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Shape-Induced Enhanced Luminescent Properties of Red Phosphors:
Sr,MgSi,O,:Eu?* Nanotubes
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Sr,MgSi,O7:Eu®* nanotubes with red phosphor luminescent
properties were successfully synthesized via a low-tempera-
ture hydrothermal route in order to understand the underly-
ing relationship between shape and luminescent properties.
The one-dimensional shape results in an obvious improve-
ment of color purity. From emission spectra, the relative in-
tensity of °Dy—’F, to Dy—’F, transitions in tubular phos-
phors is higher than that of bulk material. The better color
purity results from the more distorted lattices and relatively
lower crystal symmetry around Eu®* ions, which ascribes to

the large surface area due to synthesize it in the form of
nanotubes. Furthermore, the as-synthesized tubular red
phosphor has shorter fluorescent lifetime and blue-shift
phenomenon in excitation spectra than that of the bulk coun-
terpart. Based on these results, shape-induced luminescent
properties improvement is proposed as an efficient way to
obtain red phosphors with high color purity.

(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2005)

Introduction

Since decades, phosphors doped with rare earth ions
have attracted great interest.'"*! Among those rare earth
ions, the Eu®* ion as a red luminescent activator in many
host materialsl® % has been studied intensively. Major
emissions are centered at 590 nm (°Dy—’F;) and 616 nm
(°’Dy—"F>), corresponding well to orange and red color,
respectively. So, the relative intensities of Dy—’F, to
SDy—"F, transitions in phosphors are important for their
applications. In order to obtain red phosphors with high
color purity, it is necessary to increase the relative intensity
of ’Dy—"F, to ’Dy—"F, transitions. It is well known that
the relative intensities of the *Dy—"F, to *Dy—’F,; transi-
tions strongly depend on the local symmetry of Eu’*
ions.l''131 The peak at 616 nm is due to the forced electric
dipole transition (°Dy—"F,), which is allowed on condition
that the europium ion occupies a site without an inverse
center. Its intensity is hypersensitive to crystal environ-
ments. A relatively strong >Dy—’F, transition is associated
with a relatively low local symmetry of Eu?* ions. The bet-
ter color purity might result from the more distorted lattices
and relatively lower crystal symmetry. Consequently, a
change of the crystal structure of host materials can pro-
duce a good red phosphor.['Y However, shape and size are
now regarded as particularly important factors influencing
the chemical and physical properties of the materi-
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als.lM=13:152211 If materials were fabricated in the form of a
one-dimensional nanostructure, they would be expected to
be highly functionalized materials as a result of both shape-
specific and quantum confinement effects, acting as op-
tically functional host materials. Based on this viewpoint, a
possible way to improve the performance of current phos-
phors is to synthesize them in the form of 1D nanostruc-
tures. Nanotubes possess especially large surface area and
high surface energy owing to their inner and outer surfaces,
which could lead to a high degree of disorder and corre-
spondent lower symmetry of crystal field around Eu’*
ions.'®!7] This lower symmetry of the crystal field will re-
sult in a higher relative intensity of *Dy—"F, to *Dy—"F,;
transitions. Therefore, it is favorable to get red phosphors
with high color purity while the host materials are fabri-
cated in the form of nanotubes. Only few efforts have been
made to test and apply this idea and to develop new red
phosphors.

We have synthesized a tubular Eu**-doped Sr,MgSi,O,
red phosphor via a hydrothermal route. The as-synthesized
phosphor has better color purity, which illustrates the valid-
ity and practicability of the idea that shape influences the
improvement of luminescent properties. To our best knowl-
edge, this is the first report about hydrothermal synthesis
of Eu**-doped Sr,MgSi,O; nanotubes.

Results and Discussion

The phase purity and phase structure of as-prepared
samples were characterized by the X-ray powder diffraction
(XRD) patterns, using a Philips X'pert X-ray dif-
fractometer equipped with graphite-monochromatized Cu-
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Ka radiation (4 = 1.54178 A). Samples for XRD analysis
were prepared by dispersing the as-synthesized phosphors
into absolute ethanol, then spreading several drops of this
suspension on a clear silicon wafer, and then letting the
solvent evaporate slowly at room temperature. The trans-
mission electron microscopy (TEM) images and corre-
sponding selected area electron diffraction (SAED) pattern
were performed with a Hitachi H-800 transmission electron
microscope using an accelerating voltage of 200 kV. Photo-
luminescence (PL) spectra and luminescent decay curve
were recorded on a Fluorolog-3-TAU fluorescence spectro-
photometer with an Hg lamp at room temperature.

Figure 1 shows the XRD patterns of as-synthesized
Eu?*-doped Sr,MgSi,O- red phosphors. All the diffraction
peaks can readily be indexed to a pure tetragonal structured
Sr,MgSi,O; with cell constants of ¢ = 7.993 A, and ¢ =
5.158 A, which are in good agreement with the values in
the literate (JCPDS card No. 75-1736, a = 7.996 A, and ¢
= 5.152 A). No obvious impurity phase can be detected.
Compared to the XRD patterns of bulk phosphor (Fig-
ure 1, a) and as-synthesized sample (Figure 1, b), the inten-
sity of the XRD peaks from as-synthesized sample is
weaker than that of the bulk phosphor. Some weak peaks
in Figure 1 (b) are nearly invisible. The intensification of
peaks from bulk phosphor would result in improved lumi-
nescent intensity due to the increase of crystallinity. Table 1
shows representative comparisons of half-width and relative
intensities of the XRD peaks from bulk and as-prepared
sample. In Table 1, only the eight strongest peaks of both
XRD patterns are listed. The differences of the eight
strongest peaks of both XRD patterns are sufficient to
demonstrate the fine-structural differences in the bulk and
as-prepared phosphors. The differences of relative inten-
sities of the XRD peaks indicate that the as-synthesized
sample has a tendency to grow only in one direction. The
increase of half-width of XRD peaks from as-prepared
sample indicates the nanometer-scale sizes of sample. These
differences in XRD peaks would lead to enhanced lumines-
cent properties of phosphors. These results are further evi-
denced by the following TEM images and luminescent spec-
tra.
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Figure 1. XRD patterns of the as-synthesized (a) bulk
Sr,MgSi,O7:Eu* and (b) Sr,MgSi,O,:Eu’* nanotubes.

TEM analysis has provided further insight into the mi-
crostructural details of these nanotubes. As shown in Fig-
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Table 1. Comparisons of eight strongest peaks in XRD patterns
from bulk Sr,MgSi,O;:Eu?* and Sr,MgSi,O;:Eu®" nanotubes,
respectively.

Indexing Bulk Sr.MgSi,O;:Eu**

Sr,MgSi,O7:Eu?* nanotubes

peaks
Relative Half- Relative Half-width
intensity width intensity [mm]
[mm]
110 12% 0.161
201 23% 0.123 26% 0.191
211 100% 0.120 100% 0.196
310 17% 0.121 14% 0.286
212 20% 0.020 22% 0.260
330 10% 0.135 11% 0.297
411 11% 0.129 14% 0.279
312 13% 0.125 18% 0.271
412 12% 0.201

ure 2, all samples dispersed on to the TEM copper grids
have uniform nanotube morphologies with open ends. The
as-synthesized nanotubes have diameters of about 15 nm
and lengths up to several hundreds of nanometer. Figure 2
(b) shows two Sr,MgSi,O; nanotubes (the white arrows
shown) parallel to the electron beam, from which the hol-
low structure features can be clearly seen with an inner dia-
meter of about 10 nm and an outer diameter of about
20 nm. The electron diffraction patterns (inset in Figure 2,
b), taken from bundles of Sr,MgSi,O, nanotubes, indicate
that the nanotubes are crystalline. This result is in agree-
ment with that of XRD pattern.

Figure 2. Representative TEM images and SAED pattern of syn-
thesized samples; length of bar: 100 nm.

The excitation spectra of Eu**-doped Sr,MgSi,O; nano-
tubes and bulk phosphor for the emission at 616 nm are
shown in Figure 3. The broad band on the excitation spec-
tra is excitation from the ground state of the 4f shell to an
Eu-O charge transfer state.?”! Moreover, the CTS (charge
transfer state absorption) peak position of Sr,MgSi,O,
nanotubes shows a blue-shift phenomenon compared with
the bulk counterpart. The CTS peaks of the nanotubes and
bulk phosphor center at 250 nm and 261 nm, respectively.
A similar observation was reported in nanometer Y,O3:Eu
phosphor."! The sharp absorption peaks on excitation

www.eurjic.org Eur. J. Inorg. Chem. 2005, 4031-4034



Shape-Induced Enhanced Luminescent Properties of Red Phosphors

SHORT COMMUNICATION

spectra is a characteristic of rare earth ions as a result of
transitions within the 4f shell, which is shielded from envi-
ronmental effects by the outer shell electrons.!*3! Thus, these
peaks position are consistent.
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Figure 3. Excitation spectra of (a) bulk Sr,MgSi,O;:Eu** phos-
phor, (b) Sr,MgSi,O7:Eu?* nanotubes.

Figure 4 shows the emission spectra of as-synthesized
Eu’*-doped Sr,MgSi,O; nanotubes and bulk phosphor.
Both of them consist of two main peaks centered at 590 nm
and 616 nm, which come from the transitions of *Dy—"F,;
and >Dy—"F», respectively. The most intense emission is the
SDy—"F, transition located in 616 nm, corresponding to
the red emission, in good accordance with the Judd-Ofelt
theory.?) Compared with the bulk phosphor, the lumines-
cent properties of as-synthesized Sr,MgSi,O, nanotubes are
obviously enhanced. The emission intensity of the >Dy—"F,
transition is 3.2 times that of the SDy—’F, transition. How-
ever, the ratio only is 1.7 for bulk phosphor. Only the emis-
sion peak located at 616 nm of Sr,MgSi,O; nanotubes has
a remarkable enhancement than that of bulk phosphor.
This phenomenon indicates that more Eu®* occupy sites
with relatively low local symmetry. These results prove the
idea that red phosphors with high color purity can be ob-
tained by changing the shape of host materials.
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Figure 4. Emission spectra of (a) bulk Sr,MgSi,O,:Eu’* phosphor,
(b) Sr,MgSi,O7:Eu?* nanotubes.

The decay time of Eu®* fluorescence of Eu’*-doped
Sr,MgSi,O; nanotubes and bulk phosphor were measured
at room temperature. Figure 5 shows the results that the
lifetime values are 1.2 ms of Sr,MgSi,O; nanotubes and
2.3 ms of bulk phosphor, respectively. Similar phenomena
was observed in nanometer ZnS:Mn>*>’l and Y,O5:Eu**
phosphors.[??l The shorter lifetime value can be attributed
to the fact that the SroMgSi,O; nanotubes have relatively
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more defects, which results from the increase of the surface/
volume ratio in the nanotubes. The shorter decay time is
beneficial to PDP (plasma display panel) applications. With
further optimization, Eu**-doped Sr,ZnSi,O; may serve as
good red phosphor candidates. Further research is un-
derway.
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Figure 5. Normalized decay curve of (a) bulk Sr,MgSi,O,:Eu**
phosphor, (b) Sr,MgSi>O,:Eu** nanotubes.

Conclusions

In summary, we have successfully synthesized pure te-
tragonal phased Sr,MgSi,O-:Eu?* nanotubes via a low-
temperature hydrothermal route at 200°C for 2 days. The
resulting tubular red phosphor has a shorter decay time
than that of the bulk counterpart. A close study of the exci-
tation spectra points to a blue-shift phenomenon for the
Sr,MgSi,O,:Eu** nanotubes. The emission spectra show
that the as-prepared tubular red phosphor has a better
color purity than the bulk counterpart. The improvement
of luminescent properties was analyzed and the influence of
shape on luminescence was explored. Based on these results,
shape-induced luminescent properties improvement is a
simple and efficient way to obtain red phosphors with high
color purity. This idea provides helpful guidance for the ap-
plication of the Sr,MgSi,O,:Eu** red phosphor. Further-
more, this strategy may also be applied to other rare earth
ion-doped phosphors.

Experimental Section

All reagents were purchased from Shanghai Chemical Reagent Co.
and used without further purification. Distilled water and absolute
ethanol, degassed with N, for one hour, were used. In a typical
procedure, 2 mmol of Sr(NOj3),, 1 mmol of Mg(NO3),-6H,0, and
0.1 mmol of EuCl; were dissolved in a mixture of 5 mL of distilled
water and 30 mL of absolute ethanol whilst stirring in a Teflon
liner of 60 mL capacity. Then an aqueous solution of 2 mmol of
Na,Si059H,0 dissolved in 5 mL of distilled water was slowly
added. After about 10 minutes, the aqueous solution of 1g of
NaOH dissolved in SmL of distilled water and 2 mL of 85%
N,H,4-H,O were added whilst stirring. Hydrazine hydrate was used
to prevent reduction of Eu’*. Finally, the mixture was degassed
with N, for another one hour. Then, the liner was sealed in a stain-
less steel autoclave, first aged at 90°C for 12 h, and then maintained
at 220°C for 2 days. After cooled to room temperature naturally,
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the resulting white solid products were filtered off, washed with
distilled water and absolute ethanol for several times, respectively,
and finally calcined in air at 800 °C for 6 h. For comparison, Eu*-
doped Sr,MgSi,O; red phosphor was also prepared via solid-state
reaction at 1300°C for 3 h in air according to the literature.l*”! The
as-synthesized sample was finely ground to give a powder that was
used for further characterization.
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