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Magnesium Color Centers at 3.5 and 5.0 eV
in Lithinm Fluoride
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Centers at 3.5 and 5.0 eV are created by X-irradiation of LiF:Mg or by optical bleaching of
Mg¢ViVy (at 4.0 V) centers in LiF: Mg at 80 K. Both centers have {100] and [110] absorption
dichroism. The thermal bleaching of centers at 3.5 eV is related with a glow peak at 150 K which
obeys second-order kinetics. The energy of the absorption band of Mg{Vyg-centers in LiF is
calculated to be about 3.5 ¢V. The absorption band shape and the oscillator strength of the centers
at 5.0 eV and F-centers are almost equal. The color centers at 3.5 eV seem to be Mg{V;-centers
and those at 5.0 eV seem to be F-centers near Mg2+tVy dipoles.

Ilenrpr pu 3,5 u 5,0 eV o6pasyloTcsa B IIpoliecce peHTreHOBCKOro o6aydenna LiF:Mg
uiM NyTeM ONTH4YecKoro obecrBeunmBaHua MglViVy (mpu 4,0 eV)-nentpoB mpu 80 K.
O6e 110JI0CH ITOTJIOIEHNA XapaKkTepuayloTcea Kak [100] Tak u [110] puxpousmom. Tepmo-
ofecuBeunBaHNe NEHTPOB Npu 3,5 eV CONpPOBORAaeTCA TEPMOCTUMYJIUPOBAHHON JIIOMU-
HecreHnuel ¢ MakcuMyMmoM npu 150 K, nmenomeil KuHeTHKy Broporo nopanka. CorjacHo
OlleHKAM MaKCHUMYM [0JIOCH mnordomeHns Mg{Ve-uienTpoB B LiF [ol:keH HaxXomuTcsA
orxono 3,5 eV. IlentpH npu 5,0 eV u F-nentprl B LiF: Mg umen0T Gauskyio ¢opmy Iio-
JIOCHI IIOTJIONIEHNS U OHMHAKOBBIE CHJIBL OCHIIIIATOPA. [Ipeanoaaraerca, YTo HeHTPHl NPU

3,5 ¢V mpencraBiAioT cobolt MglV-leHTpHI, a umeHtpsl upu 5,0 eV mpeacTaBisiOT
coGoit F-rieHTpsI oKodo numodeit Mg2+Vy.

1. Introduction

Magnesium color centers in alkali halides are good electron traps [1 to 3]. This property
of magnesium color centers in lithium fluoride is widely used in thermoluminescence
dosimetry [4]. Some authors propose that magnesium color centers in LiF with ab-
sorption band at 4.0 eV are Z,-centers and centers at 5.5 eV are Zz-centers [5 to 7].
In a previous paper we have studied the thermal and optical bleaching of color centers
at 4.0 eV from 85 to 440 K and found that the conversion of centers at 4.0 and 5.5 ¢V
does not correspond to the Z,~Z, center conversion in other alkali halides. We propose
that centers at 4.0 eV are MgiViVc-centers and those at 5.5 eV are magnesium
atoms at anion site associated with cation vacancies [8]. The optical bleaching of the
centers at 4.0 eV at liquid nitrogen temperatures leads to a creation of new centers at
3.5 and 5.0 eV [5, 6, 8], the nature of which is still unknown. The studies of centers at
5.0 eV are difficult due to the neighbourhood of the absorption bands of these centers
and those of F-centers (at 5.1 eV at 80 K). We have studied LiF crystals with a large
magnesium concentration (700 ppm) and there is no F-band in our crystals after
X-irradiation at 85 K and warming up to 400 K. The present work deals with the
nature of magnesium centers at 3.5 and 5.0 eV in LiF:Mg crystals.
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2. Results and Discussion

When the temperature is rising, the centers at 3.5 eV are bleaching at about 150 K
(Fig. 1). Centers at 5.0 eV have three ranges of thermal bleaching at about 150, 230,
and 320 K. Thermal bleaching of centers at 3.5 and 5.0 eV leads to an almost perfect
recovery of Mg¢V,Vy-centers. One can conclude the centers at 3.5 and 5.0 eV to be
magnesium electron-trapping centers.

A pile of six fused silica plates was used to obtain absorption spectra with polarized
light. Exposure of LiF:Mg to [001] polarized light at about 4.0 eV results in the pre-
ferential bleaching of Mgi Vi Vi-centers having a definite orientation and in the crea-
tion of centers at 3.5 and 5.0 eV with the same orientation (Fig. 2). Curves on Fig. 2b
show the [100] anisotropic absorption spectra which were obtained by subtracting
the spectra taken with [010] polarized light from that taken with [001] light. By the
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Fig. 1. TSL curve (1) and bleaching curve at 3.5 eV (2) of LiF:Mg crystal after optical bleaching
of Mg{VIV_ .-centers at 85 K
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Fig. 2. Anisotropic absorption spectra of LiF:Mg crystal with MgiV}V -centers after exposure
to polarized light at (1) 4.14 eV, (2) 4.0 eV at 80 K and (3) 4.14 eV at 160 K
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same way we obtained the [110] anisotropic spectra (Fig. 2a). These spectra coupled
with [100] anisotropy show that all three centers are [110] polarized. We mark that
the exposure of LiF:Mg with the centers at 3.5 and 5.0 eV to polarized light at 3.5
or 5.0 eV leads to a very small dichroism in these bands.

2.1 Color centers at 3.5 eV

The bleaching of these centers is related with thermostimulated luminescence (TSL)
(Fig. 1) and with the recovery of Mgi ViV, One can find the order of TSL kinetics
from the relations:

In (I/ [IdT) = const —E[kT for first order,
In (I/( {1dT)?) = const —E/kT  for second order.

The TSL at about 150 K obeys a second-order kineties (Fig. 3).

Color centers at 3.5 eV are created by X-irradiation of LiF :Mg crystals at 85 K too,
but the absorption of these centers lies under the large absorption of Vy-centers (at
3.57 eV [9]). The V,-centers in LiF are bleaching when the crystal is warming up to
145 K. After that the glow curve peak at 150 K is separated from the V-peak and the
TSL at about 150 K obeys a second-order kinetics, too (Fig. 3). The two absorption
bands in X-irradiated LiF:Mg bleached in the range 145 to 170 K (Fig. 4). One band
is the absorption band of the centers at 3.5 eV and the other one lies within the range of
V. absorption and is probably a Vg band (in literature there are no data about the
shape of the Vg band in LiF). Consequently, heating releases electrons from centers
at 3.5 eV and they may be retrapped or recombine with hole (V, X3) centers.

Two centers with Mg+ ions are created in NaCl crystals after X-irradiation and F-
bleaching at room temperature: Mg¢- and Mg;V,;Vg-centers [1]. The calculation con-
cludes that the absorption band energy of these centers in alkali halides has to be
shifted to longer wavelength than the absorption energy of the free Mg" ions [10].
The shift is inversely proportional to the lattice constant [11], i.e.

B = const/d ,

where E energy shift, d lattice constant. The energy of the 3s*-3p! transition of the
free Mgt ion is 4.43 eV [12]. We calculated the absorption band energy of Mgi and
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Fig. 3. Determination of the order of TSL kinetics in the peak at 150 K, after bleaching of
MglViVs-centers (1a and 1b) at 85 K and (2) after X-irradiation of LiF:Mg at 856 K

Fig. 4. Absorption band of the centers which are bleaching in the range 145 to 170 K in X-rayed
LiF:Mg crystals. Dashed curves show the resolved bands
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Mg/ ViVs in LiF and KCl crystals on the base of the absorption band energy of these
centers in NaCl crystal (Table 1). One can see that the calculated and experimental

Table 1
Energies of absorption bands of centers with Mg* ions in alkali halides

centers NaCl KC1 LiF
absorption AE const absorption band (eV)
band (eV) (eV) (108 eV m)
cale. exp. cale. exp.
Mg¢ 3.76 0.68 1.93 3.83 3.8 3.49
(1] [11]
MgiVivy 4.14 0.30 0.85 4.17 4.01 4.0
1] (8]

data for the known centers are in good agreement. The calculated absorption band
peak of Mgg-centers in LiF lies at 3.5 eV. The Sn{ electron transitions in KCl are shift-
ed by cation vacancies in nearest neighbour position by about 0.1 eV [13]. Conse-
quently MgiVg-centers in LiF must have the absorption band near 3.5 eV. This
center has [110] orientation. We can conclude that centers at 3.5 eV seem to be Mg
ions, connected with cation vacancies in nearest neighbour positions.

2.2 Color centers at 5.0 eV

When the Mg{V}V;-centers are bleaching at 85 K, electrons do not enter the conduc-
tion band, because there is no photoconductivity of X-rayed LiF:Mg crystals with
4.0 eV light at room temperatures [14]. Consequently, electrons of excited levels of
MgiViVi-centers are trapped by levels of other centers due to a tunneling process.
Electrons may be trapped by anion vacancies from Mgy ViV;-centers and this creates
F-centers near the Mgi" V¢ dipoles. There are also some other results which support
this conclusion:

1. When excited by polarized light Mgy VyV;-centers are converted into centers at
5.0 eV with the same orientations (see Fig. 2).

2. The absorption band at 5.0 eV is near the F-band. Experiments have shown the
band at 5.0 eV to be asymmetric (Fig. 5). The high energy side of this band is about
20%, wider than the low energy side. A similar asymmetry is found for the F-band
[3, 6].
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Fig. 5. Experimental shape (points) and theoretical
0 0 shape (line) of the absorption bands at 5.0 eV
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Fig. 6. a) Thermal bleaching of the centers at 5.0 eV at about 320 K and b) determination of the

order of bleaching kinetics

3. We determined the relative oscillator strength f(4.0 eV)/f(5.0 eV) = 1.1 - 0.1
in LiF:Mg crystals (where f is the oscillator strength of the corresponding bands).
The relative oscillator strength f(3.8 eV)/f(F) = 1.19 in KCl:Mg crystals (where the
band at 3.8 eV is the absorption band of Mg?-centers) [11]. Because f(F) in LiF is
almost equal to f(F) in KCI [15] the oscillator strengths of the centers at 5.0 eV and
F-centers differ only slightly. It is well known that the oscillator strength of F-centers
does only weakly depend on the surroundings (for example Z,-centers [15]).

4. When the temperature rises the centers at 5.0 eV are bleaching and converting
into MggViVi-centers. The bleaching at about 320 K obeys a first-order of kinetic
(Fig. 6). Electrons are probably tunneling from the F-center levels to the levels of

neighbouring Mg?* ions.

Consequently centers at 5.0 eV seem to be F-centers near Mg+ V; dipoles.
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