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Mn?* doped bulk and nano-sized MgAl,0, phosphors are synthesized by high-temperature solid-state
reaction and combustion method, respectively. The bulk phosphor exhibits bright green fluorescence
and phosphorescence, while the nanophosphor however exhibits only red fluorescence without phospho-
rescence. The different luminescence properties are studied based on the analysis of excitation and emis-

sion spectra as well as phosphorescence decay curves. The enhancement of the green and red
luminescence with doping Mn?"* is discussed.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Over the past several years, there has been an ongoing research
for nano-sized phosphors with interesting and superior perfor-
mance characteristics over their micrometer counterparts. This re-
search has been stimulated by the fact that significant changes in
the optical properties have been observed with decreasing phos-
phor size [1,2]. Mn?>" doped magnesium aluminate spinel MgA-
1,04:Mn?* is a fascinating phosphor, which shows efficient
luminescence and highly-saturated color in many compounds,
and can be excited by almost all the common excitation methods,
viz., X-ray, electron bombardment, UV and blue light irradiation.
Tomita et al. [3] reported the observation of both a green emission
band centered at 520 nm upon blue excitation and an red emission
band centered at 650 nm upon UV excitation in bulk MgA-
1,04:Mn?". MgAl,0, is a chemically stable host with a spinel struc-
ture that belongs to the space group Fd3m. There present a high
concentration of intrinsic defects in the host, due to the large num-
ber of cation disorder. For example, an Mg?* at an AI** site can trap
a hole; in contrast, an AI** at an Mg?" site will form an electron
trap. Oxygen vacancies may also serve as F-center-like electron
traps [4,5]. As a consequence, MgAl,04:Mn?" also exhibits bright
green phosphorescence after irradiated by either UV or X-ray or
e-beam.

In this Letter, we report comparison of luminescent properties
of bulk and nanosized MgAl,0,:Mn?* and observe that the nano-
materials only exhibit red color fluorescence while the bulk mate-
rials only exhibit green color luminescence including fluorescence
and phosphorescence.
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2. Experiments

Samples of MgAl,04:Mn?* in bulk materials have been synthe-
sized by high-temperature solid-state reaction. The starting mate-
rials are Mg(OH),-4MgCO5-6H,0 (AR), Al,O3 (AR), MnCOs3 (AR) and
HsBO3(AR). The powder samples have been weighed according to
the molar ratio given by the formula. All the mixtures are ground
for 1 h, and then sintered at 1350 °C in a reducing atmosphere
for 4 h.

MgAl,04:Mn?* phosphor nanoparticles have been prepared by
the combustion method. In a cylindrical container, a stoichiometric
composition of aluminum nitrate (AI(NOs)s), magnesium nitrate
(Mg(NO3),) and manganese nitrate (Mn(NOs),) is dissolved in a
minimum amount of distilled water together with an amount of
urea. Initially, the solution boils and undergoes dehydration, fol-
lowed by decomposition for all the nitrates with the evolution of
large amounts of gases. Then, spontaneous ignition for urea occurs
and it undergoes smouldering combustion with enormous swell-
ing, producing white foamy and voluminous MgAl,04:Mn?*. The
whole process occurs within 3 min.

Emission and excitation spectra are measured with a Hitachi F-
4500 Spectra-fluorometer. The crystalline structure of the sample
is investigated by X-ray diffraction (XRD), using a Siemens D-500
equipment with a Cu target radiation source. The morphology of
the fibers is inspected using a Hitachi S-4800 field emission scan-
ning electron micrograph (FE-SEM).

3. Results and discussion

Figure 1 shows the X-ray powder diffraction patterns (XRD) of
bulk and nano MgAl,04:Mn?* phosphors. The XRD patterns of the
two phosphors match well with JCPDS (21-1152), which can be
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Figure 1. The X-ray powder diffraction patterns (XRD) of bulk-MgAl,04:Mn?*
prepared by high-temperature solid-state method and nano-MgAl,04:Mn?* pre-
pared by combustion method.

indexed on the cubic space group of OE (Fd3m) for MgAl,04 with
the spinel-type structure. The result indicates that the pure phase
of MgAl,0, is formed in both samples mentioned above. Compared
with bulk-MgAl,04:Mn?*, the XRD peak for the nanosized counter-
parts is broader, implying the nanosizes of the particles. Figure 2
depicts the scanning electron microscope (SEM) image of nano-
MgA1204:Mn2+. It shows the average size around 90 nm.

The diffused reflectance spectra of Mn?* free and 1% Mn?*-
doped bulk and nanosized MgAIl,O4 are measured and shown in
Figure 3. One can find both bulk and nano-sized Mn?* free MgAl,0,4
exhibit the same reflectance spectrum, showing a strong absorp-
tion band peaked at 209 nm, which corresponds to the charge-
transfer excitation from 02~ (2p)® electron into the conduction
band [6-8]. When Mn?" is doped, the reflectance spectrum has dra-
matically changed in bulk material but unchanged in nanomateri-
als. The bulk MgAl,04:1% Mn appears two additional absorption
bands, one peaked at 279 nm and the other peaked at 450 nm,
which are both originated from the d-d absorption transition of
Mn?* [9,10]. Consequently, the unchanged reflectance spectrum
of the nanomaterial after doping Mn?* perhaps means that a few
Mn?* ions occupy the Mg?"* sites in the host due to a short com-
busting time of only 3 min in the present work.

Emission and excitation spectra of bulk- and nano-MgA-
1,04:Mn?* are shown in Figure 4. Figure 4a depicts the excitation
spectrum (Jem = 519 nm) of bulk-MgAl,04:1% Mn?* (dashed line)
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Figure 2. The scanning electron microscope (SEM) image of nano-MgAl,04:Mn?*.
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Figure 3. The diffused reflectance spectra of 1% Mn-doped and pure MgAIl,04 in
bulk materials and nanoparticles.

and emission spectra (Jex=278 nm) of bulk-MgAl,04:x% Mn?*
(x=0.1, 0.5, 1, 2) (solid lines). The excitation spectrum consists of
not only the charge transfer band of the host centered at 209 nm,
but also some other bands centered at 278 nm, 360 nm, 386 nm,
426 nm and 450 nm, which are originated from the transitions
from SA,(5S) to 4Ty, “E(“D), “To(“D), [*A1(*G), “E(*G)], *To(*G) levels
of Mn?*, respectively [9,10]. Under excitation at 278 nm, a strong
emission band is observed at 519 nm, which is assigned to radia-
tive transition from the first excitation state “T; to the ground state
of Mn?*. Its intensity increases on the increasing Mn?* concentra-
tion and gives the largest value for 2% Mn?*. Figure 4b
depicts the excitation spectrum (Aem=650nm) of nano-MgA-
1,04:1% Mn?* (dash line) and emission spectra (Jiex =290 nm) of
nano-MgAl,0,4:x% Mn?* (x =0, 0.1, 0.5, 1, 2) (solid lines). It is found
in the excitation spectrum of the nano MgAl,04:1% Mn?* that there
is no typical transition bands of Mn?* but the charge-transfer band
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Figure 4. Emission and excitation spectra of bulk- and nano-MgAl,04:Mn?*: (a) the
excitation spectra (Jem=519nm) of bulk-MgAl,0,:1% Mn?* in dash line and
emission spectra (Jex = 278 nm) of bulk-MgAl,04:x% Mn?* (x = 0.1, 0.5, 1, 2) in solid
lines, (b) the excitation spectra (fem = 650 nm) of nano-MgAl,04:1% Mn?* in dash
line and emission spectra (Jex = 290 nm) of bulk-MgAl,04:x% Mn?* (x=0, 0.1, 0.5, 1,
2) in solid lines.
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Figure 5. The decay curves of bulk-MgAl,0,4:x% Mn?* (x=0, 0.1, 1). The phospho-
rescence spectrum are presented inset.

centered at 209 nm and the another one centered at 290 nm, which
only appears in the nanomaterials. Furthermore, the nano-materi-
als exhibit an red emission band peaked at 650 nm different from
the green band at 519 nm observed only in the bulk materials. It is
worthy to note that the red emission band also appears in the
nano-material without doping Mn?* and its intensity enhances
with increasing Mn?* concentration up to 0.1%. Based on the re-
sults of this work and the results obtained by Tomita et al., the
red emission is associated with Mg?* deficiencies and Mn?* [3].
The excitation band at 290 nm for the red emission is assigned to
the band edge absorption in relating with an intermediate state
with Mn?* capturing a hole or an electron. As a result, nano-sized
MgAl,04:Mn?* possesses larger Mg?* deficiencies and the interme-
diate states in comparison with the bulk one.

It is interesting to find that the phosphorescence characteristics
are also different between bulk- and nano-MgAl,04:Mn?*. The
phosphorescence cannot be observed in the nano-MgAl,04:Mn?*,
but the bright green phosphorescence is obtained in the bulk-MgA-
1,04:Mn?* after irradiated by 209 nm light and X-ray. Figure 5
shows the decay curves of bulk-MgAl,04:x% Mn?* (x=0, 0.1, 1)
irradiated by X-ray. The phosphorescence spectrum is presented
in Figure 5 (inset). It is found that the same phosphorescent spec-
trum can be observed in the pure MgAl,0, without Mn?* doping.
However, the phosphorescence is enhanced as Mn?* doping dose.
As we know, MgAI,0, is a chemically stable host, which has a spi-
nel structure [11] and belongs to the space group Fd3m. It has 96
cation sites with 24 being occupied by the cations, 8 of 64 tetrahe-
dral sites are occupied by Mg?* and 16 of 32 octahedral sites are
occupied by AI**. In addition to the large number of unoccupied
sites, the cation disorder can be considerable (as large as 30%), so
that there are a large number of defects [12-14]. In addition, Cu,
V and Cr are present in concentrations of the order of 10 ppm
[15]. Some of these defects serve as electron or hole traps. The
V2" center consists of a hole trapped at a divalent site and is prin-
cipally responsible for the intrinsic green afterglow emitted at
519 nm in this material [16-19]. Thus, the green persistent after-
glow at 519 nm in the undoped material is from the V' centers.
The initial intensity of the green persistent afterglow enhances
with the increasing concentration of Mn?*. Meanwhile, the decay
rate remains the same. Comparing the emission spectra in Figure 4
with the phosphorescence spectrum in Figure 5, the emission band
from V3" is similar to that from Mn?". It is thought that the green
persistent afterglow is from both Mn?* and V3" when Mn?" is
doped. The green afterglow irradiated by 209 nm has been also

discussed in another Letter [20]. The [Al]y,, act as the electron traps
and the doped Mn?* ions act as the emitting centers. Therefore, the
enhancement of the phosphorescence intensity in the presence of
Mn?" is resulted from the increasing number of emitting centers.
The unchanged decay rate of the phosphorescence is due to the
same electron traps, such as [Al]y,. The reason for absence of phos-
phorescence in the nano-materials is perhaps a few carrier traps or
shallow traps that is empty by thermally releasing at room
temperature.

4. Conclusion

Mn?* doped bulk and nano-sized MgAl,0, phosphors are syn-
thesized by high-temperature solid-state reaction and combustion
method, respectively. Comparison of luminescent properties of
bulk and nanosized MgAl,04:Mn?* have been made and observed
that the nano-materials only exhibit red color fluorescence while
the bulk materials only exhibit green color luminescence including
fluorescence and phosphorescence. The green emission centered at
519 nm under ultraviolet or visible light excitation is assigned to
radiative transition from the first excitation state *T; to the ground
state of Mn?*. The red emission peaked at 650 nm is associated
with Mg?* deficiencies and Mn2*. The difference of fluorescence
characters of bulk and nanosized MgAl,04:Mn?* is because that a
large number of Mn?* ions occupy the Mg?" sites in the bulk MgA-
1,04:Mn?* host while just a few Mn?* ions occupy the Mg?* sites in
the nano-sized MgAl,04:Mn?" host due to a short combusting time,
which results in larger Mg?* deficiencies and the intermediate
states in nanosized MgAl,04:Mn?*. The initial intensity of green
phosphorescence enhances when Mn?* is doped because of the
increasing number of emitting centers, while the decay rate re-
mains the same. The unchanged decay rate of the phosphorescence
is due to the same electron traps, such as [Al]y,,. The reason for ab-
sence of phosphorescence in the nano-materials is perhaps a few
carrier traps or shallow traps that is empty by thermally releasing
at room temperature.
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