calculations:
the interband-onset (seen in «,~ ) shifts from
-1.25 eV in ScH, to -1.6 eV in YH, to -1.9 eV in
LuH, . These experimental values for the onset
energy are from measurements on SCHWA 6g

' YHg 3,
and LuH, » samples, which are believed to give
results representative of the stoichiometric dihy-
drides with only tetrahedral site occupation. "
Actual samples of YH„and LuH„ for g = 2.0 show
interband transitions beginning at energies as low
as 0.2 eV. There is no reasonable way to "adjust"
our bands to yield such a low onset for interband
transitions. The larger and more systematic on-
set energies observed for the lower g compounds
can, however, be interpreted by making small
and plausible changes in the calculated bands.

Although the calculation for ScH, predicts the
onset of interband absorption to occur at 1.4 eV,
we do not expect to observe these trarisitions.
This is because. of the extremely small occupied
volume associated with the states near I", (as
evidenced in the small. magnitude of: the JDOS
curve of Fig. 4 for energies between 1.4 and 1.7
eV} and the nature of the transition which results
in a transfer of charge from the highly localized
states about the hydrogen sites to the predominant-
ly d like. states of the-metal. We therefore expect
the onset of observed transitions to be associated
with bands. 3 and 4 along Q, W-K, and Z. The
systematic change of the experimental onset en-.
ergy from -1.25 eV in ScH, t.o -1.9 eV in Lus,
can then be understood as arising from the widen-
ing of.the d bands which is observed. in going
from 3d to 4d to. 5d transiti. on metals. ' The theo-
retical prediction for these onset energies is--0.4
and -0.6 eV too large for ScH, and YH„respec-
tively. This suggests that the calculated d-band
separation along Q, W-K, and g is too large.
This portion of band 3 is somewhat sensitive to the
position of the hydrogen bands so that a few tenths
of an electron volt discrepancy is not serious.
Other aspects of the experimental. «,(~) spectra
are not so easily compared with our JDOS calcu-
lations since matrix elements' have not been in-
cluded. One optical technique that is less sensi-
tive to the effects of matrix elements is thermo-
modulation spectroscopy.

Thermomodulation spectroscopy is a valuable
way of locating' critical points and Fermi surface
transitions in the interband absorption of solids. .

Effects on the physical properties of metals due
to a small increase in temperature include: (i) a
shifting and/or warping of the energy bands (with
a resultant shift of the Fermi level) and a de-
crease in the plasma frequency due to volume
thermal expansion; (ii) a broadening of the step
in the Fermi distribution function (thereby chang-
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ing the band occupation number for bands at Ez);
and (iii) an increase in the phonon population. A

small increase in temperature d T leads to small.
, temperature-induced changes in the dielectric
function, denoted by he, (~) and h&,(~). If matrix
element variation with temperature is assumed to
be negligible, then we may write

«,(~) ~
~

&sit) ~'& J((o)&u)'-

Thus, structure in he, (~) arises from all regions
in the Brillouin zone where the temperature de-
pendence, of the JDOS is large. These regions are
typically located at critical points (usually at sym-
metry points or along symmetry lines). '0 Other
structures can be related to transitions involving
bands at E~ since these are highly temperature
dependent. The identification of critical points
or'Fermi surface transitions by their characteris-
tic lineshapes provides considerable information
about the electronic structure of the system being
studied. The difficult process of lineshape analy-
sis is made easier and more meaningful when
supported by band, structure calculations.

The derivative structure of 6&, can be simu-
lated theoretically by considering changes in the
joint density of states which result from rigidly
shifting a particular band by a small energy in-
crement 5 or, in the case of Fermi-level transi-
tions, by shifting the position of the Fermi level.
The effect of a shift in the Fermi energy has been
examined using the calculated band structure and
evaluating

bered 3) arises from transitions along g and A.
The Fermi level shift of YH, (not shown) displays
analogous Fermi surface transitions along Q at
2.3 eV. The energy-gap-shift plots of Figs. 8 and
9 were made by mathematically shifting the fourth
bands of ScH, and YH„respectively. The fea-
tures at 1.7 eV in the ScH, calculation and at 2.3
eV in the YH, calculation correspond to the theo-
retical interband onset between bands 3 and 4
along Q (seen also in the h~g calculations). The
negative structure at 3.3 eV for ScH, (Fig. 8) and
at 3.5 eV for YH, (Fig. 9) i.s from transitions be-
tween bands 3 and 4 at the symmetry point 5'.
Fourier fitting techniques showed that the bands
involved in these transitions, at W,' and 5;, are
responsible for an M, -type critical point in the JDOS.

The experimental 6&, and 6&, spectra for ScH»
YH„and I.uH, (Fig. 8 of I) display complicated
lineshapes below 2-2.5 eV, which include the ef-
fects of modulation of the intraband background
(monotonically decreasing, structureless, but
large at low energy) and the effects of overlapping,
modulated interband absorption. The first strong
features in 6&, are due to the modulation of the
Fermi-surface transition along Q and probably
include the modulation of the Fermi-surface along
Z at -0.3-0.5 eV higher energy, but it is difficult
to identify the characteristic lineshape without
ambiguity because of the overlapping contributions
from those and higher energy transitions. [From
group-theoretical considerations, we find that
these Q and Z (and W) transitions are all elec-
tric-dipole-allowed transitions. ] .A more easily

where 5= 0.01 Ry. Similarly, the effect of a shift
of an energy band (gap shift) has been examined

by evaluating

&,8((o) = 2 [&'(~)+& (co)] -&((u),
where 8' are obtained by rigidly shifti, ng a par-
ticular band (in our case the fourth band) vertical-
ly by +5 mRy. These calculated functions will
include. structure which, due to matrix element ef-
fects and broadening, may not be observed experi-
mentally but they are valuable in interpreting ex-
perimental data since it can quickly be determined
if structure in 6&, at a certain energy might cor-
respond to a critical point or a Fermi surface
transition.

Plots of h~J(~) for ScH, and b, ~g(~) for ScH,
and YH, are shown in Figs. V-9. The first struc-
ture in the Fermi-level-shift plot of Fig. 7 for
ScH, is near 1.4 eV (numbered 1) and is due to
transitions around I'. The most pronounced fea-
ture (numbered 2) near 1.7 eV involves the onset
within the d-like complex of the third and fourth
bands along Q. The structure near 2.V eV (num-
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the changes in the dielectric function due to broadening
(de/dI') and to gap modulation (dZ/de ) of an M2
critical point transition are shown. These are also com-
pared with experiment in the text.

IV. DISCUSSION

Although we have demonstrated reasonable
agreement between theory and experimental Z and
6& spectra, the interband transitions giving rise

identifiable lineshape occurs in the experimental.
spectra at -2.95 eV in ScH„at -3.1 eV in YH„
and -3.15 eV in LuH, . The minimum in 6&, at the
same energy as a positive-going anti-symmetric
structure in he, is characteristic of an M, -type
critical point where lifetime broadening and band

gap shifts are the major effects of the modulation
(see the inset of Fig. 8). Hence, we suggest that
the experimental feature near 2.95 in ScH, and 3.1
eV in YH, reflect interband transitions ai ~,
namely, the 5",- 5', transitions that are theoreti-
cally predicted at 3.3 and 3.5 eV. Again, there is
quite-reasonable agreement between theory and
experiment and again the experiment seems to in-
dicate that the calculated separation of the d-bands
along Q, W-E, and Z is somewhat larger than it
should be. We do not consider this discrepancy to
be too severe, bearing in mind the historical dif-
ficulties of adequately treating the itinerant d's in
elemental transition metals.
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FIG. 9. Calculated c.hange in the JDOS of YH& due to
a rigid shift by 5 mBy of the fourth band. See caption of
Fig. 8.

to the low energy features in YH„,~-2 (Figs. 8

and 4 of I) cannot be explained using the calcu-
lated bands. Any adjustment of the bands to ac-
count for interband transitions observed at -0.4
and 1.1 eV in YHy g6 would be aphysica. l and would

destroy the agreement we do have with experimen-
tal d-band features. The insensitivity of the d-like
bands to both the effects of potential approxima-
tion and pelf-consistency as well as the observed
~ dependence of,the low-energy features in YH„
and the lanthanide dihydrides lead us to the sus-
picion that a sample-related phenomena, @uch g.s
the "premature" occupation of octahedral. sites, i@

responsible for the low energy optical absorption.
Hence, we postulate a gradual. filling of octahedral.
sites (i.e. , some deviation from the purely tetra-
hedrai dihydride pictured in Fig. 1 of I), which oc-
curs before all of the tetrahedral sites are filled.
The broadening of the d band features, as dis-
cussed in I, could then be understood as arising
from latti. ce disorder caused by the octahedral
site occupation —disorder which increases as
x- 2 rather than decreases as would be expected
for disorder related to tetrahedral vacancies for
substoichiometric systems.

Although a calculation involving approximately
2(yf&& octahedrai site occupation and 90% tetrahedral
site occupation is beyond the scope of this paper,
it seems reasonable to assume that such a ca.lcu
lation would show some states lowered to pep, r S~
Such a lowering of empty states to or below g~
has been predicted in the trihydride calculation by
Switendick and supported by the photoemission
studies of ThH, and Th4H„by %eaver et al. '
Interband transitions involving those states could
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account for the low-energy optical structure.
There is considerable indirect evidence, in ad-

dition to the concentration and preparation d pen-
dence presented in I, that octahedral sites may
indeed be occupied. Scandium does not form a
trihydride and no more than 2 hydrogen atoms per
Sc atom can occupy the fcc structure. Yttrium not
only forms a trihydride (with a hexagonal metal
lattice), but the fcc lattice accommodates more
than 2 hydrogen atoms per Y atom. " It is, there-
fore, plausib1. e that octahederal site occupation
is taking place in the yttrium dihydride samples
and one reason for this different behavior could
be the smaller lattice constant of the Sc compound.
LaH, has a lattice constant larger than that of YH,
and also exhibits the low energy interband transi-
tion as stoichiometry is approached. " In fact,
based on their NMH studies, Schreiber and Cotts"
suggested that the strongly concentration-depen-
dent line narrowing in LaH„ for g &1.92 was due to
filling of octahedra1. sites. They believed, 'how-

ever, that this filling of octahedral sites was
caused by large numbers of the tetrahedral sites
being, for some reason, unavailable, whereas we
believe the octahedral occupation is an intrinsic
property. It seems once one obtains a large tetra-
hedral occupation for some dihydride systems, '

the octahedral sites become energetically more
favorable for hydrogen occupation.

Further indirect support for octahedral occu--
pancy can be found in recent Mossbauer measure-
ments" Of DyH, . Also, inelastic neutron scatter-
ing on CeH», yielded a small, isolated peak at-
tributed to localized vibrations of hydrogen oc-
cupying a few percent of the octahedral sites. '
Interestingly, other neutron diffraction measure-
ments on CeD2 p reported a perfect CaF, struc-
ture, "so that questions of isotope effects and
sample preparation arise.

The arguments presented for hydrogen occupa-
tion of octahedral sites in YH, point to areas

where more experimental and theoretical inves-
tigations are needed. Optical measurements that
appear to be measuring the effects of small
amounts of octahedral hydrogen are a highly effec-
tive way of studying disorder in these compounds.
Neutron diffraction and/or NMR studies of the
same samples studied by optical measurements
might help clarify the degree of disorder. Since
these new states which give rise to the low-energy
optical transitions must be near the Fermi level,
resistivity, heat capacity, and other Fermi-sur-
face-sensitive experiments should also add to the
understanding of this phenomenon. If these meth-
ods prove to be valuable tools in the investigation
of stoichiometry, much could be added to the ad-
vancement of preparation techniques and to the
characterization of the intrinsic properties of the
dihydrides. Theoretical studies of the effects of
disorder would also be useful, perhaps al.ong the
lines of the CPA calculation of Faulkner' for
PdH„using band structures for cubic YH, and YH, .
Supercell calculations are also a potentially use-
ful approach for studying the electronic structure
of the non-stoichiometric systems. Given enough
experimental data and supportive theoretica1. ef-
forts, a better understanding should evolve.
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