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Gruncisen parametors and. binding encrgy for lead have hoeen calcu-
latod using a two purameter model potential  The results comparo woll
with ihe available exporimental results  The possible factors infhi-
oncing the disevepancy botwoen the calewlated and observed propor-
ties have been discussed

1. INTRODUCTION

The phonon dispersion relstions of sodmm and potassium have hoen calenlated
hy Kushwaha & Rajput (1970) using o two pavameter model potential and the
results have beon [ound satisfactorily agrecing with the availablo experimental
data  The caleulations of the Gruncisen’s parameters, specifie heat, binding
enorgies were also cavriod oud on those metals by Kushwaha and Rajput (1975)

Such caleulations do not strigently test the validity of model potential becatso
the response of conduction clestrons to the vibrating 10ns in alkali metals, through
whicly psoudopotentaal enters the caleulations, accounts for a rolatively small
proportion of the effoctive intevaction hotwoon the jons  Tn the case of foc
Jead, the sereening of conduction clestrons is much groater as compared with
alkali motals Wo have therofore thought 1t worthwhile to study the similar
proporties of lead and the presont paper deals with the caleulation of Gruneisen
parameter and its binding onovgics. Earlior Prasad & Srivastava (1973) has
enrried out such calculations nsing Krasko & Gurskii (1970) model.

2. NuMErICAL COMPUTATION

Tho total crystal energy E is composoed of the oloctrostatic onergy £¢¢ and tho
total oonduction cloctron onergy Ee¢. In the electrome ground state the total
conduction olectron onergy Ec is given by

Ec — cloctron gas part -|-hand structure part
=~ Fea-Ebs ..o (b

The olostron gas onorgy por clestron is (3/8) ep+6€y+ ot core Where, cp is the
wsual Formi energy and e, € aro the exchange and correlation onergios per oloc-
tron respectively  The last torm vy, 15 tho ¢ = 0 matrix oloment of the ion-core
part. The dotails of the clectrostatic onorgy contvibution have been given by
Kellermann (1940).

836


https://core.ac.uk/display/158961892?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

836 B. N. Dutta, S. P. Singh and S. 8. Kushwaha
The band structure cnergy per ion is
foe — 9%(g)F(q)S(q) @
where F(g) is the encrgy wave number characteristic being given by

Qog* | VL[® elg)—! Rt

FD = =g 1=f@7 €@

V¢ 1w the hare 1on form factor. Q, is the atomic volume and E(g) is the Hartreo
dieloctric function The function f(¢) 15 the correlation function which takes into
acount the exchange and covrolation teractions The oxpression for f(g) as
given by Hubbard (1958) 1s,
3 )
D) = 57751 FiE
0= s giom)
where £ 18 a function of electron density which s obtained by Geldard ef al (1966)
from the commpressibility equation

2

T 14 0 168/(magks+)) ©

3

@y bemg Bohr’s radius and kp the Fermi surface wave vector Tho bato-ion

form factor in terms of two parameters a and f is written as .
1 d4nZeé® o af
o_ o 7 Sy R .. (6
Vﬂ Qn ([2—}—&2 [ qz q2_|,_d2 ] ( )
For ¢ = 0, the jon core part s given by
o AnZe*
bre = oF o (M

The dotermmental equation for calculating angular froquencies 1s written in the
usual way as

dﬂtl Du(q) —mm*,n,&;, l =0

Here ¢ 18 tho phonon wave vector, p is the polarization branch and m is the mass
of the ion, Dyy(q) are the elements of the dynamical matrix. i, are the cartesien
components (x, ¥,2), Dy(q) 1s expressible as the sum of throe terms

Dylq) = Dy®(q)+DyR(q)-+-DyE(g) - (8)

DyC(q) origmatos from bare coulomb intoraction hetwoon the ions and DyR(q) is
the coutribution from overlap potential between the ions. We nogloct DyyR(q)
assuming that the overlapping hetween the cores i negligible. DyyE(g) stems
from the ion-clectron-ion interaction. Expressions for Dyc(q) for f.c.c. lattice
are taken from Kellermann’s work (1940).
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(i) Grumeisen’s Parameters
The Gruneisen parameters are defined by
Yap = —(@ 10 wgp/d In Q)

The mean value of y4p i8 givon by

}..,",E(hwq,,/ka)

2,%
where E(x) = (_L:—e_l)i and kg is Boltzman constant.

(ii) Binding Energy -
The energy of a solid contains terms resulting from the electron-on-olectron
and ion-ion interactions in addition to the nsual kinetio, exchange and correlation

energies

The total encrgy per oleciron of tho systom can be written as

DD 27!
B =22 000 011510031 log ) TEE
7o To
o
+ @Ry~ o % Al f(l) . (9)
where Al = _ 9 | Vo2
32ni(izin | '¢

|l+t

ith t = -1
ity = 1422 5 # o with ¢ = o1

and

7, = atomic radius

The first threo terms of eq. (9) are kinctic, exchange and correlation energies of the
interacting olectron gas. For the latter, wo have chosen Nozieros-Pines (1966)
form becausc none of tho oxisting formulac differ more than 109, for this range
of r, The fourth torm is the second order contribution to the ion-ion inter-
action. The fifth term is the zeroth Fourier coofficient (first order) contri-
bution of both tho interactions Tho last term is the second order contribution
of the slectron-ion interaction.
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A consistent valuo of o is now obtained by minimising the total energy of
the system using the equilibium or zero pressurc condition

1 dE

P= ~Zmry a, =0
3 2221 1 (091641 792Z%%)
This gives s Ry r—oz--l—a— —

1 1 53 |1+t
o+ Lz 1 |g_ 6738 0 | L1
+04 g 2 Al rg t.% 7 8 l—t”

Substituting for « in eq. (9), the binding encrgy of the systom is (2)

By = 9737 _ 2 (0916+1.7922°%) | 150.1-0 081 log ro)
o2 3 o
.3 LY s LR \H'" 0
| ]6"—2(]27’_2)1/3 |r04( q:o o log .. (10)

The comprossibility yx 1s defied as the second derivative of the total encrgy of the
gystem with respect to 7, at. the minimum 1 ¢

1 1 4B

X T T, d

Emln

Tho compressibility x in terms of free olectric comprossibility yx, is expressed as

Xo o 1 [ 0.0937,2-+2(0 916+ 1 792 22/5) — 4.42

X 221
+1 9 oo 2| VPIE (1 B(1—1t?) {14_: ]
i Sy 5 T (1 —5  log lj\) o (1)

The value of y, is 1.77,

The following date is used in owr caleulations

Q0. =2084. a=4 AB=46 £ =048 ko = 0R2A and ». = R A4R



Gruneisen parameter and binding energy for lead 839

3. ResurLrts AND DisoussioN
(i) Grunmeisen Paramelers :

In figure 1 we have plotted the ono phonon Grunesen parameter curves for
longitudinal and transverse modes in three principal symmetry directions. It
18 obsorvoed that in [100] direction the calculated ygp decreases with increasing
¢ for longitudinal mode and it increases with creasing ¢ for transverso modo.

Py —THEORETICAL
o EXPERIMENTAL

O 16 20 30 40 50
TK) —

Tig. 1 Thooroetical y,y is shown (curves) along [100], [110] and (111] symmetry disoction

Similarly in [111] direction 74y is found to incroases for longitudinal branch with

mereasing ¢ whilo 1t 15 found to decroase for transverse branch. Tn figuro 2 we

havoe plotted the tomperature variation of vy along with thoe oxperimental points

of Chamning et al (1965). Tt is observed that yu increases consistently with
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1ig. 2 Theorotical mean Gruneison Constant is plotied (curvos) as a function of tempera
ture. Experimental pomts (open circle) have also been plotted

meroasing 7' upto 30°K and theveafter 1t hocomos constant.  The rapid changes
in ygp curves may be attributoed to thoe observed Kohn anomalies in the dispersion
curves.

(i) Compressibility and Binding Energy ©

Asheroft (1966) has given the oxperimental valuos for binding cnergy and
comprogsibility ratio for lead  Ashcroft & Langreth (1967) computed these values
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with good agresment We have given our esaloulated valuos along with the thoo-
rotical values of Asheroft in table 1

Table 1. Binding Energy and compressibility of lend

Binding energy  Compressibility

(—X) ratio X/Xo
ryd/eloctron
Experimental 179 3.6
Theoretical (Authors) 1.83 3.66
Thooretical (Asheroft
and Langreth 1.66 3.2

The tablo shows that our calculaicd values compare well with the oxperimental
values as well ag theorotical values of Asherofi & Langreth (1967).

Tho present model potontial doos not. roproduce all the measuved properties
hecause it is assumed that load has got spherical Fermi surface.  In fact the Fermi
surface of lead is much distorted  Moveover. the effoet of spin-orhit coofficient is
pronounced in lead as pomted out hy Anderson & Gold (1965) The results can
he further improved by modifying the wave function m light of above fucts and
also by including higher order pseudopotontial terms in the dynamical matrix as
pomted out by Harvison (1966) and Brovman et al (1968)
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