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The spectral and kinetic luminescence properties of Csl-Ca crystal (Cc, =

1 mol.% in

the initial melt) have been studied at 10 K and 295 K in the energy range 4-16 eV. The
luminescence efficiency has been examined upon the excitation of Csl-Ca within the range
of transparency and fundamental absorption of Csl host. The nature of Csl-Ca lumines-

cence is discussed.

WccnemoBaHbl ClIEKTPAIBHO-TIOMAHECIIEHTHEIE U JIOMUHECIEHTHO-KMHETHYEeCKHe CBOMCTBA
kpucramra Csl-Ca (Co, =1 mon.% B pacmrase) npu 10 u 295 K B oHepreTuueckoM HHTED-
Base 4—16 5B. IIpoanasusupoBana MPUPOLA JIOMHUHECIEHTHBIX I[EHTPOB, KOTOPbIE BO3HUKA-
ot B Kpucramie Csl-Ca, u sppexTuBHOCT:, MX BO30YyMAEHUS B O0JACTH MIPO3PAYHOCTH U

dyugamenTansHOro morjomnienus marpunsl Csl.

Luminescence properties of Csl crystals
favor the use of Csl crystalline matrix in
the development of scintillation materials
for various functional applications. Incorpo-
ration of either a cation or anion impurity
provides the possibility to modify the lumi-
nescence characteristics of Csl based scintil-
lators. Doping of Csl crystals with divalent
Ca?*, Sr2*, MnZ*, Mg2* (C<1072 mol.%) ions
results in the appearance of so-called "blue”
emission band peaked at 415 nm [1]. The
emission of Csl-Me2* (Me2* = Ca?*, Sr2t,
Mn2*, Mg2*) with a maximum around 415 nm
had been shown to be caused by the emissive
decay of exciton at the cation vacancy aris-
ing due to compensation of a divalent cation
residual charge in Csl matrix and inde-
pendent of the impurity chemical nature. A
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luminescence with a similar spectrum was
observed for Csl-Na* [2] and intentionally
undoped Csl crystal after its plastic strain-
ing [3]. The luminescence of those crystals
is believed to be caused by the decay of
exciton near a V,* anion vacancy. The simi-
larity of the luminescence spectral charac-
teristics of Csl-Me2*, Csl-Na* and inten-
tionally undoped Csl crystal after its plastic
straining indicate a rather complex origin
of the emission centers in Csl-Me2* crystals
(Me2+ = Ca2*, Sr2*, Mn2*, Mg2*). An expla-
nation of the nature of the emission centres
of Csl-Me2* crystals is of a great practical
interest since it indicates a way to purpose-
ful modification of the luminescence spec-
tral characteristics of Csl-based scintillation
materials.
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Moreover, worth of attention is a possi-
bility of impurity ions aggregation with for-
mation of impurity phase in Csl matrix. It
is known that Cs,Pblg and CsPbl; micro-
phases appear in Csl-Pb crystal and Nal one
in Csl-Na crystal. To verify the formation
of Cal, or CsCal; microphases embedded in
Csl matrix, we have investigated Csl-Ca
crystals with a considerably higher concentra-
tion of Ca ions (Cc, = 1 mol.%) than in [1].

We have investigated the spectral lumi-
nescence properties of Csl-Ca doped with
CsCaCl; (C =1 mol.%) at 10 and 295 K
under excitation by light quanta in 4-16 eV
energy range. The simultaneous doping of
Csl matrix with Ca?* and CI~ ions causes an
increase of local distortions in Csl matrix
because the ion radii differ considerably,
being equal to 1.65 and 1.04 A for Cs* and
Ca2* ions and 2.2 and 1.81 A for I~ and CI-
ones, respectively. Such distortions of crys-
tal lattice may result in stabilization (at
room temperature) of vacancy luminescence
in Csl based crystals [4, 5].

Csl-Ca single crystals (Cc; =1 mol.% in
the initial mixture) were grown in evacu-
ated quartz ampoules using the modified
Stockbarger technique. The grown crystals
were annealed (about 100 h at 150-200°C).

The luminescence excitation and emission
spectra as well as decay kinetics were meas-
ured at Deutsches Elektronen Synchotron
(DESY, Hamburg) using the equipment of
SUPERLUMI station at HASYLAB [6]. He-
lium flow type cryostat was used to carry
out the measurements within 10-300 K
temperature range. The luminescence spec-
tra were measured at a resolution of about
10 nm in 300-800 nm range using a secon-
dary ARC "Spectra Pro 308" 30 cm mono-
chromator-spectrograph, CCD detector or a
HAMAMATSU R6358P photomultiplier.
The time-resolved spectroscopy technique
was used. The integrated spectra correspond
to the total signal formed by the photomul-
tiplier. The luminescence decay kinetics was
recorded up to 200 ns range, defined by the
excitation pulse frequency of a DORIS III
storage ring. The excitation energy for the
kinetics decay accumulation was selected to
minimize the overlapping of neighbor lumi-
nescence bands. The luminescence excitation
spectra were scanned at the resolution of
3.2 A in 4-16 eV range using the primary
2 m monochromator. The luminescence exci-
tation spectra were corrected for the inci-
dent photon flux.

Fig. 1 shows luminescence spectra of a
Csl-Ca crystal (T = 10 K) at the excitation
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Fig. 1. Emission spectra of Csl-Ca crystal at T =
10K: a - E, =5.23 eV, Xk, =237 nm; b —
E,.=556¢eV, L, . =223 nm;c—-E, =6.11¢eV,

Aoxe = 208 nm; d — E,, =12.92 eV, A, = 96 nm.

in transparency energy range (a, b), exci-
tonic absorption (¢) and band-to-band tran-
sitions of Csl matrix (d). The main lumines-
cence bands of Csl-Ca crystal are around
340, 420, 510 nm. Fig. 2 shows excitation
spectra for those bands.

The emission around 340 nm is excited
both in the exciton generation and in the band-
to-band transition regions of Csl matrix
(Fig. 2, a). Its decay kinetics includes one com-
ponent with the time constant 0.9 pus under
excitation by quantum with E, .= 6.11 eV,
hexe = 208 nm. The spectral luminescence
characteristics of the 340 nm emission cor-
respond to those for m-component of self-
trapped exciton luminescence in Csl matrix
[7, 8]. The decay time constant for the self-
trapped exciton emission of Csl is known to
be of 1.8 us [7]. This value is reduced down
to 0.9 us for the case of Ca?* presence in
Csl-Ca crystal. Such a reduction was also
observed in Csl crystals doped with Na*,
Pb2*, CI- ions [4, 5, 9].

The emission around 420 nm is excited
mainly within transparency range

Functional materials, 15, 2, 2008



S.V.Myagkota et al./ Spectral and kinetic characterics...

250 200 150 100 A,nm
l,au. T T T T
E1 a)
10F
5}
OJI 1 1 1 1 1 1 1 1 1
8| b)
4F
0 g 1 S T O
2t °)
1 -
(0] 1 1 1 1 1 1 1 1 1 1
5 7 9 11 13 E, eV

Fig. 2. Luminescence excitation spectra of
Csl-Ca crystal at T'=10 K: A}, nm: a — 340,
b — 420, ¢ — 510. The energy position of Csl
anion exciton absorption is indicated with the
arrow and dashed line.

(5.0 eV<E, .<5.8 eV) of Csl matrix (Fig.
2,b). That luminescence band arises after
Csl activation with Ca2* ions, but it can
hardly be attributed to the direct transi-
tions between the electron states of a single
Ca2* ion, since those are located beyond the
transparency range of Csl matrix. However,
the presence of single Ca?* ions results in
generation of a charge-compensation cation
vacancy V,” and formation of an appropriate
cation-vacancy dipole CaZ+—VC’ on which the
emissive decay of self-trapped exciton occurs.
The formation dynamics of Caz*'—Vc’ dipoles
in Csl-Ca (Cg, ~ 1072 mol.%) crystal was in-
vestigated in [1]. The quenching from 500°C
or annealing at the same temperature was
shown to result in an increased amount of
Ca?*-V,~ dipoles but new centers, e.g.
(Ca?*-v,"), aggregates, were not formed.
This fact was concluded from the considera-
tion of absorption spectrum of annealed
Csl-Ca crystals. In such crystals, no new
absorption bands appear, thus suggesting
the absence of (Caz"—Vc*)n aggregate com-
plexes. To increase the number of Ca2*-V,~
centers, the concentration of impurity Ca¢*
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ions was augmented significantly (up to
Cca = 1 mol.% in the initial mixture). Tak-
ing into account the low incorporation coef-
ficient of Ca?* ions into Csl matrix, the
resultant concentration of Ca2* would be
lower than in initial mixture. In addition,
prolonged annealing was used as an effec-
tive way to form the impurity-vacancy di-
poles. In annealed samples, an increased in-
tensity of the luminescence band peaked at
420 nm was observed, which confirms defi-
nitely its vacancy nature, namely the exci-
ton localization around Ca2*-V,~ dipole.
The formation of Ca2+—VC* complex is
confirmed by the characteristic excitation
spectrum hereof: in the near-exciton absorp-
tion region of Csl matrix, a non-elementary
absorption band was observed (A; = 217.5,
ho = 227.5 nm) with the spectral position in
agreement with results from [1]. The
Csl-Ca crystal luminescence band around
420 nm is essentially not excited in the
range of Csl matrix intrinsic absorption.
Such characteristic structure of excitation
spectrum confirms the wvacancy entering
into the emissive complex. The exciting
quanta at band-to-band excitation penetrate
the crystal to very small depth, about sev-
eral tens of nanometers, due to the consid-
erable absorption of matrix, while the con-
centration of the vacancies in the near-sur-
face layer is considerably less than in the
crystal bulk due to draining of vacancies
from the near-surface layer directly to the
crystal surface itself [10]. The effective ex-
citation of the 420 nm luminescence band in
the Csl matrix transparency range and inef-
fective excitation in the range of band-to-
band transition indicates the exciton local-
ization just near a cation vacancy but not
near Ca2* cation. A similar model of emis-
sive complex with V), center localized near a
vacancy has been proposed in [1]. This conclu-
sion has been made basing on independence of
luminescence spectra of Csl-Me?* (Me2* =
Ca?*, Sr¢*, Mn2*, Mg2*) crystals of the im-
purity chemical nature. Our conclusion on
the localization of self-trapped exciton near
the cation vacancy is based on characteristic
excitation spectrum of this luminescence
band in the transparency range and funda-
mental absorption of the matrix. The model
of this radiative complex is shown in Fig. 3.
Under excitation of 420 nm luminescence
band in Csl-Ca with 5.39 eV and T =10 K
(Fig. 4, curve 2), two components of the
decay kinetic were obtained: a fast one with
decay time constant 8 ns and a slow one
with the decay time constant in microsecond
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Fig. 3. Model of emissive complex in Csl-Ca
crystals.
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Fig. 4. Decay kinetics of Csl-Ca luminescence
at T=10K: I -E, . =6.11¢€V, .= 340 nm;
2-E,.=53%¢eV, %,,.=420 nm; 3 - E, .=

xc
6.11 eV, %,,. = 510 nm.

range. Such constants are peculiar for the
self-trapped exciton luminescence in iodide
matrix [7, 11].

Effective excitation of the 4,,, 510 nm
band in the transparency range (4.9 eV—
5.8 eV), exciton and band-to-band absorp-
tion of Csl matrix (E,,.>5.8 eV, Fig. 2, c)
suggests a resemblance of the excitation
mechanisms for that band and for m-compo-
nent of the self-trapped exciton lumines-
cence of Csl matrix (Fig. 2, a, ¢). In addi-
tion, the characteristic time constants of
the 510 nm band decay kinetics both are in
microsecond range. Such characteristics are
typical of the m-component of self-trapped
exciton luminescence, too. The similarity in
the time features of 510 nm band and
n-component as well as a resemblance of
their excitation spectra allow to attribute
the luminescence with maximum at 510 nm
to emission of an exciton localized near the
matrix defect, although not of vacancy na-
ture. Ca2* ion with interstitial CI= ion
would be such a defect. By the way, in [1]
this band was not observed under activation
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Fig. 5. Emission spectra of Csl-Ca crystal at
T=300 K: a —-E,. =512 eV, A, = 242 nm;

b-E,. =528¢eV, 1, =235 nm.

of Csl matrix by Ca2* ions. The fast compo-
nent (1.3 ns) in decay kinetics of that lumi-
nescence band (Fig. 4, curve 3) appears
most probably due to recording of scattered
exciting light.

The luminescence of emissive Ca2*-V,~
dipoles with maximum at 420 nm at room
temperature is quenched [1], in other
words, the wide bands with maxima at 460
and 570 nm (Fig. 5, a and b) in Csl-Ca
crystal luminescence spectrum at room tem-
perature are not associated with emission of
(Ca?*-V,_7s) dipoles. The short-wave side of
420 nm band is excited mainly in the trans-
parency range of Csl matrix (4.8 eV-—
5.5 eV) (Fig. 6, curve 1). Such a structure
of excitation spectrum is typical of lumines-
cence bands of vacancy nature and can be
ascribed to the luminescence of excitons lo-
calized near the anion vacancies, appeared
due to the presence of CI~ ions in Csl ma-
trix [56, 12, 13].

The 570 nm band (Fig. 5, curve 2) is ef-
fectively excited both in the Csl matrix
transparency range and in fundamental ad-
sorption one (Fig. 6,b). As stated above,
such excitation spectrum is typical of the
defect luminescence band of Csl-Ca crystal,
but not of the vacancy nature.

At room temperature, slow components
of decay kinetics constants in microsecond
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Fig. 6. Excitation spectra of Csl-Ca crystal
for 460 nm (curve 1) and 570 nm (curve 2)
emission. Curve 3 presents the reflection
spectrum of Csl-Ca. T = 300 K.

range are prevailed. This fact confirms a
conclusion on the possible attribution of
both luminescence bands with 460 and
570 nm maxima to the self-trapped exciton
localized near the defect. This is typical of
a self-trapped exciton in Csl matrix.

Thus, in spite of a considerable concen-
tration of Ca?* jons (Cgy, = 1 mol. % in the
initial mixture), any luminescent phenom-
ena were not observed which could show the
formation of Ca-contained impurity phases
in Csl matrix. The results of our work con-
firm the model of emissive complex that
had been offered in [1], the complex con-
taining Caz’“—Vc* dipole and localized exci-

ton near cation vacancy. The localization of
exciton near cation vacancy of Ca2+—Vc_ di-
pole is confirmed by characteristic features
of excitation spectrum structure of lumines-
cence band peaked at 420 nm. The 510 nm
band (T = 10 K) is connected with the ma-
trix defect of non-vacancy nature.
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CnekTpajabHO-IIOMiHECIIEHTHI BJIACTHBOCTI
kpucraxis Csl-Ca

C.B.Msazxkoma, A.C.IIywax, I''b.Cmpuzaniok,
C.C.Hosocad, 1.1l .Ilawyx

HocaigKeHo CIIeKTPaJbHO-TIOMiHECIIEHTHI i JIOMiHEeCIIeHTHO-KiHeTuYHi BJIACTUBOCTI KpuUcC-
tana Csl-Ca mpu remneparypax 10 i 295 K B emeprerununomy imtepsBajni 4-16 eB. IIpo-
aHaJi30BaHO INPUPOJY JIOMiHECIIEHTHUX IIeHTPiB, AKi BUHUKAIOTH y JIETOBAHOMY KpUCTAaJi
Csl-Ca, Ta eexTuBHicTh ix 30ym:KeHHSA B 00JacTi TPO30pPOCTi Ta PYHAAMEHTAIBHOTO MOTJIU-

HanHA marpuni Csl.
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