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A fully-self-consistent numerical-basis-set linear-combination-of-atomic-orbitals calculation of the electronic

structure of TiS, is reported using the method described previously. The calculated band structure
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The crystal eigenfunctions P, (%, r}are expanded in
the standard LCAQ form as linear combinations
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TABLE I. X-ray scattering factors of TiSq calculated
in the self-consistent exchange and correlation model,
in units of electron/atom.

hkl Scattering factor
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i.65
i.23

lines along the I -A line are the BZ averages of
the (kkl) scattering factors. It is seen that the
maximum dispersion in the six lowest scattering
factors does not exceed (1-3)% from their mean
value. The largest error
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vanced s-p bonding in the system.
While our band structure is qualitatively similar

to previously published results, ' '" ' it is clear
from the above that some fundamental differences
occur. Here we note that the order of bands ob-
tained in this work is at variance with that obtained
previously [e.g. , the position of the valence
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TABLE II. Experimental and calculated transition energies at high-symmetry points in the
BZ of
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able for bonding in the crystal) is rather small
(1.5-2.0 eV) and easily compensated by the cova-
lent bond energy and the additional electrostatic
field formed by the Madellung crystal-f:eld poten-
tial.

B. Transport properties

The transport properties of TiS, have recently
received considerable attention. Thompson' re-
ported a T' dependence of the electrical resistivi-
ty in
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FIG. 6. BZ dispersion of the Mulliken orbital charge
in
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a net Ti'~S
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FIG. 10. Relative total crystal energies as calculated
from various input atomic configurations.
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TABLE IV. Comparison of non-self-consistent results
for the band structure using differing basis sets, an ex-
change coefficient ~ =1, and the old lattice constants
(Ref. 30). Values are given in eV.

Qua. ntity
Slater

set (Ref. 35)

Minimal Extended
numerical numer ical

set set

Width of VBi
Width of VB2
VBi-VB2 gap
rr' gap
MM' gap
LL' gap
I'M' gap
rL' gap
Ti 3s band
Ti 3p band
S 2p band

4.25
1.03
9.88
1.91
2.29
2.32
1.71
i.67

-74.76
-51.62

—183.67

4.54
1.36
7.77
1.32
2.60
1.
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TABLE VI. Comparison between various self-consistent models with different treatment of
exchange and correlation. ~vT indicates the mean of Schwarz's (Ref. 23) values for Ti and S
(= 0.72). Values are given in eV.

Quantity

Exchange
model

2&=3

Exchange and
correlation

model

Exchange
model

+VT

Exchange
model
+=i

Width of VB1
Width of VB2
VB1-VB2 gap
Width of CB
I -l gap
M-M* gap
L-L* gap
I'-M* gap
I'-L* gap

5.64
1.97
6.77
3.64
0.87
2.60
1.65
0.32
0.27

5.49
1.94
6.76
3 59
0.84
2.51
'. .63
0.29
0.23

5.45
1.67
7.67
3.83
0.78
2.51
1.60
0.27
0.23

4.56
2.23
7.75
2.98
0.098
2.36
1.31
0.01
0.00

in the LCAQ model due to substantial core pene-
tration from neighboring sites) might be respon-
sible for the remaining differences (this aniso-
tropy of charge and potential close to the atomic
sites is spherically averaged in both APW and
KKR models).

We finally examine the effects of exchange scal-
ing and the correlation potential on the band struc-
ture (Table VI). We performed fully self-consis-
tent calculations for the points I', L, and M using
exchange models with a = 3, 0.72, and 1.0.

The results indicate that upon increasing & the
major band gaps decrease drastically and that for
& =1 the gaps at L and M vanish. This behavior
under exchange scaling stems from the different
sensitivity of VB1 and CB1 wave functions to the
exchange: while the upper valence bands (VB1) are
characterized by wave functions which are rather
delocalized and spread on both the Ti and 8 sub-
lattices, the wave functions at L and I in the con-
duction-band edge are much more localized (most-
ly on the Ti sublattice) and hence stabilize to a
larger extent by increasing the exchange potential.
We do not think, however, that the choice + =1 is
physically meaningful and prefer the use of the
Kohn and Sham exchange (with n =-, ) and correla-
tion potential. Columns 1 and 2 in Table VI show
the results obtained in the yure exchange model
with & = 3, and those obtained in a separate ex-
change and correlation calculation (using the corre-
lation potential of Ref. 20). It is seen that the cor-
relation functional acts to decrease the band gays
and bandwidth (hence making the results more sim-
ilar to those obtained with n vr= 0.'I2), but that the
overall change is rather small.

VII. SUMMARY AND CONCLUSIONS

A fully self-consistent numerical-basis- set LCAQ

calculation was performed on TiS, in the local-
density model. The calculated optical transition
energies in the 0-16-eV range as well as the
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4s and 4p states as well as by the interatomic
charge transfer from Ti to S.

(ii) The bonding in TiS2 is predominantly covalent
and based on overlap of Ti 4sP oribitals with S SP
orbitals; the Ti 3d wave functions play a relatively
insignificant role in bonding, although they are
appreciably mixed into the occupied bands. No
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