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The electronic band structure of CaS, SrS, and Bas$ is calculated by linear augmented plane waves
(LAPW). The calculation is applied for the explanation of the optical properties of the alkaline-
earth-metal sulphides.

Die elektronische Bandstrultur von CaS, SrS und BaS wird mit der LAPW-Methode berechnet.
Die Rechnung wird fiir die Erklirung der optischen Eigenschaften der Erdalkali-Sulphide benutzt.

1. Introduetion

A?B® compounds have a great importance both in view of pure science and of techno-
logy due to their extraordinary physical properties. Some of the alkaline-earth sul-
phides (e.g. CaS, SrS, BaS, etc.) are excellent photo, X-ray, and cathode Iuminophors,
having a bright glow, a great capacity, and a bright IR radiation. These properties of
alkaline-earth sulphides are widely used in optics, optoelectronics, television engineer-
ing, etc.

Some of the physical properties of these compounds cannot be explained without
a detailed study of their electronic structure. The existing experimental and theoretical
works on A2BS® [1 to 6] compounds are contragictory in some respects. As is known, a
systematic theoretical investigation of the optical behaviour of A2B® compounds has
not yet been done. Recently, the electronic band structure of CaS has been calculated
[6] from first prineiples.

Our aim in the present paper is to calculate the electron energy band structure of
Ca8, SrS, and BaS, based on their optical spectra. The experimental investigations
of these compounds are extremely difficult because of their extraordinary chemical
activity [5]. One of the most effective methods is the ab initio self-consistent calcula-
tion, including the scalar relativistic effects.

In Section 2 a brief description of the calculation procedure and the list of the main
parameters of energy band structure for CaS, SrS, and of BaS are given. The discussion
of optical properties of the compounds is given in Section 3.

2. Calculation of the Electronic Band Structure

The approximation was carried out by use of the self-consistent linear augmented plane
wave (LAPW) method [7] in the frame of the electron density functional theory [8].
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Fig. 1. Energy band structure of a) Ca8, b) SrS, and ¢) Bad

The self-consistent electronic structure calculation with the LAPW method in
scalar relativistic approximation has been presented in this paper. In this approxima-
tion the high components of the wave function have been considered only.

The self-consistency was given at 19 points of the irrecucible part of the Brillouin
zone. The accuracy of electron density is better than 1%, while the accuracy of elec-
tron energy eigenvalues is 0.014 eV. The electronic band structure and the correspond-
ing wave functions were computed in 89 points of the irreducible part of the Brillouin
zone. The electronic energy band structures of CaS, SrS, and BaS are presented in
Fig. 1a to c.

A lower valence band appearing in the compounds investigated is formed by s-
states; while the upper valence band is created by p-states of the anion. The top of
the valence band is located at the I';; symmetry point, while the bottom of the con-
duction band is formed by d-states of the cation, located at the X, symmietry point.
Thus Cas, Sr8, and BaS are typical indirect band dielectrics. The characteristic values
of the energy band structures of the given compounds are collected in Table 1. It is

Tablel
The calculated data of the given compounds

CaS SrS BaS

energy (eV)

T, 3.936 3.508 3.261
X.-X, 2.950 2.782 2.044
Ty-X, 2.143 2.208 1.821

L, 3.161 2.578 2.148
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well observable from the data that by increasing the atomic number of the cation, the
direct gap width decreases. This tendency is obvious from the decreasing excitation
energy with increasing atomic energy quantum number. The width of the indirect
band gap (determined by energy difference at I';; and X, states) non-monotonically
depends on the atomic number.

It seems that the charge distribution in the system can be approximated with high
accuracy by the self-consistent calculation. Ionicity estimated in terms of [9] is +0.5,
+0.65, and +0.73 for Ca, Sr, and Ba, respectively. The increase of the growth of
lonicity versus atomic number for the cations is explained by the decrease of ionization
potential.

3. Optical Properties

The imaginary part of dielectric permittivity function was calculated in terms of the
formula as follows [10]:

42e® 2 dk R
g5(w) = ET ‘ZC f W |eoev (k)2 (B, — B, — ho), n

where
gov() = (pell)] —i¥ [py(R)) -

This means that the energy dependence of matrix elements of optical transitions is
calculated in the frame of self-consistent LAPW for A2BS compounds.

Generally this energy dependence was neglected [10]; however, the essential im-
portance of this effect has been pointed out [11] in the case of AZBS compounds.

The eigenvalues in the frame of the electron density functional are determined from

h2y2 - ~
(—‘ lzqz + Verr(T')) v = By ; (2)
Verr(r) = Vext(?) + V() + Vie(r) . 3)

The energies I; have no direct physical meaning. The excitation energies by quasi-
frequencies are calculated from the poles of the corresponding Green function ap-
pearing in the Dyson equation,

(-7‘2“2“ + Vesslr) +- Vn(r)) i) + f A3’ Eyo(r, v, Br) = Bapy (4)

where Ze(r, ', E;) is a nonlocal energy-dependent operator.

The value of (E;, — ;) is weakly dependent on the energy at the conduction band
of these dielectrics [12, 13] in the approximation shown in (4). The wave functions
p(r) and P(r) are practically identical, hence there is a rigid shift of the conduction
bands. This is practically equivalent with the shift of the e,(w) spectrum. The spectra
approximated in the above-described calculation are generally agreeing well with the
experiments of [5]. A comparison of recent theoretical and experimental [5] spectra
for CaS, SrS and BaS are shown in Fig. 2. Only for the compound Ba$ the calculation
does not agree with the experiment. The theoretical spectra were obtained by rigid
shifting of the spectra by the value AE, calculated from (1). AE, is an underestimated
width of the band gap.

The details of the optical spectra are analysed in the following.




218 V. S. STEPANYUK et al,

4

0

£ (V) ~———

Fig. 2. Imaginary part of the dielectric permittivity function. — — — experiment [5], —— pre-
sent theory. a) CaS, b) SrS; ¢) BaS

3.1 CaS

The first peak consists of the transition in the vicinity of the I'-point of the Brillouin
zone as Iz — Dys, Ay — A1, 2y = Zg, Ay = A,
The second peak is built up by transitions at the L-point as, e.g. Ly = L2, Q; — Qq.
The third one is formed by transitions to the 'XWX-plane.

3.2 SrS

The first peak is constructed by K, - K;, U, — U, A; — A;, and all the transitions
to the plane N'XWK.

The second peak is characteristic of As — Ay, Ty — 21, Q, = Q, Ay — 4, Wy, —» Wy,
Q, — Q,, and the transitions to the plane I'KL.
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The third peak is built up by Aj - A, and transitions to I'XWEK
The fourth peak is also formed b

T
The values of the theoretical shifts ABg a
metallic component

able 2

CaS BaS
energy (eV)
AE, 1.75 3.0
Z 20 56

I'XwWK.

The first peak is consisting the transitions I
2y > Xy, Ty — 2y, Ky — K.

3.3 BaS

219

nd the corresponding atomic number of the

YAz A Ay > AL S, 2. and transitions to

~

15 = L'ss, Ay = Ay 23—y, -2,

The second (double) pealk is formed by A, — Dol =g hg =2, 5 > 5, 8, 2,

E]_ -

3.

The third appears from the transitions W,

Ay =R, Xy = Xy, Xy — X, Ky - K,

The values of theoretical shifts AE’g and the atomic numbers of met
in the given compounds (Z,,) are listed in Table 2. The trend in

their dependence on Z, is well linear.

‘The calculation of electronic energy band struct

4. Coneclusion

‘and BaS was performed by the self-consistent

felectrics of with indirect band.

> Wi, Ay > Al A —» A, A, — A,

allic elements

AE, is monotonic,

ure and optical spectra for CaS, SrS,
LAPW method. The sulphides are di-

The most important parameters of the band structure were obtained. The calculation

‘procedure used describes the spectrum &5{w) for C

‘experiment.
The good correspondence of our calculations with the experimental observations

for compounds CaS and SrS is weakened by the unsatistactory
~of BaS. Up to now only one experimental spectrum is availab
- with our recent theory for the compound BaS [6]. Because

chemical activity in oxidation of BaS, we su

mental laboratories clarifying this problem.
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