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Cetineites are crystalline nanoporous oxochalcogenoantimonates with photosemiconducting host
lattice. The conduction band, which predominantly carries the photoconduction, results from the
interaction of chemically different subunits in an alternating sequence along the crystallographic
c-axis. We show that it is possible to obtain an exact analytical expression for the conductance for
such a one-dimensional periodic system with a complex unit cell, were we consider the case of
small extent of each individual potential as compared to any other typical lengths of the system.
By means of this basic consideration we can qualitatively describe the characteristics of the experi-
mentally observed wavelength dependent photoconductivity, obtained from single crystals of this
new material.

Introduction The chemical synthesis of nanostructured materials has become an im-
portant field in fundamental research as well as from the technical point of view. Ceti-
neites belong to this class of materials. They are oxochalcogenoantimonates with zeo-
lite-like channel structure, and they can be synthesized chemically by hydrothermal
preparation techniques [1]. Most recently they have been identified to be the first nano-
porous crystalline solids with photosemiconducting host lattice [2], the general composi-
tion of which is

A6(Sb12O18)(SbX3)2, with A = Na�, K� and X = S2ÿ, Se2ÿ.

In these structures tubes of composition [Sb12O18] are formed by linking [SbO3] pyra-
mids, which are arranged in a hexagonal rod packing, held together by ionic bonds
between one-dimensionally stacked chains of [SbX3]3ÿ pyramids and the A� ions lining
the tube walls. The free diameter of the tubes is approximately 0.7 nm, making the
inner surface accessible for small molecules or ionic guests (see Fig. 1).

By means of the linear augmented plane wave (LAPW) method on an ab-initio basis
the electronic structure has been obtained for the highly complex unit cell of the ceti-
neites, consisting of 44 atoms with an empty sphere centered in the tube. These calcula-
tions indicate that the conduction band, which predominantly carries the photoconduc-
tion, results from an overlap of dxz- and dyz-orbitals of the Sb(1) atoms in the stacked
pyramids with sp-orbitals of the Sb(2) and Sb(3) atoms in the tube walls [3]. This re-
sults in a high conductance anisotropy with a conductance thirty times higher along the
c-axis. Thus, the photoconductivity is assumed to appear along the crystallographic c-
axis in independent one-dimensional channels with an alternating sequence of chemi-
cally different subunits, i.e. [Sb(1)X3]3ÿ and [Sb(2,3)O3] pyramids (see Fig. 2).
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Method of Calculation In this work we will show that it is possible to obtain an exact
analytical expression for the conductance in cetineites along the crystallographic c-axis.
Our aim is to reduce the problem to the determination of the coefficient of transmis-
sion or the Landauer conductance of an electron through a one-dimensional (1D) peri-
odic system [4] with a complex unit cell, i.e., the two chemically different subunits,
which constitute the conduction band. Here, we consider the case where the extent of
each individual potential is small as compared to any other typical lengths of the sys-
tem. The geometrical parameters characterize the distance between the potentials in
the unit cell, the lattice period as well as the potential height and they are given by the
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Fig. 1. Structure of cetineites in per-
spective view [3]. The shaded cylin-
der is just for the illustration of the
three-dimensional view

Fig. 2. a) Top view onto the ab-plane (just segments are shown). b) Illustration of the conduction
paths along c. c) Kronig-Penney chain along c with distance between V1 and V2 � a and periodi-
city d (� a� b)



crystal structure of the cetineites and the value of the fundamental gap, respectively.
The total potential is of the form

V�x� � V1
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d is the lattice period, and M is the number of cells. For cetineites the Sb(1) atoms
form the potential V1 and the Sb(2) and Sb(3) atoms, respectively, form the potential
V2. Both are repulsive for injected charges and similar in height due to chemical argu-
ments. This leads to the well known energy spectrum condition (�h = 2m = 1, m is the
electron free mass and k � ����
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)
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According to cos bdj j � 1, the fundamental gap at 0.5 eV, which has been determined
experimentally from the temperature dependence of the conductivity, and the known
lattice constants lead to V1 �1 and V2 � 1, for a � 1 and d � 2:9.

Thus, the Landauer conductance G�E� for a 1D structure coupled to two perfect
leads, which is related to the transmission coefficient T�E� by the expression
G�E� � 2e2T�E�, is given by

G � jDM2jÿ2 � 1� �jD2j2 ÿ 1� sin2 �Mbd�
sin2 �bd�
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and it reflects the characteristics of the DOS as well as of the energy dependent photo-
conductivity.

Results and Discussion Figure 3 shows the conductance G�E� for a Kronig-Penney
chain with V1 � V2 � 1, a � 1, b � 1:9, calculated for eight potentials as well as the
energy dependent photocurrent. The calculated curve reflects a fundamental first gap
below approximately 0:6 eV, which corresponds to the experimentally obtained funda-
mental gap of 0:5 eV (not marked in the graph). Above, the conductance rises up to its
maximum value, followed by a fine structure with further peaks. At 1:6 eV the conduc-
tance drops to a new minimum, i.e. a second gap appears between 1:6 eV and 2 eV.
The appearence of a second gap qualitatively coincides with the experimentally ob-
served drop of the energy dependent photoconductivity of cetineite with A = K� and
X = Se2ÿ. These data were measured at constant voltage on a single crystal along the c-
axis at room temperature, which was irradiated with variable photon energy in the
range of 1:68 to 5:0 eV [5]. Above the second gap both curves rise again to a maxiu-
mum value, which appears in the experiment as well as in the calculationn at the same
energy, i.e. 2:5 eV. While the calculated conductance drops again at energies above
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4:5 eV, reflecting a third gap, the photocurrent decreases with increasing energy above
2:5 eV, since the penetration depth for light decreases for photons with energies larger
than the optical gap. Thus, the appearance of a third gap cannot imediately be derived
from the experimental data.

In conclusion, the qualitative agreement of the experimental data, i.e. the fundamen-
tal gap at 0:5 eV and the spectral photoconuctivity with the spectra obtained from the
calculated data shows that by means of this basic consideration most of the interesting
features of the photoconductivity along c can qualitatively be described by the model
developed here. This means that due to the high conductance anisotropy, which results
from the interaction of just two chemically different subunits, i.e. the [Sb(1)X3]3ÿ pyra-
mids and the [Sb(2,3)O3] pyramids, the qualitative description of electronic structure
can be reduced to the description of a 1D system consisting of two sublattices, in spite
of the complex structure of the material observed.
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Fig. 3. Conductance G�E� (full line) for a Kronig-Penney chain with V1 � V2 � 1, a � 1;b � 1:9
for eight potentials, and energy dependent photoconductivity (dotted line) of cetineite with A =
K� and X = Se2ÿ, measured at room temperature on a single crystal along c
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