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VUV properties of Eu-doped alkaline earth magnesium silicate
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Abstract

Plasma display panels (PDP) are most promising for large flat panel displays at present. However, luminescence efficiency and lifetime of
PDP phosphors should be improved. Alkaline earth silicates show remarkable properties as phosphor hosts with various crystal structures and
high chemical stability. Availability of Ba2MgSi2O7 has received attention as a host for vacuum ultraviolet (VUV) excitable phosphor. Blue-
green phosphor Ba2MgSi2O7:Eu2+ with a high thermal quenching temperature [G. Blasse, W.L. Wanmaker, J.W. ter Vrugt, A. Bril, Philips.
Res. Rep. 23 (1968) 189–200] exhibit high luminance (45% of commercial green VUV phosphor Zn2SiO4:Mn2+) under VUV excitation
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ithout optimization of synthesis condition and emission color. Ba2MgSi2O7 is promising candidate for the new VUV phosphor in PDP
ercury-free lamp application.
2005 Elsevier B.V. All rights reserved.
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. Introduction

Luminescence centers of phosphors in PDP are excited
y host absorption of high VUV energy. Therefore, selection
f host with high VUV energy absorbability is important

o obtain the high luminance under VUV excitation. Sili-
ate phosphors are promising as candidates of host mate-
ials for the new VUV phosphors with various crystal
tructures and high chemical stability. The emission wave-
ength of Eu2+ depends strongly on the surrounding environ-

ents of the Eu2+ ion. Alkaline earth silicates emit various
olor photoluminescence according to the various crystal
elds[2–4]. Numerous researchers have examined the lumi-
escence properties of alkaline earth magnesium silicates,
r3MgSi2O8:Eu2+, Ba2Mg Si2O7:Eu2+ [5] MSiO4:Eu2+,
u3+(M = Ca, Sr and Ba) [3], Ca2MgSi2O7:Eu2+ [6],
2Mg Si2O7:Eu2+, Dy3+(M = Ca, Sr and Ba) [7],
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MMgSiO4(M = Ca, Sr and Ba)[8] and MMgSi2O8 (M = Ca,
Sr and Ba)[9]. Kunimoto et al. reported an excellent VU
luminescence property of CaMgSi2O6:Eu2+ as VUV phos
phor [10]. The Ca site in CaMgSi2O6:Eu2+ is coordinated
by eight oxide ions of Si2O6 and MgO6 units. Alkaline earth
ion site in layer structure M2MgSi2O7 (M = Ca and Sr) is als
coordinated with eight oxide ions of [MgO4] and [SiO4] units.
The thermal quenching temperature of Ba2MgSi2O7 is higher
than that of Ca2MgSi2O7 and Sr2MgSi2O7 [1]. Therefore
Ba2MgSi2O7 is a candidate as a host for a new VUV ph
phor. However, the crystal structure of Ba2MgSi2O7:Eu2+

has not been reported up to now.
Herein, we report the crystal structure and VUV lu

nescence property of Ba2MgSi2O7:Eu2+ as the new VUV
phosphor.

2. Experimental

Phosphors were synthesized using solid-state rea
method. High purity BaCO3, MgO, SiO2 and Eu2O3 were
E-mail address: f03k111a@mail.cc.niigata-u.ac.jp (K. Toda). employed as raw materials. Appropriate amounts of raw
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materials were mixed by ball milling using the ZrO2 ball
(5 mm diameter) for 4 h. Samples were prepared by firing at
1473 K for 6 h in air. Then the fired samples were reheated at
1473 K for 6 h in a reductive atmosphere of 5% H2–95% Ar
gas. Powder XRD data were obtained using a diffractometer
(MX-Labo; Mac Science Ltd.). Crystal structure refinement
was carried out using the Rietveld method[11] with the
Rietan 2000 profile refinement program[12]. The relative
luminance of the phosphors under VUV excitation (lamp:
UER20H-146VA; Ushio Inc.) was recorded using a lumi-
nance colorimeter (BM-7; Topcon Corp.).

3. Results and discussion

Shimizu et al. reported that the crystal structure of
Ba2MgSi2O7was the tetragonal akermanite-type structure
with the space groupP 4̄21m (No. 113) from single crys-
tal X-ray investigation [13]. The Eu2+ doped sample
Ba2MgSi2O7:Eu2+ was melted at 1573 K: the powder sam-
ple was synthesized at 1473 K. The powder XRD pattern
of Ba2MgSi2O7:Eu2+ (5 mol%) differs from that of single
crystal Ba2MgSi2O7. A comparison between the powder and
single crystal XRD patterns is shown inFig. 1 The crystal
structures of Ba2MgSi2O7:Eu2+ were not attributable to the
tetragonal symmetry. Indexing of the XRD pattern for the
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Fig. 1. XRD patterns of the poly crystal Ba2MgSi2O7:Eu2+ and simulation
Ba2MgSi2O7 singal crystal.

Fig. 2. X-ray pattern fitting for Ba2MgSi2O7:Eu2+. The calculated and
observed patterns are shown on the top solid line and the dots, respectively.
Vertical marks in the middle show positions calculated for Bragg reflections.
The bottom trace is a plot of the difference between calculated and observed
intensities.

Under VUV (146 nm) excitation, Ba2MgSi2O7:Eu2+

showed strong green emission. The critical concentration
of Eu2+ in Ba2MgSi2O7:Eu2+ was 5% under 146 nm
excitation. The luminance was 45% of commercial green
VUV phosphor Zn2SiO4:Mn2+ without optimization of the
synthetic condition and the emission color. The two reasons
are suggested to the high luminance of layered structure,

T
C

A y z B (nm−2)

B 78 (2) 0.0436 (1) 0.476 (1) 0.0061 (4)
M 0.7438 (1) 0.250 0.0081 (2)
S 6 (1) 0.2815 (5) 0.1334 (1) 0.0072 (1)
O 2 (1) 0.1440 (1) 0.1187 (2) 0.0150 (3)
O 9 (1) 0.3421 (1) 0.2361 (1) 0.0016 (1)
O 1 (1) 0.1450 (1) 0.0415 (1) 0.0012 (4)
O 0.3338 (1) 0.250 0.0093 (4)

S 427 (3) nm,b = 1.0727 (3) nm,c = 0.8451 (3) nm,β = 110.754 (2)◦, RWP = 11.65%,
R

owder sample, Ba2MgSi2O7:Eu2+ has monoclinic symme
ry, C2/c (No. 15), with the lattice parametersa = 0.8426 nm
= 1.0726 nm,c = 0.8449 nm andβ = 110.763◦. From the
ombination of indexing and Fourier analysis, a star
odel for the crystal structure refinement adopted a s

ure of distorted monoclinic Ba2CoSi2O7 [14]. Refined
rystallographic parameters of the powder samples w
= 0.8428 (3) nm,b = 1.0729 (3) nm,c = 0.8452 (3) nm an
= 110.755 (3)◦. Pattern fitting and crystallographic data
a2MgSi2O7:Eu2+ are shown, respectively, inFig. 2 and
able 1. Fig. 3 shows that the crystal structure is laye
tructure with the double Ba2+ ion layer between distorte

ayers consist of [SiO4] and [MgO4] tetrahedral. Tetragon
nd monoclinic structures have a similarly layered struc
side from their different barium coordinations. It is con
red that the synthesis temperature and annealing tim
ost important factors whether Ba2MgSi2O7 take the two

ype structure, tetragonal or monoclinic.

able 1
rystallographic data for Ba2MgSi2O7:Eu2+

toms Site g x

a1/Eu1 8f 0.95/0.05 0.22
g1 4e 1 0.000
i1 8f 1 0.111
1 8f 1 0.100
2 8f 1 0.304
3 8f 1 0.479
4 4e 1 0.000

pace group:C2/c (A-15), crystal system: monoclinic cell constants:a = 0.8

I = 2.76%,RF = 1.02% andS = 1.99.
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Fig. 3. Crystal structure of Ba2MgSi2O7:Eu2+.

i.e. a two-dimensional structure, Ba2MgSi2O7:Eu2+ with
Eu2+ ions in the interlayer. First, the critical concentration of
emission intensity is very high in Ba2MgSi2O7:Eu2+ because
low probability for the excitation energy to be trapped by
killer centers in the low dimension a host[15]. Second,
this compound has a high thermal quenching temperature
because of low thermal vibration by the barium ion’s heavy
atomic weight[1].

The luminescence wavelength of Ba2MgSi2O7:Eu2+

shifts to the longer wavelength side with the increase of Eu2+

concentration. The shift is inferred to be attributable to the
crystal field strength. Crystal field influence excited energy
level easily because 4f65d has an electron cloud with large
distribution. Splitting of energy level 4f65d become wider
with crystal field strength stronger, the difference between
ground state8S level and lower 4f65d component becomes
lower. Therefore, the luminescence wavelength shifts to the
long wavelength side. The crystal field becomes stronger
with increased Eu2+ composition because the ionic radius
of Eu2+ (0.139 nm) is smaller than Ba2+ (0.156 nm). The
strong crystal field causes the luminescence wavelength shift
of Ba2MgSi2O7:Eu2+.

For that reason, the luminescence wavelength shift shorter
wavelength side in Eu2+ doped akermanite-type host lattice
with larger alkaline earth ion.

2+

t
l )

Fig. 4. Coordinated environment of Eu2+ in M2MgSi2O7 (M = Ca and Sr).
Upper and lower numbers are distances of Sr–O and Ca–O, respectively.

is between yellow Ca2MgSi2O7:Eu2+ (518 nm) and blue
Sr2MgSi2O7:Eu2+ (469 nm). The irregular shift of the lumi-
nescence wavelength results from the difference of the crys-
tal structure. The coordination environment of Eu2+ in the
monoclinic Ba2MgSi2O7:Eu2+ differs from that in tetrag-
onal Ca2MgSi2O7:Eu2+ and Sr2MgSi2O7:Eu2+. The crys-
tal structures of Ca2MgSi2O7:Eu2+ and Sr2MgSi2O7:Eu2+

are isomorphic tetragonal structure (P 4̄21m No. 113). The
coordinated environment of Eu2+ in (Sr, Ca)2MgSi2O7:Eu2+

and that of Ba2MgSi2O7:Eu2+ are shown, respectively, in
Figs. 4 and 5.Table 2lists the bond lengths between neighbor-
ing oxygen atoms and alkaline earth ionic sites. The Eu2+ in
Ca2MgSi2O7:Eu2+ and Sr2MgSi2O7:Eu2+ have similar coor-
dination environments. Alkaline earth ion sites in interlayer
are coordinated by eight neighboring oxygen ions of each
layer and consist of [SiO4] and [MgO4] tetrahedra. As the
ion radius of alkaline earth ion becomes larger in these com-
pounds, the wavelength is shifted to the shorter wavelength
side because of the strong crystal field.

On the contrary, the coordination environment of
Eu2+ in Ba2MgSi2O7:Eu2+ differs greatly from those of
Ca2MgSi2O7:Eu2+ and Sr2MgSi2O7:Eu2+, as shown in
Figs. 4 and 5. The coordination environment of the alkaline
Although the ionic radius of Ba ion is larger and
han that of Ca2+ ion (small) and Sr2+ (middle) ion, the
uminescence color of green Ba2MgSi2O7:Eu2+ (504.2 nm
 Fig. 5. Coordinated environment of Eu2+ in Ba2MgSi2O7:Eu2+.



874 A. Komeno et al. / Journal of Alloys and Compounds 408–412 (2006) 871–874

Table 2
Bond lengths between the alkaline earth ion site and oxygen atoms in
M2MgSi2O7: Eu2+ (M = Ca, Sr and Ba)

Average distance (nm)

M = Ba
Ba–O1 0.274 (1)
Ba–O1 0.280 (1)
Ba–O1 0.302 (1)
Ba–O2 0.277 (1)
Ba–O2 0.284 (1)
Ba–O3 0.281 (1)
Ba–O3 0.290 (1)
Ba–O4 0.295 (7)

M = Sr
Sr–O1 0.260 (1)
Sr–O2 0.257 (9)
Sr–O2 0.275 (9)
Sr–O2 0.275 (9)
Sr–O3 0.256 (1)
Sr–O3 0.256 (1)
Sr–O3 0.278 (1)
Sr–O3 0.278 (1)

M = Ca
Ca–O1 0.248 (2)
Ca–O2 0.271 (3)
Ca–O2 0.271 (3)
Ca–O2 0.271 (3)
Ca–O3 0.242 (2)
Ca–O3 0.242 (2)
Ca–O3 0.269 (2)
Ca–O3 0.269 (2)

earth ion sites and silicates layer in Ba2MgSi2O7:Eu2+ are
much distorted. The numbers of coordinated neighboring
oxygen ions are three from one layer and five from another
layer in Ba2MgSi2O7:Eu2+. The luminescence wavelength
shifts to the long wavelength side because of the weak crys-
tal field of the distorted coordination for Ba2MgSi2O7:Eu2+.

The chromatic coordinate of Ba2MgSi2O7:Eu2+ (0.2159,
0.4838) is slightly blue-green compared with pure NTSC
green (0.218, 0.712). The green emission is in the good
visibility region. Therefore, improvement of the chro-
matic coordinate engenders higher luminescence for this
Ba2MgSi2O7:Eu2+. Improvement of chromatic coordinates
can be achieved through substitution of alkaline earth ion
sites.

4. Conclusion

We investigated the luminescence properties of
Ba2MgSi2O7:Eu2+ as the host for new VUV phosphors. The
XRD pattern of Ba2MgSi2O7:Eu2+ is different from that of
a single crystal Ba2MgSi2O7:Eu2+ [13]. The polycrystalline
sample of Ba2MgSi2O7:Eu2+ represents a new distorted
akermanite-related structure. Ba2MgSi2O7:Eu2+ showed
relativity high green emission under vacuum ultraviolet.
Therefore, Ba2MgSi2O7:Eu2+ is a promising candidate as a
new VUV phosphor in future PDP applications.
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