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In this paper the multiwalled carbon nanotubes (MWNTSs) were synthesized by a chemical vapour deposition and

the SEM graph shows that the sample has good construction. The micro-Raman spectrum shows the characteristic line
of the MWNTSs and an additional line produced by the defects on the outer surface of MWNTSs. The photoluminescence
(PL) spectra observed experimentally are variable under different excitation wavelengths and the strong excitation

wavelength dependence of luminescence indicates a distribution of emitters which include electron 7 in excited states

and the Van Hove singularities. The absorption spectra confirm the transition channels which are consistent with the

PL emission.
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1. Introduction

As a new one-dimensionality structure of the
carbon family,!] carbon nanotubes (CNTSs) have at-
tracted considerable attention because of their unique
structure, which may lead to various optical and elec-
tronic applications.2~6 For instance, they have large
nonlinear optical responses, and may thus be used
for electro-optical devices. The CNTs have been de-
posited by using several growth techniques, including
arc discharge,[”) laser vaporization,[8! pyrolysis,®! and
plasma-enhanced or thermal chemical vapour deposi-
tion (CVD).['%1 The optical fundamental properties
of CNT's have been investigated for relative long time,
which include their absorption and photoluminescence
(PL).I"'2 For example, PL with different colors in-
cluding green, yellow, and red were observed.[7:8:13:14]
However, in previous researches on PL, light and elec-
tronic beams were mainly used as excitation sources.
Only a single fixed wavelength was employed for light
excitation. Few investigations were concerning about
the differences among the PL of CNTs under the exci-
tations at different wavelengths and the mechanism of
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PL spectra variation. In the present work, MWNTs
were synthesized by a CVD and the SEM graph of the
sample was achieved. Meanwhile, its Raman spectrum
was measured to identify the MWNTs structure. The
PL spectra at different excitation wavelengths were
carried out at room temperature experimentally in
order to determine the dependence of the PL spec-
tra on the excitation wavelength. To analyse the PL
mechanism and the transition process, the absorption
spectra were also detected.

2. Experimental results

The MWNTs were synthesized by a CVD method
over a dispersed iron catalyst that is deposited on
quartz substrates.!*® The synthesis apparatus consists
of a quartz tube reactor inside a combined pre-heater
and furnace set-up. A syringe pump allows the contin-
uous injection of a xylene—ferrocene liquid into a pre-
heat section that is operated at ~200°C. The xylene-
ferrocene vapours are carried from the pre-heater into
the reaction zone of the furnace by an Ar/10% Hs car-
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rier gas that also controls the partial pressure inside
the quartz tube reactor. The reaction zone is typi-
cally 700°C, with an Ar/H; flow rate of 61/min. The
micrograph of sample MWNTSs by a scanning electron
microscope (SEM JSM-6700F) is showed in Fig.1. The
SEM result shows that the most nanotubes are 30 to
50pm long and their diameters distributes within the
range 50 nm. The MWNTSs have very clean surface.

Fig.1.

SEM micrograph of MWNTs, the diameter
within the range 50 nm.

Figure 2 is the micro-Raman spectrum for the
MWNTs which was carried out by the Raman spec-
trometer HR800. The excitation is a He-Ne laser
with wavelength at 632.8nm. The multiwall struc-
ture of CNTs is identified by a clear G-line at
1586 cm~1.[16:17] But there is no second order peak at
1720cm™!. The peak at 1330 cm ™" was also observed,
which is resulted from the defective outer graphite
sheets of MWNTs.['8] Tt should be noticed that the
relative intensity of 1330cm™' peak is larger than
that of 1586cm™! peak, which indicates that there
are some more defects on the wall surface. Therefore,
Raman spectrum analysis provides definite evidence
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that the MWNTs have good crystallinity (1586 cm™—!)
and some defects on the wall surface (1330 cm™1).
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Fig.2. Raman spectrum of MWNTs.

The absorption spectra are shown in Fig.3 which
were measured by a Cary 5000UV-VIS-NIR spec-
trometer. It can be obtained from Fig.3(a) that there
is an intensive absorption peak at 240nm (5.18eV).
Most researchers consider that this peak results from
the MWNTs electron transition of = —*.['% To anal-
yse the absorption in the range between 400nm to
760nm in Fig.3(a), we scan them again with high
sensitivity and which is shown in Fig.3(b). By care-
ful observation, one will find three small peaks which
are located at 440nm (2.82¢V), 610nm (2.04eV) and
660nm (1.88eV) respectively. An absorption band
(660nm-760nm) is observed from the figure. The
transition rate for absorption is proportional to the
initial density of electronic states. The density of the
states corresponding to the locations where there are
small peaks is greater than that in the other region.
These ranges of energy with high associated density

of states are called Van Hove singularities (VHS).[2]
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Fig.3. (a) Absorption spectrum of MWNTSs, (b) Absorption spectrum of MWNTs.
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The PL spectra under different excitation wave-
lengths were carried out at room temperature by a
HITACHI F4500 visible—ultraviolet spectrophotome-
ter. The PL spectrum, observed on excitation at
248 nm (4.97eV), consists of a structured band, peak-
ing at approximately 480nm (2.57eV), as shown in
Fig.4(a).
stead of that at 248 nm, the different fluorescence was

As the excitation at 514nm was used in-

achieved which have two peaks at 750 nm and 860 nm
respectively. One of them is intensive but the other
It should be noted that the PL
spectra are variable under different excitation wave-

is relatively weak.
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lengths. The strong excitation wavelength dependence
of luminescence indicates a distribution of emitters.
As explained by the absorption spectra in Fig.3, the
excitation at 248nm in Fig.4(a) results in transition
of the MWNTs electron @ — 7*, but the excitation
process in Fig.3(b) takes place mainly in the some
defects on the MWNTs surface.['3] This means that
the MWNTs electrons in the excited states experi-
ence radiative transitions and form the PL spectrum
in Fig.4(a), but the defects on the MWNTs surface re-
sults in the formation of the PL spectrum in Fig.4(b).
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Fig.4. (a) PL spectrum from MWNTs excited at 248 nm, (b) PL spectrum from

MWNTs excited at 514 nm.

3. Conclusion

In conclusion, the MWNTSs were synthesized by
a CVD and the SEM graph shows that the most
nanotubes are 30 to 50um long and their diameters
distributes within the range 50nm. The MWNTs
structure is also identified by a clear Raman peak at
1586cm~'. Another peak at 1330cm™' shows the
defects on the surface of the outer graphite sheets
of MWNTs.
observed experimentally and it can be assigned the

The absorption peak at 240nm was

MWNTs electron transition of m — 7*. Meanwhile, an
absorption band and three small peaks in the region
between 400nm—760nm were also found and these

peaks demonstrate the VHS in MWNTs. The PL
spectra under different excitation wavelengths were
carried out at room temperature experimentally and
the PL spectra are variable under different excitation
wavelengths. The strong excitation wavelength depen-
dence of luminescence indicates a distribution of emit-
ters. The excitation at 248 nm results in transition of
the MWNTs electron m — 7* and the MWNTs elec-
trons in the excited states experience radiative tran-
sitions and form the PL spectrum peaking at 480 nm.
But the excitation at 514 nm takes place mainly in the
some defects on the MWNTs surface and which pro-
duces the PL spectrum peaking at 750 nm and 860 nm
respectively.
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