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ABSTRACT  

Multiwall carbon nanotubes (MWCNTs) have been functionalized with -SO3H groups using new three steps chemical routes. 
Firstly, OH groups have been attached to CNT surfaces through a radical reaction. The second step involves converting the 
hydroxyl groups into the oxide one and last step included the attachment of –SO3H groups on the MWCNTs surfaces in the 
presenceof1-butyl-3-methyl imidazolium tetrafluoroborate[bmim]BF4ionic liquid as catalyst. Functionalized MWCNTs were 
characterized by Fourier transform infrared (FTIR), X-ray diffraction (XRD), scanning electron microscopy (SEM) and Raman 
spectroscopy. Obtained product have be used as acidic nano catalyst in the Biginelli reaction for the synthesis of 3,4-
dihydropyrimidin-2(1H)-one derivatives. The reaction was performed under solvent-free conditions with excellent yields and 
short reaction times in the presence of a reusable efficient catalyst. 

Keywords: Multiwalled carbon nanotubes, Functionalization, Sulfonation, [bmim]BF4 Ionic liquid, MWCNTs-SO3H, Biginelli 
reaction, Dihydropyrimidinones.

1. Introduction

MWCNTs are important groups of nanomaterials, 
which have special properties such as the rich 
electronic properties, excellent chemical and thermal 
stability, high surface area and high mechanical 
strength but ultra-light weight [1,2]. Unique electrical 
and chemical properties of CNTs, have made them 
exciting to global researches [3-5] indifferent fields 
such as enhance the properties of polymeric 
compounds [6], energy storage [7], catalyst supports in 
heterogeneous catalysis [8-9], sensors [10], field 
emitters [11] and so on. Joining functional groups or 
other nano structures on the surfaces of CNTs is 
necessary because the chemical and physical properties 
of carbon nanotubes can be affected by organic and 
inorganic species through surface modification. The 
use of carbon nanotubes has been greatly regarded as a 
catalyst support that can offer the unique catalytic 
properties [12]. Chemical modification is a usual  
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method for the deposition of various groups on the 
surfaces of carbon nanotubes for nano catalytic and 
various applications [13,14]. Broadly, methods of 
functionalization of CNTs can be divided into the 
endohedral and exohedral modification. Chemical 
groups are adjoined to the outer wall of the CNTs in 
the exohedral method. This procedure divided into, 
non-covalent and covalent approaches. Chemical 
groups are attached on nanotubes in the non-covalent 
approach by the sheeting of biomolecules, polymers, 
etc. Whilst, the functional groups are adjoined on the 
end caps, sidewalls, or defect sites of nanotubes 
through a covalent bond in the covalent approach 
[15,16]. Attachment of -SO3H groups on the surfaces 
of CNTs for specially catalytic applications can 
performed through various reactions for example, 
Single-walled carbon nanotubes involve phenyl groups 
(SWCNTS-phenyl), can be sulfonated in oleum 
(H2SO4,20% free SO3) to give materials that exhibit 
high solubility in water [17]. 
In recent years, ionic liquids have emerged as a set of 
green solvents with unique properties such as high 
thermal stability, tunable polarity and immiscibility 
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with a number of organic solvents, recyclability and 
negligible vapor pressure [18,19]. Their high polarity 
and the ability to solubilize in both organic and 
inorganic compounds can result in enhanced the rate of 
chemical processes and can provide higher selectivity 
compared to conventional solvents. Because of ionic 
liquids are emerging as novel replacements for volatile 
organic solvents in organic synthesis, they are 
particularly promising as solvents or catalyst for 
various reactions [20,21]. 
One of the most famous Multicomponent reactions 
(MCRs) that recently have a lot of attentions is the 
Biginelli reaction. This reaction involve a one-pot 
cyclocondensation of an aldehyde, β-ketoester and urea 
(or thiourea) [22] to achieved 3,4-dihydropyrimidin-
2(1H)-ones as products. Generally, the dihydro-
pyrimidones and their derivatives are used for their 
diverse important pharmacological properties and 
biological activities [23] including antitumor, antiviral, 
anti-inflammatory, antibacterial, analgesic, cardio-
vascular activity, blood palette aggregation inhibitor, 
and potent calcium channel blockers [24].  
To raise the efficiency of the Biginelli reaction, 
different reaction conditions and various catalysts have 
been employed. Recently, several studies including 
classical conditions were applied with ionic liquids 
[25], ultrasound [26], microwave irradiation [27], 
solid-support [28], polymer-supported catalysts [29], 
zeolite [30], silica sulfuric acid [31], protic acids  
such as H2SO4, HOAc, conc. HCl [32], Lewis acid 
catalysts such as LiBr [33], NH4Cl [34], MgBr2 [35], 
etc. 

In this study, MWCNTs have been covalently 
functionalized with SO3H groups using a three step 
procedure and the sulfonated MWCNTs were used as 
catalyst in the Biginelli reaction. To synthesis of this 
catalyst, initially hydroxyl groups were covalently 
attached to the MWCNTs surfaces by Fenton reagents 
(ferrous salt and hydrogen peroxide mixture) [36]. In 
this reaction, the hydrogen peroxide is broken down by 
ferrous iones to form hydroxyl radicals. Hydroxyl 
radicals react with unsaturated bonds on MWCNTs 
surfaces to produce hydroxylated CNTs. The second 
step involves converting the hydroxyl group in to the 
oxide one (using NaOH) and last step included 
sulfonation of carbon nanotubes by chlorosulfonic acid 
in the presence of [bmim] BF4 ionic liquid as catalyst 
(Scheme 1). The sulfonated MWCNTs were 
characterized by FTIR, XRD, SEM and Raman 
spectroscopy and used for the synthesis of 
3,4-dihydropyrimidin-2(1H)-ones 4 under solvent free 
conditions (Scheme 2). 

2. Experimental 

2.1. Material and methods 

MWCNTs were purchased from Shenzhen 
Nanotechnologies China with length of 20–40 nm. The 
Purity of the CNTs was about 90–95% and the 
diameters and lengths ranging are between 20–40 nm 
and 5–15 µm respectively. Hydrogen peroxide, ionic 
liquid, chlorosulphonic acid, benzaldehydes derivati-
ves, ethylacetoacetate, urea, thiourea and all solvents, 
purchased from Merck and Aldrich Companies. 

 
Scheme 1. The procedure of sulfonation of MWCNTs. 

 
Scheme 2. Synthesis of 3,4-dihydropyrimidin-2(1H)-ones/ thiones in the presence of MWCNTs-OSO3H. 
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2.2. Apparatuses  

Fourier transform infrared (FTIR) spectra were 
recorded on a Nicolet Magna 551 spectrometer with a 
disc of KBr (pellet; 4000–400 cm-1).1HNMR and 
13CNMR spectra were recorded in DMSO-d6 solutions 
and TMS as an internal reference on a Bruker Avance 
400NMR spectrometer operating at 400 (1H) and 100 
(13C) MHz. All sonication processes were carried out 
with an ultrasonic bath (UA03MFD, Fungi Ultrasonic) 
with a frequency of 40 kHz and power of 80 W. The 
X-ray diffraction (XRD) patterns were obtained with a 
diffractometer of D8 Avance using a Cu anode at 40 
kV and wavelength of 0.154 nm. Scanning electron 
microscopy (SEM) was conducted at 26 kV using a 
KYKY-EM 3200 field emission scanning microscope 
with energy dispersive Xray spectroscopy (EDX) 
analysis for characterization of functionalized 
MWCNTs. Raman spectroscopy were carried out using 
an Almega Thermo Nicolet Dispersive Raman 
Spectrometer, with a second harmonic @532 nm of a 
Nd:YLF laser and a 4 cm-1 resolution. 

2.3. Preparation of MWCNT-OSO3H 

0.1 g of MWCNTs and 5 g of FeSO4.7H2O were put 
into a flask and placed in an ultrasonic bath and kept 
for 20 mines. Afterward, 10 ml aqueous H2O230% was 
added to the above solution stepwise (drop by drop). 
The reaction mixture was continuously stirred for 40 
mines (sulfuric acid was used to adjust pH value of 
about 3±0.5). At the end, the solution was filtered and 
washed with distilled water and dilute hydrochloric 
acid for removal the untreated FeSO4. The Product was 
dried in an oven at 80°C for 10 hours. 0.1 g of CNT-
OH obtained from previous section, was placed into 
a100 ml round bottomed flask and then, 70 ml NaOH 
0.1 N was added. After that, the flask was placed in an 
ultrasonic bath and kept for 15 mines in order to 
debundling the CNT ropes then the mixture was 
refluxed for 24 h at 80°C. After that, the solution was 
filtered and obtained Product (MWCNT-ONa) dried in 
an oven at 80°C. In Third step, 0.1 g of MWCNT-ONa 
was placed into a50 mL round bottomed flask and then 
10 ml DMF, 0.1 g of [bmim] BF4 ionic liquid and 0.5 g 
of chlorosulfonic acid were added to the flask. The 
mixture was refluxed for 24h at 130°C. Finally, the 
solution was filtered and washed with warm EtOH. 
Finally, functionalized sample dried in oven at 80°C. 

2.4. Determination of concentration of sulfonic acid 
groups on MWCNTs 

MWCNT-OSO3H (0.01 g) was added to Sodium 
hydroxide 0.1 N (10 mL) and was stirred for 24 hours 

at room temperature. After that, the reaction mixture 
filtered and the filtrated solution were titrated with 
hydrochloric acid of 0.1 N in order to additional 
primary base was determined and the concentration of 
sulfonic acid groups (formed on the CNT surfaces) was 
specified.  

2.5. General procedure for the synthesis of 
3,4-dihydropyrimidinones 

A mixture of aldehyde (1mmol), ethyl acetoacetate 
(1mmol), urea or thiourea (1mmol) and catalytic 
amount of MWCNTs-SO3H (0.005 g) was taken in 
solvent free conditions. The progress of the reaction 
was monitored by TLC. The mixture of reaction was 
cooled to room temperature and hot ethanol was added. 
The catalyst was insoluble in hot ethanol and it could 
therefore be separated by a simple filtration. After the 
evaporation of Ethanol, crude product was obtained. 
The solid product was collected by filtration, dried and 
recrystallized from hot alcohol to obtain the pure 
materials. Products were characterized by melting 
point, FT-IR, 1HNMR and 13CNMR methods. 

3. Results and Discussion 

FTIR is one of the strongest techniques of studying the 
surface attributes of carbon nanotubes. Therefore, we 
used this technique for characterization of the structure 
of functionalized MWCNTs. Fig. 1 shows FT-IR 
spectra of (a) raw MWCNTs, (b) MWCNT-OHs and 
(c) MWCNT-OSO3H. Since the raw nanotubes are 
totally symmetric, vibrations had the least change in 
the dipolar moment of C-C bands and sharp peaks 
didn't observed in their FTIR spectra (compare with 
organic compounds) so, the absorption bands of the 
stretching vibrations of C=C in the structure of raw 
carbon nanotubes (at 1575 cm-1), are not observed. 
Broad peak at about 3500 cm-1 is related to the 
absorption of water by KBr (a in Fig. 1). In FT-IR 
spectrum of MWCNT-OH, The sharp peaks at 3400 
cm-1 is from the stretching vibration band of O-H. 2924 
cm-1 is related to the stretching vibration band of C-H. 
Peak in 1628 cm-1 is from the stretch mode of the 
aromatic C=C bonds in MWCNT-OH. Finally, the 
stretching vibration band of C-O occurs at 1117 cm−1. 
This result much more indicates that MWCNTs are 
modified with hydroxyl groups. The FT-IR spectrum 
of MWCNT- OSO3H (c in Fig. 1) shows a broad band 
at 3300-3500 cm-1, which is attributed to OH groups. 
The broad band at 1089 cm-1 assigned to the stretching 
vibration modes of sulfate groups (S=O) and the band 
at 501 cm-1 is due to the stretching vibration band of 
S-O [37]. 
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Fig. 1. FT-IR spectra of (a) raw MWCNTs, (b) MWCNT-OHs and (c) MWCNT-OSO3H. 

One of the most powerful techniques for probing the 
changes of structure and surface of the carbon 
nanotubes is Raman scattering. This technique 
provides very useful information about the structural 
changes of the nanotubes. Raman spectra of the 
pristine and sulfonated CNTs are shown in Fig. 2. 
In Raman spectra of raw MWCNTs, the band observed 
at around 1345 cm-1 is related to the breathing mode of 
defects, sp3 hybridized carbons or other impurities. 
This band is called the D-band. The other band that 
called as G-band, observed at around 1583 cm-1. This 
band corresponds to the sp2 hybridized carbons in 
graphene layers. The ID/IG ratio (the intensity ratio of 
D-band (ID) to G-band (IG)) can be calculated in the 
chemical reactions. Significantly, as shown in Fig. 2, 
the patterns of raw and modified CNTs are similar but 
the ID/IG ratio is different. As a result, this indicates the 
changes in the surface and structure of the nanotubes. 
The ID/IG ratio for pristine MWCNTs was 0.85. 
In contrast, the ID/IG of MWCNT-OSO3H was 
increased to 1.43. In fact, the creation of a covalent 
bond between a carbon on the carbon nanotube 
surfaces and functional groups, converts the 
hybridization of this carbons from sp2 towards greater 

sp3 character. So the number of surface defects is thus 
increased and hence contributes to increase the 
intensity of the D-band. As shown in Fig. 2b, a 
shoulder at around 1184 cm-1, assigned to the band of 
S=O, Which is not seen in the raw nanotubes [38,39]. 
Fig. 3 show the XRD patterns of (a) raw MWCNTs, 
(b) MWCNT-OHs and (c) MWCNT-OSO3H. The 
broad C (002) diffraction peak (2θ = 25.95º) can be 
ascribed to the amorphous carbon structures. The weak 
and broad C (101) diffraction peak (2θ = 43.38º) is due 
to the axis of the graphite structure. There is no 
significant diversity in the XRD patterns between three 
samples. As can be seen, the XRD patterns were 
similar to pristine MWCNTs. As a result, shaft wall 
structure and inter-planner spacing of modified 
MWCNTs remained stable during the reactions. 
SEM images were obtained from (a) pristine 
MWCNTs and (b) MWCNT-OSO3H. Fig. 4a presents 
SEM image of the Pristine MWCNTs. It can be shown 
spaghetti-like network with clean and flat surfaces. 
Also, the length and diameter of the pristine nanotubes 
are about 20-40 nm. Fig. 3b presents SEM image of the 
MWCNTs after functionalized with the -SO3H groups.

 
Fig. 2. Raman spectra from: (a) pristine MWCNTs (b) MWCNT-OSO3H. 
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It can be seen that diameter dimensions of MWCNT-
OSO3H are increased, while the length of the 
nanotubes remained stable. This shows that 
functionalization of CNTs occurred successfully and 
many -SO3H groups are attached. 
The presence of -SO3H groups on the MWCNTs 
surfaces have also been studied by EDX (Fig. 5). The 
plot shows the existence of C, O and S in the 
functionalized CNTs. These results were confirmed by 
other characterization data and show that the –SO3H 
groups were successfully attached on the CNT 
surfaces. 
According to back titration method, the concentration 
of the sulfonic acid groups attached on CNT surfaces 
was 19.2 mmol/g. This result indicates that acidic site 
produced on the CNT surfaces have high 
concentration.  
We wish to use the MWCNT-OSO3 has an efficient 
heterogeneous catalyst of the synthesis of 
3,4-dihydropyrimidin-2(1H)-ones (4) under solvent 
free conditions (Scheme 2). Therefore, we developed 

the catalyst by impregnation of SO3H on MWCNTs 
which enhances the yield of products and subsequently 
decreases the reaction time. 
In order to optimization the reaction conditions 
affecting the yields (the amounts of catalyst, 
temperature and time), we chose the reaction of 
benzaldehyde, ethyl acetoacetate and urea as model 
reaction. The results for optimization of the 
temperature of the model reaction using 1:1:1 mmol 
ratios of aldehyde, 1,3-dicarbonyl and urea, were 
summarized in Table 1 (the reaction was monitored by 
TLC). As shown in this Table, 120oC was the best 
temperature in solvent free conditions. 
After determining the reaction temperature, the amount 
of the catalyst must be evaluate in model reaction. The 
results in Table 2 show that 0.005 g of catalyst was the 
best amount for completion of reaction in solvent free 
conditions. 
Best reaction time was obtained after four reactions 
depicted in Table 3. Results show the optimum time of 
reaction is 25 minutes. 

 
Fig. 3. XRD pattern for (a) raw MWCNTs, (b) MWCNT-OHs and (c) MWCNT-OSO3H. 

  
Fig. 4. SEM images of (a) pristine MWCNTs and (b) MWCNT- OSO3H. 
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Fig. 5. EDX of MWCNT-SO3H. 

Table 1. The optimization of reaction temperature.a 

Yieldb (%) Temp. (°C) Entry 

70 80 1 

80 100 2 

90 120 3 

87 130 4 
a1:1:1 mmol ratios of aldehyde, 1, 3-dicarbonyl and urea in the 
presence of 0.005 g of MWCNTs-SO3H after 25 min. 
bIsolated Yield. 

To investigate the scope and limitation of catalyst, we 
try to study on the solvent free synthesis of 
3,4-dihydropyrimidin-2(1H)-ones in thermal 
conditions. In this way, we use a variety of 
benzaldehyde derivatives, ethylacetoactate and urea (or 
thiourea) in the presence of MWCNTs-SO3H as 
reusable efficient catalyst after 25 min. 

Table 2. The optimization of reaction catalysts.a 

Yieldc(%) Catalyst(gr) Entry 

90 0b 1 

80 0.001 2 

85 0.003 3 

90 0.005 4 

90 0.006 5 
a1:1:1. mmol ratios of aldehyde, 1, 3-dicarbonyl after 25 min. 
bTime of reaction: 2h. 
cIsolated yield. 

Table 3. The optimization of reaction time.a 

Yieldb (%) Time (min) Entry 

20 10 1 

75 15 2 

90 25 3 

90 35 4 
a1:1:1. mmol ratios of aldehyde, 1, 3-dicarbonyl and urea in the 
presence of 0.005 g of MWCNTs-SO3H.  
bIsolated yield. 

Table 4 shows the time and yield of the reaction 
products in thermal conditions. All reactions performed 
efficiently, and the products were obtained in high 
yields in short reaction times and also no by-product 
was formed during the reaction. 
The Biginelli reactions in the presence of MWCNT-
OSO3H as catalyst were performed expeditiously and 
achieved good yields with various aromatic aldehydes 
containing electron withdrawing and electron donating 
groups.  

Table 4. MWCNTs-OSO3H catalyzed synthesis of dihydropyrimidones. 

Entry Product R X Time (min) Yielda (%) 
m.p. (oC) 

Ref. 
Found Reported 

1 4a C6H5 O 25 90 197-199 198-200 [40] 

2 4b 4-O2NC6H4 O 20 94 202-204 205-207 [41] 

3 4c 4-MeOC6H4 O 32 90 198-200 199-201 [42] 

4 4d 4-OHC6H4 O 30 88 227-228 227-229 [43] 

5 4e 4-ClC6H4 O 22 90 212-214 213-215 [44] 

6 4f 4-CH3C6H4 O 35 88 212-214 214-215 [45] 

7 4g 2,4-(Cl)2C6H3 O 15 92 245-247 246-248 [40] 

8 4h C6H5 S 40 85 202-204 202-204 [40] 

9 4i 4-ClC6H4 S 20 90 181-183 184-186 [40] 

10 4j 4-MeOC6H4 S 20 90 136-138 137-139 [40] 
aIsolated yield. 

362



Moradi/ Iranian Journal of Catalysis 5(4), 2015, 357-364 

We also obtained the reusability of the catalyst. 
Similarly, the same model reaction was used under 
optimized conditions. At the end of reaction, the 
reaction mixture was heated up to boiling with hot 
ethanol and immediately catalyst was separated by 
simple filtration. The catalyst was dried in an oven at 
80°C and reused to repeat the reaction for three times. 
Fig. 6 shows that the catalyst has high efficiency even 
after reused for three times. 

Comparison of sulfonated carbon nanotubes efficiency 
with previously reported catalysts in the synthesis of 
3,4-dihydropyrimidin-2(1H)-one derivatives were 
shown in Table 5. The results indicate that MWCNT-
SO3H is a high efficient solid acid catalyst with 
superior in reaction times, yields and reusability. 

 
Fig. 6. Reusability of MWCNTs-OSO3H in Biginelli 
reaction. 

Table 5. Comparison of catalytic activity of MWCNTs-SO3H with other reported catalysts.a 

Entry Catalyst Time Yield (%)b Ref. 

1 MWCNT-SO3H 25 min 90 This work 

2 Molybdophosphoric acid 5 h 80 [46] 

3 Tungestophosphoric acid 6 h 75 [47] 

4 Sr(NO3)2 6 h 77.8 [48] 

5 Fecl3/Si(OEt)4 3 h 88 [49] 

6 Natural HEU Zeolite 5 h 75 [50] 

2 NaBF4 3 h 85 [51] 

3 p-Sulfonic acid/calixarenes 8 h 69 [52] 

4 Amberlyst 15 DRY 5.5 h 88 [53] 

5 Al2(SO4)3/ acetic acid 3 h 88 [54] 
a1:1:1 mmol ratios of aldehyde, 1, 3-dicarbonyl and urea in the presence of catalyst. 
bIsolated yield. 

4. Conclusions 

In this study, a new and impressive method of 
MWCNTs functionalization (through chemical 
modification) has been applied. MWCNTs were 
functionalized with -SO3H groups using new three step 
reactions and obtained acidic product was confirmed 
using various techniques such as FTIR, XRD, SEM, 
EDX, back titration and Raman spectroscopy. 
Sulfonated MWCNT scan be used as an efficient 
reusable heterogeneous catalyst in various chemical 
fields. Here, we have developed a catalytic method for 
Biginelli reaction using MWCNTs-OSO3H under 
solvent free conditions. This procedure is much 
simpler and faster than the protocols published to 
date.MWCNT-OSO3H as a new heterogeneous catalyst 
can be easily regained by simple filtration and reused 
in same reaction without decrease of catalytic activity. 
The procedure also consistent with a green chemistry 
approach since no solvent is needed. 
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