IRSTI 29.19.03

Zhanturina N.", Aimaganbetova Z., Sagimbaeva Sh.

K. Zhubanov Aktobe Regional State University,
Kazakhstan, Aktobe, “e-mail: nzhanturina@mail.ru

ABOUT THE ORIGIN OF THE EMISSION BANDS
IN THE WAVELENGTH RANGE 320-600 NM
IN KBR CRYSTAL AT LOW TEMPERATURES

In this paper the results of the registering of X-ray luminescence spectra of KBr crystal at the tem-
perature range 10-325 K were presented. The spectrum of X-ray crystal KBr is composed of three bands
—at ~ 280 nm (~ 4.44 eV) ~ 340 nm (~ 3.65 eV) and ~ 490 nm (~ 2.54 eV). The peak at 490 nm
— w-luminescence from the triplet state excitons. In article the temperature dependence of this band was
explained by the theory of excitons self-trapping. The luminescence intensity of this band increases to 25
K then decreases. We have modeled by the continual theory that the potential barrier height of excitons
self-trapping is minimal at a temperature of 25 K. So the theory confirms with experiment. The band at
280 nm eV - ¢ — luminescence from the singlet state exciton, reaches its maximum at low temperatures.
The nature of the band at 340 nm eV is associated with the creation of excitons with more “symmetric”
configuration than «strong-off».

Key words: exciton, KBr, band, luminescence, temperature dependence, configuration, self-trapping.
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Temenri Temnepatyparapaa KBr kpucraabiHaa 320-600 HM MHTepBaAbIHAQ
YKapKbIpay »KOAAFbIHbIH, TAOMFaTbl TYpaAbl

bya Makanapa KBr kpuctaabiHbiH 10-325 K TemnepaTypasblK, AMana3oHbIHAQ PEHTIEHAIK
AIOMMHECLIEHUMS CMeKTPiH TipkeyiHiH HeTumxxeAepi KeATipiareH. KBr KpuCTaAbliHbIH - peHTreHAIK
AIOMMHECLIEHLIMS CMIEKTPI YL KOAaKTaH Typaabl: ~ 280 HM (~ 4.44 3B), ~ 340 UM (~ 3.65 3B) >xeHe
~ 490 HM (~ 2,54 3B). 490 HM-A€ri LWbIH — W-AIOMMHECLIEHLMSFa coikec. MakaAaAa OCbl XKOAAKTbIH,
TeMnepaTypaAblK, TOYEAAIAITT 3KCUTOHAAPAbIH aBTOAOKAAM3AUMACbI TEOPUSICbIMEH TYCIHAIpIAeAl.
ByA »KOAAKTbIH AIOMMHECLLEHUMSCbIHBIH, MHTEHCUBTIAITI 25 K-re AeriH apTaabl, COAaH KeMiH a3asAbl.
IKCUTOHAAPABIH KapMaAy OeretiH apTypAi TemrnepaTypasa MOAEAbAEY HaTuxeciHae, OuikTiri 25 K
Temneparypa Kes3iHAe MUHMUMaAAbI 60AbIN kKeaeai. OcCblAaiiia, TEOPUS SKCMIEPUMEHTIEH PACTAAAAbI.

TyiiH ce3aep: 3kcnTOH, KBr, >koAak, AlOMMHECLIEHLIMS, TEMMEPATYPAAbIK TOYEAAIAIK, KOHDUIYpaLums,
aBTOAOKaAM3aLMS.
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O NpoMCX0XAEHUU MOAOCHI U3AYUYEeHUS B UHTepBaAe 320-600 HMm
B kpuctanre KBr npu HU3KMX TemnepaTtypax

B HacTosLen pa60Te NMPeACTaBA€HbI Pe3yAbTaTbl PErNCTPaALMMN CNEKTPOB PEHTIEHOAIOMMHECLIEHLINN

Kpuctaanra KBr B mHTepBane Temnepatyp 10-325 K. CnekTp peHTreHOAIOMMHECLEHLMM KPUCTAAAQ
KBr coctout n3 tpex noaoc — npu ~ 280 HM (~ 4,44 3B), ~ 340 um (~ 3,65 3B) 1 ~ 490 Hm
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(~ 2,54 3B). INuk npn 490 HM — W-AIOMMHECLIEHLIMS SKCUTOHOB M3 TPUMAETHOIO COCTOSIHUS. B cTaTbe
TemreparypHas 3aBMCMMOCTb 3TOM TMOAOCbI OOBSICHSETCS TEeopuen aBTOAOKAAM3aLUMM 3KCUTOHOB.
MHTEHCMBHOCTb AIOMMHECLIEHUMM 3TOM MOAOCbI Bo3pactaeT A0 25 K, a 3atem ymeHbluaetcs. B
pe3yAbTaTe MOAEAMPOBAHMS MPOLLeCCa aBTOAOKAAM3ALMM SKCUTOHOB MPU Pa3AMUHbIX TemrepaTypax
BbICOTA MOTEHLUMAAbHOIO Gapbepa 3KCMTOHOB MMHMMaAbHA npu Temnepatype 25 K. Takum obpasom,

Teopus MOATBEP>KAAETCS IKCMEPUMEHTOM.
KAtoueBble cAaoBa: 3kcutoH, KBr,
KOH(Urypaums, aBTOAOKaAM3aLMS.

Introduction

Alkali halide crystals (AHC) are members of a
broad class of scintillation and dosimetric materials,
in which the action of radiation, especially X-ray,
is the emergence of electronic excitations relaxed,
subsequently, on the radiative and nonradiative
channels [1, 2]. The radiation relaxation of AHC is
caused by the self-trapping of excitons in regular
lattice sites due to the exciton-phonon interaction.
It depends on different factors, among them are
impurities, hydrostatic and uniaxial pressure, point
defects [3]. The consequences of nonradiative
relaxation are creation of F-centers, H-centers and
other defects and their complexes. In AHC the bands
of absorption characteristic for most of defects
are widely researched [4]. The result of radiative
annihilation during the exciton self-trapping in
regular lattice sites is the luminesce. Studies of the
luminescence of AHC under different conditions
allows to determine the nature of the emission bands,
as well as the annihilation of electron excitations and
their interaction with defects [5]. Resently, besides
alkali halide crystals are used as a scintillation
materials, dosimetric materials, optical medium
and simply model objects for many theoretical
researches, their clasters became useful for the
creation of batteries or as an ideal gas phase models
for sea salt aerosols, which are essential components
of atmospheric chemistry in marine regions. In this
field the Infrared multiple photon dissociation is
interesting method [6]. Recently, theoretical studies
of the energy of electronic excitations in various
states allow us to determine many characteristics
of scintillation detectors, optical devices based on
alkali halide crystals. For example, in the works, the
binding energies of LiF clusters were calculated and
this made it possible to determine the durability of
lithium fluoride batteries [7,8].

It is known that the nature of the luminescence
of AHC is radiation dihalogen self-trapped exciton
(STE) by reducing the mean free path monohalogen
exciton. With increasing temperature, the intensity
of the luminescence is quenched by the exciton
transition from a free state to a self-localized [9,10].

NMOAOCa, AOMMHECLEHLMS,

TemrnepaTypHasi 3aBUCUMOCTb,

In the study of X-ray spectra of alkali halide crystals
at low temperatures, special attention was paid to
the nature and regularity of the main emission in the
area of ~ 280 nm (~ 4.44 e¢V), which contribute to
the integral luminescence of AHC, but has not yet
been thoroughly studied spectra with low intensity
ranges ~ wavelengths 320-360 nm (~ 3,88-3,45 eV)
and ~ 450-560 nm (~ 2,76-2,22 V) at temperatures
from 10 to 85 K. A study changes in the intensity
of these peaks can give information on the nature
of the electronic excitations in AHC. Also, there
was an interest to study the spectra of X-ray crystal
KBr in connection with the discovery of the effect
of the creation of excitons with “more symmetric”
configuration in comparison with «strong-off»
under the influence of uniaxial elastic compression
up to 1.2% in AHC [11].

Samples

Samples of crystal KBr, used in the work were
grown at the Institute of Physics of the University of
Tartu in Estonia. A complex method comprising the
steps of purification and cultivation of AHC:

1. Cleaning the original crystals from oxygen-
containing impurities and OH;

2. Cleaning of the original crystals with
impurities homologues zone melting method;

3. The multiple zone-refining of polyvalent
metals in vacuum and subsequent cultivation in a
vial at its passage of the last zone or again growth
by Kyropoulos method in a helium atmosphere [12].

KBr crystals were obtained from the zone-
refined raw materials by Kyropoulos in a helium
atmosphere. This crystal was subjected to 60-fold
zone melting. The impurity content of 10-10"* and
atmospheric admixture of Rb in the amount of 10
[13].

Experiment

The experiment was done in the Nicolaus
Copernicus University in Torun.

X-ray source series «Inel» with a copper anode
allows for a maximum voltage of 60 kV. Operating
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voltage / current during the experiment was 45
kV / 10 mA. The X-ray generator has a water
cooling system, his work is automated. With the
help of cryogenic helium cooling apparatus with
temperature controller 330 LakeShore possible to
control the temperature from 10 to 325 K. The data
are processed by a special program, the files are
saved in ASCII [14,15].

As can be seen from Fig. 1, the spectrum of
X-ray crystal KBr is composed of three bands — at

~ 280 nm (~ 4.44 eV) ~ 340 nm (~ 3.65 eV) and ~
490 nm (~ 2.54 eV). It is known that the peak at 2.54
eV — n-luminescence from the triplet state excitons,
at 4.44 eV — o — luminescence from the singlet state
exciton, reaches its maximum at low temperatures
[16]. Intensity of ¢ — luminescence reaches its
maximum at low temperatures and quenched
starts at high temperature (Fig. 1). So, at 80 K, the
intensity of the ¢ — emission is approximately 50
times weaker than that at 25 K (Fig. 1).
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Figure 1 — The spectrum of X-ray crystal KBr in the temperature range 10-85 K

Temperature dependences of the intensities of
the emission bands at ~ 340 nm (~ 3.65 eV) and ~
490 nm (~ 2.54 eV) are shown in Fig. 2, 3.

The intensity of the luminescence of KBr at 340
nm is clearly observed at temperatures of 10-65 K
and is in a high-energy part of the spectrum than
the m-luminescence. Its intensity increases with tem-
perature up to 50 K. Then, the intensity of this band
begins to decrease.

Let’s consider the nature of the band at 490 nm.
There are passport details of this band that it corre-
sponds to the radiation of self-trapped exciton [17].
And, for the m-emission of KBr released the follow-
ing pattern: as the temperature increases from 10 K,
the intensity starts to increase to a temperature near
30 K, and then decreases. This experimental result
confirms our excellent model of self-trapping of ex-
citons depending on the temperature [18].

ISSN 1563-0315

Discussion

Analyzing the possible mechanisms of emission
in KBr crystal at low temperatures and taking into
account the results of studies of the luminescence of
alkali halide crystals obtained under the influence of
uniaxial strain, we formulate our arguments.

Apparently, the nature of the band at 340 nm is
associated with the creation of excitons with more
“symmetric” configuration than «strong-off», be-
cause:

— Radiation occurs in the high part of the spec-
trum than the m-emission;

— Under the influence of uniaxial stress in al-
kali halide crystals excitons with more “symmetric”
configuration than the «strong-off» are created, and
the impact of uniaxial strain is similar to the effects
of low temperatures;
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— Inthe literature is indicated recombination lu-
minescence mechanism at low temperatures in crys-
tals with a high yield of radiation defect formation
[19];

— It is shown that at low temperatures the / —
centers recombine with electron centers (F — cen-
ters) by the scheme:

F(U;e‘)+](ig)»e_

30000
25000
20000
15000

10000 +

[ntensity, rel. units

5000

resulting in recombination luminescence of STE.
e +ef »ed shv.

— Increase in the intensity of the luminescence
to a temperature of approximately 50 K with its
further decrease indicates the presence of a barrier
for self-trapping of excitons to create STE of more
“symmetric” configuration than «strong-off» [20].
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Figure 2 — Temperature dependence of the luminescence band at ~ 340 nm (3.65 eV) in KBr crystal
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Figure 3 — Temperature dependence of the luminescence band at ~ 490 nm (~ 2.54 eV) in KBr crystal
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However, since the radiation of STE occurs in
KBr at 340 nm is apparently created STE with dif-
ferent configuration compared to «strong-off».

As for the patterns of change in the intensity of
the luminescence band with the temperature at 490
nm, it can be argued that the luminescence intensity
increases during the transition to self-trapped exci-
ton state, this corresponds to a temperature of about
25 K, and then after the process of self-trapping of
excitons the intensity of - emission begins to fade.

In the simulation, the temperature dependence of
the height of the potential barrier trapping of excitons
in crystals KI, KBr based on the adiabatic potentials
methods was found that the potential barrier has a
minimum in KBr crystal at a temperature of about
25 K, in crystal KI — about 65 K. Here highlights of
this theoretical investigation [21].

The nature of the changes the potential barrier
height of self-trapping of excitons can be analyzed
on the surfaces of the adiabatic potential (AP)
excitons in alkali halide crystals:

E(y)sz2—By3—Cy, (1

where x4 is a variational parameter, varying from 0.1
to 1 and equal to the ratio of the lattice constant to
the radius of the area of self-trapping of the exciton,

37h’

2 2
_ 3 E, e

* 29
2m,a,

B= 3 CZN—
2 fa, ga,

A

determine respectively the kinetic energy of the
exciton energy relaxation of the lattice, and the
lattice polarization (the interaction of holes with
optical lattice vibrations) [9]. The energy difference
between the maximum and minimum of the
expression is the height of the potential barrier of
self-trapping of excitons [22, 23].

In the simulation, the temperature dependence of
the height of the potential barrier of self-trapping of
excitons we took into account two main factors — a
lattice vibrations and changes in the lattice constant,
which is part of every member in the functionality of
the adiabatic potential. Lattice vibrations affect the
kinetic energy of an exciton, resulting in a decrease
of the quantity D = ,/2Bk, T ,which is called the
fluctuation potential [24].

The temperature dependence of the lattice
constant in a first approximation, we find the

ISSN 1563-0315

following. At sufficiently low temperatures,
when the energy of thermal motion &k, 7 much
smaller than the width of the exciton band A
majority of excitons located in the wave vector
space, with increasing temperature change of the
wave vector of the exciton, and its deviation from
the initial value y can be found by the following
formula:

k=k —y. @)

Considering the non-degenerate exciton gas
electron gas [25] applying the law of conservation
of energy Boltzmann statistics, the deviation of the
wave vector of the initial value can be written as the
following expression:

V4 :% 3mk T (3)

where j is parameter depending on the thermal
effects on or interatomic bond distances. For alkali
crystals it ranges from 0.01 to 0.1.

Using expressions (2), (3) the temperature
dependence of the lattice constant is written as

__air
N7 —a, jJmk,T

a

where 4, is lattice constant at 4,2 K.

So, by the expression
E(u)=(A-D)u* —Bu’ —Cu  we built the
adiabatic potential surface excitons in KBr crystals
at different temperatures.

As can be seen from this figure the potential
barrier reaches a minimum at a temperature of about
25 K in the crystal KBr. Consequently, in KBr
crystal near 25 K the luminescence intensity reaches
its maximum with further quenching.

For crystal KI, for example, it is known x-shaped
luminescence intensity of self-trapped excitons
dependence on temperature, which confirms our
theoretical results. For crystal KBr the intensity
of the Iluminescence of self-trapped excitons
on temperature has not been studied in detail
experimentally due to the fact that this crystal is not
effective scintillator.
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Figure 4 — Adiabatic potential surfaces of excitons in KBr at different temperatures

Conclusion

Thus, as a result of experimental study of X-ray
luminescence spectra in KBr crystal in temperature
range 10-90 K, we obtained the following findings:

1) The spectrum of X-ray luminescence of KBr
crystal at low temperatures was studied and the
nature of the luminescence band with a maximum
at 340 nm was interpreted, which intensity increases
to a temperature of about 50 K, the nature of which
corresponds to the emission of self-trapped exciton
with more “symmetric” configuration than «strong
-offy, created using the tunneling charge of radiation
defects at low temperatures.

2) The effect of increasing the luminescence
intensity of self-trapped excitons in KBr crystal
(490 nm) to about 25 K, corresponding to the
temperature at which the potential barrier of
excitons self-trapping reaches a minimum
value, has been experimentally discovered and
theoretically interpreted.

The results obtained by measuring the X-ray
spectra in alkali halide crystals at low temperatures
allow us to explain the connection between the
self-trapping of excitons and the intensity of
the luminescence, efficiency of radiation defect
formation as well as to explain the regularities of
luminescence by the theory of electronic excitations.
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