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Abstract: Using H;BO; as a flux, LaMgAIHOIg:MnB and LaMgAl;;0,9:RE, Mn2+(RE=Eu2+, Gd3+) were synthesized by solid state

reaction at 1150 “C for 4 h. The effect of Mn>" on the luminescent properties excited by vacuum ultraviolet (VUV) was investigated.

The strong emission spectrum excited by 147 nm is composed of peaks from Eu’” and Mn®" luminescence in LaMgAl;;0y9:(Eu’",
Mn*") and only Mn®" luminescence in LaMgAl;;010:Mn" and LaMgAl;,040:(Gd**, Mn®"). The results show that the green emission

of Mn** becomes stronger because of efficient energy transferring from Eu®* and Gd*" to Mn*".
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As a commercial green phosphor for plasma display
panel(PDP), Zn,Si04:Mn has been restricted in its application
because of lacking long-time persistence. Until now, great ef-
forts have been made to develop high efficient luminescent
materials, by finding new luminescent materials and improv-
ing luminescent properties of the existing phosphors. Among
these, a number of activities have been carried out on the in-
vestigation of the optical properties of LaMgAl;;0;9 (LMA)
which has a distorted magnetoplumbite structure and consists
of spinal-like blocks separated by mirror planes. It has par-
ticular performances: (1) Eu’", Tb’"and Eu®" can replace La’*
on the mirror planes and establish red, green and blue-emitting
luminescent center, respectively; (2) Mn>" replacing Mg*"
which is located centrally in Al-O tetrahedron can lead to the
green emission of about 520 nm. In addition, high level ex-
cited state of the active ion, energy-band structure of the host
and the energy transfer among active ions can be researched
through the study of spectra of rare-earth-doped LMA to sup-
ply an important academic guidance to the design and synthe-
sis of new efficient PDP phosphors!'.

Previously some studies on photoluminescence properties of
LMA-based phosphors were mainly focused on UV region and
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few on VUV region'"”.. In order to explore novel green PDP
phosphors, we investigated the luminescent properties of
LMA:Mn*" with different Mn*"-content by means of VUV ex-
cited. Eu’" or Gd*" is co-doped with fixed Mn*"-content for
enhancing the Mn”" luminescence.

1 Experimental

The phosphor samples were prepared by solid-state reaction.
Stoichiometric amount of the starting materials, La,O;(purity:
99.95%), MgO(purity:98.0%), AlO;(purity:99.99%), Eu,0s
(purity:99.99%), Gd,Os(purity:99.99%) and MnCO;(purity:
98.0%) were weighed accurately, and H;BO; was added as a
flux. The starting materials were thoroughly mixed in agate
mortar; LaMgAl;,0,9 was heated at 1200 C for 4 h in atmos-
phere; LaMgAl, 1019:XMn*", LaMgAl“Olg:XEuH, 0.05Mn*" and
LaMgAl;,0,9: XGd*, Mn>" were heated at 1150 °C for4 hin a
reducing agent atmosphere (95%N,+5%H,). After they were
cooled down, the samples were taken out and triturated to ob-
tain phosphor powder.

The X-ray diffraction data were obtained with a Rigaku
D/max-2400 X-ray diffractionmeter. The excitation and emis-
sion spectra of the phosphor powders were measured by
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FLS920T fluorescence spectrophotometer and VM504 VUV
monochromator with a deuterium lamp. The excitation spectra
were corrected with sodium salicylate powder. All measure-
ments were carried out at room temperature.

2 Results and Discussion

The XRD pattern of the phosphor using H;BO; as a flux
calcined at 1200 C for 4 h is shown in Fig.la. The result indi-
cats that as the flux varies from 7.5wt% to 12.5wt%, the
LaAlQO; diffraction peak reduces gradually until it disappears.
At the same time, LaBO; and LaMgB;O,, diffraction peak is
absent. Only when H3;BO; content exceeds to 15.0wt%, we can
find LaBO; and LaMgB;0,, diffraction peak.

The other group is B,O; used as a flux in the same circum-
stances. After a comparative study, we find H;BO; is better
than B,Os, because H;BO; has a lower melting point.

Using 12.5wt% H;BO; as a flux, LMA:xMn** (0=x<0.125)
was synthesized by solid state reaction at 1150 ‘C for 4 h. The
temperature was a little lower than that of the single phase of
LMA, because the melting point of MnCO; is far lower than
MgO. Fig.1b is the XRD patterns of LMA:XMn®*" (0<x<0.125),
which show the LMA prepared with different Mn**-contents of
0.025, 0.050, 0.075, 0.100, and 0.125 mol/mol, respectively. It is
indicated that the phosphor is a single-phase of LMA, because
the peak positions in the Fig.1b correspond to those of the stan-
dard patterns reported by the Joint Committee on Powder Dif-
fraction Standards (JCPDF260873) for LMA.
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Fig.1 XRD patterns of LMA: (a) LMA, using H;BO; as a flux and (b)
LMA: xMn”" (0<x<0.125), using 12.5wt% H;BO; as a flux

Excited by 254 nm, the emission spectrum of LMA:
XMn®" (0<x<0.125) is very weak, because either the host
lattice or Mn®>" cannot absorb energy effectively in UV re-
gion”!. Excited by 147 nm, the excitation and emission
spectra of LMA:xMn®" (0<x<0.125) phosphor are similar
with X which varies from 0 to 0.125; when X=0.05, the emis-
sion intensity reaches the maximum. As shown in Fig.2a, the
excitation spectrum reveals that the host lattice absorption
peak appears at 167 nm and the activator Mn** absorption
peak occurs at 188 nm which is originated from the
3d°—>3d%4s transition of Mn?". Moreover, the host lattice
absorption overlaps with the activator Mn®" absorption,
which indicates that the energy transfers from the host lat-
tice to the activator Mn>". From Fig.2b, the emission spec-
trum shows a wide band at 516 nm which is attributed to the
*T,—°A, transition of Mn>".,

Upon fixing Mn*"-content at 0.05 mol/mol, the excitation
and emission spectra (Fig.3) of the LMA: (x Eu*, 0.05Mn’")
(0<x<0.20) and LMA:(xGd*", 0.05Mn”") (0<x<0.20) phosphor
were investigated in UV region. LMA:(0.1Eu*", 0.05 Mn*")
was chosen as an example for its strongest emission intensity.
The excitation spectra with two wide bands at about 263 nm
and 294 nm are attributed to the 4f—5d transition of Eu*,
which has a split crystal field”. The emission spectrum excited
by 254 nm consists of Eu*" characteristic emission and Mn*"
feature emission. Two wide bands at 454 nm and 516 nm cor-
respond to transitions of Eu*" from the highest excited state
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Fig.2 Excitation(a) and emission(b) spectrum of LaMgAl;Oio:
0.05Mn*" under VUV excitation
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Fig.3 Excitation(a) and emission(b) spectra of LMA:0.10Eu®",
0.05Mn*" under UV excitation

5d to the ground state 4f’ and Mn®" from *T, to °A, respec-
tively. LaMgAl;;019:Mn’s emission is very weak, so following
finding can be drawn that there occurred an energy transfer
effectively from Eu® to Mn>" in LMA: xEu®", Mn>" under UV
excitation. Similar with LMA:Mn®*, the emission spectrum of
LMA:(xGd™", 0.05Mn”") (0<x<0.20) indicates that there was no
effective energy transfer from Gd** to Mn®" in LMA: x Gd*",
Mn*" under UV excitation.

Excited by 147 nm, the excitation spectra of the LMA:
(XEu®",0.05Mn”")(0<x<0.20) and LMA:( xGd*", 0.05Mn>")
(0=<x<0.20) phosphor consist of host lattice absorption and the
activator Mn’" absorption with different Eu®* or Gd** doping
contents. Fig.4 gives the excitation and emission spectra of the
LMA:(0.10Eu*, 0.05Mn*") and LMA:(0.15Gd">, 0.05Mn*")

phosphor with maximum emission intensity in the VUV region.

The excitation spectra of the LMA: (0.10Eu*", 0.05Mn’") are
monitored by means of the green emission at 516 nm. The host
lattice absorption includes the peaks at 129, 158, 167 nm and
the activator absorption peak at 189 nm which is originate
from the 3d°>—3d*4s transition of Mn*"1*® Between 230-300
nm, LMA:(0.10Eu*", 0.05Mn"") with two wide bands with the
peaks at about 262 nm and 294 nm attributes to the 4f—5d
transition of Eu’". The emission spectrum of the sample
LMA:(0.10Eu**,0.05Mn”") excited by 147 nm consist of bands
at 453 nm and 517 nm, which correspond to transitions of Eu*"
from the highest excited state 5d to 4f ground state
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Fig.4 Excitation(a) and emission(b) spectrum of LMA

and Mn®" from *T, to °A,. Here, the emission at 453 nm is so
weak that most energy absorbed by Eu®" must be transferred
to Mn®. The emission spectrum of the sample
LMA:(0.15Gd’",0.15Mn*") in VUV region has a peak only at
516 nm originated from the *T,—°A, transition Mn*" ion, the
emission intensity is much strengthened because the energy
transfers from Gd** to Mn**, While comparing the excitation
spectra of LMA:0.05Mn>" with the excitation spectra of
LMA:(0.10Eu*",0.05Mn*") and LMA:(0.15Gd*",0.05Mn”") , the
following result can be shown that Eu®” or Gd*" replaces La’"
on the mirror planes and the host lattice absorption is en-
hanced, which confirms the existence of energy transforma-
tion from Eu”" or Gd** to the activator Mn". while comparing
the emission spectra of LMA:0.05Mn°" with the emission
spectra of LMA:(0.10Eu”",0.05Mn’") and LMA:(0.15Gd™",
0.05Mn”"), the another result can be shown that the emis-
sion peak at 516 nm becomes about 75% stronger in LMA:
(0.10Eu*",0.05Mn>") and 154% stronger in LMA:
(0.15Gd*",0.05Mn"") than that in LMA:0.05Mn**, which con-
firms the existence of energy transformation from Eu’" or
Gd’* to the activator Mn*" too.

3 Conclusions

1) As a flux, H;BO; is better than B,0;.

2) In the case of the emission spectrum of LMA:
X Mn”"(0<x<0.125), a wide band at about 516 nm is origi-
nated from the 4T1—>6A1 transition of Mn”" ion.
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3) LMA:(xEu*, 0.05Mn>") (0<x<0.20) and LMA:(xGd*", 3 Sun J Y et al. Solid Luminescence Materials[M]. Beijing:
0.05Mn”")(0<x<0.20) give the result that Mn>" emission is en- Chemistry Industry Press, 1997: 325
Ping Yang et al. Optical Materials[J], 2004, 26(3): 327
Deng C Y et al. Physica B[J], 2004, 344: 470
Jiistel T et al. J Lumin[J], 2003, 101(2003): 195
Brandon Howe et al. J Lumin[J], 2004, 109(1): 51
1 You Hongpeng(JL#/%) et al. The Chinese Rare Earth Society(H Su Qiang(7; %) et al. The Chinese Rare Earth Society( ' [E#;
I -E 24401, 2002, 20(6): 572 F2R)[I], 2001, 19(6): 481
2 Verstegen IM P Jetal. J Lumin[J], 1973, 6(5): 425

hanced greatly for the energy transferring from Eu*"and Gd**
to Mn”" efficiently.
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