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Basing on spectral studies of the transmission and thermostimulated luminescence of
LTB:A single crystals (A = Cu, Ag), a new mechanism has been proposed to explain the
formation of TSL centers therein, so-called A? centers, involving the growth defects of the
foreign boron-oxygen complexes. The TSL emission occurs via the energy transfer to a
self-localized exciton followed by emissive annihilation thereof.

Ilo pesynbraTaM CHEKTPAJIbHBIX HCCIAELOBAHUU MPOINYCKAHUS M TEPMOCTUMYJIMPOBAHHOMN
qioMuHecHeHIMu MoHOKpuctawuaoB 1BJIIA (rgme A = Cu, AQ) mpeajiokeH HOBBI MeXaHU3M
dopmuposanusa B Hux TCJI-mentpos, tTak HasbiBaeMbix AJ-1eHTpOB, ¢ yuacTmeM pPOCTOBBIX
ned@eKkToB THma "UymMHUX OOPOKUCIOPOAHBIX KoMmIiuiekcoB. TCJI usiydyeHme MTPOUCXOLUT
uepe3 MeXaHW3M [epeJaudl 9HEePrUU aBTOJOKAJIUSMPOBAHHOMY HKCUTOHY C €ro MOCJenyoIei

aHHI/IFHJIﬂIII/Ieﬁ C U3JIydeHueM.

Lithium tetraborate Li,B,O; (TBL) is con-
sidered to be a promising material for the
thermoluminescence (TL) dosimetry because
its effective atomic number (7.3) is almost
the same as for the human body (7.4) [1].
Its sensitivity to neutrons controllable by
varying of isotope composition of Li and B,
is an additional advantage of TBL [2]. How-
ever, doping is necessary to provide high
parameters for TL dosimeters on the basis
of TBL single crystals. To date, numerous
chemical elements for doping of TBL single
crystals have been studied by wvariocus
authors, but the best results were obtained
only for TBL single crystals doped with Cu
and Ag [3—5]. Nevertheless, the absence of
model for centers responsible for TL in
TBL:Cu, Ag single crystals, hinders the op-
timization of parameters of individual do-
simeters on the basis of those crystals. In
this work, we propose a model and new
mechanism of the TL centers formation in
TBL:Cu, Ag single crystals basing on results
of spectral investigations.

The TBL:Cu, Ag single crystals were
grown from the melt by direct Czochralsky
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technique in Pt crucibles in air atmosphere.
The doping was performed at the synthesis
(using Li,CO3 and H3BO3) of TBL compound
by adding of CuO or AgNOj;. The optimum
Cu and Ag concentrations for the TL light
yield were chosen to be within the limits of
0.015 to 0.02 % (at). The transmission
spectra of TBL:Cu, Ag single crystals were
registered in the 200-900 nm range at 290
and 77 K using an UV-VIS spectrophotome-
ter Specord-M40. The absorption spectrum
of TBL:Ag after X-quanta irradiation at
290 K was registered using a of MDR-6.
Spectral distribution of TL radiation was
registered using a DPS in temperature re-
gions of main TL peaks (300-500 K) at
heating rate 20°C/min. The samples for in-
vestigations had the cross-section size of
10x10 mm? and thickness 1 and 20 mm.

In absorption spectrum for TBL:Cu sam-
ples obtained on Specord-M40 at 290 K, a
wide absorption band of low intensity was
observed in UV region with weakly defined
structure. At 77 K, this band was found to
comprise three components peaked at about
220, 247, and 280 nm (Fig. 1). In the trans-
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Fig. 1. Absorption spectrum of TBL:Cu single
crystal at 77 K.

mission spectrum of TBL:Ag samples in
210-900 nm range, no absorption bands
were observed. After intense irradiation
with X-quanta (during 1 hour), a wide,
weakly structured absorption band appears
in the 200-500 nm region (Fig. 2) in the
absorption spectrum of TBL:Ag single crys-
tal of 20 mm thickness.

A typical TL spectrum from Cu doped
TBL single crystals is presented in Fig. 3
(similar TL spectra have been obtained for
TBL single crystals doped with Ag and Mn).
In this case, the spectral maximum of radia-
tion coincides with that for undoped TBL
single crystal, as estimated using filters.

The first questions associated with the
TBL single crystal doping with Cu and Ag
are connected with the dopant valence and its
location in the crystal lattice, especially tak-
ing into account a rather large difference
between their ionic radii: rp» = 0.96 A and

rag- = 1.13 A, while ri; = 0.68 A and rgs. =

0.16 A. Tons A* doubtless cannot pretend
for positions of B3* ions because of too
large difference between their ionic radii,
and different valence. The performed analy-
sis of various but rather few publications
about doping of the oxide compounds with
copper had shown that in glasses of oxide
compounds, the copper impurity may exist
both in the form of Cu* ion, for example, in
aluminum-boron-silicate [6] and in calcium
metaphosphate [7] glasses, and in the form
of Cu**, for example, in the Cu doped
ARbB,O; (A = Na, K) glasses [8]. There is
essentially no information on doping of the
oxide compounds with silver. Nevertheless,
there are very much publications on investi-
gating of doping of alkali halide crystals
with this impurity, for example [9, 10]. It
is emphasized in all these works that both
impurities exist usually in univalent state
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Fig. 2. Absorption spectrum of TBL:Ag single
crystal: 1 — absorption of non-irradiated

sample; 2 — absorption after irradiated.
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Fig. 3. TL emission spectrum of TBL:Cu
single crystal.

A* (i.e., Cu* or Ag") in alkali halide crystals
and occupy the cation sites.

As to TBL:Cu single crystals, all authors
agree with a fact that the copper impurity
is located in the lattice also in the form of
Cu* [8—5]. Three weak absorption bands in
TBL:Cu single crystals discriminated by us
(Fig. 1) agree well with positions of the ab-
sorption bands for Cu* ions in calcium
metaphosphate glass [7]. Besides, authors of
this work have proved clearly that absorp-
tion bands of Cu* ions, registered by them,
exist due to surrounding of distorted oxy-
gen octahedron. Therefore, by analogy with
conclusions of those authors, our absorption
bands for TBL:Cu single crystal can be con-
nected with parity-forbidden 3d10 — 3d%4s
electron transitions: band 221 nm, with
lAg—> 14,, band 247 nm, with 1Ag—> g,
and band 279 nm, with lAg—> lEg in Cu*
ion being in the environment of distorted
oxygen octahedron in the TBL crystal lattice.

Octahedral oxygen environment shows
that Cu* ions are located certainly in spe-
cific sites of the TBL crystal lattice. Under
ordinary substitution of Li* ions (i.e., if
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copper and silver would be ordinary substi-
tutive impurities), the oxygen environment
of Cu* ions must be in a form of distorted
tetrahedron, as it takes place in the case of
Li* ions in TBL lattice. To explain the octa-
hedral oxygen environment for Cu* (or Ag*)
impurities in the TBL lattice, the following
hypothetic model can be proposed connected
with possible specific growth defects. As it
is known, the basis of the crystal lattice
consists of so-called tetraborate boron-oxy-
gen anion complexes [B4Og®~, which consist
of two boron atoms in triangular (A) oxygen
environment (elementary [BO3;] — com-
plexes), and two boron atoms in tetrahedral
(O) oxygen environment (elementary [BO,] —
complexes); i.e., the tetraborate complex
can be written as (2A + 20). But, due to the
melt overheating which necessarily occurs
in the crucible volume during the TBL sin-
gle crystal growth by the Czochralsky tech-
nique, some complexes can differ from the
tetraborate ones (for example, "damaged”
tetraborate complexes (3A + (J) or open com-
plexes 4A). It is fixed uniquely in [11] that
under increasing melt temperature for dif-
ferent lithium borates, the ratio between
elementary complexes A/ in the melt tends
to increasing A number. If tetraborate com-
plexes (2A + 20) in TBL single crystal are
substituted by (3A +0) or 4A complexes,
this means that a growth defect arises with
somewhat changed positions of oxygen
atoms which can form the distorted oxygen
octahedron. Besides, as it is known, the
growth defects facilitate entering of the im-
purity atoms into the crystal lattice in the
process of the single crystal growth, espe-
cially at significant difference of ionic
radii, as it is the case at TBL:A. In such a
way, it is possible to explain why the regis-
tered spectra for TBL:Cu single crystals are
quite within the frame of Cu* ion electron
system in the crystal field of strongly dis-
torted oxygen octahedron.

It is logically to connect the registered
absorption bands in the TBL:Ag single crystal
after intensive irradiation by X-quanta (Fig. 2)
with formation of Ag® centers with the elec-
tron configurations 4d195s1 and 4d95s2. The
results of investigations presented in [12],
where existence of the electron LiO-centers
involved in the process of interdefect tunnel
recombination involving the hole centers in
undoped TBL single crystals, can be a con-
firmation of the role of Af%-centers for the
process of TL emission in the TBL single
crystals.
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Using the model of A? type TL centers in
TBL:A single crystals, the following mecha-
nism of TL emission can be proposed con-
nected with self-trapped excitons (STE) ob-
served in TBL single crystal [13] and con-
firmed by the later precise investigations
[14]. This is confirmed by results of the
photoluminescence investigations, TL and
X-ray luminescence in TBL single crystals.
As well as in the most publications of dif-
ferent authors, in our investigations of TL
spectra, the position of the emission band
(Fig. 3) is independent of the impurity type
(in particular, Cu, Ag, Mn), and its maxi-
mum is always located at 365—-370 nm, as
in undoped TBL crystal. This band just coin-
cides well with the STE band [13].

Therefore, the TL mechanism in TBL:A
single crystals can be represented as fol-
lows. During irradiation, a pair consisting
of an electron in conduction band and a hole
in valence band is formed in the TBL crystal
lattice. The electron, migrating in the con-
duction band, is captured quickly by A* ion
with formation of so-called A%-center. Simi-
larly, the hole is precipitated onto the near-
est boron-oxygen complex. Under heating of
the crystal, the hole is released and begins
to migrate near the “defect” anion. As a
result of the electron tunneling from A9-
center, a polaron of small radius is formed
involving the migrating hole, followed by
formation of a STE in excited state. The
radiative annihilation of STE just results in
TL emission of the TBL:A single crystal. There-
fore, the TL emission process in Li;B,O7:A sin-
gle crystals can be represented as

irradiation

TBL ——— e+ hole > A" +e =
= A0 228 A0 4 phole = STE "2 py,

Thus, Cu* and Ag* impurities can be con-
cluded to favor one of two (or both simulta-
neously) TL processes in TBL:A single crys-
tals: storage of larger light sum and/or de-
creasing number of non-radiative STE
annihilation acts. That is why the doping of
TBL single crystals with these impurities
results in an inereased TL light yield.

In conclusion, the growth defects of
"foreign” boron-oxygen complexes near
which the doping impurities in univalent
state are deposited take essential part in the
process of TL center formation in TBL:A
single crystals (where A = Cu, Ag). Absorp-
tion spectra of Cu* ions in TBL single crys-
tal are formed due to parity-forbidden
8d10 — 3d%4s electron transitions between
levels split by the TBL crystal field. A% cen-
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ters, which are formed under irradiation,
take the main part in the mechanism of TL
light sum accumulation. TL radiation oc-
curs according to energy transfer mecha-
nism to self-trapped exciton followed by its
radiative annihilation. Cu and Ag doping
results in increasing TL yield in TBL:A sin-
gle crystals due to a larger light sum accu-
mulation and/or decreasing amount of non-
radiative annihilation acts of self-trapped
excitons.
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Mopgeasr TCJI-meHTpiB Y MOHOKpHCTAJIAX
LizB407:A (A = Cu, Ag)

B.T.Adamie, O.T. Anmonax, A.B.Bypax, M.C.Ilid3upaiino,
I.M.Tecnrok

3a peayabTaTaMHU CIEKTPAJbHUX MOCIIiJMKEHb IIPOINYCKAHHSA i TePMOCTHUMYJIbOBAHOI JIOMi-
Hecuenuii monoxpucraxis TBJILA (me A = Cu, Ag) s3ampomoHOBaHO HOBUI MexaHisM (opmy-
BaHHsa B HuxXx TCJI-menrpis, Tak 3Bamumx A"-IleHTPiB, 3 y4acTIO POCTOBUX HgedeKTiB Tuiry
"gymxnx" GopoxkmcHeBux Kominekcis. TCJI BunpomiHIOBaHHA BiZOyBacThCsS yepe3 MExXaHI3M
nepemavi exmeprii aBTOJIOKAIi30BAHOMY €KCHUTOHY 3 MOro HACTYIIHON AHIrijasAmniero 3 BHIPOMIi-

HIOBAHHAM.

Functional materials, 12, 2, 2005

281



