Vol. 126 (2014)

ACTA PHYSICA POLONICA A No. 1

Proceedings of the 15th Czech and Slovak Conference on Magnetism, Kosice, Slovakia, June 17-21 2013

Anizotropy of Photoconductivity in BiOCl (X=CIl, Br, I)
Single Crystals

V. KOMANICKY?, S. BUNDAY*, M. BOTKO®* AND V. BUNDA?
¢Centre of Low Temperature Physics, Faculty of Science P. J. Safarik University & Institute of Experimental
Physics, Slovak Academy of Sciences, Park Angelinum 9, Kosice 04154, Slovakia
YFaculty of Informatics, Transcarpathian State University, Zankovetska 87-B, 880 15 Uzhgorod, Ukraine

Oxyhalides of bismuth BiOX (X = Cl, Br, I) are very interesting materials which find various applications
as X-ray luminescent screens, as anti-Stokes converters, photocatalyst, usual luminophors and as photoconductive
analyzer of linear polarized radiation in the 0.24 — 1.2 pum spectral region. The great interest for these materials is
strongly related to the influence of dimensionality on the behaviour of physical properties (they are 2D structured
materials). Bismuth oxyhalides are one of the V-VI-VII group compound semiconductors belonging to the tetrag-
onal system. The structure of BiOX is known to have a layered structure, which is constructed by the combination
of the halide ion layer and the bismuth oxygen layer. We present results of the study of photoconductivity spectra

anisotropy of the BiOX single crystals.
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1. Introduction

Oxyhalides of bismuth exhibit many intriguing and in-
teresting properties such as photoluminescence, photo-
conductivity, and thermally stimulated conductivity [1].
The luminescent band at 1.6-2.2 eV is a result of capture
of c-band free electrons by r-centres during recombina-
tion process. The shape of the absorption edge has been
explained by the effect of the laminarity of these crys-
tals. Previous investigations on the crystal structure and
morphology of BiOX crystallites showed that they usu-
ally grow in the form of platelets with the c-axis normal
to the platelets. Heat conductivity measurements as a
function of temperature showed that the electronic com-
ponent of heat conductivity is negligibly small, since the
crystals are nearly insulators in the temperature range
90-300 K [1]. The BiOX single crystals are layered 2D
structured materials.

2. Experimental details

The BiOX single crystals were grown by the chemi-
cal gas transport reactions method in the closed volume
(typically of the order 10 x 10 x 0.5 mm?3). The crys-
tals exhibit tetragonal matlockite (PbFCI) type structure
(space group D, — P2mm; Z = 2). The trivalent Bi*"
ion is surrounded at one side by four oxygen ions and
at the other side by five halide ions, four of which are
in a plane, whereas fifth is situated on the fourfold axis.
There is only one crystallographic site available for the
trivalent ion and this site has Cy, symmetry.
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The lattice parameters of the crystals were determined
by X-ray powder diffraction with a Si internal standard
(high purity). The spectral dependences of the steady-
state photocurrent (photoconductivity) were recorded
using a LOMO MDR3 monochromator. Low temper-
atures were obtained by mounting the sample in an
UTREKS continuous flow cryostat. The decay time mea-
surements were performed using pulse UV-laser LGI-21
(pulse width 8-9 ns; excitation wavelength A = 0.337 nm;
filters UFS-2 and UFS-6 were used). The change in the
intensity was done by a platinum reducer.

3. Results and discussion

The original specimens had a dark resistivity of pg =
10'° to 10'" Q-cm and significant photosensitivity [1].
At a temperature 293 K the ratio pq/ppn (pa is the re-
sistivity in the dark, ppp is the resistivity in the light)
reached 10%. When cooling the specimens to 90 K, there
was a 3-4 orders increase in magnitude of the steady-
state photocurrent with ratio pa/ppn > 107. The spec-
tral dependence of the photoconductivity o, (hv) for a
typical specimen of BiOCI recorded at 95 K (curve 1)
and 293 K (curve 2) is illustrated in Fig. 1. In addi-
tion to the intrinsic maximum hv; = 3.54 €V (350 nm)
which corresponds to the band gap of £, = 3.475 eV at
T = 100 K, a significant impurity photoconductivity is
observed due to the transfer of an electron from the r-
centre to the conduction band [1]. On heating, the main
maximum is shifted towards the long-wave side at a rate
of dE,/dT = —6.3:10~* eV /K, while the photoconductiv-
ity in both the impurity and intrinsic regions falls sharply.
The depth of the level which produces the impurity pho-
tocurrent maximum was found to be E?. = 2.2 eV.

Next, we present results of the study of photoconduc-
tivity spectra anisotropy of the BiOX single crystals, ob-
tained with the polarization of electrical vector E of the
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Fig. 1. The photoconductivity spectral dependencies
of BiOCI single crystal.
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Fig. 2. Photoconductivity (1, 2) and photopleochroism
(3) spectra of BiOCI single crystals at different light
polarization and at temperature of 80 K.

electromagnetic wave parallel and perpendicular to each
of the two axes ([100] or [010]) of the unit cell.

The BiOX compounds are broad-band (1.80 — 3.50 V)
photo-semiconductors. The maxima of their photocon-
ductivity are in the interval of 0.24 — 1.2 mkm and their
photosensitivities are S = o, /04 = 10*-10% (arb. units)
at the temperature of 80 K (Fig. 2). The anisotropy of
the photoconductivity spectra is believed to be the result
of the layer matlockite-type (PbFCI) crystal structure of
all bismuth oxyhalide compounds.

The coefficient of photopleochroism was calculated as

P= (IH _IJ_>/(I“ +IJ_) . 100%,

where I and I, are the photocurrent values at the (E) ||
[100] and (F) L [100] light polarization, respectively.

The position of electrical vector E can be varied by ro-
tating of the crystal. The change in light polarization at
90 degrees (from [100] to [010] crystallographic direction)
leads to a change in the photoconductivity by approxi-
mately two orders of magnitude (Fig. 3).
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Fig. 3. Angular dependencies of photoconductivity of
BiOX single crystals.

4. Conclusions

We investigated BiOX based photoresistors in the tem-
perature range 80 — 400 K. We presented results of
the study of photoconductivity spectra anisotropy of the
BiOX single crystals. These materials are stable in air,
and their parameters do not depend on the environ-
ment, which eliminates the need for sealing. The selec-
tivity of BiOX spectral characteristics make them good
radiation detectors of the nitrogen, argon and helium-
cadmium lasers, as well as some of the semiconducting
light-emitting diodes (LEDs). Crystal structure of the
sample reduces the intrinsic noise of the radiation detec-
tor. Therefore, they can be used in optoelectronic circuits
in conjunction with these lasers and LEDs.
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