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LAV is the relative change of the volume V.

- the form given by Cohen and Mueller.®” Using sym-
-rized plane waves as well as symmetrized tight-
-ding functions, we can write down the eigenvalues of
. and of Lz*'! immediately:

Ly'=k~V1n, ©)
Libv= Egtnm—8k[(r—8)+4.5(—a+8)2]V2. (8)

“.¢ vector k is that of the L point, ¥y is a pseudo-
wential form factor, Eq gives the position of the d
.ads above Ty, and o= (ddo), 7= (dd=), and 6= (dds)
e the two-center tight-binding integrals defined by
ster and Koster.®® The two L; levels are obtained

ym the secular equation
Hes—E Hga
= 9)
His “Haa—E

‘he function d is a tight-binding Bloch sum sym-
etrized to L; and @ is a plane wave symmetrized to
1 and orthogonalized to d,

&= (p—bad)/C. (10)

.he abbreviations used in Eq. (10) are
o=(2/V)" cos(k-1), an
ba=(¢|d), (12)
C?=1—bg. (13)

Ihe matrix elements of Eq. (9) are

Hig= Es—4(x—3), (14)
Hag= (H ,a—bsH3)/C, (15)

”0¢= (k2+ Vin+ V,¢(2)+b.12H,1¢— 2[).1[1“)/(:2 . (16)

e calculated by and the tight-binding integrals using
e atomic wave function and the atomic potential
Ulculated by Hartree and Hartree’” and parametrized
e ——————

M. H. Cohen and F. M. Mueller, in Atomic and Electronic
ructure of Metals (American Society for Metals, Metals Park,

hio, 1967), p. 61.

. C. Slater and G. F. Koster, Phys. Rev. 94, 1498 (1954).
\ "D. R. Hartree and W. Hartree, Proc. Roy. Soc. (London)
157, 490 (1936).
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Fic. 13. The dependence of the shear strain deformation
potential dL;/de,. on the strain coefficient of the orthogonality
integral bz [part (a) of the figure] and on the strain coefhcient of
the hybridization H,q [part (b) of the figure]. The value 9bs/
de,.=0.73 was calculated using atomic & functions.

by Fletcher and Wohlfahrth.?® The numerical values are
given in Table V. The tight binding integrals agree
with those calculated by Fletcher and Wohlfahrth.
The value of the orthogonalization integral ds given
by Mueller®* is 169, lower than the one reported here.

A first-principles calculation of the quantities Eg,
H 4, and AV ,,® is extremely difficult and will not be
attempted here. Instead, we determine them from the
eigenvalues of Fig. 9,314 using the calculated values of
ba and of the tight-binding integrals. In particular, the
value of the hybridization integral /.4 is evaluated
from the difference between Hgaq (the eigenvalue of Ly9,
neglecting hybridization) and L% Eg is calculated
from L;—T'; using Eq. (8). (Ls*—Lj! given by this
equation agrees with the value taken from Fig. 9. One
would expect this, since these bands have no inter-
action with the sp bands.) The form factor Vi given
by Eq. (7) is also taken from the calculated band
structure.

AV ,,® is the matrix element of the crystal potential,
calculated with the /=2 component of ¢. It was in-
troduced in the model Hamiltonian® following a sugges-
tion by Heine.?® Its numerical value (calculated using
the L;— L? gap of Fig. 9) is small, namely, —0.75 V.
Neglecting AV ,,® gives Li—L4=9.85 eV using Eq.
(9), which is only 0.60 eV higher than the value of
Fig. 9. AV ,,® will be neglected in the following. The
zero-strain values of Vin, H.e, and Ey are listed in
Table V.

The tight-binding parameters for changed nearest-
neighbor distances were calculated in the same way as
for the distance in the unstrained crystal. For trigonal
distortion (Table I) and levels with k parallel to [111],
the strain coefficient of Haa is (R is the nearest-neighbor

8 G) C. Fletcher and E. P. Wohlfahrth, Phil. Mag. 42, 106
(1951).
3 V. Heine, Phys. Rev. 153, 673 (1967).




