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The dose dependence of integral intensity of thermostimulated luminescence spectra of
In, Tl,_, | nanostructures synthesized in porous silicon voids and exposed to hard y-radiation
has been investigated. The mechanisms of recombination processes and the practical appli-
cation possibility of the structures obtained as detectors of radioactive irradiation have

been discussed.

WccnemoBana [030Basg 3aBUCHUMOCTH MHTETIPAJBHONM WHTEHCHUBHOCTU CIIEKTPOB TE€PMOCTH-
MYJIHPOBAaHHON JOMIHECIIEeHIINY HAHOKPHUCTAJJIOB TBEPJABIX PAacTBOPOB 3amemlenus In, Tl I,
CUHTE3UPOBAHHBIX B IOJOCTAX I[IOPUCTOTO KPeMHWs, Hpu Y-obaydeHuu. PaccmarpusaroTcs
MeXaHM3Mbl PEKOMOMHAIIMOHHBIX IIPOIECCOB M BO3MOJKHOCTh MPAKTUYECKOT'0 MCIIOJIb30BAHUS
MOJIYUEHHBIX CTPYKTYP B KauecTBe NATUYMKOB DPAAUAI[MOHHOTO U3JIYUYEHUSd.

The search for new scintillation materi-
als for development of detectors for rela-
tively low radioactive irradiation doses is a
topical problem today. Nanostructures
grown by the molecular-beam epitaxy or
synthesized in porous dielectric matrixes of
without change of crystal and chemical
structure offer good prospects in this as-
pect. It is known [1] that such tasks may be
practically solved by reducing gradually the
structure size and volume in the course of
transition from a block three-dimensional to
quasi zero-dimensional crystal of quantum
dot type. Periodical lattices of microcrystals
of different semiconductor compounds syn-
thesized in the pores of different matrices
as well as grown by epitaxy are convenient
model objects of quasi zero-dimensional
media with properties being under close at-
tention nowadays [2—4]. The main scientific
interest in such objects is concentrated on
the making a three-dimensional superlat-
tice, investigating the renormalization fea-
tures of charge -carrier energy spectra
therein, and developing energy spectra the-
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ory for transformation from three-dimen-
sional block single crystals to quasi three-
dimensional, two-dimensional and zero-di-
mensional structures. This work presents
the investigation results of hard y-radiation
influence on recombination processes in lay-
ered crystals of In,Tl,_,| substitute solid so-
lution synthesized in natural zeolite (morde-
nite) and porous silicon matrices with the
change of matrix parameters and creating
conditions where the nanocrystals can be
formed.

The In,Tl,_,| substitutional solid solu-
tions synthesized in the pores of natural
matrixes have been chosen as model objects.
Natural or synthesized zeolite and porous
silicon were found to be suitable as such
matrixes. The zeolites consist of tetrahedral
sublattices of AlO, and SiO, with porous
structure filled with alkali cations and crys-
tal water molecules [56]. The channels in the
zeolite structure are formed with different
combinations of tied rings of tetrahedrons.
Depending on the natural zeolite kind, the
natural internal pore diameter may range
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from 2.2 :& to 8 A, and in synthetic ones,
up to 13 A. The matrixes based natural zeo-
lites were prepared as follows. First, zeo-
lites were selected according to temperature
resistance and degradation (destruction) of
crystal lattice has been carried out. It was
necessary to select such minerals which may
stand the regimes of pore formation. The
natural zeolite-mordenite-fits the demands
very well. Its chemical formula is
Na,(AlSigO15),dH,0. The needle-like morde-
nite crystals hold 7 molecules of crystal
water. These molecules are located in pores
between AlIO, and SiO, tetrahedrons which
are bound with sodium atoms. The destruc-
tion temperature of mordenite crystal lattice
is about 800°C, and the dehydration (water
removal from pores) temperature is 150 to
250°C. So in the range of 200 < T < 700°C, it
was possible to obtain stable dehydrated ma-
trix 9f nanopores with effective diameter of
d=8 A, where the nanocrystals of the study
objects can be synthesized.

Basing on such considerations, the quan-
tum dot samples of In,Tl;_,| substitutional
solid solutions have been prepared in the
following way. The needle-like mordenite
crystals were ground in a centrifuge to mi-
crometer scale size. Then the zeolite micro-
crystals were dehydrated in quartz ampoule
at 200°C by way of evacuation. Thereafter,
the ion-exchange reaction of substitution
indium and thallium atoms for sodium ones
was conducted. Then, the products of sub-
stitution were removed by evacuation at
T = 200°C. In the so prepared pores of ma-
trixes the nanocrystals of In,Tl;_,| substitu-
tional solid solutions were grown by vac-
uum sublimation at certain temperatures.
In such a way, onanocrystals have been ob-
tained of a; < 8 A effective size, that is con-
taining 2—4 molecules of synthesized mate-
rial. The porous silicon has been prepared
according as described in [6]. The residual
siloxen (SigO3Hg), which causes the red-
light luminescence, were removed by evacu-
ation. In the pores of silicon matrixes pre-
pared in such a way, the nanocrystals of
Ing 5Tl 5! substitutional solid solutions were
synthesized wusing vacuum sublimation.
Thus, nanocrystals of a; 10 nm effective
size, that is 20—30 molecules of synthesized
material, were obtained. Then the samples
were exposed to hard y-radiation of 80Co at
an intensity of =102 cm 2s! at room tem-
perature for time range of 1 to 24 hours.
All the samples were exposed to irradiated
in the radioactive source chamber in air. In
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Fig. 1. (a) TSL spectra of mordenite (1) and
porous silicon (2) matrices exposed to
gamma-radiation for 6 h; (b) TSL spectra of
Ing5Tlp 5l substitutional solid solutions syn-
thesized in mordenite (1) and porous silicon
(2-5) matrices and exposed to hard gamma-
rays for different time (hours): 0.5 (2), 2.0
(3), 6.0 (4), 12.0 (5). Irradiation source:
60Co, 1.25 MeV, 8 mR/h.

such a way, samples of irradiated nanocrys-
tals have been obtained synthesized in dif-
ferent naturally occurring matrixes, which
could be used in experimental studies of
thermostimulated luminescence above the
room temperature.

Experiments were carried out to ascer-
tain the dynamics of thermostimulated lu-
minescence (TSL) spectra of In,Tl,_,| substi-
tutional solid solution exposed to hard
gamma-radiation and consider the potential
thereof as X-ray detectors. Since the ob-
jects under study were nanocrystals of
In, Tl;_,| substitutional solid solutions syn-
thesized in the pores of mordenite and sili-
con matrices, one of the main tasks was to
measure the TSL spectra of empty matrixes.
Such spectra are presented in Fig. la. It is
seen from the Figure that in TSL spectra of
mordenite and porous silicon previously ex-
posed to hard gamma-rays, there is only one
low-intensity and dose-independent absorbed
band with maximum at T = 100°C. The
presence of the same band in the TSL spec-
tra of so different matrixes (porous silicon
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is a dielectric while mordenite is semicon-
ductor) and weak dose dependence of the
intensity indicate that the band is due to
processes involving the residual impurities
remaining in the pores of the matrixes dur-
ing the preparation and hard gamma-radia-
tion exposure. Such impurities may be, for
example, the crystal water, siloxen
(SigO3Hg), or its decomposition products
like Si,Og, O,SiH [7]. Substantially differ-
ent are the TSL spectra of the porous sili-
con with synthesized nanocrystals of
In,Tly_,I. In the Fig. 1b, TSL spectra of
Ing 5Tl 5l nanocrystals exposed to hard
gamma-radiation (89Co) for 0.5 to 12 hours
are presented.

As is seen from Fig. 1b, a new band with
maximum at 180°C appears in TSL spectra
besides of the band peaked at T = 100°C in
the sample of Ing 5Tl 51 substitute solid so-
lution synthesized in porous silicon. But in
TSL spectra of similar nanocrystals synthe-
sized in zeolite matrices, the band is absent.
This can be explained by physical mecha-
nisms which of the band generation. Those
are connected with structural phase transi-
tions of the In,Tl,_,| substitutional solid so-
lutions and depend on the effective pore
size of the matrices where the synthesis oc-
curs. In mordenite with effective pore diame-
ter of =8 A, according to [8], the In,TIl,_,l
nanocrystals may be synthesized with vol-
ume of 1 or 2 unit cells, but in porous
silicon with 1-10 nm effective pore diame-
ter, the crystal sizes may attain several
hundreds of unit cells. Moreover, the micro-
crystal size varies as the pore size changes.
This causes the change of TSL spectra of
studied crystals. The conclusion can be
drawn from the fact that while the absorbed
dose increases, the band integral intensity
increases, too, as is shown in Fig. 2. We
guess that the processes causing the high-
temperature TSL band (T = 180°C) of
Ing 5Tlg 5| nanocrystals synthesized in porous
silicon are connected with inverse internal
crystal phase transitions which takes place
in substitutional In,Tl,_,| solid solutions at
T = 176°C (structure phase transition of Tl
compound from D,,17 (orthorhombic) to O,
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Fig. 2. Dose dependence of integral intensity
for TSL band peaked at 180°C.

(cubic) lattice [8]). The increase of band in-
tensity with the increasing absorbed dose is
caused by influence of ionizing radiation on
the activation of TIl phase structural transi-
tion in In,Tl;_,| substitutional solid solu-
tions.

Thus, in nanocrystals of Ing 5Tly 5l substi-
tutional solid solution exposed to hard
gamma radiation (69Co), thermostimulated
luminescence is observed, moreover, the in-
tegral emission intensity depends on the
size of nanocrystals. The quantum yield of
thermostimulated luminescence increases
with the increasing dose absorbed in the
crystal. The nanocrystal size variation af-
fects the steepness of dose dependence of
thermostimulated luminescence integral in-
tensity.
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CnexkTpu TepMOCTHMYJbOBAHOI JIOMiHECIeHI[il
HaHokpucraiais In,Tl,_ |, cuaTe3oBanux
y MOPMCTOMY KpeMHil

A.B.Dpanis, O.B.Boszupa, O.B.Caéuun

HocimKxeHo MJ030BY 3aJI€KHICTh iHTerpaJbHOI iHTEHCUBHOCTI CIIEKTPiB T€PMOCTHUMYJIbOBA-
HOI JIIOMiHecIleHIiI HAHOKPHUCTAJIIB TBepPAMX PO3UMHIB 3aMiIeHH InXTI1_X|, CUHTE30BaHUX Y
TIIOPOYKHUHAX TOPUCTOTO0 KPEMHiI0, pu Y-ompoMiHeHHi. Po3riazaroTsea MexaHisMu peKoMOi-
HAIilHUX NpOIeCciB Ta MOMKJMUBICTHL MPAKTUYHOTO 3aCTOCYBaHHS OTPUMAHUX CTPYKTYP AK
IaTYUKiB pagiamiiHOTO OMpPOMiHEHH.
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