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Luminescence parameters of Csl-CsCl (0.5-1.0 mol.%) and Cs|-PbCl, (0.5 mol.%) crys-
tals have been studied under synchrotron and X-ray excitation. New bands have been
revealed in the luminescence spectra of crystals which are ascribed to emission of micro-
phase CsCl dispersed in Csl and radiative decay of electronic excitation on iodine vacancies
of the matrix. The duration and intensity of slow component in a scintillation pulse of
Csl-PbCl, (0.5 mol.%) crystals decreases essentially at the X-ray excitation.

IIpoBeneHo wucciaemoBaHue JIOMUHECIEHTHBIX mnapamerpoB kpucraiaaos Csl-CsCl (0,5—
1,0 mol.%) u Csl-PbCl, (0,5 mol.%) npu CHEXPOTPOHHOM ¥ PEHTTeHOBCKOM BO3OYIKIEeHUM.
B crmekTpax JMIOMUHECIHEHIIUN KPUCTAJJIOB OOHAPYEHO HOBBIE IOJIOCHI, KOTOPHLIM MPUIIUACHI-
BaroT usnyuenve mukpodassl CsCl, Bkpammennoit B Csl, a TakiKe msiydareJbHOMY pacmamy
DIIEKTPOHHBIX BO3OY:KAeHHil Bosje BakaHcuii #Homa marpunsl. B kpucranmax Csl-PbCl,
(0,5 mol.%) mpu peHTreHOBCKOM BO3OYIKIEHHM AJANTEJIbHOCTh M WHTEHCHBHOCTb MEJIEHHOI
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KOMIIOHEHTBbI B COHMHTUJJIJIANOUNOHHOM HMIIyJbCe CYII[€CTBEHHO yMEHbIIAeTCsd.

Most spectral and luminescence studies
of quantum-confined systems were carried
out mainly on binary semiconducting
nanocrystals of CdS, ZnS, Cul, Pbl,, ete.
The formation of ternary CsPbX; compound
phase has been revealed [1, 2] for PbX,
doped CsX crystals (X= Cl, Br, I). The possi-
bility of the dielectric nanophase formation
in Csl host has been pointed out in [3]. It
has been concluded that the scintillation of
Csl-Na is caused by the energy transfer
from Csl matrix to Nal nanoparticles [3].
Nal nanoparticles embedded in Csl matrix
were obtained by temperature annealing of
Csl-Nal (0.1 mol.%) thin films. In this
work, the possibility of dielectric nanoparti-
cle synthesis is shown and its peculiarities
are proposed to be used for the modification
of scintillator luminescence characteristics.
We propose a method for CsCl nanoparticle
implantation into Csl host to modify the
luminescence characteristics of Csl-based
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scintillation materials. The impossibility of
solid solution existence in Cs|-CsCl system
[4] is the favorable circumstance for the
formation of CsCl nanoparticles in Csl host.
CsCl nanoparticle formation has been stud-
ied in Csl-CsCl (0.5-1.0 mol.%) and Csl—
PbCl, (0.5 mol.%) crystals being annealed
at T = 250°C during 24 hours.

The luminescence kinetics of Csl-CsCl
(1 mol.%) and Csl-PbCl, (0.5 mol.%) crys-
tals has been studied using the synchrotron
radiation from the DORIS storage ring at
the Deutsches Elektronen Synchotron
(DESY, Hamburg) and the SUPERLUMI sta-
tion equipment at HASYLAB [5]. Time-re-
solved spectroscopy technique has been
used. Spectra of the fast emission compo-
nent were registered just after the excita-
tion pulse within 0-5 ns time gate. Emis-
sion spectra were measured using ARC
Spectra Pro 308 monochromator in Czerny-
Turner mounting equipped with
HAMAMATSU R6358P photomultiplier.

177



AVoloshinovskii et al. / Luminescence modification of...

l,a.u.
Csl-CsCl (1 mol,%) T=300K
08
- Emission
06 Eexc=15.5 6V
04
02
0,0 1

2 3 4 5 E (eV)
Fig. 1. Emission spectra for Csl-CsCl (1 mol.%)
crystals at room temperature.

The luminescence excitation spectra were
scanned at 3.2 A resolution within 4-27 eV
range using the primary 2 m monochroma-
tor in 15° McPherson mounting. The X-ray
emission spectra and X-ray luminescence
decay kinetics were measured at a labora-
tory setup using X-ray source with parame-
ters: U, = 40 kV, pulse duration 2 ns, repe-
tition frequency 100 kHz.

Two series of emission bands in the
ranges of 6.2-4.1 eV (200-300 nm) and
4.1-2.1 eV (300-600 nm) were revealed in
Csl-CsCl (0.5-1.0 mol.%) crystals under
excitation by quanta with E = 15.5 eV (Fig. 1).
The characteristic 6-(285 nm) and n-(360 nm)
emission bands of self-trapped exciton were
not observed in Csl crystals at the room
temperature. The so-called "exciton-like”
luminescence peaked at 4.1 eV (305 nm)
should not be also excited under excitation
by quanta E = 15 eV [6]. Therefore, the ob-
served emission bands of the Csl crystals
could be caused by doping with CsCl impu-
rity.

The emission band with maximum at
2.7 ¢V (450 nm) may be caused by radiative
decay of electronic excitation on iodine va-
cancies in the matrix [7, 8]. It should be
noted that annealing at T = 250°C promotes
halogen vacancy formation in the matrix
[8]. The luminescence excitation spectrum
with maximum placed in the range of Csl
matrix transparency at 5.2 eV (240 nm)
(Fig. 2, curve 2) and low luminescence in-
tensity at excitation in the range of band-
to-band transition can evidence the defect
nature of the 2.7 eV band. The slow lumi-
nescence component with 7> 1 us domi-
nates in decay kinetics of this band under
high-energy excitation. The emission band
in the 200-300 nm range (Fig. 1) can be
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Fig. 2. Emission and luminescence excitation
spectra for Csl-CsCl (1 mol.%) crystals at
room temperature.
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Fig. 3. Fast components of emission (curves 1, 3)
and luminescence excitation (curves 2, 4) spectra
for pure CsCl and Csl-CsCl (1 mol.%).

interpreted as the luminescence of CsCl mi-
crophase dispersed in Csl matrix. This is
confirmed by the similarity between the
spectral characteristics for observed lumi-
nescence and that of pure CsCl. The emis-
sion spectrum of pure CsCl (Fig. 3, curve 1)
under excitation at 15 eV reveals two max-
ima at 4.5 and 5.1 eV which are ascribed to
intrinsic core-valence luminescence (CVL)
[9]. In studied pure CsCl crystals, these
emission bands has the decay time constant
of 1.2 ns being caused by the radiative re-
combination of 5pCs* core holes with 3pCl-
valence electrons. The excitation spectrum
measured for CsCl emission at 5.1 eV (Fig. 3,
curve 2) has the characteristic threshold at
13.8 eV corresponding to the photoionisa-
tion of 5pCs* core states.
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The fast emission component 1= 1.2 ns
has been also registered in the 3.2-5.8 eV
range for Csl-CsCl (1 mol.%) crystal under
excitation at 15 eV (Fig. 3, curve 3). The
structure of the excitation spectrum meas-
ured for the fast emission of Csl-CsCl
(1 mol.%) crystal at 5.1 eV (Fig. 3, curve 4)
is rather close to that of intrinsic CVL in
pure CsCl (curve 3). Therefore, the coinci-
dence between the parameters of fast lumi-
nescence for Csl-CsCl (1 mol.%) crystal
with the CVL for pure CsCl allow to attrib-
ute the fast luminescence of Csl-CsCl
(1 mol.%) crystal to luminescence of CsCl
microphase dispersed into the Csl matrix.

The reabsorption of high-energy CVL
quanta by Csl host may take place in Csl—
CsCl system. Consequently, a shape differ-
ence is observed between the high-energy
side of CVL emission spectra for CsCl bulk
crystal (Fig. 3, curve I) and its microphase
analog imbedded into Csl host (curve 3).
The high-energy CVL band at 5.1 eV is sup-
pressed in the case of Csl-CsCl (1 mol.%).
The equal values of CVL decay time con-
stant (1.2 ns) for CsCl and Csl-CsCl point
out the absence of nonradiative decay of
5pCs*-core holes in CsCl microphase due to
their interaction with Csl host. We do not
have any exact data on the size of CsCl
microphase imbedded into Csl host. How-
ever, some estimation can be made using
the data on Nal particle size in Csl host.
The Nal nanoparticles of about 70 nm size
were revealed in Csl-Nal (0.1 mol.%) after
prolonged annealing at 250°C [3]. Thus, the
size of CsCl particles can be expected in the
range above 100 nm for the case of Csl-
CsCl (0.5 mol.%). Therefore, the CsClI
phase observed can be rather interpreted as
microphase.

Of course, there is no chance to observe
any quantum confinement effect on the lu-
minescent characteristic for the particles of
such a size. Moreover, it is probably diffi-
cult to observe the quantum confinement
effect on CVL characteristics even in the
case of nano-sized CVL-active particles,
since the excitation and radiative relaxation
processes appear within the CVL-active cat-
ion (Cs*) and its nearest anion environment.
The size of such so-called CVL-active cluster
is comparable with the lattice constant.
Therefore, it is necessary to examine the
nanoparticles of few nanometers size in
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order to reveal the quantum confinement
effect on CVL parameters. The formation of
CsCl microphase takes place not only in the
case of Csl-CsCl (1 mol.%) but in the Csl-
PbCl, (0.5 mol.%) system, too. This asser-
tion is confirmed by the presence of CVL
bands in 3.2-5.8 eV range with 1.2 ns
decay time constant typical of CsCl crystals
beside the intrinsic "exciton-like”™ emission
of Csl crystal peaked at 4 eV (305 nm) for
Csl-PbCl, (0.5 mol.%) crystals at T =
300 K under pulse X-ray excited lumines-
cence measurements.

The doping of Csl crystal with PbCl,
(0.5 mol.%) causes a strong decrease of in-
tensity and decay time constant for the ex-
citonic emission of Csl host. Under X-ray
excitation (T = 300 K), the decay kinetic of
intrinsic exciton emission contains two com-
ponents with the characteristic decay time
constants of 6 and 25 ns in the case of pure
Csl crystal, whereas the slow component
disappears in Csl-PbCl, (0.5 mol.%). Be-
sides of CsCl phase, the formation of
Cs,Pblg and CsPbl; phases has been re-
vealed earlier in Csl-PbCl, (1 mol.%) [10].

Thus, a possibility of the emission spec-
trum modification due to the microphase
formation in Csl doped with CsCl and PbCl,
impurities has been revealed as well as a
high sensitivity of the luminescence meth-
ods has been demonstrated for the CVL-ac-
tive microphase detection.
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Moaudikamia aominecuennii kpucraaa Csl
npu akTuByBaHHI momimkorw CsCl

A.Bonowunoécvkuii, C.Mazxkoma, A.9oprnodonvcoxuii, I'.Cmpuzaniox

TIposeneno mociuimkenHsa JaoMinecuenTHux napamerpiB kpucrauais Csl—-CsCl (0,5-1,0 mol.%)
i Csl-PbCl, (0,5 mol.%) npu cMEXPOTPOHHOMY Ta PeHTTeHiBChKOMY 30ya:eHHi. ¥V creKTpax
JioMiHecneHIil KpucragiB BUSBJIEHO HOBI cmyru, fKi OPUNNCYIOTHCS BUIPOMiHIOBAHHIO
mikpodasu CsCl, mo Bkpamiena B Csl, a TakoK BUNPOMIiHIOBAJILHOMY PO3Many eJIeKTPOHHUX
30ymsxeHp Ginsa BakaHciil ramoixy marpumi. ¥ kpucramax Csl-PbCl, (0,5 mol.%) mpu penT-
TeHiBCLKOMY 30y/)KeHHI TpUBANICTh Ta iHTEHCHUBHICTHL NHOBiJILHOI KOMIOHEHTH Y CIUHTHU-
AANIRHOMY IMITyJIbCi CYyTTEBO 3MEHNIYETHCH.
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