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Luminescence effects in Ag-doped cadmium
bromide layered nanostructures
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Temperature behaviors of X-ray luminescence, photoluminescence, and thermolumines-
cence were studied in cadmium bromide crystals doped with impurities of argentum from
room temperature to liquid nitrogen temperature. It was found that the cadmium bromide
crystals doped with impurities of argentum are sensitive to action of X-rays and ultravio-
let light owing to the flow of photochemical reactions in these crystals.

HccnenoBano TemIepaTypHOEe [OBeleHHEe DEHTIeHOJIIOMHHECIEHIINY, (HOTOJNIOMUHECIeH-
UM U TepMOJIOMUHecIeHIun MoHoKpueTannoB CdBry:Agh oT xomHaTHO# TeMIepaTypsl 1o
TeMIepaTyphl KHUAKOro asota. Obmapymeno, uro kpucramasl CdBry:Ag* uyBcTBHTENBHEI K
MefiCTBUI0O PEHTTEHOBCKUX JIyuell M yJIbTpadMoseToBOTO cBeTa M3-3a MPOTeKaHUA (POTOXUMU-
YeCKUX pPeakIUil B 9TUX KPHUCTAJLIAX.

JlioMiHEeCHeHTHI BJIACTHBOCTI IIAPYBATHX HAHOCTPYKTYP Ha OCHOBIi OpOMHMCTOro Kajamiio,
aeroBaHux gomimkamu cpi6aa. H.B.Cmeuyurx, B.I Anumoniox, M.M.Pydka.

Hocuimxeno teMiepaTypHy HOBEJIHKY DPeHTreHOJIOMiHecueHii, doroaomiHecueniii i
TepmoaoMiHecnernii monokpucranie CdBr,:Ag* Bix kimMHATHOI TeMIepaTypu 4O TeMIepary-
pu pigkoro asory. Buasmemo, mpo xpueramum CdBry,:Ag* uytamsi go xii pemTremisechrux
npoMmeHiB 1 yabTpadioseroBoro cpiTna yepes MpoTikaHHA GOTOXIMIUHUX peakIit B IuUX
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1. Introduction

Optical properties of CdBr, crystals have
been studied in previous works as well as
applied research. Cadmium bromide is a lay-
ered crystal having fundamental energy gap
of 5.4 eV [1] and therefore it is widely
used as optical material. Representing the
wide group of divalent metal halides CdBr,
was thoroughly studied by optical spectros-
copy techniques [2, 3]. Particular attention
was paid to explain the photochromism ef-
fect in pure and doped CdBr, [4]. Much in-
terest has recently been given to the search
of the new materials, which can be used for
efficient laminators.
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Computed radiography (CR) using photo-
stimulable phosphor storage media allows
the combination of highly advanced photo-
graphic 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 ra-
diography. Photostimulated luminescence
(PSL) is a process where exposure to high-
energy (X-ray or UV) photons results in ac-
cumulation of stored charges such as
[CutCd—Cu™*] centers. These stored charges
can then be photostimulated to the conduc-
tion band using, for example, low-energy
visible or near-infrared photons where they
may recombine with holes to produce the
visible photostimulated luminescence. X-ray
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storage crystals such as CdBr,:Cu* have
been widely discussed in [3, 7—10].

Unlike CdBr,:Cut crystals, silver doped
cadmium bromide has not been studied that
much so far. Although Ag* ions (electronic
configuration 4d1%) are homologically identi-
cal to Cut, some differences in the absorption
properties and in the photochromism nature
for this material may be expected which have
not been investigated in details [5].

The present authors have reported
briefly on new results of the storage lumi-
nescence of CdBry:Ag* crystals. In this
paper, we present detailed observations and
discussion on the temperature behaviors of
X-ray luminescence (XL), photolumines-
cence (PL), and thermoluminescence (TL) of
CdBry:Agt single crystals from room tem-
perature (RT) to liquid nitrogen tempera-
ture (LNT).

2. Experimental

Investigated samples were undoped as
well as Ag-doped CdBr, crystals. These
nanocrystals were grown using the standard
Bridgman-Stockbarger technique in sealed
quartz ampoules (CdBry:Agt — 0.7 % by
mass). Their crystalline structures were
monitored using an X-ray diffractometer.
The samples for measurements were then
cut along the cleavage planes. Linear dimen-
sions of the prepared rectangular specimens
were nearly 5x5 mm2. Several samples of
different thickness were cut in order to se-
lect the best absorption layer thickness,
thus ensuring the good quality of the ab-
sorption measurements. The investigations
were performed at liquid nitrogen tempera-
ture because at this temperature the effect
should be enhanced.

X-ray irradiations were performed be-
tween 80 and 300 K with a W tube (40 kV,
15 mA). For UV illuminations, 150 W Xe
high-pressure lamp and 0.25 m grating
monochromator were used. The heating rate
above RT was 5°C/s. Emission and excita-
tion spectra were obtained by the lumines-
cence spectrometer (Fig. 1).

To reduce impact of soft radiation that
accompanies characteristic X-rays, an alu-
minum filter thickness of 0.5 mm was used.
Additional measures for monochromaticity
of X-ray was not performed. Scanning
range was carried out using by the appro-
priate software.

To investigate the thermal curves, the
samples were placed in a nitrogen cryostat
and exposed to X-rays. Luminosity of the
crystal was recorded during its heat with a
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Fig. 1. Scheme of the experimental tech-
niques for luminescence spectra study of: 1 —
source of X-ray; 2 — stem of cryostat; 3 —
sample; 4 — furnace; 5 — filters (to assess
the thermal spectral composition); 6, 8§ —
photomultiplier tube PMT-79; 7 — monochro-
mator MDR-12; 9 — ends of thermocouple
HONEYWELL-700-U-0; 10 — control unit
for linear heat rate; 11 — temperature con-
troller "Utrex K 48"; 12 — computer.

linear speed of 0.1 K in single-photon mode
using photoelectronic multiplier PMT-79
and recorded simultaneously with the tem-
perature signal in the computer database.
For temperature scanning the system of
equipment was used, which included a con-
trol unit of linear velocity of the sample
heating and temperature sensor of HONEY-
WELL-700-U-0 type.

Luminescence spectra were recorded by
monochromator MDR-12 using photoelec-
tronic multiplier PMT-79. Luminescence
was excited by a helium-neon laser with line
length of 337 nm and generating an output
power of 40 mW. Scanning and correction
of the luminescence spectra were carried
out automatically by computer processing of
the signals recorded from the photoelec-
tronic multiplier. The temperature of the
sample placed in a nitrogen cryostat main-
tained to with an accuracy of 0.1 K
through the system of temperature control-
ler "Utrex K 43".

The roentgen luminescence (RL or X-
Ray) spectra were recorded by monochroma-
tor MDR-12 with 0.5 mm holes of optical
resolution of 2.5 nm using PMT-79. The
samples were studied in a nitrogen cryostat
of A-113 type with a beryllium window for
X-rays. Sign of luminescence was carried
out through quartz window. Excitation of
the samples was carried out using the appa-
ratus URS-60 with molybdenum anode at a
given voltage 55 kV, using I = 10 mA.
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Fig. 2. Roentgen luminescence spectra of
CdBr,:Ag™ in the short-wavelength region.
The main band was a narrow band at 365 nm.

3. Results and discussion

3.1. X-Ray luminescence of cadmium bro-
mide crystals doped with argentum impuri-
ties

The XL (X-ray luminescence) in short-
wavelength region in temperature range of
48...170 K is shown by the curves in Fig. 2
and Fig. 8. The emission consisted of the
main narrow band at 365 nm as well as of
some broad bands at about 500, 510, and
525 nm. The bands at 500, 510 and
525 nm increase in intensity during cooling
from 170 K to 100 K; however, these three
emission peaks are almost invisible at room
temperature. Similarly, the emission at
365 nm is not seen at room temperature,
but it appears at about 190 K and increases
in intensity during further cooling and it
becomes dominant at the liquid nitrogen
temperature. These three emissions disap-
pear at room temperature, indicating that
they are not emissions from Ag* ions; they
might be from some species created by
X-ray irradiation that is only stable at the
low temperatures. Under X-ray irradiation,
defects are created in the ecrystals. These
defects may yield luminescence.

3.2. Photoluminescence of cadmium
bromide crystals doped with argentum impu-
rities

Activation of CdBr, by impurities allows
considerably to increase intensity, and to
change the spectrum of their fluorescent
glow. The impurities presence causes the in-
creasing concentration both their own com-
plexes, and generation of own-impurity or
pure-impurity defects. It is shown in the
absorption spectra, especially in the pho-
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Fig. 3. Roentgen luminescence spectra of
CdBry: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.

toluminescence excitation spectra of the
crystals [1, 2, 6]. Impurities of silver in
cadmium bromide crystals are photochromic
(Fig. 4). On the one hand, they are increas-
ing the intensity of luminescence of cad-
mium bromide, and on the other hand they
are sensitive to action of X-rays and ultra-
violet light owing to the flow of photo-
chemical reactions (FHR) in these crystals.

Fig. 4 shows that activation of crystals
CdBr, by silver is accompanied by the lumi-
nescence appearance with a maximum at
2.7 eV region, which is internally-central
character: the maximum position and its in-
dicated luminescence intensity do not
change in the investigated temperature
range of 90...300 K. This luminescence is
practically absent in the interband (includ-
ing X-rays) excitation crystals CdBr,:Ag*,
but manifested in the excitation light from
the region of 3.68 eV. In this region of the
spectrum selective absorption band of silver
impurity centers is observed.

3.3. Thermoluminescence in CdBry:Ag*

The direct-gap layered crystals of CdBr,
have strong ion-covalent bond within the
structural layer Br—Cd-Br and weak van der
Waals interaction between the layers. Sig-
nificant defects layered ecrystals, including
CdBry, are accompanied by the presence of
charge transfer tail on the long wavelength
fundamental absorption edge and the advent
of selective weakly intensive peaks on the
SEL bulk samples at 4.54 eV. At excitation
of the crystals by luminescence light of
4.54 eV a wide range of superior maxima in
the region 1.8 eV is observed. Excitation
CdBry:Agt at nitrogen temperature between

381



N.V.Stetsyk et al. /| Luminescence effects in Ag-doped ...

|, a.u.

0 1 1 1 1 1 1 1 1 1
360 440 520 600 680 A, nm
Fig. 4. Photoluminescence spectra of

CdBr,:Ag* crystals.

the band of ultraviolet (UV) light or (X)
rays of the curve thermoluminescence the
slight maxima in the temperatures 50—
60 K, 70-80 K and 90-170 K (Fig. 5) are
present. Besides these there are intensive
peaks of thermoluminescence (TSL) in the
range of 200-300 K.

Excitation crystals of "impurity” band
4.54 eV in the curve (Fig. 5) is dominated
by the low-temperature TSL peaks with
maximum of green fluorescence at 2.48 eV
and mild highs under 236 K and 254 K
with a predominant orange glow with a
maximum at 1.8 eV.

4. Conclusions

In summary, X-ray luminescence, pho-
toluminescence, and thermoluminescence
were studied in CdBr,:Agt single crystals
from room temperature to liquid nitrogen
temperature.

The X-ray luminescence spectrum in the
short-wavelength region in the temperature
range of 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.
Luminescence is practically absent in the
interband (including X-rays) excitation
crystals CdBry:Ag*, but manifested in the
excitation light from the region of 3.68 eV.
The crystals CdBr,:Ag* are sensitive to the
action of X-rays and ultraviolet light owing
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Fig. 5. Thermoluminescence spectrum of
CdBr,:Ag* crystals.

to the flow of photochemical reactions in
these crystals. As a result, the FHR cause
the increasing of optical density in the sam-
ples and decreasing of the luminescence in-
tensity.
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