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Temperature behaviors of X-ray luminescence (XL or RL), photoluminescence (PL), and thermolumines-
cence (TL) were studied in CdBrz: Ag+ single crystals from room temperature to liquid nitrogen temperature.
The luminescence is practically absent in the interband (including X-rays) excitation crystals CdBrz: Ag+, but
manifested in the excitation light from the region 3.68 eV. In this region of the spectrum selective absorption
band of silver impurity centers is observed. It was found that the crystals CdBrz: Ag+ are sensitive to the ac-
tion of X-rays and ultraviolet light through the flow of photochemical reactions (FHR) in these crystals.
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1. INTRODUCTION

Optical properties of CdBrz2 crystals have been stud-
ied in previous works as well as applied research. Cad-
mium bromide is a layered crystal having fundamental
energy gap of 5.4 eV [1] and therefore have widely been
used as optical material. Representing the wide group of
divalent metal halides, CdBrz has been thoroughly stud-
ied by optical spectroscopy techniques [2], [3]. Particular
attention has been paid to explain the photochromism
effect in pure and doped CdBrz [4]. Much interest has
recently been given to the search of new materials,
which can be used for efficient laminators.

Computed radiography (CR) using photostimulable
phosphor storage media allows the combination of
highly advanced photographic technology with digital
computer techniques. This digital X-ray imaging tech-
nique is one of the primary candidates to replace the
long-established screen-film radiography. Photostimu-
lated luminescence (PSL) is a process where exposure
to high-energy (X-ray or UV) photons results in the
accumulation of stored charges such as [Cu+ Cd-—
Cu +1] centers. These stored charges can then be pho-
tostimulated to the conduction band using, for example,
low-energy visible or near-infrared photons where they
may recombine with holes to produce visible pho-
tostimulated luminescence. X-ray storage crystals such
as CdBrz: Cu+ have been widely discussed [3].

Unlike CdBrz: Cu+ crystals, silver doped cadmium
bromide has not been studied that much so far. Alt-
hough Ag+ ions (electronic configuration 4d%) are ho-
mologically identical to Cu+, some differences in the
absorption properties and in the nature of photochrom-
ism for this material may be expected which were not
investigated in details [5].

The present authors have reported briefly on new re-
sults of the storage luminescence of CdBrz: Ag+ crystals.
In this paper, we present detailed observations and a dis-
cussion on the temperature behaviors of the X-ray lumi-
nescence (XL), photoluminescence (PL), and thermolumi-
nescence (TL) of CdBrz: Ag+ single crystals from room
temperature (RT) to liquid nitrogen temperature (LNT).
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PACS numbers: 78.55.Fv, 78.60.Kn, 78.60.Ya,
87.563.Dq

2. EXPERIMENTAL TECHNIQUES

Investigated samples were the undoped as well as
the Ag-doped CdBrz crystals. These nanocrystals were
grown using the standard Bridgman—Stockbarger tech-
nique in sealed quartz ampoules (CdBrz: Ag — 0,7 % by
mass). Their crystalline structures were monitored us-
ing an x-ray diffractometer. The samples for measure-
ments were then cut along the cleavage planes. Linear
dimensions of the prepared rectangular specimens were
nearly 5 x 5 mm. Several samples of different thickness
were cut in order to select the best absorption layer
thickness, thus ensuring the good quality of the absorp-
tion measurements. The investigations were performed
at liquid nitrogen temperature because at this tempera-
ture the effect should be the enhanced.

The X-ray irradiations were performed between 80
and 300 K with a W tube (40 kV, 15 mA). For the UV
illuminations, a 150 W Xe high-pressure lamp and a
0.25 m grating monochromator were used. The heating
rate above RT was 5 °C/s. The emission and excitation
spectra were taken with the luminescence spectrometer.

3. RESULTS AND DESCUSSION

The XL (Rentgen Luminescence) in the short-
wavelength region at temperature range 48...170 K 1s
shown by curves in Figure 1 and Figure 2. The emis-
sion consisted of a main narrow band at 365 nm as well
as of some broad bands at about 500, 510, and 525 nm.

The 500, 510 and 525 nm bands increase in intensi-
ty during cooling from 170 K to 100 K; however, these
three emission peaks are almost invisible at room tem-
perature. Similarly, the 365 nm emission is not seen at
room temperature, but it appears at about 190 K and
increases in intensity during further cooling and be-
comes dominant at liquid nitrogen temperature. These
three emissions disappear at room temperature, indi-
cating that they are not emissions from Ag+ ions; they
might be from some species created by X-ray irradia-
tion that is only stable at low temperatures. Under X-
ray irradiation, defects are created in the crystals. The-
se defects may yield luminescence.
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Fig. 1 — The rentgen luminescence (RL or X-Ray) spectrum of
CdBrz: Ag+ in the short-wavelength region. The main band
was a narrow band at 365 nm
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Fig. 2 — The rentgen luminescence spectrum of CdBrz: Ag+ in
the short-wavelength region. The main band was a narrow
band at 365 nm as well as of some broad bands at about 500,
510, and 525 nm

3.1 Photoluminescence of CdBrz: Ag+ Single
Crystals

Activation CdBrz with using by impurities allows
considerably to increase the intensity, and to change the
spectrum of their fluorescent glow. The presence of impu-
rities causes the increasing concentration both their own
complexes, and the generate own-impurity or pure- im-
purity defects. It is shown in the absorption spectra, es-
pecially in photoluminescence excitation spectra of crys-
tals [1], [2]. Impurities of silver in cadmium bromide
crystals are photochromic (Figure 3). On the one hand,
they are increasing the intensity of luminescence of cad-
mium bromide, and on the other hand they are sensitive
to the action of X-rays and ultraviolet light through the
flow of photochemical reactions (FHR) in these crystals.

Figure 3 shows that activation crystals CdBrz: Ag+ of
silver is accompanied by the appearance luminescence
with a maximum at 2.7 eV region, which is internally-
central character: the maximum position and its indicat-
ed luminescence intensity do not change in the investi-
gated temperature range 90 ... 300 K. This luminescence
is practically absent in the interband (including X-rays)
excitation crystals CdBrz: Ag+, but manifested in the
excitation light from the region 3.68 eV. In this region of
the spectrum selective absorption band of silver impuri-
ty centers is observed.
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Fig. 3-The photoluminescence spectrum of crystals
CdBrs: Ag+

3.2 Thermoluminescence in CdBrz: Ag+

The direct-gap layered crystals CdBrz have a strong
ion-covalent bond within the structural layer Br-Cd-Br
and weak van der Waals interaction between the lay-
ers. Significant defects layered crystals, including
CdBrz, are accompanied by the presence of charge
transfer tail on the long wavelength fundamental ab-
sorption edge and the advent of selective weakly inten-
sive peaks on the SEL bulk samples at 4.54 eV. At exci-
tation of crystals by the luminescence light 4.54 eV is
observed a wide range of superior maximum in the re-
gion 1.8 eV. Excitation CdBrz: Ag+ at nitrogen temper-
ature between band ultraviolet (UV) light or (X) rays of
the curve thermoluminescence present slight maxima
in the temperatures 50-60 K, 70-80 K and 90-170 K
(Figure 4). Besides these there are intense peaks of
thermoluminescence (T'SL) in the range 200-300 K.
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Fig. 4 —The thermoluminescence spectrum of crystals
CdBrs: Ag+

Excitation crystals of "impurity" band 4.54 eV in the
curve is dominated by low-temperature TSL peaks with
maximum green fluorescence at 2.48 eV and mild highs
in the 236 K and 254 K with a predominant orange
glow with a maximum at 1.8 eV.

4. CONCLUSIONS

In summary, the X-ray luminescence (XL or RL),
photoluminescence (PL), and thermoluminescence (TL)
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were studied in CdBra:Ag+ single crystals from room
temperature (RT) to liquid nitrogen temperature (LNT).

The rentgen luminescence spectrum in the short-
wavelength region at temperature range 48...170 K is
consisted of a main narrow band at 365 nm as well as of
some broad bands at about 500, 510, and 525 nm. Lu-
minescence is practically absent in the interband (in-
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cluding X-rays) excitation crystals CdBrz-Ag+, but man-
ifested in the excitation light from the region 3.68 eV.
The crystals CdBrz-Ag+ are sensitive to the action of X-
rays and ultraviolet light through the flow of photo-
chemical reactions (FHR) in these crystals. As a result,
FHR cause the increasing of optical density in the sam-
ples and decreasing of the luminescence intensity.

JIromiHecLeHIisI MOHOKPHCTAJIIB OPOMMCTOrO KaaMilo i3 JogaBaHHAM JOMIIIKU cpidia
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PobGora ommcye mocimimkerHss TeMreparypHol moBeminku pentrrenosominectermii (PJI), doromominec-
mentii (OJI) i repmosominecrtentii (TJI) monokpucranie CdBrz: Ag+ Bif KiMHATHOI TeMIepaTypu 10 TE€M-
mepaTypu pikoro asory. JIIOMIHeCIIeHITis TPAKTUYHO BIJACYTHS IIPH MIK30HHOMY (Y TOMY UWCJII PEHTTEHIB-
cbroMy) 30ymxenHi kpucramis CdBrz: Ag+, ase nposiBiisieTbest Ipu 30y preHH] cBiTIOM B 00sacti 3,68 eB. ¥V
Il 00JIaCTi CIEKTPY CIIOCTEPITAEThCS CeJeKTUBHE IOIVIMHAHHS Cpibsia JOMINIKOBAMU IieHTpamu. Byiso Bu-
siBiieHo, mo kpucranu CdBrz: Ag+ € uyTimBuMU 110 1111 PEHTTEHIBCHKUX IIPOMEHIB 1 yIbTPadioseToBoro cBi-
TJIa Yepes MPOTIKaHHA B HUX QoroxiMmiuaux peakiii (DXP).

Kmiouosi cnosa: Illapysati kpucranu, JIrominecueniria, Bpomin kagmio, oToXpoMHI JOMIIIKH.
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PaGora omuceiBaeT mceiremoBaHUS TeMIIEPATYPHOro moBemeHus penrtreHosomunectenmuu (PJI), doro-
miomuHecternun (OJI) u repmomomunectienriun (TJI) momoxpucrammos CdBrz: Ag+ or koMHATHOI TeMIie-
PaTypsl 0 TEMIIEPaTypPHl JKUAKOT0 a30Ta. JIIMUHECIIEHIUA TPAKTUYECKH OTCYTCTBYET IIPU MEK30HHBIX (B
TOM YHCJIE PEHTTeHOBCKOM) B030yskaeHmsax kpucrasuioB CdBrs: Ag+, Ho mposiBisiercsi mpu Bo30ykIeHUN
cBeToM B obsactu 3,68 aB. B aroit obsactu ciexTpa HabII0AETCA CeJIEKTUBHOE TIOTJIONIeHNe cepebpa mpu-
MeCHBIMU IleHTpaMu. Breuio obHapyskeHo, uro kpucrasuisl CdBrs: Ag+ 4yBCTBUTEIBHBI K JEMCTBUIO PEHTTE-
HOBCKHX JIy4eil ¥ yJIbTPadHoIeTOBOro CBeTa U3-3a IMIPOTeKaHnus B HUX doToxumudeckux peariuit (DXP).

Kmouessie ciora: Ciouctsie kpucrasnisl, Jllomuaectienrust, Bpomu kagmust, @oToxpoMHBIE T00ABKH.

REFERENCES

1. A.B. Lyskovich, Wide-layered crystals and their physical
properties (Liviv: High School: 1982) 148 p. [In Russian].

2. M. Rudka, S.Charambura, V. Antonyuk, I.Matviishyn,
B. Kostyuk, J. Phys. Stud. 4 No3 (2000).

3. N. Stetsyk, M. Rudka, V. Antonyuk, The XIXth Interna-
tional Seminar on Physics and Chemistry of Solids ISPCS-
13 (Czestochowa: Poland: 2013).

4. N. Stetsyk, V. Antonyuk, M. Rudka, Electronics and Nan-

otechnology. Proceedings of the XXXII International Scien-
tific Conference ELNANQO-2013, 134 (Kiev: 2013).

5. S.S. Novosad, I.S. Novosad, A.V. Borodchuk, Inorg. Mater.

41, 187 (2005).

02001-3


http://dx.doi.org/10.1109/ELNANO.2013.6552011
http://dx.doi.org/10.1109/ELNANO.2013.6552011
http://dx.doi.org/10.1109/ELNANO.2013.6552011
http://dx.doi.org/10.1007/s10789-005-0041-0
http://dx.doi.org/10.1007/s10789-005-0041-0

