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Abstract: Luminescent properties of barium fluorobromide crystals irradiated with xenon ions
with energy E=229 MeV up to fluences (1 x 1019- 1 x 1012 ) ion/ecm? are investigated in this work.
The photoluminescence spectra show the presence of an uncontrolled impurity, which is involved in
the mechanisms of defect formation. Raman spectra from the surface of BaFBr single crystals were
used to determine the lattice vibration frequencies as a function of the fluence. A decrease in Raman
spectra intensity is traced as the fluence increases at frequencies belonging to fluorine ions.

Keywords: BaFBr crystals, heavy ions, luminescence, photoluminescence, Raman spectra, de-
fects.

DOI: https://doi.org/10.32523/2616-6836-2022-140-3-6-14

Introduction. BaFBr crystals doped with Eu?® as an activator are widely used as scintillators
and X-ray-preserving phosphors [1-7]. Due to the presence of two types of anion sites in these
materials, two types of F centers were found, in which electrons captured on fluorine and bromine
vacancies participate: F(F ~ ) and F(Br ) centers, respectively [8-9]. In detectors based on BaFBr -
the image created by ionizing and nuclear radiation remains stable in the dark at room temperature,
which is successfully used to create storage screens (imaging plate - IP). Memory screens were
developed initially for X-rays, but their application is currently extended to other types of ionizing
radiation, such as neutrons, electrons, gamma rays, or ion beams [10]. BaFBr-based detectors have
several advantages: high sensitivity, wide dynamic range, and high spatial resolution [11|. Thus, it
is challenging to find optically isotropic information storage materials with the same characteristics
as Europium-doped BaFBr.

The studied BaFBr crystal has a matlockite structure, which is similar in physical properties to
the PbFCl-type structure, which has a tetragonal type of structure with a space symmetry group
P4/nmm and a point symmetry group Cy;, having a density of p=4.95 g/cm?, this type of
structure also includes crystals: BaFCl, BaFI, SrFCl, etc. The visualized structure of the BaFBr
crystal is shown in Figure 1.

Raman spectra of BaFBr have already been reported in [12-14], and the bands were related to
specific modes of lattice vibrations. However, consideration of Raman modes after exposure to
ionizing radiation has not been given due attention.

6



D.K. Kenbayev, A.K. Dauletbekova, Z.T. Karipbayev

=4, 50304

O Ba¥ F Br

Ficure 1 — BaFBr crystal structure

Experimental. BaFBr single crystals were obtained on an OKB-8093 setup (Redmet-8).
Graphite was used as a material for manufacturing heating units and crucibles. Work on obtaining
BaFBr single crystals was carried out by the Steber method. The starting reagents for single crystal
growth were BaF o and BaBro. Samples prepared for the experiment in the form of plates were
made in plane-parallel plates from the grown crystals of the BaFBr phosphor by cleavage along the
cleavage plane.

The structure of BaFBr crystals was studied by X-ray diffraction using a MiniFlex 600 Rigaku
setup with a copper cathode. X-ray spectra were recorded in the range from 3 to 90 degrees in the
26-60 mode.

Irradiation was carried out at the DC-60 ion accelerator (Nur-Sultan, Kazakhstan) with 13! Xe
ions with a specific energy of 1.75 MeV /nucleon. Irradiation was carried out at room temperature,
up tofluence 10 to 102 ion/cm?.

The photoluminescence spectra of the irradiated crystals were measured using an SM 2203 spec-
trofluorimeter. The spectrofluorimeter is used for the near-ultraviolet and visible region of the
spectrum and provides susceptible and stable measurements of excitation and luminescence spectra.

The Raman spectra were measured on a Solver Spectrum (NT-MDT) spectrometer. The spectra
were excited by a laser beam with a wavelength of 473 nm and a spectral resolution of 1 cm ~!. The
laser was focused using an objective with a magnification of 100x, forming a spot 2 um in diameter
on the sample surface.

Results and discussion. The X-raydiffractogram of the BaFBr sample is shown in Figure 2. In
our diffractogram, BaFBr was detected, and the lattice parameters agree with the diffractogram of
a stoichiometric composition.

Photoluminescence of impurity centers. The curves show the excitation and luminescence
spectra of BaFBr crystals (Fig. 3, 4) irradiated with '3! Xe ions to various fluences at T = 300 K. It is
fair to note that with an increase of the fluence from 10! to 102 ion/cm ?, the photoluminescence
intensity increases.

With optical excitation of crystals, the decrease and slow increase in intensity may be due to
topographic changes in the properties of the crystal. The luminescence band with a peak at 473
nm upon excitation with A = 280 nm in BaFBr crystals is associated with centers containing
O %T impurity ions.

2—

Br—
Oif_ ,and O g_ in an indefinite region of the lattice. A study of the generation of F color, O, and V
centers at low temperatures using magneto-optical and EPR methods showed that these vacancies
are Br vacancies [15-16]. At temperatures above 120 K, the V5 (Br, ) centers become mobile and
react with the centers, forming O 7 hole traps. At temperatures above 200 K, F(Br ™) centers can

The EPR study in [15-16] showed various forms of oxygen impurity, which are assigned to O
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FIGURE 3 — Luminescence spectrum of BaFBr crystals irradiated with 13! Xe ions, ®=1019-1012 jon/cm 2 at a temper-

ature of 300 K, where 1 - ® =1 x 1010 jon/cm?2;2-® =1 x 10 jon/cm?2,3-® =1 x 102 ion/cm 2

scatter and isolate [15], [17]. The study carried out in [15] proved that the defect center formed upon
X-ray irradiation of BaFBr is due to oxygen impurity. The creation of F(Br ~ ) centers, according
to [18], becomes clear from the processes:

ionizing irr. T>120K
EEE—

F(Br~) + Vi(Bry) + 0%~ F(Br=)+ O,

Vi(Bry) + O3

Raman spectra. According to the literature data, obtained using calculations, barium fluorobro-
mide crystals have 12 Raman vibrational modes, of which: six are active Raman modes with 2A 1,4,
B 14, and 3 g4 phonon symmetry, four active IR modes with 2A 9, and 2E, phonon symmetry, and
two acoustic modes with phonon symmetry 2A o, and 2E,, [19-20].

It should be noted that at fluences above ® = 1 x 102 ions/cm ? | the crystal began to delaminate
and break down. Perhaps this is due to the distribution of bonding forces in crystals of the MeFX
type (Me - Ca, Sr, Ba and X = Cl, Br, I), where there is a strong bond between the metal and
halogen ions and between them, there is a double layer of halogens with more weak coupling [21].

Fig. 5 shows the Raman scattering (RS) spectrum of BaFBr crystals after ion irradiation, recorded
at room temperature. Raman spectra measurements reveal well-defined bands with phonon frequen-
cies of approximately 106 cm ~!, 122 cm ~', 210 cm ~!, and 236 cm ~! and symmetry (Eyq),
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Ficure 4 — Excitation spectra of BaFBr crystals irradiated with 13! Xe ions, 1.75 MeV /nucleon at 300K, where 1 — ® =
1x 1019 jon/em?2;2-® =1x 10 jon/ecm?,3-® =1 x 10'? ion/cm 2

(A1g),(B1g), (E4), respectively. These mode parameters obtained from experiments agree with the
calculated data [12].

According to the data obtained from our measurements, we can observe the symmetry of oscilla-
tions regardless of the fluence of ion irradiation.
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Ficure 5 — Raman spectra of BaFBr crystals unirradiated and irradiated with xenon ions at room temperature as a
function of fluence

According to [12-13], phonons with frequencies of 210 ecm ~! and 236 cm ~! in BaFBr crystals
can be attributed to the vibrational motions of fluorine ions. Phonons with a frequency of about
108 cm !, 121 em ~! can be attributed to the vibrational motions of bromine ions [12-13]. It can
be assumed that the degradation of the intensity of the Raman spectra as the fluence increases from
101°0-101% ions/cm? is associated with the creation of F(F =) centers. According to [22], there
is a monotonic increase in the concentration of defect centers F(F ~ ) depending on the increase in
X-ray irradiation at room temperature.The increase in the intensity of samples irradiated with ® =
1 x 1019 jon/cm? may be due to the overall increase in the number of defects in the crystal.

More detailed information on vibrational modes in BaFBr crystals irradiated with xenon ions is
shown in Figure 6.

In [23], the possibility of local reduction of BaFBr ions with D 45 type point symmetry to impu-
rity ions with C 4, spatial symmetry is mentioned in addition to the local destruction of the pure
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F1GURE 6 — Raman scattering spectra of BaFBr crystals unirradiated and irradiated with xenon ions at room temperature
as a function of fluence: 1 — unirradiated sample; 2 — ® = 1 x 1019 ion/cm?;3-® = 1 x 10! ion/cm?2,4- ® =
11 x 10 '2 ion/cm ?

translation group. F(Br ~ ) centers have a similar structure of point symmetry in [24-25|, which may
be consistent with the substitution mechanisms described in [14-15].

Conclusion. The model for the formation of bromine and oxygen centers under ion irradiation
is comparable with the literature data. The luminescence band in the objects under study is due to
oxygen centers, next to which there are bromine F centers. The decrease in the intensity of fluorine
phonons in the Raman scattering spectra as the fluence increases, starting from ® = 1 x 1019-
1 x 102 ions/cm?, can be associated with the creation of F(F ) defect centers.

Acknowledgements. The work was carried out under the grant of the Ministry of Education and
Science of the Republic of Kazakhstan AP14870572 “Experimental-theoretical analysis of processes
induced by radiation defects in scintillation materials for nuclear and space applications”.
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J.K. Kenbaes, A.K. [laynerGekoBa, 2K.T. Kapun6aes
JI.H. I'ymunes amwvndaev, Eypasus yammowk yrusepcumems

Kcenon nonnapeiven BaFBr kpucrangapblHbIH, paMaHAbIK, CIIEKTPJIEPiHE coyJiesieHyAiH ocepi

Anvotanusa. Ocbl KyMmbicTa 3Heprusicbl E=229 MsB-kereH KCEHOH HOHIAPBIMEH CoyJiejieHreH Oapuit hTopodbpoMu
KpucTaisgapeie,  dmoencrepi ®=1x 1010 wom/cm 2, ®=1x 10" wmom/cm?, ®=1 x 1012 HOH/CM 2 neitinri
JIIOMMHECHEHTTIK Kacuerrepi 3eprresreH. POTONIOMUHECHIEHIUS CIEKTPJIEP] aKay KaJIBIITACTHIPY MEXaHU3M/IEpiHe KATbICATHIH
baxkplianbaiiTein BaFBr kocnaceiabiy, 601ybin Kepcereni. BaFBr moHokpucTangapbiHbIH GeTiHEH KOMOWHAIMSIBIK, MIAIIBIPAY
CcreKTpJiepiHiH KeMeriMeH GJIIOEHCKe OallyIaHBICTBI TOPJIBIH, Tepbesic »kwuimiri ambikranazbl. DOTOp HOHAAPBIHA KATaTbIH
KulmikTep/ie (pJIIoeHC XKoFapbllaraH CaflblH paMaH CIEKTPJIEPiHiH, MHTEHCUBTLIIr ToMeH eyl 6ailkaaaibl.

Tyitin ce3aep: BaFBr, xkburjgam ayblp noHIap, JIOMUHECIIEHINS, (DOTOIIOMUHECIIEHIINS, PAMaH CIIEKTPJIEDP], aKaysap.

O.K. Kenbaes, A.K. laynerbekoBa, 2K.T. Kapun6aes
Eepasutickutl nayuonarvhowld yrnusepcumem umernu JI.H. lymunesa, Hyp-Cyaman, Kaszazcman

Biusinue obJiydeHnsi MOHAMU KCEHOHA HA pPaMaHOBCKHE CHEKTpPbI KpuctaJsioB BaFBr

Annoranusi. B pabore uccienoBaHbl JTIOMUHECIICHTHBIE CBOWCTBA KPUCTAJIOB (PTOPOOpOMHUIa 6apus 00y YeHHBIX HOHAMU
KceHoHa ¢ sueprueit E=229 MsB o dbmoercos (1 x 1010-1 x 1012 ) non/cm 2 . CriekTpbl (bOTOMOMUHECIIEHIINN TTOKA3BIBAIOT
HaJU4Iue HeKOHTposmpyeMmoii npumecu B BaFBr, koropas yyacrByer B MexanusMax jiedekroobpaszopanusa. C IOMOIIBIO CIIEKTPOB
KOMOMHAIIMOHHOI'O PACCESHIS C IIOBEPXHOCTH MOHOKpHCTa/s1oB BaF Br onpeesieHsr acToTh! KoebaHul PENIETKH B 3aBUCHMOCTH
ot durioenca. [IpocaekuBaercss yMeHbIIIEHNE HHTEHCUBHOCTH KOMOUHAIIMOHHOTO PACCEMBaHUs [0 Mepe yBejndeHus ioeHca Ha
YacTOTax MPUHAJIEXKAIINM HOHAM (Topa.

KiroueBbie cioBa: kpucramin BaFBr, 6picTpble TsKesble HOHBI, JIOMUHECHEHIUsA, (DOTOJIOMUHECIEHIIUs, CIEKTPbI
KOMOWHAIMIOHHOTO PACCENBAHUSA, Te(PEKTEL.
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