
INTRODUCTION

Carbon nanotubes (CNTs), which were
discovered by Iijima1 in 1991, have been attracted
chemists and scientists interest to their unique
mechanical, thermal, and electrical properties2-3.
Since carbon nanotubes are insoluble and inert, it
is often required to increase the solubility of them
in organic solvents through appropriate
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ABSTRACT

In this paper, we have reported a highly efficient approach to functionalize carboxylated multi-
walled carbon nanotubes (MWNT-COOH) by 2-aminophenole under microwave irradiation. Reducing
the reaction time to the order of minutes and the number of steps in the reaction procedure is the major
advantage of this procedure respect to conventional functionalization methods. These functionalizations
involve amidation and cycloaddition reactions, respectively. The amidation was completed in one step
as in the conventional methods, an additional step that is acid chloride formation was eliminated here.
The cycloaddition of modified-MWNTs with phosphoryl trichloride to producing MWNT-benzoxazole
was carried out in 30 min under microwave conditions, and the results were similar to what was
achieved in 4 days using conventional methods. The interesting point is that modified MWNT can be
homogeneously dispersed in DMF without sonication and the dispersed MWNT does not sediment in
3 month. The resulting nanotubes were characterized by FT-IR spectroscopy, Thermogravimetric
analysis, Raman spectroscopy, Scanning electron microscopy and Elemental analysis.
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functionalization. The chemical functionalization of
CNTs involves the generation of chemical moieties
on their surface that it has been well summarized
in several published review articles4-6.

So far, so many effor ts by using
conventional chemical methods, such as refluxing
and sonication, have been applied for functionalizing
CNTs but most of them are time consuming and
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tedious process, and require accurate control of
temperature, atmosphere, and reaction time. For
example, further functionalization, such as acyl
chlorination and amidation7 require additional days
of reaction time. Therefore, developing techniques
for rapid chemical functionalization of CNTs are
necessary. It is known that Chemistry under
microwave radiation is faster, and more efficient than
the conventional chemical method8-13. Some
reactions of CNTs such as carboxylation9,
cycloaddition12,14-15, electrophilic addition16, radical17

and amidation12 functionalization have been done
by using microwave-induced method and
remarkable effect has been achieved. So, regarding
to time consuming process of carbon nanotubes
functionalization via conventional methods, we
decided using microwave radiation for modification
of MWNT-COOH. In previous paper, we have
investigated the functionalization of MWNTs with
1,2-phenylenediamine18 by refluxing. In this paper,
we investigated the functionalization of MWNTs with
2-aminophenole via microwave. These modifications
are two steps. These two steps involve amidation,
which was completed in one step as compared to
two in the conventional approach (acid chloride
formation step was eliminated here), and
cycloaddition reaction, respectively, with phosphoryl
trichloride to produce benzoxazole on the MWNT-
COOH. Synthesis route of modified MWNT-COOH
is shown in Fig. 1. The products were characterized
by FT-IR, Raman, SEM, TGA, DTG and Elemental
analysis.

MATERIAL AND METHODS

All reagents and solvents (2-aminophenole,
POCl3, THF and DMF) from Merck Chemical Inc.
and MWNT-COOH (%95 purity, 20-30 nm, Netvino
Co., Ltd) were purchased and used as received.
The experiments were carried out in a Ethos Model
microwave oven (Milestone Co., Ltd.) with a 100 ml
reaction chamber, which was lined with Teflon PFA
and fitted with a 0–100 bar pressure controller.
Fourier transform infra red (FTIR) spectrum was
recorded using KBr tablets on a Thermo Nicolet
Nexus 870FTIR spectrometer. Raman spectra we
recorded on VARIAN-CARY 100 spectrometer.
Scanning Electron Microscope (SEM) was used to
study the morphology of the MWNTs. SEM
measurement was carried out on the XL30 Philips

Electron Microscope. Elemental analyses of C, H,
N were performed with a SERIES (ÉÉ) 2400 from
Perkin Elmer Co.USA. The samples investigated by
thermal gravimetr ic analysis (TGA; Dupont
instrument 951,USA) in the N2 (10°C/min).

Preparation of MWNT-Amide (2)
40 mg of the MWNT-COOH was mixed with

100 mg  2-aminophenole and then were sonicated
in 20 ml of DMF for 30 min. Subsequently, the
mixture was loaded into an extraction vessel. The
microwave power and pressure was set to 800 W
and 8 bar, respectively and the reaction was carried
out for 30 min. After cooling to room temperature,
the mixture was filtered and washed thoroughly with
DMF, ethyl alcohol and THF. Thus, the black solid
was vacuum dried at room temperature for 5h.

Preparation of MWNT-benzoxazole (3)
15 mg of MWNT-Amide was mixed with 20

ml POCl3 and then were sonicated for 5 min to
achieve completely dispersed solution. The
suspension was irradiated by microwave (800 W)
for 20 min. After, the mixture cooling to room
temperature, the reaction mixture was separated
by centrifugation and washed thoroughly with THF
and ethyl alcohol. Thus, the obtained solid was dried
under vacuum for 4 h.

RESULTS AND DISCUSSION

Elemental analyses of the modified-MWNT
1-3 are shown in Table 1. Apart from the carbon
values, the atomic percentages of:  H 1.13% and N
1.23% of 2 (as compared to 1) indicated that 1 is
functionalized with 2-aminophenole. On the other
hand, decreasing the percentage of H from 1.13 to
0.84% confirms the five-ring formation. Based on
these data coupled with the assumption that the
atomic percentages of nitrogen and hydrogen were
originated from the employed aromatic amine

Table 1: Elemental analysis
of the modified-MWNT 1-3

MWNT %C %H %N

1 96.4 0.04 0
2 82.6 1.13 1.23
3 86.6 0.84 1.07
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Fig. 1: Synthesis route of modified MWNT-COOH

Fig. 2: FT-IR spectra (after baseline correction) of modified-MWNTs 1-3

Fig. 3: The raman spectra of MWNT-COOH and MWNT-benzoxazole
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Fig. 4: The SEM images of MWNT-COOH (1) and MWNT-benzoxazole(3)

Fig. 5. TGA and DTG curves of modified-MWNT in the N2 (10 °C /min)

Fig. 6: The images of MWNT-COOH(1) and
MWNT-benzoxazole(3) in DMF (1mg/8ml)

after standing for 3 month

without elimination, we confirmed the
functionalization of MWNT-COOH with 2-
aminophenole.

The Fig. 2 presents the FT-IR spectrum of
modified MWNTs. In 1, the peak at 1558 cm-1 is
assigned to the active carbon stretching mode of
the MWNTs-COOH 19 that forms the framework of
the carbon nanotube sidewall. The appearance of
the absorption peaks at 1725 and 1045 cm-1 in the
IR spectra of MWNT-COOH clearly indicates
carboxylic groups on MWNTs 20. The two bands at
2800-2950 cm-1 which are seen in all spectra are
assigned to CH stretching of MWNT-COOH defects.
In the spectrum 2, the appearance of the two new
peaks at 3200-3500 cm-1 (N-H and OH stretching
modes) and 1672 cm-1 indicates that 2-
aminophenole has been successfully anchored onto
the external surface of MWNTs. In addition, the peak



503TAHERMANSOURI et al., Orient. J. Chem.,  Vol. 27(2), 499-504 (2011)

at 1725 cm-1 has been almost disappeared after
the 2-aminophenole treatment, whereas the peak
at 1672 cm-1, which was attributed to C(=O)NH
stretching vibration, has been increased remarkably.
From these results it can be deduced that the
formation of amide bonds can lead to the strong
linkage of 2-aminophenole with carboxylic groups
of MWNT-COOH. In the spectra 3 the peaks of
amide group disappear and the remarkable peak
at around 1625 cm-1 are appeared which can be
assigned to (C=N) bond21.

The peaks at around 1540-1580, 1400-
1530, 1200-1380 and 1000-1100 cm-1 correspond
to C=C stretching nanotube, aromatic ring modes,
C-N and C-O stretching modes, respectively. Thus,
FT-IR spectra confirm that MWNT-COOH has been
successfully modified by 2-aminophenole.

Raman spectroscopy was also applied to
provide structural information about MWNT-COOH
before and after functionalization. As shown in
Fig. 3, the D and G- bands of the MWNT ,which
originate from the in- plane tangential stretching
mode of carbon-carbon bonds and a disorder-
induced feature owning to the presence of
amorphous or disordered carbon in the MWNTs
samples, respectively22-25, at around 1356 and 1560-
1585 cm-1, can be clearly observed for both MWNT-
COOH and MWNT-benzoxazole. Additionally, the
D- and G- bands intensity ratio (ID/IG) for MWNT-
benzoxazole is 1.06, which ratio is greater than that
of MWNT-COOH (0.86). This indicates a partial
destruction of the conjugation structure of the
MWNT sidewall because of benzoxazole attaching.
In other words, the increase in intensity of the D
bond at 1357 cm-1 related to the sp3 hybridization
of carbon and it is used as an evidence of the
disruption of the aromatic system of π electron by
the attached molecules23, 26-27.

More evidence for the MWNT-COOH, and
MWNT-benzoxazole was obtained by SEM images.
In Fig. 4, SEM images of MWNT-COOH and MWNT-
benzoxazole are shown. In the SEM image of
MWNT-COOH, it seems that the uniform surfaces
of nanotubes are relatively smooth. In contrast, in
the SEM image of MWNT-benzoxazole, the
benzoxazole almost formed a continuous phase,
and it shows that the functionalized nanotubes due

to a covalently bonded 2-aminophenole on the
surface of the MWNT (the rough part) become
thicker. In other words, the diameters of MWNT-
benzoxazole are slightly increased as compared to
that of MWNT-COOH. The structure of MWNT-
benzoxazole are quite different from those of the
starting MWNT-COOH, in which the tube surface is
relatively smooth and clean as depicted in Fig. 4.

Other evidence for the functionalization of
MWNTs is thermogravimetric analysis (TGA, DTG)
results that provide quantitative information on the
nanotube functionalization. Since MWNT-COOH are
almost thermally stable as shown in Fig. 5, the
weight loss before MWNTs decomposition can be
used to estimate the quantity of various groups
attached to nanotube by TGA. According to Fig. 5,
in TGA graph of MWNT-Amide, one decomposition
below 210 °C is observable that can be assigned to
2-aminophenole. The TGA curve of MWNT-
benzoxazole presents two decomposition regions.
The first region (120–170°C) may be corresponded
to decomposition of 2-aminophenole groups (as
compared with the TGA curve of MWNT-Amide) on
the surface of MWNT-benzoxazole, and the second
region (170–240 °C) should be due to
decomposition of benzoxazole. If the mass loss of
the MWNT-COOH at 250 °C (±0.57) is used as the
reference, the mass loss of functionalized MWNT
by 2-aminophenole and benzoxazole of MWNT-
Amide and MWNT-benzoxazole at 250 °C is about
%15 and %9.4 (for second decomposition),
respectively. In latter curve, the mass loss of the
first decomposition at 170°C is about %4. This
shows that there is some residual 2-aminophenole
on the MWNT surface. These results indicate that
there is one amide group for MWNT-Amide per 64.2
and one benzoxazole group for MWNT-benzoxazole
per 94.8 carbon atoms of MWNT, respectively18.

The DTG curve provides further evidence
for covalent modification. The one major peak at
155 °C could be attributed to the loss of the 2-
aminophenole groups bonded to MWNT. On the
other hand, two peaks at 135 and 197 °C of  MWNT-
benzoxazole  DTG curve  can be assigned  to  the
loss 2-aminophenole and benzoxazole, respectively.

Dispersion test give a fair idea whether the
modification on the carbon nanotubes has been
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achieved or not. Fig. 6 presents a photograph of
two vials containing MWNT-COOH and MWNT-
Benzoxazole dispersed in DMF.  As it can be seen
from Fig. 6, MWNT-COOH are insoluble in DMF
while the modified CNTs can be directly dispersed
in DMF(without sonication)  homogeneously and no
precipitation was found even after it was sealed for
3 months at room temperature.

CONCLUSION

In summary, we have introduced

benzoxazole groups onto the surface of nanotubes
via reaction of MWNT-Amide with POCl3 in
microwave condition. By this functionalization,
MWNT solubility increased and active sites for
further reactions are provided.
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