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Pk E A(  c 

Lattice dynamical studies of solids are a pro-requisite 
for a proper understanding of numerous properties of solids. 
The present cork has been devoted mainly to the theoretical 
study of hcp transition .^etals, alkaline rare earths and 
lanthanides in the first part and semiconductors having zinc-

blonds structure in the second part. Microscopic approach has 
been adopted for the case of metals whereas for semicondaotore, 

we have used a phenomenological model. The first part of the 

thesis deals 4th the paaudopotential approach. During the 

past two decades or go, the lattice dynamics of metals ha s 

received considerable theoretical and experimental attention, 

especially h ecru so of' the presence of conduction electrons. 

Many theories have been developed to interpret th c experimental 

date. Particularly, the case of metals has been very interns" 

ting, because of the role of electron-ion interaction. Phenoms-
nol.ogicai theories developed to incorporate electron-ion-
interaction have riot with limited success. Those models have 

not explained satisfactorily the observed ammalous bohaviour 
or transition metals. 

The concept of pasudopotential, 'a Week and effective 
electron-ion interaction potential' ha emerged as a very 
successful tool representing the electron-ion interaction. The 
pseudopotential approach has been applied quite successfully 

in interpreting atomic, electronic and numerous other electrical 
and thermal properties of metals and has been instrumental to 
interpret the phonon anomalies of transition metals?-40 
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Encouraged by the success of the pseudopotenti®1 mppsoaah 

in simple and noble metals, it is thought uorthuhila to test 

the farnulation to transition metals. In our present study, 

lattice dynamical properties for the following metals have 
been investigated. 

(i) her transition metals - Tit, nium, Zirconium and Hafnium 
(ii) Alkaline rare enrthe - Cal ciun, Strontium and Barium 

(iii) Lanthanides - Lanthanum, ' -Cerium and Yttrebiurn 

In the ones of hcp transition metals, Titanium, Zirconium 
and Hafnium, investinntiona have been carried out to study 

their lattice dynamical properties by using the trensition metal 
model potential, as given by tend at al.5. The d-utate radius 
dgaendont effective mess6 hee been incorporated in the electron 
phonon interaction matrix element uithin the peQudopotontial 

frameuork. In the evaluation of phonon diaperaion curves, there 

are two contributions to the dynamical, matrix elements, namely, 
electrostatic contribution and electronic contribution. The 

electrostatic part of the dynamical matrix elements arises from 

the Coulumble interaction between the ions, immersed in a uniform 

dampen,jnting negative: charge and can be evaluated on the lines 
of Kellerman?. The electronic pert of the dynamical matrix 

element io calculated using the local field correction due to 

Hubbard (Faiicov and Heinv). In general, the results obtained 
here are in good agreement with experimont9~19. More important 
is the reproduction of the anomalous behaviour of the softening 
of the L00013Lo 	branches in all the 	hop 	transition metals, 
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namely Titanium, Zirconium 2nd Hefnium, as observed experiment-

ally. ~11EW, When compared with Animalu's results, results 

obtained hero are rucch better. Animalu's potential &toe not 

reproduce the coftening of the L0001J LC branch in any of the 

hap- transition metals investigated here. In general, the 

present c,prcrac`+ rulthin the pseudopotantial ?raneuork 19 setie-

factory enough to juetify this of fort as a nicroacopic calcula-

tion of phonon dispersion curves in Titanium, Zirconium and 

Hafnium. We have also used this transition metal model potential 

to study other aulid eteto properties like binding energy in the 

solid state and electrical resistivity and thormo•-electric power 

in the 1iq f dd state. 

The lattice dynomicg of alkaline rare earths, namely 

Calcium, truntiut,i and Barium have also been investigated hare 

by applying the model potential of ,land at al. to them, to interpret 

their phoror dispersion by using the local field corrections 

given by Hubbard8 and SinQui at al.13. The phonon frequencies 

obtained hare are in good agreement with the experiment14i thereby 
establishing the validity of the model peaudopotential framework 

for these metals. Tho anomalous dispersion is exhibited better 

by the pr©ount model psoudopotentibl including lo„ el field 

correction duo to ;fubbard (Falixv and fieine)8. Investigations 

have been carried out hate to study other solid state properties 

like binding energy and thereto-uleotric power and cilectric l 

resistivity in the liquid state. 

The lattice dynamic, of Lanthanide namely, Lanthanum, 

-Corium and Yttrium have also been investigated hers, The 
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phonon dispersion curves and other properties of these metals 

have been calculated in the same lines as was followed for the 
alkaline rare earths# using both the local field corrections 

namely, those of Hubb ard8 and $i ngwi at al .13. The phonon 

frequencies obtained hero are in good agreement with the 

axperima t ' . In the cage of x -Cerium, no anisotropy has 

been observed with both the local field corrections. However, 

in the case of L©ntherum the anomalous dispersion and anisotropy 

is better exhibited by the Singwi et al. local field correction. 

In the case of Yttrobiur~, anisotropy with regard to the propaga-

tion of elastic uauee has been observed. Therefore, it has been 

concluded that the psoudopotential treatment has boon successful 

in explaining the lattice dynamical properties of hop transition 

metals, alkaline rats oarthe and lanthanides. 
The second part of the thaais deals with the elastic 

force model appsoech and is based on the Corti-von-Karman theory 
of lattice dynamics. Recent developments in thu field of semi-

conductors have generated widespread interest to study than 

experimentally and theoretically. Earlier strong emphasis were 

laid on elemental semiconduetore« But# of late, particularly 

from the last two decades or so, extensive studies have been 

made experimentally and theoretically on aoupound semiconduotore 

like zinc chelcogenides and III-.V semiconductors 19-22. Most of 

the re~rults of the physical properties of these compounds have 

been explained by some phenomenological model or other. The 
present investigations are on the lattice dynamics of Ill-V and 

I3-VI semiconductors having the zingblends struotura, uithin the 
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Modified rigid ion model framework, accounting the effect of 
polarirability explicitly, involving four force constants 

2 for first neighbour and  ~' 1' and . ' 2 for the second 

neighbour, respectively. It is observed that the effect of 

polarirability .leads to a marked improvement, sap+scially in the 
lattice dynamical study of zinc-blonds cryotalo, cohere the 

value of dielectric constant is large. In the present studies, 
the dynamical matrix conaiota of t in addition to the electro-
static contribution7, with thu inclusion of effective charge, 
the repulaivu contribution up to second neighbours. The effect 

of polarizability has been accounted explicitly, assuming both 
ions to be polarizablwe23. The model parar~oters are determined 
by thr: knoulodge of elastic aanotants and experimental phonon 

freyuenciee. Using those model parameters the phonon frequencies 
are determined by solving the secular determinant. 

II-.VI Sqjtp 

These semiconductors are partially ionic, crystallizing 
in ii no-blende structure, having email energy gap and high 
dielectric constant. To account for the ionic character of 
these compounds, an effective charge (ref f ) i a n eoignod to these 
Lone, on the basin of Lydanns-Teller (1sT) relation24. The 
lattice dynamical properties of zino-chalcogenide3 namely, ZnS, 
ZnSe and ZnTs are investigated using the above model. A calcula-

tion is carried out to obtain phonon spectrum and the sp sai fi c 

hosts. The results obtained here are in good agreement 4th the 
exp er i ment. 
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111-V ssmiaonthctox, 

The calculations are carried out to obtain the phonon 

spectrum and specific heats for this type of semi conductors, 

namely G&P, InSb and I nRa, in the same lines as was followed 

for II,.VI semiconductors. It has been found that the results 

obtained here are in good agreement With the experiment. 

The investigations have resulted in the following 
publications: 

1. Effect of polerizability in the phonon spectrum of zinc- 

blonde compounds - Physica Status SaUdi (b), 114, 
1<11 (1982). 

2. Lattice dynamics of 3 -Cerium using a nodal potential 

approach - Nuclear Physics and Solid State Symposium, 

Solid State Physics, 26 C (1983). 

3. Lattice dynamics of Calcium and Yttrebium using a sodsl 
potential approach - Phy. Rev. 8 29 (1984), 

4. Phonon anomalies in hcp Hefinium (communicated). 
5. Phonon anomalies in hop transition metels using a 

model potential approach Can, J. Phys. (1984), 
6. Lattice dynamics of ~ -Cerium and Lanthanum using a 

model po t anti al approach (too asuu ni cated) . 
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