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Modified multi-walled carbon nanotubes with nano-europium oxide
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Abstract: In order to improve optical property of the multi-walled carbon nanotubes (MWNTs), MWNTs were decorated with
europium oxide (Eu,03) nanoparticles by using co-deposition method. The MWNTs/Eu,O; composites were examined by XRD,
scanning electron microscopy, transmission electron microscopy, and VUV-Vis Luminescence spectroscopy and citric acid (CA)
molecules were introduced onto the surface of MWNTs. The results show that there are many oxygenated functional groups on the
surface of the MWNTs after the treatment of mixture acid, such as carboxy, hydroxl, carbony and amidocyanogen. The results of
electron microscopy illuminate that the MWNTSs are coated by nano-europium oxide after annealed at 750°C. The MWNTSs/Eu,0;
composite emits much strong red light at about 610 nm under UV excitation.
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1 Introduction

The combination of carbon nanotubes (CNTs) and
nano-particles can both improve the dispersion of CNTs
in composite and enhance the compatibility between
CNTs and based material, therefore improving the
properties of composite[1—7]. Furthermore, combined
unique properties of CNTs and nanoparticles make the
nanoparticle-nanotube ~ composite  structure  have
advanced applications[8—13], including nanoelectronics,
chemical sensors, biosensors, catalysis, fuel cells, etc.

MWNTs have a hollow structure with inner
diameters of the order of 100 nm, which is an ideal
geometry for drug transport and delivery. However,
MWNTs have only been observed to exhibit weak
infrared emissions. In order to improve their infrared
emissions, MWNTs must be functionalized with
spectroscopically characteristic fluorescent dyes. The
unique electronic, optical, and chemical properties of the
rare earth oxides make them useful in a variety of diverse
applications such as laser materials, phosphors, and
catalysis. The luminescence of Eu’" is particularly

interesting because the major emission band is centered
near 612 nm (red), which is one of the three primary
colors. In addition, Eu,O; is one of the most important
oxide phosphors and has been studied
extensively[14—16]. The assembly of Eu,O; on the
surface of MWNTs can improve the luminescence
property of MWNTs, and it can be used in luminescence
material and the fields of cancer diagnosis and therapy.
SUN et al[17] gained MWNTs/Eu,0; composite of red
luminescence. FU et al[18] reported that the
luminescence property of MWNTs was improved by
coating of Eu,0;. SHI et al[19] reported that the MWNTs
exhibited luminescent emission in the visible-light range
by depositing Eu,Os-doped Y,0; nanophosphors onto
the outside surfaces of MWNTs. These results indicate
that surface-functionalized CNTs have wide applications
in both novel optical devices and cancer diagnosis and
treatment.

Although the Eu,O; nanoparticles have been
assembled on the surface of MWNTs by using different
methods, the mechanism of assembled nanoparticles on
the MWNTs and the properties of composite nanotubes
need to be further investigated. In this work, the surface
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functionalization of MWNTs was studied, and the
fluorescence property of MWNTs/Eu,O; composite was
examined by VUV-Vis luminescence spectroscopy.

2 Experimental

2.1 Functionalization of MWNTs

The MWNTs used in this work were produced by
catalytic decomposition of acetylene[20]. The products
were oxidized by immersing in mixture acid and refluxed
for 2 h at boiling, and then suspended and refluxed in
HCI solution for 2 h at boiling. In order to further
functionalize MWNTs, the oxidized MWNTs were
further refluxed in concentrated ammonia[11].

2.2 Modification of MWNTs with citric acid

The aminated MWNTs and citric acid (CA) were
mixed and sonicated in de-ionized water for 30 min.
Sulfuric acid (10 mL) was dropped into the suspension of
MWNTs, which was then stirred and refluxed at 80 C.
The reaction mixture was cooled to ambient temperature,
then filtered and washed with deionized water. The black
precipitate was collected by filtration and dried at 60 C.

2.3 Eu,0; nanoparticle decorated MWNTs

Europium oxide (99.99%) was dissolved in nitric
acid at 80 ‘C under continuous stirring, and then the
mixed solution was heated in vacuum evaporator for
evaporating redundant nitric acid. The modified MWNTs
with CA were added into the europium nitrate solution,
and the mixture was vibrated for 1 h. The oxalic acid and
sodium hydroxide were dissolved in de-ionized water,
and subsequently dropped into the MWNTs mixture
solution under continuous stirring. The pH value of the
mixed solution was adjusted to 6 under 70 ‘C. After 1 d,
the precipitate was collected by filtration and dried at 80
‘C. Finally, the MWNTs/europium xalate precursor was
calcined at 750 °C under the protection of nitrogen.

2.4 Characterization

Infrared spectrum was measured on a Jasco 300E
Infrared spectrometer. X-ray diffraction (XRD)
measurements were performed using Philips PW 1710
diffractometer with Cu K,; radiation. The observation of
scanning electron microscope (SEM) was carried out
with a JSM-6700F field emission scanning electron
microscope. Transmission electron microscope (TEM)
analyses and energy dispersive X-ray (EDX) were
conducted on a JEM-3010 transmission electron
microscope of high magnification. The fluorescence
spectrum was recorded with VUV-Vis luminescence
spectroscopy. The excitation spectrum was observed at
610 nm, and the emission spectrum was excited at 210
nm.

3 Results and discussion

3.1 Phase structure of MWNTSs/Eu,0; composite

The MWNTSs/Eu,0; samples were characterized by
recording their XRD patterns, as shown in Fig.1. It is
clear that the (222), (400), (440), (102) and (622) planes
of Eu,O3 are observed at 26 of 28.368°, 32.894°, 47.244°,
and 56.066°, respectively. Furthermore, there are eight
puny diffraction peaks at 26 of 34.943°, 38.793°, 42.338",
48.260°, 51.777°, 54.648°, 57.453°, and 58.743°,
respectively. They are corresponded to (411), (232),
(413), (611), (523), (514), (631), and (444) planes of
Eu,0;, respectively, which correspond to the reported
values of Eu,0O3 well[21]. These results can be indexed
to the cubic structure of Eu,0s.
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Fig.1 XRD pattern of MWNTs/Eu,0; composite

3.2 Electron microscopy

Electron microscopic images of MWNTs/Eu,0;
heat treated at temperature of 750 ‘C are shown in Fig.2.
Fig.2(a) shows the SEM image of MWNTs/Eu,0;
composite. The size of nanoparticles is 20—100 nm.
Fig.2(b) shows the TEM image of MWNTs/Eu,0s
composite. It is evident that the MWNTs are modified
with single nanoparticles. In order to confirm the element
presented in the coating on the surface of MWNTs, EDS
was carried out. The result is shown in Fig.3. This
reveals the presence of Eu, O and C on the surface of the
nanotubes, which confirms the existence of Eu,O;
nanoparticles on the surface of MWNTs.

3.3 Mechanism of modification

From the above results, it is concluded that the
MWNTs can be coated by Eu,0O; nanoparticles after heat
treatment at 750 ‘C. Modified MWNTs with Eu,O;3 are
attributed to the surface modification of MWNTs.

After the MWNTs were oxidized by mixture acid, a
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Fig.2 Image of MWNTSs/Eu,05 composite: (a) SEM; (b) TEM

Cu

Eu
W 0
0 2 4 6

8 10

E/keV
Fig.3 EDS of MWNTs/Eu,0; composite

hydroxy group at 3 444 cm ' and carboxyl group at 1
730 cm' are introduced onto the defects of the
MWNTs,as shown in curve (a) of Fig.4. From the
infrared spectrum of aminated MWNTSs (the curve(b) of
Fig.4), it is very evident that the characteristic of the
Ve stretching mode is observed at about 1 128 cm .
Moreover, after the MWNTs are further treated by CA,
the carbonyl stretches and the C—O bond stretches are
observed at 1 714 cm 'and 1 177 cm™', respectively
(as shown in curve (c) of Fig.4). The peak at 1 714 cm
originates from the carbonyl stretch of the carboxylic
acid groups of CA, and the peak at 1 177 cm ' may be
attributed to the C—O bond stretches of
MWNTs—O—C and C—OH units. These results
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Fig.4 Infrared spectra of MWNTs: (a) Oxidized MWNTs; (b)

Aminated MWNTs; (¢) Modified MWNTSs (Mass ratio of CA to
MWNTs is 1:1)

illuminate that the hydroxyl group, carboxyl group,
amidocyanogen group, and molecules of CA are
introduced onto the surface of MWNTs by surface
modification.

On one hand, the surface modification improves the
chemical activity of MWNTs. More defects are produced
on the walls of MWNTs because of the treatment for
MWNTs with both mixture acid and ammonia, and the
interaction between MWNTs and europium oxalate
precursor is improved. On the other hand, CA is an
important complex, and it can act as ligand for Eu’* to be
anchored on the surface of the MWNTs. Hence, the
surface modification enhances the contact between
MWNTs and precursors, and makes the deposition of
Eu,0; nanoparticles facilitate on the surface of MWNTs.

3.4 Fluorescence property

Fig.5 shows the VUV-Vis luminescence of pristine
MWNTs and MWNTs/Eu,0O; composite at room
temperature under the same experimental conditions. The
excitation spectrum of the MWNTs/Eu,O; composite
(emission at 610 nm) shows that two striking excitation
peaks can be observed at 210 nm and 230 nm, with the
most excitation wavelength at 210 nm, but no excitation
peak is observed in the pristine MWNTs. When the
excitation wavelength is 210 nm, the emission spectrum
of MWNTs/Eu,O; composites consists of six main lines
at 580, 590 592, 598, 610 and 630 nm. The strongest
peak is located at 610 nm corresponding to the *Dy—'F,
electric dipole transition of Eu®". The emission peak at
580 nm is assigned to the SDy—F, transition of Eu’".
The series of emission peaks at 590, 592, and 598 nm
belong to *Dy—F, magnetic-dipole allowed transition of
Eu’’. The results illustrate that the optical property of
MWNTs is improved significantly by modification of
Eu,0; nanoparticles.
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Fig.5 VUV-Vis luminescence of MWNTs and MWNTs/Eu,04
composite: (a) Excitation spectrum (emission of 610 nm); (b)

Emission spectrum (excitation at 210 nm)
4 Conclusions

1) The MWNTs are coated by Eu,O3 nanoparticle
after annealed at 750 °C.

2) The hydroxyl groups, carboxyl groups,
amidocyanogen and CA molecules are introduced onto
the surface of MWNTs through surface treatment.

3) The fluorescence properties of MWNTs are
improved  significantly through the coating of
nano-europium oxide.
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