
VOLUME 79, NUMBER 15 P H Y S I C A L R E V I E W L E T T E R S 13 OCTOBER 1997

l
of

f

s
e

is
-
i-
l

l-
t

n
-

t

.

.

-

,

CORE Metadata, citation and similar papers at core.ac.uk

Provided by DSpace at VU
Kelly, Dekker, and Stumpf Reply: On the basis of
neutron powder diffraction (NPD) measurements on YD3

[1,2] the symmetry of YH3 is believed to beP3c1.
Local density approximation (LDA) calculations of the
electronic structure were carried out for this so-calle
HoD3 structure by Dekkeret al. [3] and by Wang and
Chou [4]. They found two partially occupied bands at th
Fermi level which overlap by more than 1 eV so that YH3

should be metallic. Very recently, simultaneous electrica
and optical measurements on novel thin film sample
were made as a function of the hydrogen concentratio
and strong evidence presented that YH3 is in fact a
large band gap semiconductor [5]. This would seem t
imply a discrepancy between experiment and the Koh
Sham eigenvalue spectrum (calculated within the LDA
comparable only to what is found in highly correlated
materials such as the3d transition metal oxides [6].

Yttrium undergoes a volume expansion of about 17%
when it absorbs three hydrogen atoms per yttrium atom
Because of the possibility that strain might stabilize thi
film YH 3 in a structure different to that found in the bulk,
we carried out total energy calculations within the LDA
and minimized the energy with respect to the atomic pos
tions as a function of strain. In Ref. [7] we reported finding
a broken symmetry structure with a large band gap who
energy was slightly lower than that of the HoD3 structure
even for the equilibrium (bulk) lattice constants. We sug
gested that the NPD measurements might have missed t
structure because of the general difficulty of detecting th
absence of certain symmetry elements in racemic mixture
A number of weak additional diffraction lines are predicted
for the new structure whose intensity is comparable to th
background noise in the room temperature data publish
by Udovic et al. [2]. In the preceding Comment Udovic
et al. report on an extended search for and failure to dete
the predicted lines [8]. The measurements were carri
out at low temperature so that thermal broadening can
excluded as an explanation.

Before dismissing symmetry lowering as an explanatio
for the metal-insulator transition, a number of possibilitie
should be considered. First, the positions of the H atom
in thin-film YH3 have not been determined experimentally
the structure in the thin films may be different to that of th
bulk material studied with neutrons. Second, the role o
the wave nature of the hydrogen or deuterium atoms shou
be examined. In particular, it may be necessary to consid
the zero point motion of the metal plane and near-meta
plane hydrogen atoms in the shallow potential confinin
them in the empty channels along thec axis. Udovicet al.
have measured the phonon density of states (DOS) us
inelastic neutron scattering and have identified a low fre
quency 57 meV peak in the DOS with this motion [9].
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Assuming for simplicity that this frequency corresponds
to the motion of a single H atom in a harmonic potentia
then the corresponding root-mean-square displacement
a D atom in thez direction is 0.16 Å which is comparable
in size to the “anomalously” large rms displacement o
0.29 Å observed in the NPD [2]. Detailed calculations are
needed to determine whether the zero point motion make
a significant temperature independent contribution to th
Debye-Waller factor. A third possibility is posed by the
observation that the rms displacement estimated above
comparable to the symmetry-breaking hydrogen displace
ments. It is possible that the hydrogens are in a superpos
tion of broken symmetry states making their experimenta
observation very difficult. In this case the electrical prop-
erties at low temperature would be determined by the vo
umes of configuration space sampled by the zero poin
motion which are “metallic” and “semiconducting.”

Even if the high symmetry metallic configuration
should turn out to have a lower energy than the broke
symmetry semiconducting configuration in a more accu
rate (than LDA) static calculation, we would expect the
symmetry to be dynamically broken by the zero point
motion of the H atoms. In this case a large isotope effec
might be expected.
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