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PREFACE

Lattice Gynamical studies of solids are a pre-requisite
for oroper understanding of numerous properties of solids.
During the pest two decades or so, the laltice dynamics of
metals has received conziderable theoretical and experimental
attention, especially because of the presence of conduction
electrons. Recent developments in neutron in-elastic scattering
technique to study the variods properties have opened new
avenues Lor theorctical research, Side by slde, more accurate
theoriesn, based on much more sound footing and having least
approximations, have been developed to interpret the experimental
data. Particularly, the case of metals has been very intercgte
ing because of role of electron-ion interaction. Treatment of
the clectron-ion inturaction which is w many body interaction
characterized by long range screening of ions by electrons, has
been problemgtic, Phenomenclogical kh@oriesl have been develop=
ed Lo incorporuce it explicitly, but these all have met with
limited success. 1In the recent past, the pseudopotential
thm@rya’g has emerged as one of the most simple and most power-
ful techinique to study the electron~ion interaction., The first
principle non-local pseudopotentials were found to be very
difficult to handle owing to the tremendous computational labour
involved in it. Later il was found thet the non-local part of
the pseudopotential can be replaced by an effective term contain-

ing few parameters. Such as approach was originally adopted by
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Heine and Abarerrov' . The pseudopotential has been applied
quite successfully in interpreting atomic electronic and

mamerows other electrical and thermal properties of metals.

Ihe anplication of pseudopoiarntialy and model potentinls
in explainity; the proporties or meials Ccan be divided into two
aspects. On one hand, the empirical data relating to properties
such ags Fermi surdaces, optical absorption spectra or phonon

spectra can be litted to some eoffective potuntial containing

adjustable narameters, On the other hand, one can calculate
paseudouotentiale and model potentials from first principles and
apply the results to calculate the measured properties. The

two points of view complement to one another allow the model
potential To scrve as a meeting ground boetween theory and experi-
ment.  Coher and Neine5 have reviewed this teclinique and have
suntlarized the enpirical model potentials which have been

obtalned for a large muaaber of clements.

In view oi the success of tiw nsewdopotential approach in
the ulmple ard the noble metals, it is worthwhile to test the
formulation to treneition metels, The transition metals have
large incomplete d-snells. The d-electrons are neither suffi-
ciently bound to tuc atom for them to be unaltered in the
metallic state nor sufiiciently free for them +to have a slowly
varying peeudowave function permitting the application of pers

turhatinn treatment. Nevertheless, most properties of metals
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depend upon integrals over the s-like and d-like states and

in waiy cases meaningful values may be obtained in both simple
and tronsition metals in terms of simple perturbation theory,

In both the simple and the transition metals the pseudopotential

equation is a valid starting point.

In the present investigation, the author has used a model
p&@ud@pot@ﬂtimlé for transition metals which includes in g
simple parametric way all the features dictated by the physics
of thu situation. The investigations have been carried out

under the Lollowing two phases.

In the irst phase of investigations. (il.e. using tight
binding approach),the physical origin of the anomalies in the
phonon disporsion curves of transition metals have been found to
Lie in the g=dependence of the élmctronmion form factor. The
form Lactor plays an igportant role in determining the phonon
divpersion. In the evaluation ol phonon dispersion curves of
transition metals (i.e. Vanadium, Niobium, Tantalum, ChrOmium,
Molybderm and Tungsten), the dynamical natrix elements Daﬁ(Q)
are composed of three contributions i.e. comlombian contribution

(q), the tl&hf binding contribution D (q) and electronic
contrlbutlon D (q) The energy wave number characteristic
function F(q), the Hartree dielectric function e(q), the local
field correction G(q) are used in the calculations as given by

singwli et al7 and modified dielectric function e*(q) as given
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by lorliarty . Overall the agreement is fair but more remarkable
is reproduction of the anomalous features of the phonon disper-
sion. On comparison betwsen author’s and Animalu’59 results,

the trend in the phonon dispersion curves is in author’s favour.

In the sccond phase of investigations (i.e. using effective

asg corrcection approach),the hybridization plays a very impor-
tant role in determining the electron-phonon interaction matrix
elements. The effect of hybridization has been incorporated

in terms of an cffective mass, which depends upon  d~state
radius of the transition metals as defined by Harrison and
Froyéngo. In the calculation of phonon dispersion curves of the
trangition metals, the dynamical matrix clements DaB(Q) afain

are assumed to be composed of two contributions, i.e. the
coulombian contribution Dib(q) and electronic contribution.Dgg(q).

The entire work is being presented in five chapters. A

chaptor-wise summary is given below.

The first chapter is introductory one anhd the physical
concepts of pseudopotential, the excerpts from pseudopotential
theory along with a review of differcnt forms of pseudopotentials
have been presented. Various theories developed so far have been
briefly digcussed. The simplicity and wide applicability of

the pseudopotential approach have been discussed.

In the second chapter, the Fourier transform of unscreencd

transition metal model potentisl has been taken which is further
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divided by a Hartrece dizlectric function, modificd c.ccording to
Singwi 2t al7 to irclude the effect of exchange and coriclation
between conduction clectrons, to obtain the soreened form factor.
The transitlon metal model potential contoing two arbitrery
pardeters witich have boon cvaluatod by Litting to expurinental
phonon froquencices at gone boundarics. hus the calcoulation of
form factor, energy wave number charactueristic and G(gy) function

is straight forward.

The third chaptur mainly deals with the dynsmical metrix,
parameterisalion of pseudopotential, the computation of the
phonon dispersion reletions in transition metals (i.e. Vanadium,
Niobiwi, Tantalum, Chromium, Molybderun and Tungsten) using
the model potantial and golf consistent dielectric function of
Slngwld et al.  The theoretical results of phonon disparsion
culrves beve beon founca o b oin rood agresment with the experie
ment for o ald the trancition metals, except for chromiwa, moly-
hoenum one tungstosn because the troasverse branch Ti in [110]
cirection (in the Tirst phase of investigalions) i1is 1ot upso
the gare ngracment in each case, 1t is worthwhile to report
thit the model notuntial also reproduces the observed crossing
of transverse branch over the longitudinal one in [100] dircc~
tion in the case of niobium and tantalum and crossing of the
two transverse branchus in the [110] direction in the case

ol niobium gnd tungsten,
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Cuapter fourth desgls with the thermal propertics, such as
binding encrgy, elasiic constants and compressibility. Appropris
ate tieory 1s also givon.,  The results of caleulations ware given
in obular form,

Gi l*"vﬁll?)”‘L;(,.:' P i'.Li'Ll‘ U u:ﬁ'-"".].
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with the clectron trans.ort propevties,
wh as clectricol resictivity and thermoelectric power of molten
tronaition mecals.  The theory of scattering probability wnd

Zimun’s theory of clectrical resistivity are discussed in
e tadl .

The structure factor S{q), appearing in the theoryv, is
wied from the experinental resulls of Wasoda ot al

-
It is evident from the present investigntion that the used

ts admont all

modeal patential successfully interpre L the proper-

tica ol transition metals

by b

Aand cotablishies in its own right its
lupwrtance In the f

iele ol the lattice dynamdics.  drom the
prosent stuay one mav galn conlidence in choosing thiz form of
motel potentinl and applying it co study other various proper—
tives ol tronsition metals,

The investigotlons hove resulted in the following

publictions e
1. Lattice dynamics of tantalum: a pscudopotlential approach.
IL Nuove cimento 648, 498 (1981).

2 Phonon anomalics in transition metals.

Phygics status Solidi (b) 108 , K~113% (1981).
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Phonon anomalies in niobium using o model potential
approach,

J. Phys. Joc. Japan 51, 111 (1982).

Phonon aroaalies of Taotalwn @ g pseudopotential approuch,
Mucleor Shytics and Solid State Physics Symposium (Orgoni-
sed by Deportrent of Atomic inergy, Goverrment of india),
Banorns Hindu University, Veranasi (1982), SBa-4.

Lattice dynamics ol b.c.c. transition metals.
(Communicated to Philossphical Magazihe) .

he electricnl resistivity of molten transition metals.

(Commuricnted to 2ysica B).
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