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Abstract

The red light long-lasting phosphors BaMg,Si,0,: Ce’*, Mn*", Dy’" were synthesized by solid-state reactions under
a weak reductive atmosphere. The energy transfer between Ce’” and Mn*" in BaMg,Si,0; was systematically
investigated. Through co-dope with Ce’" in BaMg,Si,0;:Mn**, Dy*", the red phosphorescence of Mn>* can prolong

to more than 2 h. Two types of traps were existed in BaMg,Si,0;.
PACS: 78.20.-¢
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1. Introduction
Because long-lasting phosphorescent (LLP) materials can be widely used in areas such as safety indication and
emergency lighting, many studies have been carried out on the synthesis technique, long-lasting phosphorescence
properties, and mechanism of various rare-earth-doped crystals and glasses.[1,2] White light is widely used in sign
and display. Unfortunately, few white-light LLPs have been reported until now. Generally speaking, it is natural to
consider that the white-light LLP can be achieved through the combination with the current available blue, green,
and red phosphors according to the appropriate ratio. However, it is hard to put this method into practice due to the
colours of the commercial LLP are limited to blue (CaALO,4:Eu®", Nd*") and yellow-green (SrAL,O4:Eu’", Dy*").
Although some sulfides and oxysulfides exhibit good red phosphorescence, such as Y,0,S:Eu’", their poor chemical
stabilities are unsatisfied in use. The achievement of oxide red persistent phosphors is thereby a challenging goal.
Silicate-based phosphors have attracted much attention because of their many advantages compared with
aluminate-based phosphorescence, such as water resistance and color variety [3—6]. Many researches have been
done on the silicate-based LLP materials [7, 8]. Recently, Wang et al. reported the red LLP materials BaMg,Si,0;
through the persistent energy transfer from Eu*" to Mn*" [9, 10]. In this work, we focus on red light LLP materials
BaMg,Si,0; through the energy transfer of Ce’” to Mn®", the thermoluminescence properties of Mn*" doped
BaMg,Si,0; are systematically investigated.
2. Experimental Section
Powder samples of BaMg,Si,07:0.005Ce’", xMn*", 0.005Dy’" (0<x<0.30) were prepared by high-temperature
solid phase reaction. The starting materials were BaCO; (AR), Mg(NOs),"6H,0 (AR), H,SiO; (AR), Ce(NOs),
(99.9%), Mn(CH;COOQO),-6H,0 (99.9%) and Dy,0;(99.99%). A stoichiometric amount of the starting materials were
weighed and thoroughly mixed in an agate mortar, subsequently sintered at 900°C for 6h, then reduced at 1360°C for
6h in reducing atmosphere (95%N,+5%H,). The phase and structural purity of the samples were verified by X-ray
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powder diffraction ( Rigaku D/max-2400/pc with Ni-filter Cu Ka radiation). No impurity phases were found. The
emission (PL) and excitation (PLE) spectra were obtained using FLS920T spectrofluorometer with Xe 900 (450W
xenon arc lamp) as the light source. The decay curves were performed by a PR305 Phosphorophotometer.
Thermoluminescence (TL) curves were measured on an FJ-427A TL meter (Beijing Nuclear Instrument Factory).

3. Results and discussion

3.1 Luminescent Properties of BaMg,Si,0, : Ce’* and BaMg,Si,0,: Mn**, Dy**
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Fig.1 (a) The emission and excitation spectra of B%‘995Mg0‘95Si207:0.05Mn2+, 0.005Dy3+ (b) The emission and
excitation spectra of Bao‘995MgZSi207:O.OOSCe3+

The normalized excitation and emission spectra of Bao‘ggsMgo‘%Si20720.05Mn2+, 0.005Dy3+ and
Bag 09sMg>S1,07:0.005Ce*" are displayed in Figure 1(a) and (b), respectively. As shown in Fig.1 (a), the weak red
emission is due to the spin-forbidden *T;(*G) —°A(°S) transition of Mn*". As the d-d transition of Mn”" is
forbidden in spin and parity, so its excitation transition is difficult to pump and the intensity of emission is very
weak. [11]. For Ce’" single doped sample (Fig.1b), it shows a broad band located at 408nm, which could be assigned
to the transition from the lowest 5d level to *Fsj, and *F,), of Ce*". [12]
3.2 The energy transfer of Ce*" to Mn** in BaMg,,Si,O,
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Fig.2 The emission spectra of BageMg,,Si;O7: 0.005Ce**, xMn**, 0.005Dy*" (ex=345nm; 0=x=0.30)
Figure 2 shows the emission spectra of BaggoMg,.Si;O7: 0.005Ce’, xMn**, 0.005Dy’"(0=x=0.30). When the
samples are excited by 345 nm, which belongs to the optimal excitation wavelength of the energy donor Ce’*, both
the emission bands which belong to Ce** and Mn*" are found. As the concentration of Mn”" increases, the emission
band of Mn®" shift from 618nm to 680nm. Wang et al. attributed to this redshift to Mn®" substituting for two non-
identical Mg®" sites to form two distinct Mn>" luminescent centers (Mn I and Mn II), which emit at 620 and 675 nm,
respectively.[9, 13]
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Interestingly, the emission intensity of Mn”" increases as the concentration of Mn*" increases while the emission
intensity of Ce’" decreases, which means that Ce’" could transfer its energy to Mn”". According to the Dexter’s
theory, [14] the mechanism of energy transfer (ET) basically requires a spectral overlap between the donor emission
and the acceptor excitation. It is obviously that the emission band of Ce*" (Figure 1b) overlaps with the excitation
peak of Mn" (Figure 1a) from 375 to 500 nm. The result proves that Ce’* may transfer the energy to Mn”". The red
light emission can be enhanced by co-doped with Ce®".

3.3 The afterglow properties of BagyMg,Si,0,: xCe’*, yMn*", 0.005Dy*"
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Figure 3 The decay curves of Baggos.xMg,.,Si,07: xCe’", yMn®", 0.005Dy’" (ex=345nm; x=0, x=0.005;

0=y=0.30)

Figure 4 shows the decay curves of Baggos Mg, ,Si;07: xCe’’, yMn®, 0.005Dy’" (0=x=0.30). As shown in
Fig.4, both the afterglow decay time and afterglow intensity are increased largely compared with Mn?" single doped
sample. And when the concentration of Mn®" is 0.10, the duration can prolong to more than 2 h. However, when the
concentration of Mn”" is more than 0.10, the duration and phosphorescence intensity of the phosphor decreased
sharply, which even lower than Mn®" single doped sample.

3.4 Thermoluminescence properties of the Sample

Usually, the increase or the decrease of the afterglow properties could be attributed to the energy exchange
processes between traps or traps and emission centers. In most cases, the information regarding to the trap and the
trapping level can be obtained by TL curve analysis. [15, 16] The location of the trap is very important for the LLP
materials. If the trap is too low, the electrons in the traps can return to the energy levels of the excited state easily
after excitation, which results in a short afterglow lifespan. On the other hand, if the trap is too deep, the energy
necessary for the electrons to return to the excited state levels is so high that the electrons cannot return, also
resulting in poor afterglow property. As shown in Fig.4 (a), the TL position moves toward high temperature tail as
the concentration of Mn?" increased. And when the concentration of Mn*" is more than 0.20, a shoulder located
around 454k is formed. As we mention before, there are two kind of Mn?" in the phosphor. When the concentration
of Mn*" is low, most of Mn®" will replace the Mg®" (I) site to form trap (I) in the phosphor and this trap is suitable
for the long-lasting phosphorescence. According to Fig.3, here we consider the most suitable trap for the phosphor
formed when the concentration of Mn?" is 0.10. And when the concentration of Mn*" increased, some of Mn*" will
replace the Mg (II) site to form trap II as shown in Fig.4 (a). This kind of trap is too deep to release the carries it
trapped, which is harmful for the long-lasting phosphorescence. Fig.4 (b) exhibits the Intensity ratio of Mn(II)/Mn(I)
correspond to the concentration of Mn®". It is clearly that the trap (II) increased as the concentration of Mn*"
increased. Now we can give the reason why the duration decreased sharply when the concentration of Mn”" is high
as shown in Fig.3. After ceasing the UV irradiation, some of the energy attributed to the recombination of electrons
and holes released by trap (I) transfers to the luminescent center, whereas some of the energy released by trap (I)
could also be re-trapped by trap (II) and this kind trap is stably existed and cannot release the carriers at room
temperature.
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Fig. 4 (a) The thermoluminescence curves of BaMg,Si,0-: 0.005Ce*", xMn”", 0.005Dy’*" (0=x=0.30); (b)
Intensity ratio of Mn(II)/Mn(I) correspond to the concentration of Mn**

Conclusion

BaMg,Si,0,: Ce’*, Mn*", Dy’" is prepared by solid state reaction successfully. The Ce’" plays not only a
luminescent center, but also transfers its energy to Mn®". Through co-doped Ce*’, the red light duration of Mn®*"
prolong to more than 2h. Two kinds of traps (trap I and II) are existed in the phosphor, due to Mn®" substitute for
two non-identical Mg”" sites. And the trap I is suitable for the long-lasting phosphorescence, however, the trap II is
harmful for the duration.
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