
Vor.UMz $0, NUMszR 26 PHYSICAL REVIEW LETTERS 2$ JUNE 197$
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The method of tight binding has been applied in a calculation of the imaginary part of
the dielectric function, E2, for a Lir crystal, The large variations of the transition ma-
trix elements over portions of the Brillouin zone are found to have very pronounced ef-
fects on &2. Our results suggest a possible reinterpretation of the experimental 18- and
62-eV optical structure as band-to-band, instead of excitonic, transitions.

Recent works' ' on energy-band theory have
shown that the method of tight binding [linear
combination of atomic orbitals (LCAO)j is capa-
ble of giving accurate band structures for a wide
variety of crystals. This method is ideally suit-
ed for calculating optical properties, 4 since the
band structure and transition matrix elements
are readily evaluated from first principles at
all k points. In this paper we present the results
of our calculation on the imaginary part of the
dielectric function (e,) of LiF and compare them
with experimental data.

A Hartree- Fock-Slater self-consistent-field
(SCF) band structure of a LiF crystal, obtained
by the LCAO method with ten basis functions (ls,
2s, 2p of the Li and F atoms), was reported pre-
viously. ' To improve the accuracy of conduction
bands, we extended the basis set to a total of 54
functions which consist of ten Bloch sums of the
ls, 2s, and 2p orbitals plus twelve s-type, four
p-type, and four d-type single-Gaussian Bloch
sums, and calculated an SCF band structure us-
ing a three-point (1,I, I.) quadrature scheme. '
The energies of those. high-symmetry points are
given in Table I.

Following the prescription of Ehrenreich and
Cohen, ' we write

e,((u) = (e'/~m'(u')Q, , JB z 5{K,, (k) —K(u}

x T,, (k}d k,

where T,, (k) is related to the matrix elements
of the momentum operator between the ith and

jth bands by

TABLE I. SCF energy bands of a Lir crystal.

Energy
(a.u. )

Energy
(a,u, )

~f5@
x~'
X@'

I

~~a

0.000
—0,090
-0.030
—0.077
—0.007

0.889
0.587

L~a

15c

X~c
X~'

2c

Lsc

0.466
0.929
0.701
0.888
0.658
0,812

The calculation of e„ therefore, entailed eval-
uation of transition matrix elements for numer-
ous k points. The numerical integration of Eq.
(1) was facilitated by using the procedure out-
lined by Gilat and Dolling. ' For this calculation
we evaluated E„(k), V„F„(k), and T„(k) over a
uniform mesh of primary k points which divide
the fundamental wedge of the Brillouin zone (+,
of the entire zone) into nineteen primary regions.
The numerical integration over a primary region
wRS accomplished by furthel' subdlv1d1ng lt into
Rs many Rs 7000 secondRry QuRdrRture points.

Our calculated e, for the soft-x-ray energy
region of 56-68 eV is shown in Fig. 1; experi-
mental data for the absorption coefficient' are
presented in Fig. 2, in which the dominant struc-
ture at 62 eV was interpreted in Ref. 7 as being
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FIG. 1. Theoretical && for 56-68 eV.
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ical integration of Eq. (1) in which the values of

T;,(k) and V,E„(k) are assumed to be constant for
all secondary quadrature points inside a primary
region. The large variations of T;, and V„E„(k)
found in the proximity of L„and L,„' make this
approximation less adequate. Because the L—
point transitions are responsible for the calcu-
lated 13-eV peak, we sought to refine this peak
by increasing the number of primary points from
19 to 28 to improve the mesh mainly around the
L point. The volume associated with a primary
point was again chosen to be the portion of the
reduced zone closer to that point than to any
other points. The theoretical E, curve resulting
from this improved k integration (long-short-
dashed curve in Fig. 3) shows a strong narrow-
ing of the 13-eV peak in better agreement with
experimental data. (The small shoulder at 10.8
eV arises from a local peak in the joint density
of states near the 1 point. ) On the other hand,
none of the structures above the 13-eV peak in
the ultraviolet range can be attributed to a very
localized region of the Brillouin zone, so to
achieve comparable refinement for the higher
energies would require much more than 28 pri-
mary points. A more detailed investigation of
this problem is being initiated. We found little
change in the shape of the 64-eV peak of Fig. 1
due to the improved integration because T;, and

V, E„(k) are rather constant in the neighborhood
of L„, unlike the eases of I-„and L3,'.

The assignment of the experimental ultraviolet
peak to an excitonic transition leads to a band

gap of 13.6 eV.' Several recent papers' "in
this area parametrized the exchange potential
(Xn approach), and selected the exchange param-
eter consistent with this interpretation of the ex-
perimental data. Our calculations place the band

gap at 10.6 eV but still show the same leading
optical structure at 13 eV. Therefore, our Har-
tree- Fock-Slater band picture is compatible with

thy experimental data.
In conclusion we found that the method of tight

binding can be used effectively for calculating
The variation of the transition matrix ele-

ments over k has very important effects on e„
especially in the ultraviolet region. The calcu-
lated e, differ quite drastically from those de-
duced from consideration of joint density of
states only, indicating the inadequacy of the
usual assumption of constant transition matrix
elements even for the higher-energy (soft-x-
ray) transitions. Our calculations suggest that
the 13- and 62-eV optical structure of LiF, pre-
viously identified as the exciton transitions, may
be interpreted as band-to-band transitions.
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