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Dispersion spectra of FCC metals (Pt. Pb and Th)
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A new five parameter model for the Jattice dynamical behaviour of
cubie metals (FCC) have been developed.  The ion-ion interactions,
heing purely central, have been deseribed in terms of radial and
transversal foree components associnted with fiest and second neigh-
bouring wns — An equilibrium condition has heen derived in terms
of the teansversal components.  The ion-cleetron --ion interactions
have been ineladed on the basis of Sharma-Joshi scheme, which can
he handled easily computationally.  The  dispersion frequencies Tor
platinum, lead and thorimn (FCC) have heen computed on the
hasis of the model.

1. INTRODUCTTON

In the reeent past DeLaunay (1956). Clark ef al (1964). Yuen & Varshni (1967),
Varshni & Vuen (1968) and Konti (1971) have examined the feaxibility ol assom-
g the angular forces in order to account the Cauchy's diserepency.  Behari
& Tripathi (1969, 1970, 1971, 1972) have combined the ion-cleetron-ion inter-
actions with the angular interactions to explain the lattice dynamical héhaviour
ol the metals.

The dispersion speetra of the metals (platinum, lead and thorium) considered
hero require more suceessful oxplanation of their crystal-dynamies. It is also
worth-realismg that angular forces were thought of as forces arising from inter-
bond interactions between covalent bonds and henee there is hardly any justifica-
tion in talking about angular forees in case of metals.

In view of this we have developed a five parameter model containing radial
and transversal central interaction terms for nearest and next nearest neighhour-
ing ions  An equilibrium condition has heen derived considering total pressure
due 1o ions and eleetrons.  The iou-eloctron-ion interactions have been included
on the hasis of simple Sharma-Joshi (1963) scheme.

2. TRAEORY

The contral pair potential (CPP) model developed here expresses the total
potential energy (@) of the crvstal as the sum of Coulombian ion-ion energy (¢b*)
and ion-electron ion encrgy (¢b*) i.e..

P = ¢ ¢ e ()
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The ion-ion enorgy (¢b') is the sum ol total potentinl due io nearest and next-
nearest neighbouring ions  Thus,

¢ — !_.3.‘.:/»‘(131) +¢°. e (2)

The crystal exist in statie equilibrinm under zero esternal stress.  Considering
the jons as the points located in the sea of clectrons, the first derivative of total
energy () with respect to atomie volume (1) should vanish, i.o

hE]
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on evaluation we get
prlpt =0 v (D)

whore pt s the jonice pressure and pf is the hydrostatic olectron-pressure.  Putting,
the fivst derivative of ionic-encrgy in terms ol transversal foree constant (@)
for neavest neighbours and that (/) for next nearest. neighhours, in oguation (4),
we got

o+ ) apr. o ()
According o De-Lamnay (1956) p¢ - % aRKe cqnation (5) assumes the final

form for fee crvstal as
aytpy = — o o Ke .. (6)

where a is the lattice constant and Ae is the hulk-modulus of the eleetron-gas.

The clements of dynamical matrix |[1,,] for ion-ion interactions ean he
written as

0%¢’ .
7 v\ T 1y . S
Dy - ; jdth [ (7.’1',(7.1',,] exp (iq.R) 7

where

L N R 4 "
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where o, £ == 1.2.3. The radial force constants for nearest. and next-noarest
neighbouring ions are termed as a, and f, respectively and are defined ax—

Ol == [g;g; Ao r['ngi '

2
for nearest 1 “for negt nearest
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The transversal force constants for nearest and next nearest ions are iormed as
2y and ff, vespectively and are expressed as—

1 o [ 1 0¢"] '
oL _[1 9¢ . (10)
! [R'I or, ]for nearest h Ky R for next nearest

The olomonts of dynamical matrix (D4¢) due to ion-electron-ion intoractions are
expressed according to Sharma-Joshi (1963) scheme as

Deg® - VauqsKoGP(qr,) v (1)
where q,. ¢z are the components of phonon wave vector and

3[Sin(qrg) —gry Coslgre)]

-4'((]1'") = (q7.o):;

. 1(12)
{

whore 7, is the radius of Wigner-Seitz sphere and is given by the ox],rnssio\
a3

4 . a
RS é{3)

The phonon-angulur-fraquencios (w) can he computed using the following
rolation-—

[Dyy—mwl] =0 . (14)

where | Dygl is the total element ie., sum of ion-ion and ion-electron-ion elements
of tho dynamical matrix. m is the mass of the ion and 1 is the uhit matrix of
third order.-

3. CALOULATIONS

The five force constants (o, oy, fg, fy ad ake) of the model are computed
by using eq. (6) and the following four equations—

ally, = Aan+ay)+4fs--ak, ... (16)
al!y, = a,—ba,—~4p,+ak, ... (16)
ally, — as--3a,-+44, .. (7
4mimvr? — 8(ay-l-a,y)+-0-44a K, ... (18)

where Oy, Ch,, 44 aro the clastic stiffness constants of the crystal and vy is tho
kuown zone-boundary frequency along [{00] direction.
4. InpuT Dara AND RESULTS

The input’ data and computed force constants for the platinum, lead and
thorium are shown in tables 1 and 2 respectively,
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Table 1. luput data

Reof. for
. Cy 01 Cu Ref. for zono
Crystal ] ) Elastic ain .\ v, in THz  boundary
in 1022 dyn/em? conslants frequon-
cios
Platinum 3.467 2.507 0.767 [ 3.9237 4.55 d
Lead 0.495 0.423 0149 b 195 2,07 ¢
Thoriuin 0,753 0.489 0.478 ¢ 3.08 3474 S/
a) Mac Farlune et al (1966) (h) Kittel (1971) (¢} Allard (1989)
(/) Ohrlich & Drexel (1968) {e) Stedman et al (1967) (f) Reesc et al (1973)
Table 2. Computed force parameters
ake &Ly oy £y M
Jrystal
in 10* dynjcm
Platinum 3.10273 4.7772 —~0.1053 0.2916 --0.3601
Lead 0.6165H0 0.900315 —0.207115 011183 0. 11461
"Thorium 0.02547 2.3639 —0.07961 ~0.1922 00768

The computed dispersion curves along the high symmetry direetions for platinum,
lead and thorium are shown in figs. I, 2 and 3 respoctively. The oxperimental
points for platinum, load and thorium aro recently reported by Ohrlich & Drexol
(1968), Stedman e al (1967) and Reese el al (J973) respectively.
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5. DIScuSsIoN

Most of the phenomenological studies veported 6ill now uses two or more
known zone boundary frequencies in their lattico dynamical computations.
The present model, being simple requires only one known zone houndary frequency
for the successful description of erystal mechanies,

Konti’s (1971) study of platinum reveals the Jarge deviation of T-branch
along | L&¢| diveetion,  The dispersion frequencies computed so far for mis-behaved
erystal lead also shows such deviations from oxperimental ones. The present
madel provides a better mathematical frame-work as compared to that reported
hy Foreman & Lomer (1957). The hand strueture calculations due to Gupta
& Louchs (1969 1971) and those due {o Rosengren (1975) show that thorium
bohaves much like @ transition motal The dispersion [requencies computoed
on the basis of the present model clearly indicate that the [lattice dymamical
hehaviowr of the metals is explainoed sufficiently well.
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