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PReface

Lattice dynamical studies of aolide arg a pre-requisite
for a proper undsrstanding of numerous propsrtiss of solids.
Thoe pragsont york haa bsen dewoted mainly to ths theoretical
study of hep transiticn metale, alkaline rars earths and
lanthanides in the first part and ssmiconductors having zino-
blende structure in the gacond part., Microscopic spproach has
been adopted for the case of metols uhereas for semiconductors,
we have uged a phanomgnological modal, Ths firgt part of the
thesls deals uith the psaudopotential spproach. During the
past tuwo decedes or @0, the lattice dynemics of mgtals has
received considerablo thaoretical and sxperimental attention,
especially bocasse of the presence of conduction electrons.
Many theories have been developed to interprot thco exporimental
data, Partict:larly, the cage of motalg has besn very interas-
ting, boecauss of tho role of electron-ion interaction. Phenomg-
nologieal theories developed to incorporate electron~fon-
interaction have met with limited guccesa. Thoae modals have
not explained ectisfactorily the observed amomalous behavicur
of trangition mstals.

The concept of pasudopotential, 'a week and effective
electron-ion intsraction potential' has emerged as a very
successful tool representing the eleciromn-ion interaction. The
pseudopotential epproach has boen applisd quite successfully
in intezprating stomic, alestronic end rumerous other alectrical
and thermal properties of matals and hes been instzumontal to
interpret the phonon amomalies of tranaition metala"“.
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Encouraged by the success of the pasudopotential epproach
in simple and noblse metals, it is thought worthuhile to test
the formulation to transition metals. In our preaent study,
lattice dynamiocal properties for tha follouwing metels have
besn investigated.

(1) hep transition matels - Titanium, Zircontum and Hefrdum
(11) Alkeline rare sorths - Caleium, Strontium end Barfum

(111) Lanthanides - Lantharum, ) -Cerdum snd Yetrebium,

In the cmes of hop transition matals, Titanium, 2ircomdunm
and Hafnium, irvestinations have baon carricd out to study
their lattice dynamicel properties by uaing thae trensition metal
rodel potential as oiven by Kend et al.>, The destate radius
dapandont offactive meass hes been incorporated in tho olectron
phonon interaction matrix slement uithin the pseudopotantial
frameuork. In the svoluation of phonon digrersion curves, thers
are tuo contributions to tho dynsmical metrix alemants, namely,
elsctrostatic contribution and elastronic conteibution. The
eloctrostotic pert of the dynamical matrix clements arises from
the Coulumbic interaction betueen the lons, immersed in a uniform
compenasting negative charge and can be evaluatsd on the linss
of Kallartnam7. The olectronio pert of the dynamioal metrix
elemant 1o ealculoted using the local Piald eorrection due to
Hubt:ugm:!8 (Falicov and Heing), In general, thao rteosulte obtained
here are in qood agreement ith uporimantg'”. Mere important
ig the reproduction of the snomalous behavicur of the aftening
of the [0001)L0 branches in all the hep treneition metals,



3

namaly Titandun, Zirccndum and Hefndum, ag obascrvad axperiment-
ally. Also, when comparaed uith Animalu's rosults, reaultg
obtsined hero are ruch better. fAnimalu's potentisl doss not
reproduca ths softening of the [0001)LG branch in any of the

hop trangition metals investigated hers. 1In gengral, the
present epproach within the pssudopotontial framewvort: is satig-
factory aenough to Juekify thic offort as 2 nicroscopic caloula~-
tion of phonon digpersion eurves in Titandum, zircondum and
Hafnium, o have aleo uged this trangition metal rodel potential
to study othor anlid etato properties like binding energy in the
gplid state and eloctrical resistivity and tharmo-glectric power
in the liqid state,

The lettice dynamics of alkaline rare esrths, nemgly
Calcium, Strontium end Barium have also been investigated hare
by epplying the model potontial of Mand ob al. to them, to interpret
their phoron digpersion by using the loecal Pleld corracticng
given by Hubbatda and Singul et al.m. The phonon frequencies
obtaingd here are in good agrecment with tha experimen&“, tharaby
establishing the validity of the model pasudopotential Pramework
for these metzls, Tho anomalous dispersion is exhibited better
by the precent mode) psaudopotentis) including local field
corrgetion dua ¢c llubbard (Falicuv and Haina)e. Invastigations
have been carried out here to study other molid state properties
like binding energy end therro-claectric power end electrical
reaistivity in the 1iquid etate.

Tha lettice dynemics of Lanthanides namaly, Lantharum,
7=Corium end Yttrebium hove also been investigsted hers, The



phonon digpersion curves and other proparties of thess metals
have been calculated in the same lines as vas followed for the
alkaline rars oarthg, using both the local fiaeld corrsctions
namaly, thosse of H\.ntn:»m‘ﬂB and 8ingui et al."’. The phonon
froquencias obtainad haro arg in good agresment with the
nxparimnﬂb‘s"a. In tho case of >?-Cm'ium, ™ snisotropy hos
been observad with both the local field corrections, hHouever,
in the aass of Lanthsrum the cnomalous dispaersion and anigotropy
is better exhibited by ths Singui et al. local fiald correction,
In the case of Yttrebium, anisotropy with ragard to the propags-
tion of slastic waves has been observsed. Therefore, it has besn
concluded that tha peoudopotential treatment has bosn aucceasful
in exploining the lattice dynamicnl properties of hep transition
metale, olkaline rare ocarths cnd lanthanides.

The socond part of the theeis deals with the elastic
force model approech and is basad on the Dorn=von-Karman theory
of lattice dynamics. Recant developments in tho fisld of asemi-
conductors have genetated widespread interesst to study then
exporimantally and theoretically. Eearlier strong esphasie wers
leid on alemantal samicondictors. But, of late, particulerly
from the last two decadss or so, extensive studiaes have been
made experimontally and theorotically on compound gsmicondictors
l1ike zine chaloogenides aond 111V aamimnduotoraw"zz. fogt of
the results of the physicsl propertias of thess compounds have
been explained by some pheromgnological model or other. The
pressnt investigations ere on the lattice dynamics of 111~V and
11=-V]1 gemiconductors having the zinc-blends structure, uithin the



mdified rigid fon modal frameuork, sccounting the affect of

polarizebility explicitly, inmvolving four force constants .
s’f-z Por first neighbour and y;'1‘ end ‘,;j‘z‘l for the sacond
neighbour, respectively. It is obsarved that the effact of

’t

polerizebility lsads to a marked improvamsnt, especially in the
lattics dynamical study of zinc-blends crystals, uhere the

velue of diglectric constent is large. In the prassnt studias,
the dynamical matrix consists of, in additicn to tha glactro=-
static wntxibutionv, with the inclusion of gffsctive charge,

the repulaive contribution up to eecond nsighbours. The ef fect
of polarizability has been accounted explicitly, essuming both
iong tn be pularlzoblazs. The modal paramstors arg determined
by the knoulodge of elagtic constants end oxperimental phonon
froquoneies. Uaing those mdel parameters ths phonon fraguencios

ore dotermincd by esolving tho secular daterminant.

11-V1 sSemigonductorg

Thesa eemiconductors ere pertially londc, czystollizing
in zinc-blende structurs, heving small snerqy gap and high
dielectric constant. To account Por the lonic charectar of
these compounds, an effective charge (%ﬂ’) 13 nmeigned to these
iong, on the basias of Lydanne-Teller (LST) ralation“. The
lattice dynamical properties of zino-chelepgsnidea namely, ns,
IZnSe and ZnTe ara irvestigated using the sbove model. A calcula-
tion is carried out to obtaln phonon spectrum and the specifig
heate. The results obteined here are in good agraement uith the
experiment.



111~V

The calculations are carried cut to obtain the phonon

spectrum and apecific heats for this typs of seniconductors,

nemaly GaPy InSh end InAs, in tho sems lines as was followved

for 11.VI gemiconductors., It has bean found that the ramilty

obtained here ere in good agrasmant with tha experiment,

The investigations have rgsulted in the follouing

publiecations:

1.

2

3.

4,
S.

6.

Effect of polarizahility in the phonon spectrum of zine-
blende comounds - Physica Status Solidi (b), 114,

K 11 (1982).

Lattice dynamics of 9 =Corium using a model potential
epproach - Muclear Physics and Solid State Symposium,
Solid Stete Physics, 26 C (1983).

Lattice dynamics of Calcium and Yttrebium using a modal
potential epproach - Phy, Rav, B 20 (1384).

Phoron anomalies in hep Hefinium (communicated).
Phoron anomelies in hep trangition metals using a
modal potential epproach Can, J. Phys. (1984).
Lattice dynamics of ??-cnrium and Lantharum using a
mdal potential spprosch (commsnicated).
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