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A complete data set for the phonon dispersion curves of PdTe, along the [£00], [££0], and [004]
symmetry directions has been measured. A lattice-dynamical model consisting of axially symmetric
Born—von Kirman interactions to seventh-nearest neighbors together with shell-model contribu-
tions, introduced specifically to model dips in the low-energy optic branches in the vicinity of the I'
point, provides a reasonable fit to the measured dispersion curves. The results are discussed in rela-
tion to the known properties of PdTe, and the dispersion data already available for related layered-

structure compounds.

I. INTRODUCTION

PdTe,, with the CdI, structure [space group D3
(P3m 1)], has been classified amongst the superconduct-
ing transition-metal dichalcogenides (TMDC’s).! The su-
perconducting transition temperature (7T,) for PdTe, is
only 1.7 K, but this compares favorably with the transi-
tion temperatures for other TMDC’s.2 These compounds,
of general formula MX,, consist of a group-1V to -VIII
metal M and a chalcogen atom X (S, Se, or Te) and they
crystallize in various polytypes composed of X-M-X
sandwiches. In general, for the superconducting
members, the M-X coordination is trigonal prismatic
(TP). PdTe, is the notable exception to this generalization
since for it the M-X coordination is octahedral (O). Most
of the other O coordination TMDC’s show semiconduct-
ing or semimetallic properties.'

The structure, illustrated in Fig. 1, is best described on
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FIG. 1. Crystal structure for PdTe, showing (a) octahedral
coordination within each sandwich, (b) the stacking of the
sandwiches, and (c) the hexagonal Brillouin zone.
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a hexagonal basis with one palladium and two tellurium
atoms per unit cell having lattice parameters a=4.0365 A
and ¢=5.1262 A. The resultant ¢ /a (=1.27) is the small-
est value amongst the isoelectronic, isostructural
TMDC’s. (For PtTe, and NiTe, ¢/a is 1.297 and 1.368,
respectively.) All other Cdl, structure TMDC’s show c¢/a
close to the ideal value of 1.633 for this structure while
for the other superconducting TMDC’s ¢ /a is close to or
even greater than the ideal value for their structures.'
Thus, discussion of the superconductivity of the TMDC'’s
has emphasized the highly anisotropic, gartly two-
dimensional character of these compounds,” an aspect
which is further exemplified by the occurrence of super-
conductivity amongst some intercalated TMDC’s.?

The observation of charge-density-wave (CDW) transi-
tions in some TMDC'’s has also been a point of discussion
in relation to their superconductivity. For example, in the
series TaS,_,Se, the addition of the alloying element to
either of the pure end members leads to an enhancement
of T, but a suppression of the CDW transition.* Also the
application of pressure gives rise to an enhancement of T,
and a suppression of the CDW transition.” The CDW re-
sults from a lowering of the crystal free energy by the ap-
pearance of a gap at the Fermi level at a particular wave
vector q, at which anomalous phonon dispersion at 300 K
and marked phonon softening on reduction of tempera-
ture below 300 K have been observed.® For the supercon-
ducting compounds 2 H-TaSe, and 2 H-NbSe, q is close to
( %,0,0) and thus the phonon anomalies are found in the
[£00] branch near this wave vector. However, CDW tran-
sitions are not confined to the superconducting TMDC’s.
In the semimetal, 17-TiSe,, for example, a CDW transi-
tion leading to the appearance of superlattice reflections
at q=( —;—,0,%) has been demonstrated by electron and x-
ray diffraction.” A soft phonon of wave vector (3,0,7)
with purely transverse polarization has been associated
with this transition.*® These observations together with
the results of a simple force-constant model for the exist-
ing phonon dispersion data’ indicate that 17-TiSe, exhib-
its more three-dimensional character than the supercon-
ducting materials.

On account of the similarity in crystal structures be-
tween 17-TiSe, and PdTe,, it is tempting to compare the
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lattice dynamics for these two compounds. However,
there are no reports of structural anomalies in PdTe,.
The temperature dependence of the Hall coefficient, mea-
sured with the applied field perpendicular to the basal
(cleavage) plane was studied from 4.2 to 300 K.!© The
Hall coefficient was positive over the entire temperature
range with a value of 3.3x107'® m*/C at 4.2 K and de-
creased steadily to 2.2 10~ m*®/C with increasing tem-
perature. No anomalous behavior indicative of a phase
transition was found. A study of the pressure dependence
of T, (Ref. 10) showed a broad maximum of 2 K at a
pressure of 0.5 GPa. This unusual behavior has been in-
terpreted as arising from a variation in the electronic den-
sity of states at the Fermi level which, on the basis of a
band-structure calculation,!! lies in the vicinity of a local
minimum on one of the Te-Pd hybridized energy bands.

Existing data for the phonon dispersion of most of the
TMDC’s suffer from the disadvantage that crystals have
invariably been small, and thus there is no complete data
set for these compounds. PdTe,, on the other hand, crys-
tallizes very readily and a roughly cylindrical sample,
~60 mm long and ~ 12 mm in diameter, grown and used
for a previous purpose,'? provided the initial stimulus for
measuring the dispersion curves, in the hope of gaining
some understanding of the superconductivity in this ma-
terial.

In this paper we present the experimental data and
model calculations using combinations of axially sym-
metric force constants and shell interactions and discuss
the results in relation to the measured phonon dispersion
data for related compounds and the known properties of
PdTe,.

II. EXPERIMENTAL DETAILS

The PdTe, crystal used in this investigation was
prepared by the Bridgeman technique. The nominal
amounts of spectrochemically pure palladium sponge and
tellurium block of 99.999% purity were sealed into an
evacuated silica tube (25 mm diam) and reacted together
for 24 h at 850°C. The product was then crushed and
sealed under vacuum into a 15-mm-diam pointed silica
crucible. The Bridgeman furnace was set to have a hot
zone at 800°C below which the temperature decreased at
approximately 0.6°C/mm."* After keeping the sample in
the hot zone for 5 h, it was lowered through the tempera-
ture gradient at 2.4 mm/h.

It was found necessary to cleave from the main crystal
some material which appeared to have an orientation dif-
ferent from the rest. The resultant specimen for the neu-
tron experiment was a 30-g crystal 60 mm long and 12
mm in diameter with a mirrorlike cleavage plane passing
obliquely along its length. The neutron rocking curve of
the crystal was slightly asymmetrical with a half-width of
0.5°. Crystallographic data for the crystal are given in
Fig. 1. The superconducting transition temperature
which was measured on a small piece of the crystal by the
mutual inductance technique was found to be 1.5 K.

The room-temperature neutron inelastic scattering was
carried out primarily on the HB-3 spectrometer at the
High Flux Isotope Reactor at Oak Ridge National Labo-
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ratory using 40-min collimators before and after the speci-
men. The monochromator and analyzer were the Be(002)
planes with the latter set for a fixed final energy of 8
THz. The data from this spectrometer were collected
under conditions of energy loss by the incident neutrons.
Some preliminary data for the [100]-[001] scattering plane
were collected on the HB-1A spectrometer using the pyro-
lytic graphite (002) planes as both monochromator and
analyzer, with a fixed incident energy of 3.57 THz and
operating under energy gain conditions. Finally, some
data were collected at 10 K, with the specimen mounted
in a Displex closed-cycle helium refrigerator on the HB-2
spectrometer. In this case both the monochromator and
the analyzer were the pyrolytic graphite (002) planes, col-
limation was 20 min before and after the specimen and
the spectrometer was operated for energy loss with a fixed
final energy of 8 THz. To collect the complete data set
the crystal was mounted in three different orientations.
Phonon scans were performed in the constant-Q mode ex-
cept for the longitudinal acoustic branch in the [££0]
direction for g <0.15 (47 /a) which was measured in the
constant- E mode.

III. RESULTS

The Brillouin zone and the usual labels for symmetry
points and directions have been reproduced in Fig. 1. In
Table I we have identified the symmetry characteristics
for the lattice modes of the PdTe, structure at several
points in the Brillouin zone.

The data for each of the symmetry directions [£00],
[££0], and [00£] are reproduced in Fig. 2. The lines
drawn through the experimental points are intended to be
a guide to the eye. In general the phonon groups were
separate and well defined. Measured values for the full
width at half maximum from constant-Q scans ranged
from 0.25 THz for some of the low-q transverse acoustic
phonons to 0.8 THz for some of the optic modes. For the
few constant-E scans undertaken for the [££0] longitudi-
nal phonons, 8q at half the maximum intensity for the
measured peaks was of order 0.05 (47 /a). The frequen-
cies of equivalent phonons measured at different lattice
points and on the different spectrometers used, were
found to be in agreement to better than 0.1 THz which is
typical of the largest experimental errors involved in
determining peak frequencies from the various scans.
Representative error bars are indicated in Fig. 2.

For the low-energy data in the [££0] directions with
q >0.25(4m/a) and to a lesser extent in the [£00] direc-
tion for g >0.4(47/a), assignment of frequencies and
branches became extremely difficult due to overlap of
acoustic and low-energy optic phonons. The assignments
made on Fig. 2 have been accomplished with the aid of
structure-factor calculations using a model for the lattice
dynamics of PdTe, which will be described in the next
section. With the knowledge of these structure factors,
overlapping peaks in the raw data could be consistently
resolved. The branches in Fig. 2 have been labeled ac-
cording to the irreducible representations. Note in partic-
ular that the modes on the low-energy optic branches, X,
and T, at low g, are almost purely longitudinal, but have
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TABLE 1. Irreducible representations and symmetry characteristics for lattice modes in PdTe, (Ref.

14).
Irreducible

representation
Modified Atom vibration
Koster Mulliken directions Displacements of
notation notation Pd=(1), Te=(2,3) Te atoms
rf A, (1) None; (2,3) z equal and opposite
rr A, (1,2,3) z equal
r E, (1) none; (2,3) x or y equal and opposite
ry E, (1,2,3) x or y equal
T, A 1 x; 2,3) x,y,z equal along x
T, B M y,z; 2,3) x,p,2z equal and opposite along y,z
M} Ag (1) none: (2,3) y,z equal and opposite
My A, (1,2,3) x equal
M7 B, (1) none; (2,3) x equal and opposite
My B, (1,2,3) y,z equal
3 A’ (1,2,3) y,z
3, A" (1,2,3) x
Al A, (1,2,3) z
A, E (1,2,3) x or y

the same irreducible representations as the lowest-energy
transverse modes in the [{00] and [{£0] directions,
respectively.

At the M point the frequencies of the M{ and M3
modes near 2.5 THz and those of the M| and M, modes
near 3 THz coincide, within the accuracy of our experi-

. A [oog]

ment. Thus, in Fig. 2 these pairs of frequencies have been
marked by single points in each case. These coincidences
are accidental and are not required by symmetry. The de-
generacies at the K point indicated on the figure are ex-
pected from symmetry.

Other features of the results which are of particular in-

T T T

FREQUENCY (THz)
w

L

0.4 0.2 02 03
UNIT = 2»/c UNIT = 4%/ 3a

[¢] [oR] 04

0.5

0.4 0.3 0.2

UNIT= 4%/0a

FIG. 2. Measured room-temperature phonon dispersion curves for the symmetry directions (£00), (£40), and (00§) for PdTe,. The
lines drawn through the data are a guide to the eye. Four frequencies along the T, branch in the vicinity of the I';" point were mea-
sured at 10 K and are indicated by the ( + ) symbol.
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terest are the pronounced dips in some low-energy optic
branches (A,, =,, T,) in the vicinity of I'Y’. We want to
emphasize that the structures observed in these branches
are not caused by hybridization with other branches. This
is quite obvious for the [£{£0] direction as the T, branch
and the T, branch around 4 THz belong to different ir-
reducible representations. While in [{00] directions the
corresponding branches have the same symmetry, their
mutual interaction is small. However, there is a strong in-
teraction between the upper =; branch and the longitudi-
nal acoustic £; branch which results in an anticrossing
behavior near g =0.35(47 /v 3a).

The I'; frequency and a few T, phonons were also
measured at 10 K in the hope of revealing some origin for
this anomaly. The results are indicated by the four
crosses in Fig. 2. A normal temperature dependence with
a slight stiffening on cooling was observed.

IV. MODEL CALCULATION

The dispersion curves for PdTe, have been calculated
using a generalized computer program which had been
written for crystal structures with orthogonal lattice vec-
tors. In order to apply this program to a hexagonal lattice
we chose a base-centered orthogonal unit cell of dimen-
sions a X b Xc¢=a, XV 3a, Xcy, where a;, and c; are the
lattice constants for the hexagonal unit cell. In order to
ensure that the program treats reduced lattice vectors like
(2,0,0) and (1,1,0) to be identical we had to restrict the
lattice-dynamical model to one of axially symmetric
forces.

It is apparent from the experimental data, and has been
confirmed by the calculations, that the measured disper-
sion curves for PdTe, cannot be reproduced by a simple
force-constant model with short-range interactions only.
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This is especially true for the dips in the low-frequency
optic branches in the vicinity of the I' point. Therefore,
we included in the model shell interactions of the same
kind as have been introduced by Weber!® in developing a
double-shell model to account for dips in some acoustic
branches of the superconducting refractory carbides.
Thus, the lattice-dynamical model consisted of conven-
tional axially symmetric Born—von Karman interactions
between the ion cores plus negative short-range interac-
tions between the charge- and mass-less shells which were
coupled weakly to the ion cores. The dynamical matrix is
given by the following expression:

D(q)=Dy(q)+K[K+R(q)]"'R(q), M
where Dgo(q), R(q), and K represent the Born—von
Karman, the shell-shell, and the shell-core interactions,
respectively.

The lowest, doubly-degenerate, optic, I'-point frequen-
cy, I'S, is associated with modes where the two tellurium
planes of the sandwich move with opposite phase in either
the x or y direction and the palladium atoms are at rest.
The frequency of the corresponding vibration of the tellu-
rium atoms perpendicular to the planes, I'{, at about 4
THz is almost a factor of 2 higher. From this large ratio
it is apparent that an essentially transverse interaction be-
tween nearest-neighbor tellurium atoms must be respon-
sible for the low I';" frequency. This has been incorporat-
ed in the model by including a transverse intershell force
constant for the interactions between Te-Te nearest neigh-
bors. This force constant had to be negative in order to
produce a dip in the dispersion curves.

The dispersion curves obtained with this model by a
least-squares fit to the majority of the experimental data
are shown compared directly with the data in Fig. 3. We
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FIG. 3. Dispersion curves computed for the lattice-dynamical model consisting of axially symmetric Born—von Karman interac-
tions to seventh-nearest neighbors together with shell interactions for tellurium atoms compared with the experimental data.
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TABLE II. Force constants for model of lattice dynamics of PdTe,.

Force constants (dyn/cm)

Shell Radius Born—von Karman
2
number (unit: a) Nature of interaction F= % =—:—%¥- Shell-shell, shell-core

r

1 0.65707 Pd-Te intrasandwich 41480 10176

2 0.852 61 Te-Te intrasandwich 19615 —3958 —730, 7697

3 0.863 88 Te-Te intersandwich 13122 —31.8 —730, 7697

4 1.0 Te-Te basal plane 5910 —4978

5 1.0 Pd-Pd basal plane —221 4757

6 1.11708 Pd-Te intersandwich 2528 272

7 1.196 35 Pd-Te intrasandwich 4668 240

used 14 Born—von Karman force constants for interac-
tions up to seventh-nearest neighbor and two additional
parameters for the shell interaction. The parameters for
the fit are listed in Table II. The number of force con-
stants is somewhat arbitrary. On the one hand we en-
deavored to limit the number of parameters since the ap-
plication of axially symmetric forces is certainly too sim-
plified for an anistropic crystal. At the same time we
wanted to obtain a reasonably good description of the
dispersion curves in order to make use of the model in
identifying the experimental phonon groups in those re-
gions where there are densely spaced and mutually in-
teracting phonon branches.

From the structure of PdTe, it can be seen that the
sandwich thickness is nearly identical to the inter-
sandwich distance. The force constants for interactions
between both intrasandwich and intersandwich Te-Te
nearest neighbors can be compared from Table II. Al-
though their values differ, this difference is of little conse-
quence to the nature of the dispersion curves, since practi-
cally the same fit was obtained on making these two in-
teractions identical. This is also true of the shell-shell in-
teractions for which we could only determine the sum of
the two force constants. For this reason we put them
equal.

V. DISCUSSION

The quality of the fit obtained is reasonably good con-
sidering the simplicity of the model and the complexity of
the experimentally determined dispersion curves. The sig-
nificance of the shell interactions in modeling the strongly
dispersive, low-energy, optic vibrations can be demostrat-
ed by calculating the dispersion curves using the same
model parameters except that the shell interactions are
turned off. This result is shown by the dotted lines in Fig.
4. Clearly, the influence of these shell interactions is re-
stricted primarily to the lowest-energy optic branches
around the I" point.

From a comparison of intensities, measured at various
reciprocal-lattice points, with those calculated using the
best fit to the model, the I'-point frequencies of the I'f
and I'1” modes have been uniquely determined. This does
not apply to the order of the I'; modes because both con-

tribute to the scattering cross section simultaneously. Our
model attributes the higher of the two measured frequen-
cies to the I';” mode. However, based on the experimental
information only, the order of the two frequencies could
also be reversed. Therefore, one fit was tried where the
I'$ mode was forced to be the highest frequency (and the
I';” the lowest). This fit resulted in completely unrealistic
force constants and imaginary frequencies at several re-
gions in the Brillouin zone. Thus, we believe that the
model given in Table II is qualitatively correct although
certainly too simplified to give a precise quantitative
description of the dispersion curves for PdTe,.

The use of axially symmetric forces must be considered
only as an approximation. Furthermore, the shell interac-
tions introduced in order to simulate electronic screening
effects, are represented by only one force constant. This
produces too sharp a drop in the lowest optic branch of
the [00] direction whereas for directions within the basal
plane the structures in the calculated branches are less
pronounced than those found experimentally. Likewise,
the optic branch around 4 THz is much flatter than indi-
cated by the model. We conclude that the phonon fre-
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FIG. 4. Dotted curves illustrate the effect of turning off the
shell interactions in the lattice-dynamical model for PdTe,.
Solid and dashed curves are reproduced from Fig. 3 for direct
comparison.
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quencies near '}t are renormalized to some extent by the
same mechanism which produces the dips in the lowest
optic branches near 'y .

We have attempted to describe this behavior by a
second model (M2) where we included longitudinal shell-
shell interactions. In this calculation the shell-core force
constant was the same as that in Table II (model M1)
whereas the single transverse shell interaction was re-
placed by a longitudinal and a transverse force constant in
such a manner that the I's" frequency remained essentially
unchanged. The Born—von Karman force constants were
redetermined by a least-squares-fit calculation. While
with M2 we could achieve the aim of a better fit to the
optic branches starting from I'{", adverse effects on other
sections of the dispersion curves have lead to our favoring
M1 in order to estimate some physical properties.

Using M1 we have calculated the phonon density of
states, shown in Fig. 5, and the amplitude-weighted par-
tial densities of states'® of the Pd and Te atoms from
which the Debye cutoff frequencies v, (n0, n> —3)
have been calculated in the usual manner. These frequen-
cies are given in Table III from which it can be seen that
for —1<n<2, (Mv2)pa=~2(MV:)1, where M is the
atomic mass. This observation will be of some conse-
quence for T,, as, owing to the dominant p character of
the electronic density of states at the Fermi energy,'' the
Te atoms yield the major contribution to the electron-
phonon coupling constant. Also, from the phonon density
of states we have calculated the lattice heat capacity
which is in good agreement with the measured data.!’
v_3 corresponds to a Debye temperature of 216 K.

Jan and Skriver!! have performed the most recent
band-structure calculations for PdTe,. According to their
calculations the unhybridized bands near the Fermi ener-
gy are Pd 5s and Te 5p. The Pd 4d bands form a very
narrow band about 2 eV below the Fermi energy. In their
full band-structure calculation, however, the Pd 5s band is
pushed to higher energies while the middle energy range
contains strongly hybridized (Te S5p)—(Pd 4d) bands.
Therefore we may assume that the electronic density of
states near the Fermi energy is mainly of p character with
admixtures of d character.

The Fermi surface consists of three sheets: a closed
hole sheet at T', a small electron pocket at K, and a rather
complex electron sheet at K with thin hoses interconnect-
ing different K points in the Z direction. It may be the
scattering of electrons across these hoses which causes the
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FIG. 5. Phonon density of states for PdTe,, calculated from
the model given in Table II.

dip in the lowest energy optical branches close to the I’
point. From Fig. 4 of the paper by Jan and Skriver one
can estimate the diameter of the hoses to be of the order
of 0.15AH (=0.05 X4 /a) which roughly corresponds to
the half-width of the dip observed in the low-energy LO
[££0] branch.

Another explanation'® for the low I';' frequency in
PdTe, results from the fact that the electron bands form-
ing the two electron Fermi surfaces penetrate only slightly
below the Fermi energy with minimum energies, E —Ep,
at the K point of about 300 meV. Except for a vary small
spin-orbit splitting they are degenerate along KH. A dis-
tortion of the lattice by a phonon will lift these degenera-
cies and eventually push one band completely above the
Fermi level while the energy of the other is reduced result-
ing in a lowering of the total energy associated with this
phonon mode. A similar effect has been suggested to be
responsible for the anomalous depression of the [00£]
LO-phonon frequency in Ti near the T point.!® Although
we are not able to substantiate this hypothesis by explicit
calculations, such an effect would be most pronounced for
the I' mode which produces the largest distortion of the

TABLE III. Debye cutoff frequencies (in THz) for the various moments of the density of states of
PdTe, and of the amplitude-weighted partial densities of states of the two constituents calculated from
the model outlined in Sec. IV. The last row demonstrates the relatively soft Te spectrum.

n -3 -2 -1 0 1 2 3

PdTe, 4.48 4.26 4.30 4.46 4.65 4.82 4.97

Pd 5.44 5.88 6.07 6.16 6.16 6.12

Te 3.91 3.80 3.82 3.89 3.99 4.10
My

(Mva e 0.618 0.500 0.469 0.477 0.504 0.538

(M2 )pq
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Te sublattices. s
As a consequence, an anomalous temperature depen- (o) T2 ) ‘
dence of the I'; frequency should be expected because the TF 1 r .
renormalization of the phonon frequency is reduced when 6 L 1L i
the unoccupied band above the Fermi energy becomes T e grraregreomme—o—s )
populated by thermal excitations. Our measurements did st 47 F =
not show such an effect when cooling from room tem- = o B
perature to 10 K. However, as the splitting required to 5 TopE= = L
empty the upper electronic band has to be in the range of z, _\%.w w L RSN
a few hundred meV, much higher temperature changes Ersl g g | /..-,\) v
than those applied in our experiments will be required in 2 — R 7 N
order to provide a decisive test for the above explanation. L / 1L 4 oms
It is of interest to compare our results with those avail- - *
able for isostructural compounds. Most of the available oLt
data®!420.2! are for the acoustic branches where one point UNIT 4m/¥3a

of concern has been the appearance of a slight g2 depen-
dence at low ¢ in the dispersion curves for transverse
modes propagating in the basal plane but polarized per-
pendicular to it, arising from weak intersandwich forces.
For SnTe, (c/a=1.615),"* NiTe, (1.368),° and PdTe,
(1.270) the degree of curvature is almost negligible by
comparison with TiSe, (1.698),” indicating that these com-
pounds are not significantly two dimensional in character
at the microscopic level, despite the ease with which they
can be cleaved.

As some optic branches have been measured for TiSe,
(Ref. 9) a further comparison with this compound has
been attempted. For this aim we have plotted in Figs. 6(a)
and 6(b) the =, branches of the two compounds. There
are rather striking differences between these two data sets.
The two ', frequencies, which are the highest and lowest
optic T'-point frequencies in PdTe,, are almost degenerate
in TiSe,. The lower optic branch in TiSe, shows an an-
ticrossing with the acoustic branch and a rather low M-
point frequency, which is a consequence of the soft L-
point mode associated with the CDW transition. These
features are absent in PdTe,.

When tracing the origin of these discrepancies we have
to consider that the atomic masses and the atomic pack-
ing are different in the two compounds. In TiSe,, which
has a c/a ratio of 1.69, the Se atoms form a nearly close-
packed hexagonal arrangement. Thus, the three smallest
Se-Se distances are almost equal, whereas in PdTe, the
corresponding Te-Te distances differ by as much as 16%.
We have investigated the influence of the atomic masses
and the interatomic distances on the phonon branches
with a model calculation, in which we used the atomic
masses of TiSe, and the force constants of PdTe,. In an
attempt to account for the interatomic distances in TiSe,
the latter were modified according to
3

U2

. (2)
Uy

fr=f1

R,
R,

In this relation f stands for the longitudinal or the trans-
verse force constants, R is the interatomic distance associ-
ated with a particular force constant, and v is the volume
of the unit cell. The labels 1 and 2 refer to PdTe, and
TiSe,, respectively. As we believe that the dips in some
optic branches, which are accounted for in our model by
the shell interactions, are a unique feature of PdTe,, we

FIG. 6. 3, phonon branches for (a) PdTe, and (b) 17-TiSe,.
The dashed lines are a guide to the eye through the experimental
points which for TiSe, are taken from Ref. 9 with the highest =,
branch being a model calculation by these authors. The solid
lines have been calculated as described in Sec. V.

have omitted the shell interactions in this calculation.

The results for the =, branches are shown by the solid
lines in Fig. 6(b). The comparison with the model calcula-
tion for PdTe, (without shell interaction) reproduced on
Fig. 6(a), shows that these mass and distance corrections
have enlarged the difference between the I';” and I'J" fre-
quencies, contrary to the experimental observations.
Qualitatively, such analysis demonstrates that the consid-
erable differences in the phonon dispersion curves of these
two compounds cannot be accounted for by differences in
the atomic masses and the atomic packing. Quantitative-
ly, however, Eq. (2) can only represent a crude description
of the dependence of the force constants on distance. For
example, it takes no account of the possible influences of
the electronic band structure.

Within the framework of our lattice-dynamical model
the only way to bring the I'; frequency down to the 'y
frequency is by reducing drastically the first-nearest-
neighbor Ti-Se force constants. This is in accordance
with the analysis of Wakabayashi et al.” who showed that
the CDW transition in TiSe, may be attributed mainly to
an instability of the Ti—Se bond.

Finally, although there is hitherto no evidence for the
formation of a CDW in PdTe, at low temperatures, it
could not be ruled out that some type of modulated struc-
ture may already exist at room temperature, as in 17-
TaSe,.22 Therefore a search was made at room tempera-
ture for crystallographic evidence of a CDW, but without
success. This was accomplished by selective neutron dif-
fraction scans, x-ray precession photographs, and electron
diffraction.

VI. CONCLUSIONS

The lattice dynamics for PdTe, can be modeled reason-
ably well using axially symmetric Born—von Karman in-
teractions out to seventh-nearest neighbors together with
shell-model contributions for the intersandwich and in-
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trasandwich Te-Te nearest neighbors. The latter primari-
ly influence the shapes of the low-energy optic branches
for which a dip in the vicinity of the I' point was ob-
served. Further experimental and theoretical work is
needed before a microscopic origin for this feature of the
dispersion curves can be undersood and the occurrence of
superconductivity in this compound adequately explained.
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