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Abstract 
 

In this paper, the chemical functionalization of carboxylated multi-walled carbon nanotubes 
(MWNT-COOH) by 1,2-phenylenediamine, have been investigated. MWNT-benzimidazole is obtained 
through MWNT-Amide reaction with POCl3 after 72h, which is confirmed by FT-IR, SEM, TGA, and 
elemental analysis. These functionalizations have been chosen due to �NH2 and NHCO active sites in 
MWNT-Amide for future application. 
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1. Introduction 
 

Carbon nanotubes (CNTs) have been attracting much attention from chemists and 
scientists owing to their electronic, mechanical, optical and chemical characteristics [1-3]. 
Multiwalled carbon nanotubes (MWNTs) are more attractive than single walled carbon nanotubes 
because of their relatively low production costs and availability in large quantities. 

In recent years, the chemical functionalization of carbon nanotubes has been more 
interesting because it allows the modification of nanotube surface for subsequent alignment. These 
surface modifications play an important role for application of nanotubes in composite, sensors 
and many other fields. The chemical modifications of CNTs have been well summarized in several 
review articles [4-10].  
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Amines are among the reagents that have drawn the greatest attention. Haddon and coworker 
pioneered the approach of functionalizing the carboxylic groups of CNTs through amidation with 
amines bearing long alkyl chains [11-14]. On the other hand, acid-chloride-functionalized CNTs 
are used to attach glucosamine [15] and didecylamine [16]. Also, the amidation of CNTs carried 
out with aromatic amines [17, 18]. In this paper, we investigated the formation of penta-
heterocyclic, MWNT-benzimidazole, on the MWNT in addition to developing the amidation of 
MWNT with bifuntional aromatic amine.  

The products were characterized by FT-IR, SEM, TGA, and elemental analysis. Synthesis 
of MWNT-benzimidazole Figure1A was reported before for determination of carboxylic group 
number [19]. But lack of sufficient structural data encouraged us to develop this work. Synthesis 
route of modified MWNT-COOH is shown in Figure 2.  
 

 
 

Fig.1. MWNT-benzimidazole structure 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 
 

Fig.2. Synthesis route of the modified MWNT-COOH 

 
 
2. Materials and methods 
 
2.1. Preparation of MWNT-Amide  

60 mg of the MWNT-COOH were sonicated in 90 ml of DMF for 45 min to give a 
homogeneous suspension. Oxalyl chloride (2.5 ml) was added drop-wise to the MWNT 
suspension at 0 ˚C under N2. The mixture was stirred at 0 ˚C for 2 h and then at room temperature 
for another 2 h. Finally the temperature was raised to 70 ˚C and the mixture was stirred overnight 
to remove excess oxalyl chloride. 100 mg of 1, 2-phenylenediamine dissolved in DMF was added 
to the MWNT suspension and the mixture was stirred at 95 ºC for 72 h. After cooling to room 
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temperature, the mixture was filtered and washed thoroughly with DMF, ethyl alcohol and THF. 
Subsequently, the black solid was vacuum dried at room temperature for 5 h. 
 
2.2. Preparation of MWNT-benzimidazole  

30 mg of MWNT-Amide was mixed with 10 ml POCl3 and then was stirred at 80°C for 
72h. After cooling to room temperature, the reaction mixture was separated by centrifugation and 
washed thoroughly with THF. Thus, the obtained solid was dried under vacuum for 4 h. 

 
 

3. 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 1.31% and N 2.09% of 2 (as compared to 1) indicated 
that 1 is functionalized with 1, 2-phenylenediamine. On the other hand, decreasing of percentage 
of H from 1.31 to 0.96% 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 without elimination, we confirmed the functionalization of MWNT-
COOH with 1, 2-phenylenediamine.  

 
 
 

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

 

 
  
 

The Figure 3 presents the FT-IR spectrum of modified MWNTs. In 1, the band at the 
1558 cm-1 corresponds to the stretching mode of the C=C double bond that forms the framework 
of the carbon nanotube sidewall. The peak at 1730 and 1045 cm-1 apparently correspond to the 
stretching modes of the carboxylic acid groups. 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 new 
strong peaks at 3200-3500 can be assigned to the N-H, NH2 and OH stretching modes. 
 

MWNT %C %H %N 

1 96.4 0.04 0 

2 89.7 1.31 2.09 

3 85.2 0.96 1.47 
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Fig.3. FT-IR spectra (after baseline correction) of functionalized carbon nanotubes: (1) MWNT-COOH ;( 2) MWNT-Amide ;( 3) MWNT-
benzimidazole 

 
The carbonyl peak in 2 shift to 1669 cm-1 (as compared to 1730cm-1 for 1) as a result of 

the amide C(=O)NH linkage formation. The other peak at around 1620 cm-1 can be assigned to the 
NH2 scissoring mode in 2 that overlap with C=C mode. The peaks at around 1540-1590, 1400-
1480, 1200-1380 and 1100 cm-1 correspond to C=C stretching nanotube, aromatic ring modes, C-
N and C-O stretching modes, respectively. In the spectra 3 the peaks of amide group disappear and 
three peaks at around 1580,620 and 1150 cm-1 are appeared which can be assigned to imidazole-
ring stretching. The two peak at 1732 and 1712cm-1 in 2 and 3, respectively can be related to 
residual carboxylic acids on the nanotube. Thus, FT-IR spectra confirm that MWNT-COOH has 
been successfully modified by aromatic amine.   Two obvious bands at 1320�1350 cm−1 (D band) 
and 1550�1600 cm−1 (G band) can be seen in the Raman spectra of modified MWNTs in the solid 
state with the excitation at 1064 nm which are similar to those of insoluble nanotubes.   

More direct evidence for the functionalization of MWNTs is manifested by SEM images. 
In Figure 4, SEM images of 1 and 3 are shown. It indicates that the 1 has a smooth surface. The 
changes in the morphology for 3 are remarkable. A uniform tubular layer due to covalently 
bonded aromatic amine on the surface of the MWNT (the rough part) is observable. It seems that 
the diameters of 3 are slightly increased in comparison to 1. 
 

 
   

Fig.4. SEM images of (1) MWNT-COOH and (3) MWNT-benzimidazole 

1 3 
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Figure 5 provide quantitative information on the nanotube functionalization by using 
TGA results. In TGA graphs of MWNT-Amide and MWNT-benzimidazole, two distinct 
decompositions are observable. The first one (below 360 ˚C) can be assigned to aromatic amine 
and benzimidazole   of MWNT Amide and MWNT-benzimidazole, respectively, while the second 
one (above 360 ˚C) is related to nanotube as comparing to MWNT- COOH thermogram. If the 
mass loss of the MWNT-COOH at 360 ˚C (%0.88) is used as the reference, the mass loss of 
functionalized MWNT by 1, 2-phenylenediamine and benzimidazole of MWNT-Amide and 
MWNT-benzimidazole at 360 ˚C is about %19 and %11.4, respectively.  
 

 
 
 

Fig.5. TGA curves of modified-MWNT in the air.(ramp10˚C/min) 

 
These results indicate that there is one amide group for MWNT-Amide per 47.9 and one 

benzimidazole group for MWNT-benzimidazole per 75.8 carbon atoms of MWNT, respectively.  
In summary, we have introduced benzimidazole groups onto the surface of nanotubes via 

reaction of MWNT-Amide with POCl3. Functionalization was demonstrated by their SEM images 
and analyses by FT-IR, elemental analysis and TGA.   
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