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Phonon Anomalies in Transition-Metal Carbidese
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The phonon anomalies observed in superconducting TaC have been explained recently
by Weber, Bilz, and Schroder with their extended sheEE modeE. Their model also pre-
dicts an anomaly in the transverse acoustic mode in the [110]direction with xy polariza-
tion~ branch which vms not measured in the initial neutron investigation. The purpose
of this Letter is to report the experimental confirmation of the Weber-Bilz-Schroder
prediction, which gives added credence to their model, and to comment on the possible
significance of these results.

ID. a xecent Letter, %'eber, Bilz, and Schroder'
(WBS) reported lattice-dynamics calculations of
the phonon frequencies in TaC and HfC. With
their extended shell model (ESM) they were able
to x eproduce the phonon anomalies observed~' in
superconducting TaC for large wave vectors. The
equations of motion [their Eq. (3)] contain terms
that WBS interpret as a q-dependent polaxizability
of the metal ions, which exhibits resonance be-
havior in the vicinity of the anomalies; the large
metal coupling constants, obtained as parameters
from a least-squares fitting procedure, are attri-
buted to a deformation of electronic charge densi-
ty with d„, symmetry.

Although the ESM model of %88 is phenomeno-
logical and the parameters are obtained by fitting
to observed data, theix' calculations also predict
an anomaly in the transverse acoustic mode in
the [110]direction with xy polarization- a branch
which was not measured in the initial neutron in-
vestigation. This is in marked contrast to the
"normal" behavior observed (and calculated) for
the transverse mode in this direction with z po-
larization. The difference in behavior of these
two modes can be of gx eat significance in choos-
ing among various lattice dynamical models;
therefore, it seemed highly desix'aMe to check
this prediction by additional neutron scattering
measurements. The purpose of this Letter is to
report a confirmation of the WBS prediction,
which gives added cx'edence to thelx' model, and
to comment on further neutron measurements of
transition metal carbides as mell as othex' models
recently reported.

The experimental techniques have been x'eport-
ed previously' and will not be desex ibed here ex-
cept to mention that the TaC single crystal used
in the previous investigations was oriented for
this study with a cube edge vertical and the scat-
tering was observed in the (hk0) zone. This
orientation permits the observation of the TA and

LA modes in the [100]and [110]directions with
polarizati. on in the x-y plane, but precludes ob-
servation of modes with other polarizations and
modes with directions out of the plane, such as
the high-symmetry [111]direction.

The experimental points shown in Fig. 1 are
the results of the phonon measurements by neu-
tron scattering for the transverse acoustic modes
in the [110]direction. The anomalous behavior
of the (TA)„, is clearly indicated. Anomalous be-
havior in the corresponding optic branch was not
apparent; however, further measurements and
calculations are necessary and will be undertaken
in the near future. The TA„, mode anomaly has
a frequency considerably below the corresponding
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FIG. 1. Transverse acoustic modes in the filo) di-
rection in TaC.
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anomaly in the LA modes and if it goes softer,
say, upon alloying with the nitride, where it has
been shown that T, increases with increasing x in
TaC, „N„and NbC, „N„, it could be the precursor
of a lattice instability as discussed in more detail
by Phillips" and Matthias. This observation
may have particular significance in relation to
lattice instabilities in high-T, superconductors
and it may be more than just a coincidence that
it is a similar mode which goes soft in high-T,
Nb, Sn' and V,Si.'

In another recent Letter, Ganguly and Wood'
have suggested that the amonalous behavior of
the LA [001]mode in bcc niobium may be asso-
ciated with a frequency-dependent contribution to
the dielectric response function. This contribu-
tion would arise from a small group of d elec-
trons with low velocity at the Fermi surface
which, in some cases, may also give rise to
acoustical plasmons at low q values. This is an
interesting possibility, but since it seems to im-
ply the breakdown of the adiabatic approximation,
it adds additional complexity to the lattice dynam-
ical problem. Conceptually, the acoustic plas:-
mon mechanism may be related to the resonant
electronic polarization formalism of WBS; where-
as the former implies the breakdown of the adia-
batic approximation, it is not immediately obvi-
ous nor a necessary consequence that this is so
for the latter model.

Because of the high neutron absorption and
small crystal size the neutron measurements of
the optic modes in HfC were very limited and

subject to large experimental errors. However,
in contrast to the modes in TaC, NbC, and even

NbC„„ the modes exhibited a pronounced de-
crease in the degenerate TO and LO frequencies
at q =0, a feature also explained by the extended
shell model of WBS. Recent measurements" of
the phonon spectra in ZrC have confirmed this
behavior in greater detail and with increased
precision. This is also in marked contrast to
the optic modes in metallic UC which are essen-
tially flat. "

Further experimental and theoretical studies
of high-temperature superconductors are needed
and are, indeed, underway at several laborato-
ries. At this laboratory neutron measurements
of layer-type superconducting compounds and

hcp metals are under investigation. It should be
emphasized again that phonon anomalies of the
type discussed here do not seem to be restricted
to the transition metals with d electrons but have
also been observed in several Pb alloys. " Hope-
fully, studies such as these and their successful
theoretical interpretation will elucidate the na-
ture of the electron-phonon interaction and the
bonding properties in these materials.
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