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ABSTRACT

The electronic structure calculation of p-NaSn using

the recursion method is reported. The two other fictitious

crystal structures are also considered to better study the effect

of Sn tetrshedra formation. It is found that Sn tetrahedra

formation in these alloys may lead to a semiconducting behaviour.
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I. INTRODUCTION

The liquid Na-Sn alloy seems to show effects resulting fron strong

chemical bonding. The electrical resistivity exceeds netalllc values near th«

the equiatomic composition [1), while the Na knight shift exhibits a dip

as a function of composition [2]. These indicate a depletion of conduction

electrons. The high resistivity exceeding 1000 uflcm suggests that the

corresponding solid crystalline compounds could be semiconducting.

Recently, SpringeIkamp et al. [3] asserted that the effects in the liquid

alloy could be ascribed to the persistence of Sn tetrahedra similar to those

in the solid. They claim that this supposition Is corroborated by neutron-

diffraction experiments [4]. The peak observed at the low-q side of the main

peak has been Interpreted in terms of ordering of negatively charged Sn ions

or clusters and positively charged Ha ions. The shoulder at the high-q side

of the main peak is interpreted as reflecting the short Sn-Sn distances

characteristic of the tetrahedra. Springelkamp et al. [3J have

also calculated the band structure of the p-NaSn with a body-centered

tetragonal unit cell using the augmented spherical wave Method.

They have found that the Sn p-bands f o n a band complex the shape of which

follows directly from the tetrahedral Sn local environment. There is a

splitting of the Sn p-levels into two complexes, one with combinations of

p-orbltsls which are bonding within the tetrahedra and one with combinations

of orbitals which are antlbonding within the tetrahedra. They are separated

by an energy gap which contains the Fermi level. Thus, the solid compound

p-NaSn is semiconducting in spite of the fact that the constituent elements

are metals.

Electrical.conductivity measurements on amorphous Na-Sn films

carried out by Awcl and Flynn tS] show a conductivity gap near the equiatomic

composition. He therefore expect to see an opening up of Sn p-bands in

amorphous NaSn alloys without the tetrahedra formation. As a preliminary

to this calculation, we have recently employed the recursion method to study

the electronic structure of NaSn in the simplest equiatomic structure which is

CsCl [6]. The Fermi level Is found to intersect the broad Sn p-band complex

without any apparent gap.

In this work, we extend the recursion method calculations to p-NaSn

and also consider two more fictitious crystal structures to bring out better

the importance of Sn-tetrahedra formation.

II. THE RECURSION METHOD

The recursion method Is amply discussed in the literature {7]. There-

fore only a brief discussion of the essentials is given here. The local density

of states is defined by
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where [n > and E are elgenfunctions and eigenvalues of the system and

(aft > Is a localized orbital a located at it. Using the Green function

G(E) - (E - H ) " 1 , Eq.(l) can be rewritten as,
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The method generates by means of the following recursion algorithm, an

orthogonal basis |n}, which contains the orbital |oR > as starting element

|0 > and in which the Hamlltonlan H is tridlagonal
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III. RESULTS AMD CONCLUSIONS

(5)

E - a, ...
is equal to the local density of states Na.

The structural Information on NaSn is obtained from Mueller and
Volk [8] and Alblas et al. [4]. p-NaSn has a body-centred tetragonal unit
cell containing 64 atoms. The Sn tetrahedra separated by the Na atoms
are shown in Flg.l. The interatomic Sn-Sn distances within the tetrahedra
are equal within the experimental accuracy and are about 2.80 X. We have
studied the electronic structure of p-NaSn and also considered two fictitious
simplified structures.
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For the B~NaSn we have used a cluster of 512 atoms. The Slater-

Koster parameters used were E s - -4.1, E • -4.3, sso • -2.075, spo • 0.316,

ppo - 7.653, ppn - -0.96 all in eV units. The calculated LDOS of Sn is

shown in Fig.2. The Fermi level la about 5.95 eV, where there is clearly

a dip in Sn-p DOS. The dip is not as pronounced as that found by Springelkanp

et al. This could be due to the general future of the recursion method where

band gaps are not clearly reproduced.

We have repeated the calculation for a fictitious structure NaSn (T)
with one tetrahedron per unit cell in a tetragonal crystal with the density of the
real one. A cluster of 216 atoms Is used for this structure. The calculated
density of states is shown in Fig.3. There is no gap at the Fermi level in the
Sn p-DOS. This is in agreement with Springelkamp et al.

The other fictitious structure NaSn (C) is obtained by starting from

the NaCl structure and contracting groups of four Sn atoms until they form

tetrahedra of the right size. This leads to a cubic cell with space group TR .

Here, we find a pronounced dip in Sn p-DOS at the Fermi level in contrast to

the calculation by Springelkanp et al. This is not totally surprising as we

expect the band structure to be largely determined by the Sn sublattlce when

the Na atoms are separated from each other by the Sn tetrahedra.

ACKNOWLEDGMENTS

The authors would like to thank Professor Abdus Salam, the International

Atomic Energy Agency and UNESCO for hospitality at the International Centre for

Theoretical Physics, Trieste,

-4-



REFERENCES
FIGURE CAPTIONS

[1] C. van der Marti, A.B, van Oosten, H. Geertsma and H. van der Lugt,

J. Phys. £12, 2349 (1982).

[2| C. van der Hard, P.C. Stein and «. van dor Lugt, Phys. Lett. 95A,

451 (1983).

[31 F. Sprlngelkamp, R.A. de Groot, W. Geertsaa, H. van der Lugt and

F.M. Mueller, Phys. Rev. B32_, 2319 (1985).

[4] B.P. Alblas, C. van der Harel, VI. Geertsma, J.A. Meyer, A.B. van Oostan,

J. Dljkstra, J.C. Stein and H. van der Lugt, J. Non-Cryst. Solids 61.,

201 (1984).

(51 S.Avci and C.P. Flynn, Phys. Rev. B19, 5967 (1979).

[6] H. El Hasan and M. Tomafc, ICTP, Trieste, internal report IC/86/273 (1986).

(71 Solid State Physics, Eds H. Ehrenrelch, F. Seltz and D. Tumbull

(Academic Press, New York, 1980), Vol.35.

(8] H. Mueller and K. Volk, Z. Naturforsch. 32b, 709 (1977).

Fljt.l - The crystal structure of B-NaSn.

Flg.2 - The local density of states at the Sn site for B-NaSn.
(... s-LDOS. --- p-LDOS, total LDOS).

Fin.3 - The local density of states at the Sn site for NaSn (T).

(.,. s-LDOS, --- p-LDOS, total LDOS)

FIR.A - The local density of states at the Sn site for NaSn (C).

(... s-LDOS, — p-LDOS, total LDOS)
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