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Abstract: Luminescent properties of barium fluorobromide crystals irradiated with xenon ions
with energy E=229 MeV up to fluences (1× 10 10 - 1× 10 12 ) ion/cm 2 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.
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Introduction. BaFBr crystals doped with Eu 2+ 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 C 4h , having a density of ρ=4.95 g/cm 3 , 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.
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Figure 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 2 and BaBr 2 . 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
2 θ - θ mode.

Irradiation was carried out at the DC-60 ion accelerator (Nur-Sultan, Kazakhstan) with 131 Xe
ions with a specific energy of 1.75 MeV/nucleon. Irradiation was carried out at room temperature,
up tofluence 10 10 to 10 12 ion/cm 2 .

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 −1 . The
laser was focused using an objective with a magnification of 100x, forming a spot 2 µm 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 131 Xe ions to various fluences at T = 300 K. It is
fair to note that with an increase of the fluence from 10 11 to 10 12 ion/cm 2 , 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 λ = 280 nm in BaFBr crystals is associated with centers containing
O 2−
F impurity ions.

The EPR study in [15-16] showed various forms of oxygen impurity, which are assigned to O2−
Br− ,

O2−
F− , and O 2−

2 in an indefinite region of the lattice. A study of the generation of F color, O, and V k

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 V k (Br −2 ) centers become mobile and
react with the centers, forming O −

F hole traps. At temperatures above 200 K, F(Br − ) centers can
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Figure 2 – X-ray diffractogram of BaFBr samples

Figure 3 – Luminescence spectrum of BaFBr crystals irradiated with 131 Xe ions, Ф=10 10 -10 12 ion/cm 2 at a temper-
ature of 300 K, where 1 – Ф = 1 × 10 10 ion/cm 2 ; 2 - Ф = 1 × 10 11 ion/cm 2 , 3 - Ф = 1 × 10 12 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:

Vk(Br
−
2 ) +O2−

F−
ionizing irr.−−−−−−−−→ F (Br−) + Vk(Br

−
2 ) +O2−

F−
T≥120K−−−−−−→ F (Br−) +O−

F−

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 1g ,
B 1g , and 3 Eg phonon symmetry, four active IR modes with 2A 2u and 2E u phonon symmetry, and
two acoustic modes with phonon symmetry 2A 2u and 2E u [19-20].

It should be noted that at fluences above Ф = 1× 10 12 ions/cm 2 , 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 −1 , 122 cm −1 , 210 cm −1 , and 236 cm −1 and symmetry (E g ),
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Figure 4 – Excitation spectra of BaFBr crystals irradiated with 131 Xe ions, 1.75 MeV/nucleon at 300K, where 1 – Ф =
1 × 10 10 ion/cm 2 ; 2 - Ф = 1 × 10 11 ion/cm 2 , 3 - Ф = 1 × 10 12 ion/cm 2

(A 1g ),(B 1g ), (E g ), 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.

Figure 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 cm −1 and 236 cm −1 in BaFBr crystals
can be attributed to the vibrational motions of fluorine ions. Phonons with a frequency of about
108 cm −1 , 121 cm −1 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
10 10 -10 12 ions/cm 2 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 Ф =
1× 10 10 ion/cm 2 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 4h type point symmetry to impu-
rity ions with C 4v spatial symmetry is mentioned in addition to the local destruction of the pure
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Figure 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 – Ф = 1 × 10 10 ion/cm 2 ; 3 - Ф = 1 × 10 11 ion/cm 2 , 4 - Ф =
11 × 10 12 ion/cm 2

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 Ф = 1× 10 10 -
1× 10 12 ions/cm 2 , 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”.

eISSN 2663-1296 Л.Н. Гумилев атындағы ЕҰУ Хабаршысы. Физика. Астрономия сериясы, 2022, Том 140, №3
Вестник ЕНУ им. Л.Н. Гумилева. Физика. Астрономия, 2022, Том 140, №3

10



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

References
1 Koschnick F.K., Hangleiter Т., Song K.S., Spaeth J.M. Optically detected magnetic resonance study of an oxygen-
vacancy complex in BaFBr, Journal of Physics: Condensed Matter, 7(34), 6925-6937 (1995).

2 Schweizer S., Spaeth J.M. Oxygen centres in stoichiometric BaFBr and intrinsic hole centres in nonstoichiometric
BaFBr, Radiation Measurements, 29(3-4), 291-293 (1998).

3 Schweizer S., Spaeth J.M. New oxygen hole centres in the x-ray storage phosphor BaFBr, Journal of Physics:
Condensed Matter, 11(7),1723-1733 (1999).

4 Schweizer S., Rogulis U., Song K.S., Spaeth J-M. Optically detected magnetic resonance investigations of oxygen
luminescence centres in BaFCl, Journal of Physics: Condensed Matter, 12(28), 6237-6243 (2000).

5 Thoms M., vonSeggem H., Winnacker A. Spatial correlation and photostimulability of defect centers in the x-ray-
storage phosphor BaFBr:Eu, Physical Review B, 44(17), 9240-9247 (1991).

6 Iwabuchi Y., Umemoto C, Takahasi K., Shionoya S. Photostimulated luminescence process in BaFBr: Eu, Journal
of Luminescence, 48(49), 481 (1991).

7 Spaeth J.-M., Koshnick F.K., Meise W., Rogulis U. Cross relaxation in magnetic resonance as tool to study spatial
correlations between defects in insulators, Nuclear Instruments and Methods in Physics Research B, 91(1-4) 175-182
(1994).

8 Yuste M, TaurelК., Rahmani M., Lemonyne I.D. Optical absorption and ESR study of F centres in BaFCl and
SrFCl crystals, Journal of Physics and Chemistry of Solids, 37(10), 961?969 (1976).

9 Somaiah K., Hari Baby V. Two types of F?centres and thermoluminescence in BaFCl crystals, Physica Status Solidi
(a), 85(1), 265?271(1984).

10 Kobayashi H., Shibata H., Eguchi H., Satoh M., Etoh M., Takebe M., Abe K. Deteoriation of photo-stimulated
luminescence signals from materials by radiation, Nuclear Instruments and Methods in Physics Research Section
B: Beam Interactions with Materials and Atoms, 164-165, 938-943 (2000).

11 Amemiya Y., Miyahara J. Imaging plate illuminatesmany fields, Nature, 336(6194), 89-90 (1988).
12 ScottJ.F. Raman Spectra of BaClF, BaBrF, and SrClF,The Journal of Chemical Physics, 49(6), 2766–2769 (1968).
13 Haeuseler H. Lattice dynamics of BaFBr, Physics and Chemistry of Minerals,7(3), 135–137 (1981).
14 SieskindM., AyachourD.,BoulouJ.-C., Crystal Growth, Raman and Infrared Spectra of BaFI Single Crys-
tals,Physica Status Solidi (b),158(1), 103–112 (1990).

15 Eachus R.S., McDugle W.G., Nuttal R.H.D., Olm M.T., Koschnick F.K., Hangleiter Th., Spaeth J.-M. Radiation-
produced electron and hole centres in oxygen-containing BaFBr. I. EPR and ODEPR studies, Journal of Physics:
Condensed Matter, 3(7), 9327-9338 (1991).

16 Eachus R.S., McDugle W.G., Nuttal R.H.D., Olm M.T., Koschnick F.K., Hangleiter Th., Spaeth J.-M. Radiation-
produced electron and hole centers in oxygen-containing BaFBr. II. An ENDOR study of O −

F ,Journal of Physics:
Condensed Matter, 3(7), p. 9339-9349 (1991).

17 Koschnick F.K., Spaeth J.-M., Eachaus R.S., Mcdugle W.G., and Nuttall R.H.D. Experimental evidence for the
aggregation of photostimulable centers in BaFBr:Eu2+ single crystals by cross relaxation spectroscopy, Physical
Review Letters 67(25), 3571- 3574 (1991).

18 Schweizer S. Physics and Current Understanding of X-Ray Storage Phosphors, Physica Status Solidi (a), 182(2),
335-393 (2001).

19 Bhat T. N., Bhat H. L., Rama Rao A. H., Srinivasan M. R., Narayanan P. S., Crystal structure of barium
bromofluoride, Current Science, 47(6), 204-206 (1978).

20 Rast H. E., Miller S. A., Caspers,H. H. Infrared?Active Lattice Vibrations of BaBrF, The Journal of Chemical
Physics, 55(3), 1484-1485 (1971).

21 Rulmont A. Spectresinfrarouges et Raman des fluorohalog?nures de plumb PBPX (X?Cl, Br, I), Spectrochimi-
caActa Part A: Molecular Spectroscopy, 30(1), 161-168 (1974).

22 Koschnick F.K., Spaeth J.-M., Eachus R.S., The influence of oxide impurity on the generation by X-irradiation of
F centres in BaFBr, Journal of Physics: Condensed Matter, 4(11), 3015-3029 (1992)

23 Nicollin D., Bill H. Experimental contribution to the study of S-state ions in ionic single crystals, Journal of Physics
C: Solid State Physics, 11(23), 4803-4814 (1978).

24 Nicklaus E., Fischer F. F?centres of two types in BaFCl crystals, Physica Status Solidi (b), 52(2), 453?460 (1972).
25 Niklas J.R., Heder G., Yuste M., Spaeth J.M. Identification of two types of F centres in BaCIF by ENDOR, Solid
State Communications., 26(3), 169?172 (1978).

eISSN 2663-1296 Bulletin of L.N. Gumilyov ENU. PHYSICS. ASTRONOMY Series, 2022, Vol. 140, №3

11



Effect of Xenon Ion Irradiation on the Raman Spectra of BaFBr Crystals

Д.К. Кенбаев, А.К. Даулетбекова, Ж.Т. Карипбаев

Л.Н. Гумилев атындағы Еуразия ұлттық университетi

Ксенон иондарымен BaFBr кристалдарының рамандық спектрлерiне сәулеленудiң әсерi

Аннотация. Осы жұмыста энергиясы Е=229 МэВ-кетең ксенон иондарымен сәулеленген барий фторобромид
кристалдарының флюенстерi Ф=1 × 10 10 ион/см 2 , Ф=1 × 10 11 ион/см 2 , Ф=1 × 10 12 ион/см 2 дейiнгi
люминесценттiк қасиеттерi зерттелген. Фотолюминесценция спектрлерi ақау қалыптастыру механизмдерiне қатысатын
бақыланбайтын BaFBr қоспасының болуын көрсетедi. BaFBr монокристалдарының бетiнен комбинациялық шашырау
спектрлерiнiң көмегiмен флюенске байланысты тордың тербелiс жиiлiгi анықталады. Фтор иондарына жататын
жиiлiктерде флюенс жоғарылаған сайын раман спектрлерiнiң интенсивтiлiгi төменделуi байқалады.

Түйiн сөздер: BaFBr, жылдам ауыр иондар, люминесценция, фотолюминесценция, раман спектрлерi, ақаулар.

Д.К. Кенбаев, А.К. Даулетбекова, Ж.Т. Карипбаев

Евразийский национальный университет имени Л.Н. Гумилева, Нур-Султан, Казахстан

Влияние облучения ионами ксенона на рамановские спектры кристаллов BaFBr

Аннотация. В работе исследованы люминесцентные свойства кристаллов фторобромида бария облученных ионами
ксенона с энергией Е=229 МэВ до флюенсов (1 × 10 10 - 1 × 10 12 ) ион/см 2 . Спектры фотолюминесценции показывают
наличие неконтролируемой примеси в BaFBr, которая участвует в механизмах дефектообразования. С помощью спектров
комбинационного рассеяния с поверхности монокристаллов BaFBr определены частоты колебаний решетки в зависимости
от флюенса. Прослеживается уменьшение интенсивности комбинационного рассеивания по мере увеличения флюенса на
частотах принадлежащим ионам фтора.

Ключевые слова: кристалл BaFBr, быстрые тяжелые ионы, люминесценция, фотолюминесценция, спектры
комбинационного рассеивания, дефекты.
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