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XPS AND ELECTRONIC STRUCTURE OF TlInSe, CRYSTALS

J. Grigas ?, E. Talik b M. Adamiec?, V. Lazauskas ¢, and V. Nelkinas ©

& Faculty of Physics, Vilnius University, Saulétekio 9, LT-10222 Vilnius, Lithuania
E-mail: jonas.grigas @ff.vu.lt
b Institute of Physics, Silesian University, Universytetska 4, PL-40007 Katowice, Poland
¢ Vilnius University Research Institute of Theoretical Physics and Astronomy, A. Gostauto 12, LT-01108 Vilnius, Lithuania

Received 19 January 2007

The paper presents the X-ray photoelectron spectra (XPS) of the valence band (VB) and of the principal core levels (CL)
from the (010) and (001) plane axes for the quasi-one-dimensional TlInSe, single crystal. The XPS were measured with
monochromatized Al K, radiation in the energy range of 0-1400 eV at room and 393 K temperature. The VB is located 0.6—
10 eV below the Fermi level. Experimental energies of the VB and CL are compared with the results of quantum mechanical
ab initio calculations of the molecular model of the TlInSe2 crystal. The electronic structure of the VB and CL is described
theoretically by quantum mechanical Hartree—Fock calculations. The surface and bulk atoms influence the shape of the VB
and CL, which is crystallographic plane dependent. The chemical shifts in the TlInSes crystal for the Tl, In, and Se states are

obtained.
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1. Introduction

Low-dimensional chalcogenides are characterized
by a “friable” crystal lattice of a complicated chemi-
cal bonding. The structural anisotropy affects lattice
and electronic properties. Many of them possess vari-
ous phase transitions, extreme dielectric and electronic
properties [1]. The TlInSes is a ternary chain crystal
[2]. The chain character of its structure derives from
the presence of two inequivalent cation sites. In is in a
tetragonal site, while Tl is in an octahedral site. The In
and Se atoms form covalent chains along the [001] axis.
These chains are held together by weaker ionic bonds
through the octahedrically coordinated TI atoms.

The electronic properties of TlInSes are strongly in-
fluenced by its nearly molecular character. The crys-
tal can be written as TI'*(In>*Se3 ™). This emphasizes
that the crystal contains chains of trivalent In covalently
bound to Se, which in turn are ionically bound to mono-
valent Tl. Such chains form a tetragonal lattice of the
space group D};Z (I4/mcm). The crystal exhibits many
nonlinear effects, such as S-type characteristics with
voltage oscillations, switching, and memory, which at-
tract the interest for technological applications [3, 4].

XPS of binary thallium chalcogenides are discussed
in [5]. The electronic structure of TlInSeo studied
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by synchrotron radiation photoemission [6] was inter-
preted in terms of the inequivalent sites for two cations.
The CL of Tl 5d and In 4d are included into VB. How-
ever, due to the lack of theoretical calculations of VB
structure and CL energies, the width of VB and its elec-
tronic structure remain unclear.

Following the previous X-ray photoelectron spec-
troscopy of the low-dimensional chalcogenides (Bi2S3
[7], TlInS, [8], SbSI [9]) we investigated for the first
time the electronic structure of TlInSey together with
theoretical ab initio calculations in greater detail. In lit-
erature, there were some indications that at about 370 K
a phase transition exists as in other monoclinic ternary
thallium chalcogenides [1]. Therefore, XPS were mea-
sured at room temperature (RT) and at 393 K.

The organisation of the paper is as follows. A
brief description of the experimental details is given
in Section 2. In Section 3, a molecular model of the
TlInSes crystal and ab initio calculations of the pho-
toionization energies by the Unrestricted Hartree—Fock
(UHF) method are presented and compared with the
experimental findings. Section 4 presents experimen-
tal results of XPS in TlInSes crystal. In Section 5,
the experimental and theoretical results are discussed.
Finally, conclusions are given in Section 6.
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2. Experiment

The TlInSes crystals were grown from the melt by
the Bridgman technique. The XPS of the VB and prin-
cipal CL were measured with monochromatic Al K,
radiation (1486.6 eV) using PHI 5700/660 Physical
Electronics Spectrometer. The photoelectron spectra
as functions of kinetic energy were analysed in the
range of 0-1400 eV by a hemispherical mirror ana-
lyzer. The measurements were performed on the (010)
(broken lengthwise) and (001) (broken crosswise) crys-
tal surfaces. The crystal was cleaved in situ under ul-
trahigh vacuum conditions, at a pressure of the low
10719 Torr range, to obtain a clean surface. Like other
low-dimensional crystals, cleaved TlInSeo has limited
chemical reactivity. The working pressure was suffi-
cient to keep the sample free of detectable contamina-
tion for the duration of the experiment. The only con-
taminant was found to be carbon. No other spectral
features showing non-stoichiometry or impurities have
been found. The size of the X-ray spot was about sev-
eral square microns. The 45 ° angle between the sample
and X-ray incident beam was used to analyse the XPS.
The sample charging was negligible. For calibration,
the carbon C 15 (284.5 eV) peak was applied.

3. Molecular model of TlInSe; crystal and ab initio
calculation of the energy levels

The electronic structure of the VB and CL was cal-
culated by the method based on Hartree—Fock (HF)
matrix equations solution, in the Linear Combinations
of Atomic Orbitals (LCAO) approach for the molec-
ular orbitals. According to the Koopmans’ theorem,
the one-electron energies obtained from the canonical
HF equations correspond to the approximate energies
of the ionisation potential. Koopmans’ theorem applies
if the number of electrons in the system is large. Then
adding or removing a single electron from the system
will not affect the orbitals of the other electrons and
they can be assumed fixed.

For the theoretical ab initio calculation of energy
levels the molecular model of the TlInSey crystal is
needed. The model must be a cluster composed from an
even number of molecules. The interactions between
the clusters are not weak, however, as they should be.

Figure 1 shows a fragment of the crystal structure
on the zy plane. The unit cell is shadowed. It came
out that the stable UHF solution gives the quasi-two-
dimensional z = 1/4c plane model. The irreducible
cluster of this model is TlIngSe1g. The extension of the

Table 1. The unit cell atom coordinates.

X (nm) Y (nm) Z (nm)

TI1 0.0 0.0 0.17118
TI2 0.0 0.0 0.513555
TI13 0.403765 0.403765 0.17118
Tl4 0.403765 0.403765 0.513555
Inl 0.403765 0.0 0.17118
In2 0.403765 0.0 0.513555
In3 0.0 0.403765 0.17118
In4 0.0 0.403765 0.513555
Sel —0.138451 0.265314 0.34237
Se2 0.138451 0.265314 0.0

Se3 —0.265314 —0.138451  0.34237
Se4 —0.265314  0.138451 0.0

Sed 0.138451 —0.265314  0,34237
Se6  —0.138451 —0.265314 0.0

Se7  0.265314 0.1384510  0.34237

Se8  0.2653140  —0.138451 0.0

cluster in this plane to TlsIngSeo4 or Tl;In;gSeyo also
gives slowly convergent stable solutions of UHF equa-
tions. But clusters of other quasi-two dimensional lay-
ers with the Miller indices (110) or (100) give unstable
solutions of UHF equations.

View of the selected cluster TlIngSeqg of TlInSes
crystal is framed by an octagon. Table 1 presents the
unit cell coordinates. Other coordinates can be ob-
tained by translations. The lattice parameters a and c
are 8.0753 and 6.8474 A, respectively [10].

Such a cluster was used for theoretical calculations.
The cluster has an odd number of electrons. The HF
method used in [7-9] is inapplicable. For the chosen
model we used the Unrestricted Hartree—Fock (UHF)
method.

The molecular orbital ¢; (MO) can be expanded as
a linear combination of atomic orbitals x,, (AO), how-
ever, the MO with spin « is not equal to MO with spin

0:
Z o Xu(r (1)
= Z Cl Xu(r) | 2)
pn=1

where i is the number of the AO, or the set of quantum
numbers nlm. The coefficients C’Z-O;L and Ciﬂu in Egs. (1),
(2) and state energies €, and 3 are obtained by solving
UHF matrix equations

F*C*=SC%,, 3)
FiCP=SCle¢;, 4)
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Fig. 1. The TlInsSe¢ cluster as a molecular model (octagon) of TlInSe- crystal on the zy plane (in shadow). The calculated bond strengths
and atom’s Lowdin charges are shown in the picture. They are different in different planes from the surface and reveal themselves in the VB
and CL electronic structure.

The diagonal matrix € gives the energies of MO levels.
For the core levels they nearly correspond to the energy
of the AO levels. However, due to interaction they are
slightly diffused. Fock matrix elements £}, and over-
lap integrals S, are obtained ab initio in the following
way:

1 M
Fiy=Hus + 5 3 {((mlkd) = (uklv X)) Py

k=1
+ (v |kA) PRy} 5)
S = [ xux ©)
where
1 Za
Hy = /X,u<_ §A - XA: m))ﬁ/dl‘ (7

are the matrix elements of the kinetic energy of an elec-
tron and its interaction with the nucleus Z4. The en-
ergy of the interaction between two electrons is given
by

[ xu(r)xe () xe(r2)xa(r2)
(uv|kX)y = // ’ P dry dr(gs.)

The coefficients C;, allow one to calculate the elec-
tronic structure of molecules and to interpret the exper-
imental results. They also allow us to find the matrix of
the electron distribution density, which is given by

Nq

Py, = El Ci.Ch s )
Np

pp,=> clol. (10)
=1

Here N, and Ng are the numbers of electrons with
spins « and (3, respectively. Equations (3) and (4) are
solved by Fock matrix F diagonalisation. The orthog-
onalisation of this matrix was proposed by Lowdin in a
following way:

C =S"12¢,. an

As Fock matrix elements (Egs. (3), (4)) nonlinearly de-
pend on unknown coefficients C;;,, UFR equations are
solved by iteration.

According to Lowdin the density matrix P has to be
renormalized in this way:

P = S'/?2ps'/?. (12)
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Having the MO coefficients C (Egs. (1), (2)), one can
find bond strengths P4 p between the atoms A and B

Pap =Y Y (PA+F), (13)
oc€ANEB
and the charges of atoms
ga=7Za— Y (Pl +Ph). (14)

HEA

Knowing the MO coefficients Cy from Eq. (11), one
can evaluate the contribution of A atom electrons for ¢;
state:

M
pPiA = Z Cg i
nEA
The UHF method was realized with the GAMESS pro-
gram [11]. In our model (Fig. 1), the calculations
have shown that Léwdin charges of atoms are: T170-79,
Int024 and Se=%47. The charges of atoms in our
model differ from those supposed in [6]. Tl is in an
octahedral site, while In is in a tetragonal site and co-
valently bound with 2 bulk (Sey,) and 2 surface (Ses)
atoms. The charge of surface Se} %24 atoms is not com-
pensated by electropositive Tl atoms and it distorts the
VB. The calculated bond strengths and atom Lowdin
charges are also shown in Fig. 1. The bonds of the sur-
face Se atoms in the cluster are broken and therefore
their charges and bond strengths are decreased.

5)

4. Results of the XPS measurements

Figure 2 shows the XPS of the TlInSes crystal in
the energy range of 0 to 1400 eV below the Fermi level
without contamination by any gas and only with a small
amount of carbon (C 1s peak at 284.5 eV). Auger spec-
tra of Se LMM, In MNN, and of T1 NOO are also seen.
Inelastically scattered electrons give the background.
XPS did not show any traces of impurities, only the car-
bon was visible after the sample was cleft under high
vacuum conditions, in the low 1070 Torr range. We
did not find any noticeable change of the surface com-
position with time at a fixed temperature as well as the
dependence on illumination time. The strongest peaks
of T1 4f,13d, and Se 3d were chosen for investigating
peculiarities of the core-level XPS.

4.1. XPS of the valence band

Figure 3 shows the VB spectrum. This spectrum is
referred to the Fermi level (Er). The Er was defined
with the accuracy of 0.3 eV. The VB is separated by
a gap of about 0.6 eV (crosswise) and 1.0 eV at room
temperature or 0.6 eV at 393 K (lengthwise) from the
Fermi level and it extends down to 10 eV below the Er.
Above 10 eV, the CL of T1 5d and In 4d are the clos-
est to VB. In these crystals, the calculated room tem-
perature direct band gap is about 0.6 eV while optical
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Fig. 2. XPS of TlInSe> crystal (010) and (001) surfaces in the energy range 0 to 1400 eV.
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Intensity (arb.u.)

Binding energy (eV)

Fig. 3. XPS of the valence band.

Table 2. Binding energies and chemical shifts of atoms
of different surfaces.

Binding energy (eV)
Peak broken broken broken
crosswise lengthwise, lengthwise,

RT 393 K
Tl 4f7/2 in 1185 118.3 118.3
compound
literature
chemical 0.8 0.8 0.6
shift
In 3d5,, in 444 444.5 444.3
compound
In 3d5/2 in 4439
literature
chemical 0.1 0.6 0.4
shift
Se 3ds)o in  53.4 53.6 53.5
compound
Se 3ds/2 in 55.6
literature
chemical -2.2 -2.0 2.1
shift

absorption data favour indirect transitions at band gap
of 1.2 eV [12]. These values almost correspond to the
values obtained by the XPS measurements.

4.2. XPS of the core levels

Figure 4 shows the spectrum of the Tl 4 f spin—orbit
doublet (overlapping by the In 4s) from the broken
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TI 4f
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Fig. 4. XPS of Tl 4 f7,5 and 4 f5 /> spin—orbit doublet. The closest
lines are the experimental (solid) and the fits (thin) in Figs. 3—6.

lengthwise (010) and crosswise (001) planes. The core-
level binding energy, E}, is referred (in all figures) to
the Fermi level. The peaks of Tl 4 f7/, are situated at
about 118.5 (crosswise) and 118.3 eV (lengthwise), re-
spectively. The chemical shift is 0.8 eV.

Figure 5 shows the spectrum of the spin—orbit dou-
blet of In 3d. The peaks of In 3d; /; are situated at 444.0
and 444.5 eV for crosswise and lengthwise planes, re-
spectively. The chemical shiftis 0.1 eV (crosswise) and
0.6 eV (lengthwise). Table 2 shows the binding ener-
gies of TI, In, and Se states in TlInSe; crystal and pure
elements as well as the chemical shifts.

The spectrum of the spin—orbit doublet of Se 3d is
shown in Fig. 6. The peaks of Se 3d5/, are situated at
53.4 and 53.6 eV for crosswise and lengthwise planes,
respectively. The chemical shiftis —2.2 eV (crosswise)
and 2.0 eV (lengthwise).

Thus, the electronic structure measurements re-
vealed the chemical shift of TI states of 4-0.8 eV and In
states of +(0.1-0.6) eV to a higher binding energy, and
Se states of —(2.2-2.0) eV to a lower binding energy.
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Fig. 5. XPS of In 3d5 /2 and 3d3, spin—orbit doublet.

This shift suggests a charge transfer from TI and In to
Se. The chemical shifts in ferroelectric T1InS, are com-
parable [8]. As a result, the both crystals possess sim-
ilar ionicity, however, the TlInSe; has no phase transi-
tions and is not a ferroelectric one.

The crosswise spectra of In and Se spin—orbit dou-
blets are wider than the lengthwise spectra. This
indicates the stronger interactions and higher bond
strengths along the [001] axis (chain axis). But Tl 4 f
spin—orbit doublet is split into two components as in an
incommensurate phase of ferroelectric TIInS, [8]. All
the lengthwise spectra from the (010) plane are similar
at room temperature and 393 K. They show that there
is no phase transition (contrary to supposed earlier in
literature) which would change the interactions in this
temperature range.

After breaking the crystal under high-vacuum con-
ditions, strong bonds of the surface atoms become
open. Due to the reduced coordination number, the

Se 3d broken crosswise
broken lengthwise
RT
P
s
=
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2
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393K
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Fig. 6. XPS of Se 3ds /2 and 3d3 /2 spin-orbit doublet.

surface atoms experience a different potential than the
bulk atoms. As a result, the bond strength at surface
increases at the expense of broken bonds. Lowdin
charges mainly change only for electronegative atoms.
The charges of surface atoms compensate the electron
density of the broken bonds along the [001] axis. Ex-
perimentally it looks as if the surface experiences a dif-
ferent concentration of atoms and different chemical
composition (Table 3).

Table 4 presents the theoretical values of the binding
energies, calculated with MIDI basis set without taking
into account the spin—orbit interaction, and experimen-
tally obtained energies, E}, exp. The quantum mechan-
ical method and the chosen model give higher nega-
tive CL energies than their experimental values. Nev-
ertheless, the model reflects the electronic structure and
binding energies of the crystal.
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Table 3. Chemical composition and atomic concentration at
different surfaces.

Chemical composition

Element broken cross-  broken broken
wise lengthwise, lengthwise,
RT 393 K
Tl 0.98 1.04 1.05
In 1.03 1.08 1.07
Se 1.99 1.88 1.88
Atomic concentration
Peak broken cross-  broken broken
wise lengthwise, lengthwise,
RT 393 K
Tl14f 24.5 26.0 26.2
In 3ds5 2 25.7 26.9 26.7
Se 3d 49.8 47.1 47.1

Table 4. Mean theoretical values of CL, VB (negative), and CB
(positive) binding energies for TlIn4Se1¢ molecular cluster and ex-
perimental values for TlInSe crystal.

Band State —FEbmin, —Ebmax  Eb (experimental)
[eV] [eV]
CL In 3s 800.3, 800.3 830
Tl4s 724.4,724.5
In3p 684.5, 684.6 670-710
Tl 4p 617.0, 617.1 620-730
In 3d 470.7,470.8 444450
Tl4d 419.6, 419.7 390410
Se 3s 233.6,237.3 230
Se 3p 171.7,175.8 160-170
TlI4f 145.6, 145.7 118-124
In4s 131.7, 131.8
Tl 5s 121.7,121.8
Indp 91.8,91.9
Tl 5p 84.3,84.4 75-100
Se 3d 60.6, 64.5 53-55
In 4d 25.3,25.6 16.7-17.5
T15d 22.8,23.0 12.1-14.4
VB (s) Se 4s 21.5,24.6 5.2-10.0
VB (sp) InS5s 6.2,14.3 0.6-5.2
Ses 4p
Tl 6p
Sep 4p
CB(p) Sepdp 2.8,5.2
In 5p
Tl 6p

5. Discussion

Theoretical UHF calculations express the ionisation
potential with its zero at the vacuum level, while the
experimental binding energies refer to the Fermi level.
As the energy gap of TlInSe; is about 0.6 eV, in order to

CB(p) VB(sp) VB(s)
SN 1 N 1T T T
0 2 4 6 8
e (eV)
Dle)=z S 2583 82 | 28 =3
b)
;:\
S
o
[7]
[ =4
[}
E

29
n

Intensity (a.u.)

W

Fig. 7. Electronic structure of VB. DOS band of the TlInsSeqs
cluster (upper panel), intensity of DOS and MOs are indicated in
the middle panel (numbers correspond to MOs shown in Table 5).
VB spectra approximation by the Gaussian broadening method of
three different clusters, TlInsSeis (lower part), TlsIngSez4 (mid-
dle part), and Tl7In10Seso (upper curve) and their comparison with
experimental XPS are shown in the bottom.

compare the experimental and theoretical binding ener-
gies and to refer to the Fermi level we have decreased
the calculated ionisation potential by the work function
¢ = 5.2 eV. Also, UHF method neglects the spin—orbit
interactions. Nevertheless, theoretical eigenvalues of
CL differ from experimental ones by about 10% and
qualitatively explain the XPS (Table 4). Some discrep-
ancy appears because (i) a limited basis set of AO for
obtaining a molecular orbital solution is used (the clus-
ter TlIngSey6 as the crystal model), (i) screening and
relaxation effects are not taken into account. The relax-
ation processes are reflected by Auger spectra (Fig. 2).
Nevertheless, Koopmans’ theorem provides an invalu-
able tool in assigning XPS.

The VB is located at 0.6 to about 10 eV below the
Fermi level. The electronic structure of VB is calcu-
lated from Egs. (3) and (4). It consists of two bands —
the intensive sp and less intensive s one. Figure 7
shows the comparison of calculated VB structure of
TlInSes crystal model with the experimental XPS spec-
trum up to 10 eV. At higher energies the VB overlaps
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with the T1 5d and In 4d core level energies which Kil-
day et al. [6] have included into VB. The intensities of
the XPS were described in three ways:

e by the energy states band ¢; from the characteristic
Egs. (2) and (3);
e by the peaks of the density of states (DOS):
1 1
~ Ny Ae”

where N} is the number of molecules in the cluster;

D(e) (16)

e by the Gaussian broadening method [12]:

1 (e — 5i)2>
§ exp| — ———1, 17
V2o P ( 202 a7
where the sum is performed over the states ¢, €; are

the corresponding energy levels, and o is the energy
broadening parameter.

D(e) =

Every way has some advantages and shortcomings.
The first way is self-evident but it does not provide
qualitative band form evaluation. The second one
gives quantitative evaluation density of states, however,
it overestimates the intensity of degenerate or close
states. The Gaussian broadening method describes the
integral form of the band which is close to the experi-
mental one, however, it does not show the structure of
DOS.

Further, all experiments have a finite-energy reso-
lution and frequently concentrate on the shifts, distor-
tions, and changes in weight in the spectral features.
In the approach used (Eq. (17)), the aim was to calcu-
late the DOS only at the high density of k-points and
then to smear the resulting spectrum to the experimen-
tal resolution. However, the application of the Gaussian
smearing to the DOS results in a good convergence at
low k-point sampling densities.

Figure 7 presents the form and electronic structure
of TlInSe; crystal model which are similar to those cal-
culated by a pseudo-potential method [13]. The top of
the figure represents D(g) (Eq. 16) for the peaks of the
DOS. In the middle panel of the figure the intensities
of DOS and MOs of TI, In, and Se atoms are shown.
Experimental XPS is the integral picture of all elec-
tronic states. At the bottom of the figure the approxi-
mation of TlInSes bands spectra of three different clus-
ters by the Gaussian broadening method (Eq. (17)) and
their comparison with experimental XPS are presented.
The theoretical VB is compressed.

The VB electronic structure is seen also from Ta-
ble 5 in which an analysis of the contribution of atom
electrons for ¢; state is calculated by Eq. (15). Se bulk

Table 5. Population (in %) of VB levels in TlInsSe;6 cluster.

Sey, and Ses are bulk and surface atoms. VB binding energies

are negative, while CB ones are positive. VB binding energies
are shifted towards E'r by work function.

e; [eV] MO; TI In Se, Ses
CB(p) 09 417 4 6 19 71
0.7 414 0 4 5 91
VB (sp) 05 411 1 7 71 21
0.7 409 0 6 73 21
1.1 404 0 4 90 6
1.4 401 1 6 83 10
1.6 397 2 16 74 8
1.8 394 7 7 72 14
22 391 0 25 58 17
2.5 386 0 14 3 83
25 385 27 5 65 3
2.7 381 0 3 2 95
29 377 0 6 4 90
34 373 0 34 14 52
VB (s) 6.0 369 0 8 91 1
6.4 365 0 7 89 4
7.0 361 0 4 0 96
7.7 357 1 5 5 89

(73%) and surface (21%) atoms’ degenerate 4p states
(MO 409) form a sharp left side (near to Er) of the sp
band. In 5s and surface Se 4p states form a right side
(MOs 377, 381) of sp band. TI 6p states form the mid-
dle part of sp band, while bulk (MO 365) and surface
(MOs 361, 357) Se 4s states form the s band. Surface
Se 4p states (MOs 414-417) form the CB p band.

Theoretically all the CL are split due to electron—
electron interaction with the electrons of other layers.
Experimentally only T1 4 f (broken crosswise) doublet
is split as if the surface and bulk atoms were in different
valence states.

6. Conclusions

For the first time the form and electronic structure
of the valence band of the TlInSes crystal was studied
experimentally and calculated by solving the UHF ma-
trix equations. Only quasi-two-dimensional molecular
cluster perpendicular to the c axis is stable according to
UHF equations. UHF method gives about 10% higher
CL binding energies and twice wider VB than the ex-
perimental values seemingly due to overestimation of
the exchange electron interaction.

The VB is composed of the s and sp bands. Bulk
and surface Se 4s states form the s band. Se 4p, In 5s
and 5p, Tl 6s and 6p states form the sp band: Se 4p
states form the sharp left side while In 5s and surface
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Se 4p states form the right side. Se 4p surface states
form the conduction band.

No structural changes have been found in the studied
temperature range.
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Santrauka

Pateikti TlInSe2> monokristaly Rentgeno (Rontgen) spinduliy
suzadinty fotoelektrony i§ (010) bei (001) plokStumy valentinés
juostos (VJ) ir svarbiausiy giliy lygmeny spektrai. Fotoelektrony
suzadinimo $altinis buvo Al K, 1486,6 eV monochromatiné spin-
duliuoté. Suzadinty fotoelektrony spektrai matuoti energijos srityje
nuo 0 iki 1400 eV. Eksperimentiskai gautos fotoelektrony energi-
jos palygintos su teoriniy ab initio skaiiavimy rezultatais. Ap-

skaiCiuota ir eksperimentiskai patvirtinta kristalo VJ sandara. VI
yra nuo 0,6 iki 10 eV ir sudaryta i§ sp ir s juosty, kurios savo
ruoZtu sudarytos i$ atitinkamai Se 4p + In 5s, Tl 6p ir Se 45 juosty.
Parodyta, kokie pavirSiaus ir tiirio atomai lemia VJ forma. [vertinti
atomy elektros kraviai ir rySio stipriai. Apskaiciuotasis biiseny tan-
kis ir V] forma artimi eksperimentiskai iSmatuotiems. Nustatyti Tl,
In ir Se atomy cheminiai poslinkiai.



