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ENERGY BANDS OF POLYVALENT METALS 

The general model pseudopotentiat:) is proposed for simple metals as a

function of atanic number. This pseudopotential is successflly applied for �he 

investigations of same features of metals, alloys and intermettallic compounds, 

and even in the b io 1 ogi ea l systems /2/. 

The possibilities of its phenomenological modifications for calculating 

the band structures of Al and Pb are investigated in this work. 

The band structure is obtained by solving the secular equation 

detl{{k-g)2-E(k)}o++.+S{g-g·)< k+glvlk+g·>I = O 99 

and c{k) is given in {Ry). 

{ t)

In equation {t) g and g· are reciprocal lattice vectors and S{g-g·) is 

the geometrical structure factor of surface centered cubic lattice. 

<k+glvlk+g·> is fonnfactor of pseudopotential. The investigations of energy 

bands have shown -that VS pseudopotential does not give satisfactory results for 

energy bands of A 1 and Pb, and that is why the rt1odi fi ed form of the fonnfactor 

of this pseudopotential is suggested in work /6/ 

< k+ql vlk ) = S1i32 jo {2lfZ2q/2kf) + . r Ciji {2trB2 q/2kf)
1=1 

(2) 

The first term in (2) corresponds to the VS pseudopotential. Its para­

meters 61 and 62 are given in the table in the reference /1/, and they are con­

nected by the following relation: 

(3) 

*) �e are going to mark Veljkovic and Slavic·s general model pseudopotential 
with VS. 
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where £fo is Fenni level of energy for free electrons. j
0
,j1 and j2 are sphe-

r ical Bassel functions of zero, first and second order and c1 and c2 are de-

tennined by using experimental values for Al and Pb /3,4/ 

Al: v(111) = 0.0179 (Ry) v(200) = 0.0562 (Ry) 

Pb: v(111) = -0.084 (Ry) v(200) = -0.039 (Ry} 

This gives 

Al: C1 = 0. 18033 (Ry) c2 = -0.27287 (Ry) 

Pb: C1 = 0.24276 (Ry) c2 = -0.34881 (Ry) 

The proposed modification damps formfactors in area of great q values 

(Fig.1-2), where they are usually considered as equal to zero /5/ � 
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Fig.1. Fonnfactor Al: 
(a) VS pseudopotential
(b) Pseudopotential (2)
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Fig.2. �onnfactor Pb: 
(a) VS pseudopotential
(b) Pseudopotential (2)

The energy bands of Al and Pb are shown in Fig.3-4. The solution of the 

secular equation (1) of order 30 x 30, by using (2), is obtained with accuracy 

of about +0.001 Ry in corner points. 

The electronic states in W point of Al (Fig.3) turn out to be the most 

sensitive to the changes of potentials. The distribution of these states and 

their relations to the Fermi level show especially good agreement of our 

results with Ashcroft's model /3/. 
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The energy band of Pb�which the pseudopotential (2) gives. shows the 

regular distribution of energy levels in a valence and conduction band. The 

level w3 is double degenerated and it lies beneath Fermi level. This is in

accordance with the results of experimental investigations by phenomenolo­

gical pseudopotential with two parameters /4/. The spin-orbit coupling has 

not been taken into consideration. 

The VS pseudopotential is completed by this suggested modification 

with two parameters calcul,ated in a very simple and effective way. The obta­

ined results are in good accordance with very well known models of Ashcroft 

and Anderson-Gold, and with the results of the latest ecperimental investi­

gations. It would be very interesting to investigate its possibilities for 

calculating some other electronic features of Al and Pb. 
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Fig. 3 Energy band of Al 
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Fig. 4 Energy band of Pb 
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