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Ce** — Tb* energy transfer in NagPb4(SO4)sCl, halosulphate phosphor
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Abstract

NagsPb4(SO4)sCl,: Ce**and NagPb4(S04)sCl,: Ce**, Tb®" new halosulphate phosphors were synthesized by solid
state diffusion method. The effects of Th**co-doping on the photoluminescence (PL) characteristics of the phosphors
have been studied. The photoluminescence (PL) emission spectra peaks 340 nm for Ce** and 490, 550, 580 nm for
Ce**— Th** which could be attributed to 5d— 4f and °D, — ‘F, (J = 4,5,6 ) transitions respectively. Energy
transfer from Ce** — 7b*" and has been discussed. Photoluminescence (PL) characterization of phosphor and
energy transfer phenomenon has been reported in this paper.
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1 INTRODUCTION

The luminescence properties of co-activator
compounds have received considerable interest with the
utilization of efficient energy migration on sensitizer to
activator. An energy transfer phenomenon has lead to the
development of new and efficient photoluminescence
materials. There has been considerable interest in the
development of advanced luminescent materials for
applications such as large flat panel displays, for example,
PDPs (plasma display panels) and FEDs (field emission
displays). The properties of these materials arise from
complex interactions among the host structure, activators,
and defects and interfaces, all of which are strongly
dependent on composition [1, 2].

In searching of new luminescent
materials for emissive displays, selection of host materials
is an essential issue. For example, the ligand field of hosts
may modify the colors of the emissions of the activators [3,
4]. The emission spectra of rare earth ions almost remain
the same in different hosts, but the luminescent efficiency,
chemical stability and durability largely depend on the
physical properties of the hosts selected. Comparing with
the alkali earth sulfides [5, 6] widely used for phosphor

hosts in the past, alkaline earth sulphates are chemically
stable in ambient environment, and are used as host
materials in recent years. NagPb,(SO,4)¢Cl, is selected as a
host material for the work.

Rare earth doped sulphate-based
materials are the important phosphors over the last few
decades for various applications. Ce, Th is mainly used as a
green emitting phosphor for fluorescent lamps because of
its high quantum efficiency and stability at high
temperature. Calcium sulfate activated with Dy** is known
as a phosphor used in thermoluminescence dosimetry
(TLD). The TL glow curves and the TL emission spectra of
SrS0,4:Th* and BaSO,:Th*" were reported by Dixon and
Ekstrand [7].

The compounds NagPb,(S0,4)6Cl,
(Caracolite) [8, 9], NagCd4(S04)6Cl, [10],
NagCas(SO,4)s(OH), (Cesanite) [11, 12] are known as
members of the sulfate apatite group, all-crystallizing in
space group P63/m. The apatite-like compound
KsCas(SO4)6F, was described by Vazquez [13] and Fayos
et al. [14]. In contrast to the other sulfate apatite structures
this compound crystallizes in the space group Pna2; with
disordered SO,* groups. Recently, we have reported new
halosulphate phosphors [15, 16]. As it is well known that
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Ce* is an efficient sensitizer, especially for Th. Our
approach is to develop phosphors via sensitization or
energy transfer.

By this paper we report the synthesis
of NagPb4(S04)sCl, material by solid state diffusion
technique and explained the energy transfer mechanism in
Ce*— Tb*" ions. The work shows very efficient phosphors
can be obtained by sensitizer Ce® ions on the basis of the
Naepb4(SO4)5C|2: Tb3+ ions.

2 EXPERIMENTAL

NagPb4(S04)6Cl,: Ce, Th phosphor was prepared by solid
state diffusion method. Na,SO, , PbSO, and NaCl and
sulphate salt of Cerium, and Terbium of AR grade were
taken in a stoichimetric ratio to  obtain
NagPb4(S04)6Cl,:Ce ; NagPb4(S04)6Cl,:Ce, Th

2Na2504 + 4PbSO4 + 2NaCl — NaGPb4(SO4)6C|2

The compounds were obtained by heating it at
800°C for 24 hours. The samples were then annealed to
cool slowly at room temperature. The resultant
polycrystalline mass was crushed to fine particle in a
crucible. The powder was used in further study. The
photoluminescence (PL) emission spectra of the samples
were recorded using Fluorescence spectrometer (Hitachi F-
4000). The same amount of sample was used in every case.
Emission and excitation spectra were recorded using a
spectral slit width of 1.5 nm.

3.RESULTS AND DISCUSSION
3.1 Ce* emission

Figure 1A shows X-Ray diffraction pattern of
NagPb4(S04)6Cl, material that matched with the standard
JCPDF data No. 27-1416. The XRD pattern did not indicate
the presence of the constituents such as Na,SO,, PbSO, or
NaCl and other likely phases, which is the direct evidence
for the formation of the desired compound. These results
indicate that the final product was formed in homogeneous
form.Figure 2A shows photoluminescence excitation
spectra of NagPb4(SO4)sCl,:Ce*, a broadband is observed
at around 260 nm (A, = 340 nm). Figure 2B shows the PL
emission spectra of Ce®* ions in NagPbs(S04)sCl,
phosphor with different concentration under excitation 260
nm wavelength of light. The peaks are observed at 340 nm
for all concentrations, and assigned to the 5d — 4f
transition of Ce** ions.

With increasing concentration of Ce® ions the peak
intensity of 340 nm increases and maximum intensity
observed for 5 mole % of Ce* ion (Figure 2C). This
indicates that the NagPb4(SO4)6Cl, lattice is more suitable
for higher concentrations of Ce*" ijons .The PL emission
spectra of NagPb4(SO4)sCl,:Ce phosphor shows the Ce**
emission at 340 nm due to 5d — 4f transition of Ce*" ion.
The variation of PL emission intensity observed may be due

to cross-relaxation between Ce® ions in case of heavy
concentration of Ce*. Figure 2D shows energy level
diagram of Ce®* in NagPb4(S04)¢Cl>.
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Fig 2 (A) Excitation spectra of NagPb,(SO,)sCl,:Cesmoleos
(Aexe = 260 nm);Fig (B) PL emission spectra of
NagPb4(SO,4)sCl,: Ce (@) 5mole% b) 2 mole% c) 1 mole%o
(Aem = 340 nm); Fig (C) Increase in intensity as the
concentration increases; Fig (D) Energy level diagram of Ce**
in NagPb4(S0,)sCl,

3.2 Ce** — Tb*" energy transfer

The energy transfer process was first considered
theoretically by Forster in 1948 and by Dexter in 1953 [17,
20]. The overlap of the normalized Ce** emission and Th**
excitation is found much better. The energy transfer from
the Ce®*'to Th**could be very efficient. This could improve
the excitation efficiency and brightness.

Figure 3A shows the PL excitation spectra of
NagPh4(SO4)sCly:Cesy, Tho1y is Observed at 340 nm and
PL emission spectra of NagPb4(SO,4)Cl,: Cesy,, Tho g iS
observed at 490, 550 nm and small peak at 580 nm (Figure
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3B). From the result, three emission transitions have been
observed: 1) °D, — "Fg (490 nm); 2) °D, — 'F5 (550 nm);
3) °D4 — 'F4 (580 nm). The transition °D, — 'Fs can be
responsible for green color observation as a single peak.
The Ce emission moves further to the lower energy side
due to the new host ligands. Thus the energy transfer rate
should be much higher. Thus NagPb,(SO4)sCl,: Ce Th
must be interesting blue and green phosphors and may hold
promise in applications to display devices. Figure 4 shows
schematic energy level diagram indicating Ce**—Tb**
energy transfer in NagPb4(S04)6Cl.,.

140 4 A 4. B

35

=}
=

30

=)
=1

25

@
=1

20

PL Intensity (a.u.)
Z

=
=

5
=
wn

o o
300 350 400 450 00 550 600 B350
Wavelength (nm}
Fig 3(A): PL excitation (B) PL emission spectra of

NagPb,4(SO,4)sCl>Ce 50, Thg 19, for the emission of 550 nm
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Fig.4: Ce**—>Tb®" Energy transfer in NagPb,(SO,)sCl,.

4. CONCLUSION

In this paper, luminescence in NagPb,(SO4)sCl, inorganic
host is reporting for the first time. NagPb4(SO4)sCl,: Ce**;

NagPb4(S04)sCl,:  Ce*, Tb* phosphors have been
prepared by the solid state diffusion method. Luminescence
characteristics of the phosphors do not show individual
Tb* emission, while in the presence of co-activator it
shows Tb** emission in present matrix. The emission of
Ce*, Tb*" in NagPb,(S04)sCl, phosphor may be useful for
scintillation, TL dosimetry display device and lamp
industry respectively. Therefore this new inorganic host is
suitable for the various sensitizers, activators and thus the
luminescence phenomena.
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