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- The theoretical studies éf the lattice‘dynamigal
propefﬁiesuaﬁvsalids-have been of immense importance for
the past twenty years or so, Recent developments in the
expefimehtai téqhniqueé to study'ﬁheée~§ropérﬁies ‘have
opened new: ayEnu%s for theoretical research - Side by side
,more accuraﬁe theerles .based on much more sound footing
and~hay1ngrLaasbgappxqumggignsq baye,been,@evelgped-to,
| interpret the experimental data, ‘__. Part:.cularly, the case
cf’metalsnhaé'been,very/igterestingghecanse:ofvthé

presence ef~éﬁnﬁﬁ¢ti@n2eieetrens~w@i¢h give rise to the

electren-ion 1nteract10n. It 1is évmany body
,characterized vy leng range screem.ng of ions by
exectrons. The»trea$mentvof‘§he same has*b@en‘problemag

tie in*the~past The'ﬁhenomendlogical theoiiesTZKavé'béenl

'develﬁyga ta-lncorporate it expl;c1t1y, but these all have
met with limited sueeess Durlng the past decade or so,
zpse&éop@tential ﬁhe@rya has emerged as one ef the most

mple and most powerful teehnique te_study the eleetran~

iﬁﬁ”in%e¥aﬁtiqn.A
a'pplied quite succe SS

number of elements.



In the present investigation the suthor has
suggested a different way to improve upon the delta funetion
%ﬁprcximation which is }used/ by Harrison in cénstructing
t,lraé pointeion model po‘%ént’ialz. It has been gccomplishec
by replacing ‘the delta function by gaussian one and
cormbining it with -zez/r'ter‘m a new form @f‘.pétential'
containing twe adjustable parameters has been proposed. |
It is appar-ent“ from its form that the corresponding matrix
elements of gaussian functioh approach zero value abt large
q as demanded by full theory. Té include the effect of
screening the bare ioﬁ form factor has been divided by
a suitable d‘iele‘ctric funetion, Recent studie R show
that the Hartree dielectric funcjiai.onv incorperating exchange
aﬁd correlation effec ,’tsy. aéc'brdiingr-to- Singwi et‘ 51.5 gives
quite reasonable tpe-atmemt for sereenztﬁg. The same.
Jdielectric function has been employed throughout in the
present study. The | screened form f actors of matrix
elements thus obtained have véen applied to study the
various prcperties of a1l the 31kali metals but cesium as
no experimental results on phcna;'rx; dispersion for this
particular metal are aﬁrailable. 7 ‘

‘Thus the present work comprises of the ’che_soretical
studies on the lattice dyncal préjig:ties of alkali
metals \except— cesium using the propesed model potential,
Besides thls the author has also studied the lattice
~ dynamies ana thermal properties of gold using a semi-
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phenomenological model where the interaction has been
treated in a realistic manner. Among the noble metals
partiCulariy' the ecase of gold has been found to be more
gﬁﬁérestiﬁgfbecause of the anomalous behaviour of its

6

6, versus T curve at low temperatures®, The entire work
is being presented in seven chapters, Aichapterwise

summary is given. belqw.‘

_ In first chapter the excerpts from pseudopotential
theory along with a review of differeﬁt formqufupseudOa .
potentials have been presented. The simplicity and wide
applicability of the pseudopotential approach have also

been discussed,

The second chapter deals with the calculation of
form factors, energy wave number characteristics and
Cochrants G(q) function, TherFouiier transform of
unsecyreened model potential has been taken which is furthef
divided by a Hartree dielectric function modified
accofding to S:’Lngwi)+ et al. té"include the effect of
exchange and correlation'betmeen'conduction<electrons to
obtain the scxfeened form factor, The modélpgtential
contains two arbitrary parameters which have been evaluated
by fitting to experimental phonon frequenciesvat zZone V
boundaries.. Thus the calculatioun of form factor, energy
waﬁe muber charecteristic and Cochran's G(g) function is
straight-forward and has beenﬂdéne for any arbitrary

positions of ions,
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The third chapter mainly deals with the computation
£ phonon dispersion relations in lithium, sodium, potassium
and rubidium using the authorts model pbtential and self
consistent dielectric function of Singwi et al, The
theoretical results nave been found to be in good agreement
with the experiment for all the metals taken for
Vinvestigaiion. It is worthwhile to mention ﬁhat the model
potential also reproduces the obéerved crossing of
transverse branch over the longitudinal one in (100)

direction in case of lithium,

The chapter IV deals with the e#aluatipn of
interionic potential, interatomic force coﬁstants for
various orders of meighbours and elastic constants using
the model potential described in chapter II. The detailed
behayiour’bf interionic potential has been discussed;‘lt
has been found that theminimum of interionic pdtential-in
allvthe metals lies in the region between first and second
‘neighbours as neutron scattering data indicéieg:gThe
calculated interatomic foree constants upto fifﬁh'shélly
of neighbours have been found to be in reasQnably good
agreemsnt with those obtained from the phonon /é,ta by a
BorngvonéKafman anaiysié., Using these forece constants
the elastic constants have also been evaluated and foﬁnd‘

to be in feasonable agreement with the experimental ones,

Tn Chapter V the author's model potential has been
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employed to calculate the resistivity‘and thermoelectric
pcwef of liquid metals (Li, Na, K and Rb), In computatién
of these propérties the structure factors of the liquid
metal play an important role. In this chapter the

“author has considered this point in detail. ExPerimentally.
: khown structure factors as well as ﬁheoreticélly deriveé |
| from Percus-Yevik theoZ&B “have been used in the calculation.
and their effect on the calculated propefties has also

been studied, Recently highly accurate X,ray diffraction.
measurements for the static structure factors for liquid
sodium-(at\100° and 200" ) and 1liquid potassium (at 65°

and 135°C) héye been reported by Greenficld Wellendorf and

.Wiser9.

The use of these structure factors in calculating
the above'properties shows an improvement over the resﬁlts
obtained using other structure factors. In the end if
has been concluded that the accuracy of the model potential
can be teéﬁed by calculating these properties only when ‘
the accurate measurements on»fhe static structures are
available, , |
The Chapter VI deals with the calculation of bindlng |
energy and paramagnetlc SuSCEptlbillty." The calculaﬁed
values of these have also been found to be in reasonsble

agreement,

The Chapter VII deals with the theoretical study -
of 1attlce dynamlcs and- some thermal propertles €. g.

specific heats, Debye temperatures and Débye Waller
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factors of gold 'based\ on a theoretical model, The
theoretical results from this model are in better
agreément than the previous theoretical studies. Finally
this study emphasizéé the need for a consideration of

repulsive interaction for such class of metals,

It is evident from the present investigation that
the proposed model potential rsucc_e.ssfully interprets
almost all the propertiss of alkali metals and establishes
in its own ﬁght its lmpo*tance in the field of lattice
dynamics, From the present study one may ga;m confidence
in choos:mg this form of model potential and applylng it
to stvdy other propertlas of simple me’cals.

A part of the sbove work has resulted in the
following papers:-

1e Dlspers:Lon relations in gold; Phys Stat,.Sol.
b, K153 (1971).
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3. Debye-Waller factor of gold Sol.Stat,.Comm,
13, 77 (1973). ‘

4, A new model potential to study lattice dynamics
of alkali metals (to be communicated to
Physica Status Sol:Ldi 197%)

5. BEffeetive ion-ion potentlal in alkall metals
(to be communicated to Physica 1974),

6. Ef fect of Structure factor on electrical

properties of sodium and potassium
(to be communicated to J.Phys.,F. 1974%).
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