Copyright © 2014 by American Scientific Publishers
All rights reserved.

Printed in the United States of America
AMERICAN

SCIENTIFIC
PUBLISHERS

Science of Advanced Materials
Vol. 6, pp. 1814-1819, 2014
(www.aspbs.com/sam)

Y,0,:Eu®**/C;N, Composite Nanotubes:
Synthesis, Characterization, and Novel
Luminescence Properties

Ying Li', Xi Cao', Guofeng Wang"*, Bingyu Xu', and Jisen Zhang?*

"Key Laboratory of Functional Inorganic Material Chemistry, Ministry of Education, School of
Chemistry and Materials Science, Heilongjiang University, Harbin, 1560080, China
2Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,

Changchun 130033, China

ABSTRACT

We successfully prepared Y,0;:Eu**/C;N, composite nanotubes by combining the hydrothermal with
chemisorption method for the first time. The infrared spectra indicated that the C—N (1238 cm~") stretching
vibration peak moved to a higher wavenumber with increasing the amount of Y,0,:Eu®*, suggesting the for-
mation of Y,05:Eu**/C;N, composite nanotubes. The charge transfer bands showed a little blue-shift after
compositing with C;N, in the excitation spectra of Y,05:Eu®*/C;N, composite nanotubes monitored at 615 nm.
More importantly, the sharp lines originate from Eu3* f—f electron transitions almost vanished in the excitation
spectra of Y,0;:Eu*/C;N, composite nanotubes, which was attributed to the interaction between C;N, and
Y,0;:Eu®t. The decay curve of Y,05:Eu®t and Y,0,:Eut/C;N, composite nanotubes can be fitted with the
biexponential function well. The luminescence lifetimes of Y,0,:Eu* increased by combining C;N,.
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1. INTRODUCTION

Rare earth (RE) compounds were extensively applied to
high-performance magnets, luminescence devices, cata-
lysts, and other functional materials.! Most of these func-
tions depend strongly on the composition and structure of
materials. In particular, nanosized luminescent materials
have attracted considerable attention since Bhargava et al.
reported that doped nanocrystalline phosphors yielded high
luminescence efficiencies.? With rapidly shrinking size,
nanomaterials usually exhibit novel physical and chemical
properties due to their extremely small size and relatively
large specific surface areas.> Up to now, various tech-
niques have been developed to synthesize desired nano-
structures, such as hydrotherm, microemulsion, sol-gel,
and combustion.* To date, there have been a number of
reports in the literature about luminescence materials.?

It is well known that host material is an important fac-
tor to obtain high efficient luminescent properties. Among
various host materials, Y,0; has fine chemical and pho-
tochemical stabilities and high melting points, and can
be easily doped.® Especially, Eu*" doped Y,O; phosphor
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is used for high efficiency cathode-ray tubes and field-
emission displays because of its excellent luminescence
efficiency under UV excitation.’

Since the discovery of carbon nanotubes by Iijima
in 1991,% one-dimensional hollow nanostructures have
sparked considerable interest in exploring new nanomate-
rials due to their unique architecture and unusual chemical,
electrical, optical, and mechanical properties. A number of
tubular materials from analogous layered structures have
been reported, and related research is always one focus of
nanoscience and nanotechnology.’

Composite materials formed by combining two or more
materials could present complementary properties that have
shown important technological applications.!® It is well
known that graphite-like C;N, is acknowledged as one of
the most stable carbon nitride allotropes materials under
evironmental conditions.!! C;N, has atrracted increasing
attention owing to possessing excellent mechanical, elec-
trical, thermal, and optical properties,'? for instance high
hardness, low friction coefficient, reliable chemical inert-
ness, and outstanding potential for energy conversion and
storage. Therefore, a great deal of studies have focused on
using advantages of C;N, materials in various applications.
Some efforts have been devoted to combining C;N, with a
metal or oxide to form heterojunctions because composite
materials could present complementary properties.'?

I /R T|CLE

1814 Sci. Adv. Mater. 2014, Vol. 6, No. 8

1947-2935/2014/6/1814/006 doi:10.1166/sam.2014.1946


http://www.aspbs.com/sam
http://www.aspbs.com/sam

Li et al.

Herein, we successfully prepared Y,0;:Eu**/C;N, com-
posite nanotubes by combining the hydrothermal with
chemisorption method for the first time. The band gap
of Y,0,:Eu**/C;N, composite nanotubes become narrow
with increasing the amount of C;N,. The charge trans-
fer bands showed a little blue-shift after compositing
with C;N, in the excitation spectra of Y,0;:Eu**/C;N,
composite nanotubes monitored at 615 nm. More impor-
tantly, the sharp lines originating from Eu** f—f electron
transitions almost vanished in the excitation spectra
of Y,0;:Eu**/C;N, composite nanotubes, which was
attributed to the interaction between C;N, and Y,0;:Eu’".
The luminescence lifetimes of Y,0,:Eu®t increased by
combining C;N,.

2. EXPERIMENTAL SECTION

2.1. Preparation of Y,0;:Eu*t Nanotubes

All of the chemicals used in this paper were analytical-
grade and used as received without further purification. In
a typical synthesis, 1 mL of Ln(NO;); aqueous solution
(0.5 mol/L) was added to 4 mL deionized water, and the
solution was thoroughly stirred then an aqueous solution
of NaOH (0.5 M) was added into the above solution. Sub-
sequently, the milky colloidal solution was transferred to
a 50 mL Teflon-lined autoclave, and heated at 130 °C for
20 h. The systems were then allowed to cool to room tem-
perature. The final products were collected by means of
centrifugation, washed with deionized water and ethanol,
dried in vacuum at 80 °C for 4 h and finally sintered at
600 °C for 2 h.

2.2. Preparation of Y,0;:Eu**/C;N, Composite
Nanotubes

The C;N, was first prepared by heating melamine to
550 °C for 2 h in N, atmosphere. An appropriate amount
of C;N, was added into methanol then the beaker was
placed in an ultrasonic bath for 30 min to completely dis-
perse the C;N,. The Y,0;:Eu** powder was added into
the above solution and stirred in a fume hood for 24 h.
After volatilization of the methanol, an opaque powder was
obtained after drying at 100 °C in N, atmosphere.

2.3. Characterization

The crystal structure was analyzed by a Rigaku (Japan)
D/MAX-rA X-ray diffractionmeter (XRD) equipped
with graphite monochromatized Cu Ka radiation (y =
1.541874 A), keeping the operating voltage and cur-
rent at 40 kV and 40 mA, respectively. The size and
morphology of the final products were determined by
using JSM-6301F scanning electron microscope and JEOL
JEM-2010F transmission electron microscope operated at
200 kV. Thermogravimetry (TG) measurements were car-
ried out on a thermal analyzer (TGA-7, Perkin-Elmer,
USA) using a 2 mm internal diameter Teflon tube with
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a heating rate of 10 °C per minute under a flow of air.
Fourier transform infrared spectra of the samples were
recorded at room temperature with a Perkin-Elmer Spec-
trum one FTIR spectrometer using the KBr pellet method.
The photoluminescence spectra were recorded with a
Hitachi F-4600 fluorescence spectrophotometer at room
temperature. For comparison of the luminescence proper-
ties of different samples, the luminescence spectra were
measured with the same instrument parameters (2.5 nm for
spectral resolution (FWHM) of the spectrophotometer and
400 V for PMT voltage). The luminescence decay curves
were recorded by a Spex 1403 spectrometer under 275 nm
excitation.

3. RESULTS AND DISCUSSION
3.1. Crystal Structure and Morphology
The crystal structure and particle size of products were
obtained by X-ray diffraction (XRD) patterns. Figure 1(a)
shows the XRD pattern of Y,0;:Eu*" nanotubes. All the
diffraction peaks can be indexed to the pure cubic phase
Y,0;:Eu*" (JCPDS 41-1105). No other impurity peaks
were detected. Figure 1(b) shows the XRD pattern of
hexagonal phase C;N,. The pure C;N, sample had one
distinct peak at 27.3°, which were indexed as (002) diffrac-
tion plane (JCPDS 87-1526). Figure 1(c) shows the XRD
patterns of the Y,0;:Eu*t/C;N, composite nanotubes. The
results indicated that Y,0;:Eu*t and C;N, coexist in
Y,0;:Eut/C;N, composite nanotubes. The crystal phase
of Y,05:Eu** did not change after compositing with C;N,,.
The size and morphology of the final products were
investigated by scanning electron microscope (SEM) and
transmission electron microscope (TEM). Note that we
previously measured the SEM and TEM images of some
Y,0;:Eu*" nanotubes prepared by the hydrothermal pro-
cess, which was well in accordance with the XRD analysis
results. Figures 2(a)—(c) shows the SEM images of C;N,
and Y,05:Eu*"/C;N, (1:0.5), respectively. Obviously,
C;N, exhibits a sheet like morphology. The corresponding
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Fig. 1. XRD patterns of (a) C;N,, (b) Y,0,:Eu**, and Y,0;:Eu**/C;N,

(1:2) composite nanotubes.
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10 nm

Fig. 2. SEM images of (a) C;N, and (b, ¢) Y,0;:Eu**/C;N, (1:0.5). (d)~(f) TEM and HRTEM images of Y,0,:Eu**/C;N, (1:0.5).

TEM images of Y,0;:Eu*"/C;N, (1:0.5) are shown in
Figures 2(d), (e). Further detailed component analysis
on the Y,05:Eu*"/C;N, composite nanotube was carried
out by the high-resolution transmission electron micro-
scope (HRTEM), as shown in Figure 2(f). Typical HRTEM
image of a single composite nanotube shows two inter-
planar spacings of 0.44 and 0.26 nm corresponding to the
(211) plane of cubic phase Y,0;:Eu*" and (002) plane of
hexagonal phase C;N,, respectively. The results indicated
that Y,05:Bu*t and C;N, coexist in Y,0;:Eu*t/C;N,
composite nanotubes.

Figure 3 shows the IR spectra of Y,0;:Eu*t, C;N,,
and Y,0;:Eu*t/C;N, composite nanotubes with differ-
ent Y,0;:Eu*"/C;N, mass ratios. In the spectrum of
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Fig. 3. Infrared spectra of Y,0;:Eu**, C;N,, and Y,0;:Eu**/C;N,

composite nanotubes with different Y,0;:Eu*"/C;N, mass ratios.

Y,0;:Eu’", the peak at 572 cm™! can be attributed to Y-O
lattice vibrations. In the spectrum of C;N,, the peaks at
1638 and 1238 cm™' were attributed to the C=N and C-N
stretching vibrations, respectively. The peak at 812 cm™!
was related to the s-triazine ring modes. It can be clearly
seen that the main characteristic peaks of C;N, and Y,O;
all appeared in the Y,0,:Eu**/C;N, composite nanotubes.
It is noted that the C-N (1238 cm™!) stretching vibra-
tion peak moved to a higher wavenumber with increas-
ing the amount of Y,05:Eu’", suggesting the formation of
Y,0;:Eu"/C;N, composite nanotubes.

The amount of C;N, could be obtained by thermogravi-
metric analysis (TGA), as shown in Figure 4. For pure
C;N,, two weight loss regions could be seen in the TGA
curve. The first weight loss could be attributed to the
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Fig. 4. TGA curves of Y,0;:Eu**, C;N,, and Y,0,:Eu**/C;N, com-
posite nanotubes with different Y,05:Eu*"/C;N, mass ratios.
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Fig. 5. UV-vis absorption spectra of Y,0;:Eu**, C;N,, and

Y,0;:Eu**/C;N, composite nanotubes with different Y,0,:Eu**/C;N,
mass ratios.

desorption of surface bound water. The second weight loss
occurring from 500 °C to 720 °C could be assigned to
the burning of C;N,. These two weight loss regions could
be seen in all Y,0;:Eu*"/C;N, composite nanotubes. The
amount of C;N, in all Y,0;:Eu*"/C;N, composite nano-
tubes could be calculated from the second weight loss, and
the results indicated that the amount of C;N, was nearly
consistent to the dosage of C;N, added.

The optical absorption of the Y,0;:Eu**, C;N,, and
Y,05:Eu*"/C;N, composite nanotubes was conducted
with a UV-vis absorption spectrometer, as shown in
Figure 5. The UV-Vis absorption band increase with
increasing the amount of C;N,. It is noted that the band
edge shift was observed, and the band gap of Y,0,:Eu**/
C;N, composite nanotubes become narrow with increasing
the amount of C;N,, which is benefit for the absorption of
excitation light.

3.2. Luminescence Properties

Figure 6 shows the room-temperature excitation spectra
of Y,05:Eu’t and Y,0,:Eu’*/C;N, composite nanotubes
monitored at 615 nm. The broad band extending from 200
to 300 nm is assigned to the charge transfer transitions
from the 2p orbital of 0>~ to the 4f orbital of Eu**, which
is related closely to the covalency between O>~ and Eu**
and the coordination environment around Eu*t. The sharp
lines in Figure 6 corresponds to the "F, —>H; (~323 nm),
"F, —°D, (~365 nm), 'F, —°G; (~384 nm), "'F, —°L,
(~397 nm), and "F, —°D, (~468 nm) transitions of Eu**
ions. Obviously, the charge transfer bands showed a lit-
tle blue-shift after compositing with C;N,. More inter-
esting, the sharp lines originate from Eu** f-f electron
transitions almost vanished in the excitation spectra of
Y,0;:Eu*"/C;N, composite nanotubes. We suggest that
the change of excitation spectra between Y,0;:Eu** and
Y,0;:Eu’*/C;N, was attributed to the interaction between
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Fig. 6. The normalized excitation spectra of Y,0;:Eu’™ and
Y,0;:Eu*t/C;N, composite nanotubes with different Y,0;:Eu*t/C;N,
mass ratios.

C;N, and Y,0;:Eu’*. Figure 7 shows the emission spectra
of Y,0;:Eu*t and Y,0;:Eu**/C;N, composite nanotubes
with different Y,0,:Eu’*/C;N, mass ratios. The lumines-
cence was dominated by D, —F, transition.

Figure 8 shows the excitation spectra of Y,05:Eu**/
C;N, (1:0.5) composite nanotubes monitored at differ-
ent emission wavelengths. Only one excitation band cen-
tered at ~250 nm was observed in the excitation spectrum
of Y,0;:Eu**/C;N, (1:0.5) composite nanotubes moni-
tored at 596 and 633 nm, which was different from that
monitored at 615 nm. This is a normal phenomenon
when the material has multiple luminescence centers or
emitting states. Figure 9 shows the emission spectra of
Y,0;:Eu**/C;N, (1:0.5) composite nanotubes excited at
250, 465, and 494 nm. It can be observed that the emission
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Fig. 7. The normalized emission spectra of Y,0;:Eu’™ and

Y,0;:Eu*t/C;N, composite nanotubes with different Y,0;:Eu*t/C;N,
mass ratios.
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Fig. 8. Excitation spectra of Y,05:Eu**/C;N, (1:0.5) composite nano-
tubes monitored at different emission wavelengths.
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Fig. 9. Emission spectra of Y,0,:Eu’*/C;N, (1:0.5) composite nano-
tubes excited at different wavelengths.

intensities were the strongest when the excitation was per-
formed at 250 nm.

In order to explain the interaction between Y,0:Eu®*
and C;N,, the luminescence decay curves of the D, —F,
transition for the Y,05:Eu*" and Y,05:Eu*"/C;N, com-
posite nanotubes were recorded, as shown in Figure 10.
It is noted that the decay curve cannot be fitted with the
single exponential function, while a biexponential func-
tion may reproduce the decay data well and lead to two
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Fig. 10. The luminescence decay curves for the Y,0;:Eu** and
Y,0;:Eu*t/C;N, (1:0.5) composite nanotubes.
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Fig. 11. (a) Excitation and (b) emission spectra of Y,0;:Eu**/C;N,

(1:0.5) composite nanotubes.

lifetimes of 2.1 and 0.74 ms for Y,0,:Eu** nanotubes,
and 2.2 and 1.0 ms for Y,05:Eu**/C;N, (1:0.5) composite
nanotubes. It is well known that the lifetime ¢ is deter-
mined by the radiative transition rate and the nonradiative
transition rate. The nonradiative relaxation rate is related
to surface defects. We suggested that the longer lifetimes
(t,) correspond to the 3D, level of the Eu*" ions inside
the nanotubes. ¢, should correspond to the 5D, level of the
Eu?t ions near the surface. Here, luminescence lifetimes
of Y,0;5:Eu*" increased by combining C;N,.

Figure 11(a) shows the excitation spectra of Y,05:Eu**/
C;N, (1:0.5) composite nanotubes monitored at 369 and
467 nm. Figure 11(b) shows the emission spectrum of
Y,0;:Eu**/C;N, (1:0.5) composite nanotubes excited at
397 nm. Obviously, a very strong emissions band centered
at 470 nm was observed, which corresponds to the transi-
tion from C;N,.1*

4. CONCLUSIONS

In conclusion, Y,05:Eu*"/C;N, composite nanotubes were
successfully synthesized for the first time. The infrared
spectra indicated that the C-N (1238 cm™!) stretch-
ing vibration peak moved to a higher wavenumber
with increasing the amount of Y,0;:Eu®*, suggesting
the formation of Y,05:Eu**/C;N, composite nanotubes.
The band gap of Y,05:Eu*"/C;N, composite nanotubes
become narrow with increasing the amount of C;N,. In
the excitation spectra of Y,05:Eu*"/C;N, composite nano-
tubes monitored at 615 nm, the charge transfer bands
showed a little blue-shift after compositing with C;N,.
More importantly, the sharp lines originate from Eu** f—f
electron transitions almost vanished in the excitation spec-
tra of Y,05:Eu*"/C;N, composite nanotubes. We suggest
that the change of excitation spectra between Y,05:Eu*"
and Y,05:Eu’t/C;N, was attributed to the interaction
between C;N, and Y,0;:Eu**. The excitation spectrum of
Y,0;:Eu*"/C;N, (1:0.5) composite nanotubes monitored
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at 615 nm was different from those monitored at 596
and 633 nm, indicating that the material has multiple
luminescence centers or emitting states. The decay curve
of Y,0;:Eu*t and Y,0;:Eu**/C;N, composite nanotubes
cannot be fitted with the single exponential function, while
a biexponential function may reproduce the decay data
well. The luminescence lifetimes of Y,04:Eu’* increased
by combining C;N,.
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